TUYEN BO BAN QUYEN

Gi4o trinh “Héa sinh thuc pham” do chiing toi bién soan 12 tai liéu thudc loai sach giéo
trinh nén céc ngudn thdng tin cé thé dugc phép ding nguyén ban hoic trich dung cho cac muc
dich vé dao tao va tham khao.

Moi muc dich khac mang tinh Iéch lac hoac st dung véi muc dich kinh doanh thiéu lanh
manh s& bi nghiém cam.



LOI MO PAU

Bién sqan giao trinh la mét hoat dong thuéc Ti  éu hop phan 3.1: Tang cueong ndng luc
quan ly, giang day va cdi tién gido trinh - trong khudn khé Dw an Khoa hoc cong nghé Nong
nghiép - vay vén ADB. Cudn gido trinh “Hoa sinh thuc pham” la mét san phdam cua D an
dwroc ching toi bién sogn dung cho viée giang day va hoc tdp nganh Cong ngh é Ché bién
thiy san - hé cao dang.

Cuén gido trinh nay dwoc bién sogn duwa trén co sé tham khao cac tai liéu trong va ngoai
nude dwoc Xudt ban trong nhitng ndm gan dday, nham phuc vu cho sinh vién nganh Ché bién
thiy san. Gido trinh nay nham trang b cho sinh vién nhaing kién thic sinh hda co ban nhat,
lam nén tdang dé sinh vién cé co sé di sdu hoc tdp nghién cizu vé mdn Sinh hoa

Gi4o trinh Hoéa sinh thyc pham dwoc bién soan dia trén co sé tap hop céc tai liéu
trong va ngoai nwde doC Xudt ban trong nhitng ndam gan day, nham phuc vu cho sinh vién
nganh Ché bién thiy san. Gido trinh nay nham trang bj cho sinh vién nhitng kién thic sinh
héa co ban nhat, 1am nén tang dé sinh vién c6 co sé di sdu hoc tdp nghién cizu vé mon Sinh
hoa va Hoa hoc thuc pham. Gido trinh con cung cap cho sinh vién nhing kién co ban vé cau
ta0, gia tri dinh dwéng, tinh chdt va quy lugt bién doi chat cua cac chat thiec pham.

Gi4o trinh gom 6 chwong dé cdp dén cdu tqo, tinh chdt, chitc nang cua cac chat tham
gia vao cdu tqo té bao va cac qua trinh phan gidi cac chdt dé trong co thé.

Trong qué trinh bién sogn giéo trinh tac gid da nhdn dwoc nhiéu Y kién déng gép cua
cdc dong nghiép va cdc chuyén gia trong ngodi trieong. Xin chdn thanh cdm on sy dong gop
chan thanh va vé cung quy bdau cua quy Vi.

Mdc dii dd rat cé gang, song viéc bién sogn gido trinh nay kho tranh khéi sét. Ching toi
rat mong tiép tuc nhdn dwoc nhiéu y kién déng gép cua ban doc dé cuon gido trinh dwegc, bo
sung, chinh sita ngay mot hoan thién hon.

Chung toi chan thanh cdm on Bé Néng nghiép va P hdt trién Nong thdn, Ngdn hang phat
trién chdu A (ADB), Ban Quan ly Trung wong D an Khoa hoc céng nghé Néng nghiép da
tao diéu kién cho gido vién Truw ong Cao dcfng Co dién va Nong nghiép Nam B¢ trong viéc
ndng cao nang liec , kinh nghiém vé bién soan cdi tién gido trinh gidng day, gép phan ning
cao chdt lwong day va hoc trong nha tricong .

Tham gia bién soan
1. Nguyén Thanh Trung - Chu bién
2. V5 Thi Anh Minh
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DANH SACH CAC TU VIET TAT

ADP Adenosine diphosphate.
Ala Alanine.

Arg Arginine.

Asn Asparagine.

Asp Aspartate.

ATP Adenosine triphosphate.
Cys Cystein.

DNA Deoxyribonucleic acid.
FAD flavin adenine dinucleotide.
Gal Galactose.

GalNAc N-acetyl-D-galactosamine.
Glc Glucose.

Gin Glutamine.

Glu Glutamate.

Gly Glycine.

His Histidine.

Ile Isoleucine.

Leu Leucine.

Lys Lysine.

Met Methionine.

NADP Nicotinamide adenine dinucleotide.
NADP Nicotinamide adenine dinucleotide phosphate.
Phe Phenylalanine.

Pro Proline.

Ser Serine.

Thr Threonine.

Trp Tryptophan.

Tyr Tyrosine.

Val Valine.
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Chuong 1. PROTEIN

Protein la chat thic pham quan trong nhdt trong hoar d@éng séng. Khdng cé protein thi
khong thé cd si song, sw sinh trwong va phét trién cua sinh vdr rén Trdi dat. Protein 1a
thanh phdan chu yéu cia nguyén sinh chdt, tai day lién tuc xdy ra qua trinh phan gidgi va
tong hop protein tir thite an. Protein ciing la hop phan quan trong cia nhan té bao, enzyme,
hormone, khéang thé...

1.1. KHAI QUAT CHUNG VE PROTEIN
1.1.1. Ciu tao va phan loai

Giira thé ky tht XIX, nha héa hoc nguoi Duc Gerardus Mulder da chiét dugc mot loai
hop chat dac biét, ching vira c6 mat & té bao dong vat, vira c6 mat & té bao thyc vat. Hop
chat nay dong vai trd quan trong trong sy ton tai cua moi té bao sinh vat trén trai dat. Theo
dé nghi cua Berzelius - nha hoa hoc Thuy Dién ndi tiéng, G. Mulder dit tén chat do la
protein — theo tiéng Hy Lap "proteos” c6 nghia & quan trong hang dau.

Protein 1 nhitng hop chét hitu co cao phan tr phd bién nhét trong tu nhién, cd trong tat ca
cac loai té bao va chiém trén 50% so véi trong luong kho té bao. Khi thay phan protein thi cac
acid amin dugc tao thanh.

Protein dugc tim thay ¢ moi thanh phan caa moi té bao, no 1a co ban cho ciu trlic va chic
ning cua té bao. Protein cing véi acid nucleic tao thanh nucleoprotein gitr vai trd quyét dinh
va la co so cua sy song, qua trinh sinh truéng va phat trién cua sinh vat.

Khoéng giéng vai cac hop chét hitu co khéc, protein c¢6 nhiéu tinh chét dic trung, co nhidu
loai protein khac nhau va mdi loai gitt mot chirc ning sinh hoc khac nhau. Protein c6 tinh dic
thl cao, chirc ning cta nd da dang ma khong cé & bat ky hop chit hitu co nao.

R4t nhiéu protein khac nhau da dwoc chiét tich & dang tinh thé, tinh chat, nhung tat ca
chung déu chtra cac nguyén tb co ban la: C: 50 + 55%; O: 21,5 + 23,5%; N: 15 + 18%; H: 6,5
+7,3%: S: 0,3 +2,5%; P: 0,1 + 2%. Ngoai ra trong thanh phan protein con c6 mot luong rét it
sat, dong, kém, canxi... Vi du: trong hemoglobin ¢ chtra sit, dong vai tro quan trong trong
viéc van chuyén oxy trong qua trinh hd hap.

Dé phan loai protein, nguoi ta dwa vao thanh phan héa hoc trong ciu tao phan tir cua
ching. Hién nay protein dugc phan lam hai nhém lon la:

—  Protein don gian: trong thanh phan ciu tao caa n6 chi ¢6 acid amin, nhém nay gom
c6 cac protein tiéu biéu: albumin, globulin, prolamin, histone, glutenin va protamin.

—  Protein phuc tap: trong thanh phan ctia né ngoai cac acid amin con cé nhiing hop
chat khéac khong phai 1a acid amin, nhdm nay c6 nhitng protein quan trong sau: nucleoprotein,
chromoprotein, mucoprotein, lipoprotein va phosphoprotein.



1.1.2. Chikc nang
a. Chuc nang sinh hoc:

Moi co thé sdng déu c6 chira protein, co thé cang phuc tap thi chirc ning do protein dam
nhan cang phuc tap.

Protein ¢6 tinh dac thu cao, su khac biét gitra cac loai sinh vat la do su khac nhau gitra cac
loai protein dic trung ciia minh. Su khac nhau cua protein khdng chi & nhitng co thé khac loai
ma ngay ca ¢ nhiing cé thé ciing loai, va trong cling mot ca thé & nhimg co quan khac nhau co
cac loai protein khéac nhau.

Protein rat da dang vé mat cau tric va chirc nang. C6 thé ké dén nhiing chirc niang sinh
hoc quan trong sau day:

—  Chirc nang ciu trdc: protein I1a thanh phan cau tao cua té bao, ké tir siéu khuan dén
c4c té bao c6 nhan. Tai cac md, protein tao nén tang cua chat nguyén sinh cua bat ky té bao
séng nao, protein két hop véi lipid tao thanh hop chat lipoprotein — Ia vat liéu ciu trac co ban
cuaa cac mang sinh hoc.

—  Chtc nang xitic tac sinh hoc: tit ca cic enzyme déu la protein, vai trd cua enzyme
trong co thé séng 1a gilp cho céc phan tng hoéa sinh hoc xay ra, tir nhitng phan tng don gian
nhét cho dén nhitng phan ung phuc tap.

—  Chuc nang diéu hoa chuyén hoa: d6 1a cac protein hormone, gitip cho cac phan ng
trong té bao xay ra ding chiéu huéng, ding cuong dé ma co thé doi hoi.

—  Chte ning van chuyén céc chat: vi du hemoglobin van chuyén O, va CO,, transferin
van chuyén sat, cytochrome van chuyén dién tir...

—  Chirc nang co dudi, van dong: su van dong cua co thé 13 nho chiic nang co dén cua
protein myosin va actin trong to co.

—  Chuic nang bao vé co thé: cac yéu td co tinh mién dich quan trong va  khéang thé 1a
cac protein dac hiéu cao, ching nhan biét va két hop véi cac chit la nhu virus, vi khuan va
c4c té bao tir cac co thé khac. Vi thé protein giit mot vai trd quan trong trong viéc phan biét
gitra “minh” (self) va “khéng phai minh” (nonself).

—  Chtc ning tro giup co hoc (diém tua): sy kéo cing cia da va xuong 1a do collagen
(mot loai protein dang soi).

—  Phéat xung va van chuyén céc xung than kinh. Su dap wng cua céc té bao than kinh
d6i véi mot kich thich dic hiéu dugc thuc hién qua trung gian cac protein tiép nhan (receptor).
Chang han nhu rhodopsin la mét protein nhay cam véi anh séng trong céc té bao hinh que &
vong mac. Céc protein receptor ciing c6 thé duoc tao ra boi cac phan tir nhod dic hiéu chang
han nhu acetylcholine, né dap tng cho su van chuyén xung than kinh & cac synaps (khoang
khong gitra té bao than kinh va cac cac md bao khac).



—  Chtc nang du trir dinh dudng: protein 1a chat du trit ning luong, 1a mot thanh phan
dinh dudng quan trong, néu thiéu protein s& dan dén su suy nhuoc co thé, dic biét dbi vai tré
em sé bi suy dinh dudng.

b. Vai tro cua protein trong ché bién thuc pham:

Protein 1a chat c6 kha ning tao ciu trdc, tao hinh khéi, tao trang thai cho cac san pham
thue pham. Protein to co & thit va cé tao cAu tric gel cho cc san pham thit, gliadin va glutenin
tao cau tric xop cho banh my, gelatin cua da cé kha ning tao gel, albumin cua tring tao ciu
tric cho cac loai banh va kem. ..

Protein con gian tiép tao ra chét luong cho céc thuc pham: tao mau va mai cho san pham
(phan wng Maillard), c5 dinh mui cho san pham.

1.2. ACID AMIN

1.2.1. Céu tao chung va phan loai

Khi thiy phan hoan toan phan ti protein thi ta s& nhan dugc cac don vi cau trdc tao thanh
protein la acid amin (con goi la L-o—amino carboxylic). Cac phan tir protein dwoc hinh thanh
tur 20 loai acid amin.

Vé mat hoa hoc thi acid amin Ia dan xuét caa acid carboxylic, ma trong d6 mot (d6i khi
hai) nguyén tir hydro caa gdc alkyl duoc thay thé boi nhém amin. Phan 16n cac acid amin ty
nhién c6 nhom amin & vi tri Ca so vai nhém carboxyl cho nén con dugc goi 1a a—amino
carboxylic. Cong thirc chung cua acid amin dugc trinh bay ¢ hinh 1.1.

e
R — CH—COOH

Hinh 1.1. Cong thirc cAu tao chung cua acid amin

Trong ciu tao cua acid amin ta thay c6 mot nhom carboxyl mang tinh acid, mot nhém
amin mang tinh kiém & vi tri carbon a nén con c6 tén 1a a-amino acid; mot nguyén ti hydrogen
va mot nhém R c6 ban chat khac nhau. Nhom R duoc biéu thi nhu 13 mot chudi bén, gbc R
khéc nhau thi tao nén cac acid amin khac nhau. Trong mot s6 acid amin, cing v6i goc amin va
carboxyl trong phén tu con chua goc hydroxyl (—~OH), gdc phenyl (—~CgHs), goc thiol (-SH)...
Ciing c6 cac acid amin c6 hai nhdm amin hodc hai nhom carboxyl trong phan tir

Trong ty nhién nguoi ta da tim dugc 250 loai acid amin. Protein trong co thé sinh vat mac
du rat khac nhau, nhung ching ciing chi dugc ciu tao tir 20 loai acid amin (bang 1.1). Ngoai
nhitng acid amin ké trén thi trong thanh phan cua collagen va gelatin con cé acid
hydroxylysine (2,6-diamino-5-hydroxyhexanoic).



Béang 1.1. Nhirng acid amin thuong gap trong protein

Tén acid amin Ky hiéu Tén acid amin Ky hiéu
Alanine Ala (A) Methionine Met (M)
Cystein Cys (C) Asparagine Asn (N)
Aspartate Asp (D) Proline Pro (P)
Glutamate Glu (E) Glutamine GIn (Q)
Phenylalanine Phe (F) Arginine Arg (R)
Glycine Gly (G) Serine Ser (S)
Histidine His (H) Threonine Thr (T)
Isoleucine lle (1) Valine Val (V)
Lysine Lys (K) Tryptophan Trp (W)
Leucine Leu (L) Tyrosine Tyr (Y)

(Nguon: David L. Nelson et al., 2008)

Phan loai acid amin: dua vao dic tinh cia mach bén R ¢é thé chia acid amin thanh nam
nhom (David L. Nelson et al., 2008):

—  Nhém acid amin vong thom: nhém nay gém cé phenylalanine, tyrosine va
tryptophan. Vi mach bén c6 ciu tao vong thom nén ching khong phan cuc va ky nudc, ¢ kha
nang hinh thanh lién két ky nudc. Trong cong thic cua tyrosine ¢ nhém hydroxyl nén né co
kha nang hinh thanh lién két hydro, ddy la dac tinh quan trong caa tyrosine. Cong thirc cau tao
cua 3 acid amin nay duogc trinh bay & hinh 1.2.

(T“OO coo (|300
HBN—fT“—H H;N—C—H H;;N—flz—ﬂ
CH, CH. CH,
C=C\[—1
NH
OH
Phenylalanine Tyrosine Tryptophan

Hinh 1.2. Cong thirc cdu tao ctia acid amin vong thom

(David L. Nelson et al., 2008)



—  Nhém acid amin c6 tinh acid: nhémnay goém hai acid amin la aspartate va
glutamate, chung c6 géc R tich dién &m ¢ pH = 7, trong cdng thic cu tao cua ching co hai
nhém carboxyl (hinh 1.3).

cCoO~ COO~
HBN—(lj —H HSN—(E —H
éHz éHQ
COO~ lflj H,
fIJOO -
Aspartate Glutamate

Hinh 1.3. Céng thitrc cau tao cua acid amin ¢ tinh acid

(David L. Nelson et al., 2008)

—  Nhom acid amin khong phan cuc ky nudc: goc R cua cac acid amin nay khdng phan
cuc va ky nudc, nhom nay gdbm cac acid amin: glycine, alanine, proline, valine, leucine,
isoleucine va methionine (hinh 1.4). Trong céc acid amin thi glycine c6 cong thirc cau tao don
gian nhat, goc bén R chi 1a mot nguyén tir hydro.

?OO_ ?OO' (_I,"‘OO_ Cl‘DO'
+ 5 H +
H,N—C—H HN—C—H el H.N—C—H
| H,N CH, [
H CH; | | /C\H\
H,C——CH, cH, CH,
Glycine Alanine Proline Valine
cCOO~ cCOO~ COO~
H;;P_sl—ff—ﬂ H,N—C—H H,N—C—H
(|3H2 H—(|3—CH3 (|3H2
/C‘Ill (|3H2 (|3H2
CH3 CH3 CH:_! ?
CHg
Leucine Izoleucine Methionine

Hinh 1.4. Cong thirc cdu tao cta cac acid amin khong phan cuc ky nudc

(David L. Nelson et al., 2008)



—  Nhém acid amin c6 tinh kiém: gom c6 lysine, arginine va histidine; géc R cua cac
acid amin nay tich dién dwong & pH = 7. Cong thirc cu tao cua cac acid amin nay duoc trinh
bay ¢ hinh 1.5.

cCO0~ (IJOO' COO~

H.N—C—H HSP:I—(’IJ—H Haﬂl—f'J—H
ol I
L|T'H2 (IJHz C—N\é—l
CH, CH, H 4 L2
| | C—N
o B -

*NH; (T"=NH2
NH,
Lysine Arginine Histidine

Hinh 1.5. Cong thirc cau tao cua cac acid amin phan cyc véi dién tich duong

(David L. Nelson et al., 2008)

— Nhom acid amin phan cuc khong tich dién: nhiing acid amin nay tan dugc trong
nudc vi gbe R cia ching ¢ kha ning hinh thanh lién két hydro véi nuéc. Nhém nay gém cac
acid amin: serine, threonine, cysteine, asparagine va glutamine (hinh 1.6).

COO~ COO~ COO~
H.N—C—H H.N—C—H H;;ﬂl—é —H
(IJHQDH H—(lj —OH éHz
(|3H3 SIH
Serine Threonine Cysteine
COO~ COO~
ngﬁ—é —H HJ@—('J—H
o
H,;N /C\\\D EHg
H,N - \\0
Asparagine Glutamine

Hinh 1.6. Cong thirc ciu tao cua cac acid amin phan cuc khong tich dién

(David L. Nelson et al., 2008)



+ Tinh phan cuc cua serine va threonine 1a do nhém hydroxyl & géc R tao thanh,
cua cysteine la do nhom sulfhydryl, cua asparagine va glutamine la do nhom amide.

+ Asparagine va glutamine 1a hop chat amide cua aspartate va glutamate, ching
dé dang bi thay phan trong méi trudng acid hoic kiém. Hai phan ti cysteine c6 kha ning két
hop véi nhau bang lién két disulfide tao thanh cystine.

(|JOO (8]0]0]
H;N—CH H;N—CH
Cysteine
CH-E CH_::
| 2H* + % |
SH S
#‘ [ Cystine
SH ™\
| 2H* + 2e [
. CH.) CH-)
Cysteine [ T
(_|,“H —NH; CH-—NH;
COO COO

Ngudi ta cling ¢6 thé phan loai acid amin theo dic tinh sinh ly. Theo quan diém nay thi
cac acid amin dugc phan ra lam hai loai:

—  Acid amin thiét yéu: day 1a nhitng acid amin khong tong hop dugc trong co thé dong
vat. Bé dam bao véi nhu cau cua sy phét trién co thé thi cac acid amin nay phai duoc cung
cap bang con duong qua thie an. Néu thiéu cac acid amin nay co thé dong vat khong phét
trién binh thuong. Cac acid amin nay bao gém: Phe, His, lle, Leu, Lys, Val, Met, Arg, Trp va
Thr. O ngudi truong thanh thi Arg va His khdng phai acid amin thiét yéu do co thé c6 kha
nang tu tong hop duoc.

—  Acid amin thir yéu: day 1a nhitng acid amin co thé dong vat c6 thé tong hop duoc tir
nhitng nguyén liéu chuyén héa nhu acid béo, glucid... Nhém nay gém c6 céc acid amin: Gly,
Ala, Ser, Asp, Glu, Cys, Tyr, Pro, GIn, Asn.

1.2.2. Tinh chét ciia acid amin

a. Tinh chat chung cia acid amin

Céc acid amin tu nhién c6 kha niang két tinh thanh tinh thé mau tring, khi ¢ dang tinh thé
rin nd bén ¢ nhiét d6 thuong (20 + 25°C).

Kha ning hoa tan trong nudc cua cac acid amin rat khac nhau. Ngoai trir mot vai acid
amin c4u tao vong nén it tan, da sé acid amin tan tbt trong nudéc, tan tét nhat 1a proline va

glycine, tan kém nhat Ia tyrosine va cystein. Tinh tan phu thudc vao mach bén R cua acid
amin: tinh tan trong nuéc giam dan khi mach carbon cua goc R ting sb carbon 1én, nhung kha



ning tan trong ruou thi nguoc lai. Dang mudi caa cac acid amin (natri va clorua) tan tot hon
khi ¢ dang acid amin ty do.

Pa s6 acid amin déu bén trong dung dich nuéc, ching khong bi phan hay khi hip & nhiét
d6 100 + 200°C trong thoi gian 2 gio (trir acid glutamic va glutamine do c6 hién tuong khép
vong).

Tinh bén cia acid amin ddi véi tac dung cua acid va kiém manh 1a rat khac nhau, tiy
thugc vao nhiét do, thoi gian va loai acid amin. Khi thiy phan bang acid HCI 6N & nhiét do
100 + 107°C trong thoi gian 20 + 72 gio thi khéng xay ra hién tuwgng racemic héa (su tao
thanh hdn hop dong phan quang hoc) va da s6 acid amin khong bi thay phan ngoai trir
tryptophane bi phan hay hoan toan, con cac acid amin chaa luu huynh thi bi oxy hoéa 10 +
30%. Nhung khi thuy phan bang dung dich NaOH 4 + 8N trong thoi gian 18 + 29 gid ¢ nhiét
do soi thi hau hét cac acid amin bi phan hay va xay ra hién twong racemic hoa.

b. Tinh chdt hoat quang cua acid amin

Trir Gly, tat ca cac acid amin khac déu 1a chat hoat quang vi trong phan tir ciia chling c6
chtra nguyén tir carbon hoat quang (carbon bat d6i xang). Vi thé ching c6 kha ning lam quay
mat phang anh sang phan cuc sang phai hoic sang tréi.

Tén tai hai dang dong phan d6i véi acid amin:

—  Pdng phan cau tao 1a cac phan tir véi cling cong thic hda hoc tong quét va théng
thudng véi cuing loai lién két hoa hoc gitra cac nguyén tir, nhung trong d6 cac nguyén tir duoc
sap xép khac nhau. Vi du: Leu va lle ¢ cong thirc phan tir gidng nhau nhung cong thirc ciu
tao lai khac nhau (hinh 1.7).

(|ZOOH C|200H
H2N—C|:—H HzN—<|3—H
C|:H2 ch—Cli— H
H3C—C|3H (|:H2
CHjs CHj
Leucine (Leu, L) Isoleucine (lle, I)

Hinh 1.7. Hai dong phan cau tao ctia leucine

(Pham Thu Ctic, 2002)

—  Pong phan lap thé 1a dong phan vai tinh lién tyuc nhu nhau cia cac nguyén tir caa
hop chit, nhung lai khac nhau vé sy phan bd caa cac nhom thé trong khdng gian. Cac acid
amin c6 thé ton tai dudi hai dang déng phan lap thé 1a L va D. Chét chuan duoc chon dung dé
xéac dinh dang dong phan Iap thé cua cac phan tir acid amin 1a phan tir L-glyceraldehyde. Cac
acid amin ¢6 ciu hinh Ca giéng nhu L-glyceraldehyde 12 dang dong phan L, nguoc lai 1a dong
phan D (hinh 1.8).


http://vi.wikipedia.org/wiki/Ph%C3%A2n_t%E1%BB%AD
http://vi.wikipedia.org/wiki/C%C3%B4ng_th%E1%BB%A9c_h%C3%B3a_h%E1%BB%8Dc
http://vi.wikipedia.org/wiki/Li%C3%AAn_k%E1%BA%BFt_h%C3%B3a_h%E1%BB%8Dc
http://vi.wikipedia.org/wiki/Nguy%C3%AAn_t%E1%BB%AD

1CHO CHO

HO=2C —H H—C —OH
“CH,OH CH,OH
L-Glyceraldehyde n-Glyceraldehyde
COO COO
H,N—C —H He C —NH,
CHs CH,
L-Alanine p-Alanine

Hinh 1.8. Pong phan 1ap thé cua alanine
(David L. Nelson et al., 2008)

Tat ca céc acid amin c6 trong thanh phan cia protein déu thudc dang L. Néu thay phan
protein trong diéu kién acid (hoic kiém) yéu va nhiét d6 thap thi nhitng acid amin nhan dugc
van giir nguyén hoat tinh quang hoc ciia minh, con néu dun néng khi thuy phan (trén 2000C)
bang kiém manh s& cd hién tuong racemic hoa.

Céu hinh D cua acid amin trong thién nhién rét it gap, ching tham gia vao thanh phan
véch té bao ciia mot vai vi sinh vat hoac trong mot s6 polypeptide c6 hoat tinh khang sinh
(actinomixin, gramixidin, tiroxydin).

Phan Ién cau hinh D ¢6 vi ngot, kho tiéu hda va wc ché sy trao d6i chat. Con cau hinh L
cua acid amin khéng c6 vi hay co vi cay.

C. Tinh luéng tinh va diém dang dién cua acid amin

Tat ca acid amin ton tai trong dung dich nuéc ¢ dang ion ludng cuc (Zwitterions) do
trong phén tir acid amin cé chira nhom amin va nhém cacboxyl (hinh 1.9).

0 0

[[O—g o—tu.
HN—C—H II:zN—({‘-—II

R R

(1) (2)

Hinh 1.9. Acid amin ¢ dang khong tich dién (1) va dang ludng cuc (2)
(David L. Nelson et al., 2008)
Céc acid amin trong dung dich pH trung tinh chi yéu & dang ludng cuc (Zwitterions) hon

la dang cac phan tir khéng ion hoa. Trong dang ludng cuc cua acid amin thi nhom amin &
dang —NHs", va nhém Carboxyl bi phan ly -COO".



Trong moéi truong acid manh, sy phan ly caa nhdm cacboxyl bi kim hdm, phan tir acid
amin tac dung nhu mot chat kiém, acid amin s& tich dién duong.

) 1
R—C—CO0 + H" —— R—(T“'—CDDH
"NH, "NH,

Trong méi trudng kiém, su phan ly caa nhém amin bi kim ham, phan tir acid amin tac
dung nhu mot acid, acid amin s¢€ tich dién am.

1 |
R—?—CDD— = R—?—CDO‘ +H*
*NH, NH,

Gia tri pH tai d6 phan tir acid amin trung hoa vé dién duoc goi 1a diém dang dién cua
acid amin va ky hiéu 1a pl. Tai diém dang dién phan tir acid amin khéng dich chuyén trong
dién trudng. Tai pH thap hon pI thi acid amin tich dién duong, va nguoc lai tai pH cao hon pl
thi acid amin tich dién &m. Cac acid amin khac nhau cé gia tri pI khac nhau dac trung cho
ting loai, bang 1.2 thé hién gia tri pl caa cac acid amin.

Pé xac dinh gia tri pl cua mdi acid amin thi dya vao gia tri pKa caa nhom carboxyl va
nhom amin trong phan tir ciia acid amin. Gié tri pKa cho biét trang thai ion cua cac acid amin
theo gié tri pH dung dich. Néu gié tri caa pH dung dich nho hon pKa thi dang acid hién dién,
nguoc lai néu gia tri pH lon hon pKa thi dang kiém hién dién. Hinh 1.10 thé hién cong thuc
cau tao cua glutamate khi gia tri pH dung dich thay ddi.

COOH COO COO COO
H;\"—(L,H Hg,.l'—(JJH H,N—CH H,N—CH
t;L,HE CL,HJ CH, CH,
(JJHE i (JJH PKx CH, & CH,
Loon ¢oon COO COO

pKi= 2,19; pKr = 4,25; pK,= 9,67
Hinh 1.10. Céng thirc cau tao ctia glutamate theo pH

(David L. Nelson et al., 2008)

Nguoi ta dya vao diém dang dién khac nhau cua cac acid amin khac nhau dé tach céc
acid amin ra khoi hdn hop nhiéu acid amin bang phuong phap dién di.
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Béang 1.2. Gi4 tri pKa va pl cta cac acid amin

Giéa tri pKa
Acid amin pl
pKa; (a-COOH)  pKay(e-NH3")  pKag (nhdm R)

Alanine 2,34 9,69 6,01
Arginine 2,17 9,04 12,48 10,76
Asparagine 2,02 8,80 5,41
Aspartate 1,88 9,60 6,35 2,77
Cystein 1,96 10,28 8,18 5,07
Glutamate 2,19 9,67 4,25 3,22
Glutamine 2,17 9,13 5,65
Glycine 2,34 9,60 5,97
Histidine 1,82 9,17 6,00 7,59
Isoleucine 2,36 9,68 6,02
Leucine 2,36 9,60 5,98
Lysine 2,18 8,95 10,53 9,74
Methionine 2,28 9,21 5,74
Phenylalanine 1,83 9,13 5,48
Proline 1,99 10,96 6,48
Serine 2,21 9,15 5,68
Threonine 2,11 9,62 5,87
Tryptophan 2,38 9,39 5,89
Tyrosine 2,20 9,11 10,07 5,66
Valine 2,32 9,62 5,97

(David L. Nelson et al., 2008)
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d. Tinh chat hda hoc cia acid amin

Céc phan ung cua acid amin bao gom cac phan ang caa cac nhém chic trén phan tir acid
amin bao gém nhém chtc carboxyl, nhém chirc amin va cac nhom chirc khéc trong mach bén
R cua acid amin.

Nhom chic carboxyl cuaa acid amin tac dung nhu mot acid tao ra ruou, amide, ester va
mudi.
—  Khi phan &ng véi ruou tao thanh ester:
R1—|CH—C00H +HO—R, V R— <|:H—COOR2
NH, H,O NH,

Khi bi khir nhém carboxyl thi tao thanh ruou bac I:

R—CH—cooH =B _ R cH—cH,0oH

|
NH, NH,

Phan tng véi kiém tao mubi:
R— CH—COOH + NaOH i» R— CH— COONa

|
NH, H,0 NH,

—  Phan ting tao phtic vai ion kim loai héa tri I1: hau hét cac acid amin déu c6 kha niang
tao phic véi cac ion kim loai hoa tri 11. Phic cua céc acid amin véi dong dung dé che cho
nhom a-amin khi tién hanh mot sé phan tmg va dung trong dinh luong acid amin bang
phuong phép so mau.

H,N—CH-COOH + Cu?®* + HOOC—CH-NH,

Ry l R,

HN.. __NH,
R—CH /Cu HC-R,
e
O O

12



Do bén caa phirc hop ting theo thu tu:
Mg®*< Mn®*< Fe**< Cd*'< Co%*'< Zn*< Ni**< Cu®

Phan urng tao amide: nhirng phan tng nay xay ra dudi su XUc tac cua enzyme.

COOH 1y +aTp  HoO +ADP COOH
H N—é:—H HoN—C—H
2 | 2 |
CH, Asparagine sythetase CH,
COOH CONH;,
Asp Asn
COOH  \hy +aTp  HoO +ADP COOH
H,N— | H H,N— | —H
(CH,), Glutamine sythetase (CH,),
COOH CONH,
Glu Gin

Phan ung khir nhém carboxyl tao thanh amin duoi tac dung cua enzyme:

éN:HZ decarboxylase
R—CH-COOH » R—CH,-NH, + CO,
acid amin amin

|k10H2—éH COOH |kj—CHz—CHT NH,

Histidine
decarboxylase

Histidine Histamine
EHZ CO,
H,N—(CH,),—~CH COOHA H,N—(CH NH
oN—(CHy)4 Lysing oN—(CHy)5-NH;
Lysine decarboxylase Cadaverine
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CO,

NH,
H,N— (CHZ)SJ:H COOH L H,N—(CH,)4~ NH,

Ornitin
Ornitin decarboxylase Putresin
|}IH2 Hzo NH3 ?H
@CHZ_CH_COOH !, @CHZ—CH—COOH
) \
I
H
Tryptophane Acid indol hydroxy propionic
O CO, + H,O
CH,—COOH
| CH;—CH—COOH !, |
N
’TI I
H L .
Acid indol acetic
CO, + H,O
@U—CHZ—COOH L @ !, @j
I
H
Scatol Indol

Phan tng cta nhom chac amin
—  Phan tng véi ninhydrin:

+  Pay la mot trong nhitng phan tng dic trung ciia nhom a-amin, phan ung cé thé
sir dung dé dinh lugng acid amin trong dung dich & nong d6 khdng Ion. Khi pH cua phan tng
cao hon 5 thi qué trinh xay ra hai giai doan.

+  Giai doan thir nhat: ninhydrin khir va NH; duoc tao thanh do sy oxy hoa acid
amin, dong thoi xay ra su khir nhém carboxyl tao thanh CO,.

O

| RCHO
OH
¢ +HOOC—CH-R—» NH;
“OH |
i NH
o) 2
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+  Giai doan thir hai: xay ra phan ing ngung tu caa ninhydrin khir va NH3; méi tao
thanh vé&i phan tir ninhydrin thir hai tao thanh hop chat c6 mau tim xanh (mau tim Ruheman)
c¢6 budc séng hap thu cuc dai 12 580 nm, cudng do6 mau ti & thuan véi luong acid amin cé
trong dung dich.

C|> 0
OH Ho |
v -
CC 4+ NHy + C $H0
O o)
O +
| ? O| ONH,
C:N\C +NH; c—N—cC”
T
o) | | |
0

+  Proline tao vé6i ninhydrin hop chit mau vang (c6 budc séng hap thu cuc dai &
440 nm) va khong tao NHs.

+ Nguoi ta tng dung phan @ng véi ninhydrin trong sac ky dé phat hién cac acid
amin, ngoai ra con dung dé dinh luong acid amin bang cach do cudng d6 mau cua dung dich
bang may phan tich quang phd.

—  Phan ung Véi acid nito: gidng nhu cic amin bac |, tat ca acid amin (trir proline va
oxyproline) déu phan ng véi acid nito tao thanh khi nito va oxyacid twong ung. Phan ung
nay duoc Vanslyke dung dé dinh lugng acid amin bang cach xac dinh luong khi nito giai
phong ra.

NH, OH
R—CH-COOH + HNO, —» R—CH—COOH + N, + H,0
acid amin oxyacid

— Phan tng véi formon HCHO: khi thém mét luong du formon trung tinh vao dung
dich acid amin, formon s¢€ t&c dung véi nhém amin cua acid amin. Nho phan tng nay nén
nhém o—NH, bj kim him, do d6 ta c6 thé dinh lwong acid amin bang céch chuan do nhém
carboxyl (~COOH) bang dung dich NaOH.

NH, N—(CH,OH),
R—éH—COOH + 2HCHO —— R—éH—COOH
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1.3. PROTEIN
1.3.1. Peptide
Nguyén tic co ban cua su lién két gitra cac acid amin riéng biét dé tao thanh peptide
(polypeptide) Ia lién két peptide.
Lién két peptide duoc tao nén Ia do nhém carboxyl —-COOH cua acid amin dau két hop
véi nhdm amin —NH, cta acid amin sau va tach ra mot phan tir nudc.

H H
O-H H O-H
H,N—C—c + ON-C-cC
~ ~ ~
L o HT 0
1 2
}HZO
H H
Ho Nk o F
N—C—C
HN-C-Cc~ & O
kY
1 O

Theo David L. Nelson et al., (2008) lién két peptide c6 nhiing dic diém cau tao nhu sau:
—  Cé&c nguyén tir tham gia cau tao lién két peptide khdng phan bé theo duong thang,
ma tao thanh goc.

0 R
I N

H
TN N T

| roH o

R, H 0

~

—  Téit ca 4 nguyén tir caa lién két peptide (C, O, N, H) va 2 nguyén tir carbon alpha
nam trén ciing mot mat phang.

—  Oxy ctua nhém carboxyl va hydro cia nhém amin trong lién két peptide thuong
Xuyén ¢ dang trans.

- Khoang cach giita cac gc hoa tri, giita cac nguyén tir C, H, O, N trong lién két
peptide 1a nhu sau:

+  Nbi peptide c6 khoang cach bing 1,32 A, nhé hon khoang cach giita nguyén tir
carbon va nito trong lién két don (1,46 A).
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Hinh 1.11. Su phan bd cac nguyén td trong lién két peptide

+ Con khoang céch gitra nguyén tir oxy va carbon bang 1,24 A, 16n hon khoang
cach giira carbon va oxy trong lién két doi binh thuong (1,21 A). Day la két qua cua su hé
bién dan t&i hinh thanh dang enol (40%) cua lién két peptide.

D U-\.:I U
| , | |1 1
H“IL?:L Hl*li A “L‘rf[f%:fl A “l::,j'igﬁ“‘:'q =
|

+  NOoi lién két C-N phan nao mang dic tinh cua lién két d6i nén xung quanh né
khong c6 su quay ty do. Chi co cac Ca ctia cac gbc acid amin mai c6 kha ning quay tu do.

CAu tao peptide va cach goi tén:

— Nhitng polyme tao nén bai cac acid amin dugc goi la peptide hay protein phu thugc
vao sb lugng gdc acid amin tham gia vao don vi cdu tric cia nd. Néu co tir 2 dén 50 géc acid
amin thi goi la peptide, con trén 50 gdc acid amin va trong lugng phan tir trén 6.000 Dalton
thi goi la protein.

—  Theo quy u6c mot mach peptide c6 hai dau tan cung: dau N- & bén trai va dau C- ¢
bén phai.
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—  Céch goi tén: acid amin c6 goc carboxyl tham gia vao tao lién két peptide thi tan
cung “ine” d6i thanh “y1”, con gbc acid amin c6 goc carboxyl tu do thi van giir nguyén tén
goi. Hinh 1.12 thé hién c4u tao cua mét petide c6 5 acid amin.

OH
l [‘.\l\l:; CH,
T CH
CH,OH H H H CH. H CH; H ['l‘.lb
H,N—C -c—bll- [L -c—&- é - —rlq- mlJ -c—rlq- {|4 COO
ﬁ ;!», 1'1 EI} 1'1 &L 1'1 Ll!‘.' 1'1

Serylglycyltyrosylalanylleucine
Hinh 1.12. C4u tao va tén goi ctia mdt pentapeptide

(David L. Nelson et al., 2008)

Mot sé peptide co tac dung sinh Iy quan trong. Trong mé co c6 dipeptide carnozin va
aserin. Carnozin duoc Cau tao tir B-alanine va histidine, con aserin 1a dan xuat methyl cua
carnozin.

Peptide c6 mot sb tinh chat sau:

—  Peptide c6 diém ndng chay cao vi trong dung dich trung tinh chiing da két tinh thanh
mang tinh thé ion véi cac ion ludng cuc.

—  Tinh ludng cyc cua peptide phu thugc vao nhdém chic ¢6 kha nang ion hoa ciia mach
bén R, nhém amin ciia dau N va nhoém carboxyl caa dau C.

—  Trong diéu kién thiy phan nhe nhang thi tinh hoat quang cua peptide van con.

—  Céc nhoém amin va carboxyl cua peptide c6 tinh chat hda hoc twong ty nhu cua acid
amin.

1.3.2. Céu triic cia protein
a. Cautric bdc 1

Céu tric bac 1 caa phan tir protein 1 trinh ty siap xép cua céc acid amin trong mach
polypeptide va vi tri ciia céc lién két disulfide, lién két co ban cua ciu tric bac 1 cua protein
la lién két peptide. Hinh 1.13 thé hién mé hinh cAu truc bac 1 cta ribonuclease.

18



Tinh dic trung cta ting loai protein phu thudc vao ciu tric bac 1, quan trong 1a trinh tu
sap xép gitra cac acid amin. Trinh tu ndy do DNA quy dinh. Néu thay déi trinh tu sip xép s&
dan dén nhiing réi loan vé sinh ly.

Thir tu céc gbc acid amin trong mach polypeptide c6 thé so sanh vaéi trat ty néi tiép cua
céc chit cai trong mot cau. Tir nhitng chit cai cua mot bang chit cai co thé ghép thanh vo sb
céc tir, cAc cAu khéc nhau. Tir d6 cho phép ta hiéu tai sao nhiing protein giéng nhau vé thanh
phan acid amin lai ¢ thé hoan toan khac nhau vé chirc ning sinh hoc.

Nhiing protein do té bao san sinh ra c6 mot tht tw dic hiéu va khong xay ra mot su gia
nhap 16n xon nao cua céac acid amin két hop khong dic hiéu caa chung. Lién két co ban cua
cau tric bac 1 1a lién két peptide va lién két disulfide. Lién két nay kha nghiém ngat cho nén
tinh linh dong cau hinh caa no bi han ché. Nhung trong nhimg doan acid amin c6 nguyén tu
carbon alpha, ma n6 quy dinh sy ¢6 mit trong doan nay hai lién két don, xung quanh nhiing
lien két nay co su quay.

20 120
124

(TXE)
90@0@00000@ N
/F""‘O 11 )

Hinh 1.13. C4u trac bac 1 ribonuclease

(David L. Nelson et al., 2008)

Dé xac dinh trinh tu sap xép cac acid amin trong mach nguoi ta nghién ciu hang loat céc
phuong phap ma chung cho phép khao sat trinh tu acid amin tir dau N ciing nhu tir dau C caa

19



phan tir protein. Mot trong nhitng tac nhan phd bién nhat dung dé phan tich dau N cua peptide
la dung chat phenyl isothiocyanate (phan tng Edman).

Phenyl isothiocyanate phan tng voi nhém NH, cua peptide tao thanh san pham la dan
Xuit phenylthiocarbamoyl. Trong méi trudng acid san pham duoc khép vong va dan dén sy
cit dut lién két peptide tao thanh phenylthiohydantoin va mot doan petide mat mot acid amin
dau N. C6 thé dung phuong phap sic ky dé nhan biét phenylthiohydantoin, nhu thé ta biét
duogc acid amin dau tién & dau N. Tiép tuc 1ap lai qua trinh trén vé6i peptide da bi cit ngan do
thi s& x4c dinh duoc acid amin tiép theo (hinh 1.14).

Nguyén ly cua phuong phap Edman duoc st dung trong céc thiét bj xac dinh tu dong
trinh ty céc acid amin cua peptide ngan (vai chuc gc acid amin).

Ry R,

H>7
@N:C:S R H2N—éH—C—NH—éH--— PRt
I
0

Phenyl isothiocyanate

S H Ry R,
@—N |C— éH C—NH— éH—-— Ld»
) j
S H
yi—l|\l R,

/ \
@N CHRl + Ho)N— éH C---
hed I

Hinh 1.14. X4c dinh trinh ty acid amin bang phan tmg Edman
(Pham Thu Cdc, 2002)

Ngoai ra con c6 thé sir dung 1-fluoro-2,4-dinitrobenzene (FDNB) dé xac dinh trinh ty
acid amin trong mach peptide (phan tng Senger): trong méi trudng kiém yéu 1-fluoro-2,4-
dinitrobenzene (FDNB) tac dung véi nhém —NH, tu do cua acid amin, tao dan xuat c6 mau
vang. Frederick Sanger d st dung phan tng nay dé xac dinh acid amin c6 chtra nhém —NH,
tu do trong chudi polypeptide, théng qua do, co thé xac dinh trinh tu sap xép cac acid amin
trong chudi polypeptide d6. Nguyén 1y ctia phuong phap duoc trinh bay & hinh 1.15.
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Dé giai ma trinh ty acid amin cua peptide tir ddu N nguoi ta c6 thé st dung cac enzyme
aminopeptidase dé tach trinh ty cac acid amin v&i nhém amin tu do. St dung phwong phap
sic ky dé nhan dang cac acid amin va ngudi ta xac dinh téc do tich liiy cua chdng trong phan
g thay phan. Trén co s 6 ngudi ta khai niém vé trinh tu cac acid amin dau N cua peptide.

Tuong ty nhu phuong phap su dung enzyme aminopeptidase , ngudi ta c6 thé sir dung
enzyme carboxylpeptidase trong giai ma trinh ty acid amin dau C bang cach tach céc acid
amin véi nhom carboxyl ty do. Tiép theo su dung phuong phap sic ky dé nhin dang cac acid
amin dyoc tach ra.

Rq R
O,N F. H2N—AIH—C—NH—A:H--_ .,
|
@)

N NO2

OZN—@Z— éH C—NH éH -- + HF
—_— OW—@Z— AZH COO™ + Acid amin

Hinh 1.15. Xac dinh trinh tu acid amin bang phan (mg Senger
(Pham Thu Cuc, 2002)

Két qua nghién ctu trinh tu két hop céac acid amin trong phan ta protein cho thay rang
trong phéan tir cua cung mot protein hoac cac protein khac nhau co nhiing peptide (dac biét la
tripeptide) c6 cau tric giéng nhau hoic twong ty nhau.

Nghién ctiu cu tric bac 1 caa protein giGp giai thich va hiéu biét vé mot sé réi loan bénh
ly & dong vat bac cao va ngudi nhu bénh thiéu mau hinh ludi liém. Hinh 1.16 thé hién ciu tao
ciia hemoglobin & ngudi binh thudng va ngudi bi mic bénh thiéu mau hinh ludi liém.
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Hb A
Nucleotide CTG ACT CCT GAG GAG AAG TCT

Amino Acid Leu Thr Pro Glu Glu Lys Ser
I | |
3 6 9

Hb S
Nucleotide CTG ACT CCT GTG GAG AAG TCT

Amino Acid Leu Thr Pro Val Glu Lys Ser
| | |
3 6 9

Hinh 1.16. Trinh tu acid amin mo6t doan hemoglobin
Hb A: ¢ ngudi binh thuong; Hb S: nguoi bi mac bénh thiéu mau hinh ludi liém

b, C4u tric bac 2 (David L. Nelson et al., 2008)

Cau tric bac 2 1a sy phan bé khéng gian co xép dat cua cac doan riéng biét caa mach
polypeptide thiéu sy tinh toan vé dang.

Vi tét ca cac acid amin ty nhién déu c6 carbon bat dbi xing nén mét tinh chat quan trong
cua cac acid amin 1a kha ning quay tu do cia chiing quanh mdi lién két ¢ vi tri Ca. Két qua
lam cho mach polypeptide c6 khuynh huéng hinh thanh cau tric xoan. C6 hai dang hinh thé
cau trlc bac 2 thuong gap 1a cdu tric xoan o va cau trdc gap nép p.

Khi nghién ctu vé cdu hinh khdng gian caa protein, Linus Pauling va Robert Corry
(1955) da ching minh rang, chudi polypeptide c6 ciu tao xoan ¢ hay con goi la xoan a. M
hinh cAu tao xoin o nhu sau: Mdi vong xoan gém 3,6 gbc acid amin (18 géc acid amin s& tao
dugc 5 vong xoan), khoang cach gitta cac vong xoan 1a 5,4A (1,5A cho mdi acid amin), cac
g6c bén cua céc acid amin khong tham gia truc tiép vao viéc tao thanh mach polypeptide déu
huéng ra ngodi, géc xoén 1a 26° (hinh 1.17). C6 thé c6 xo0én o -phai (ciing chiéu kim ddng hd)
va xoan o -tréi (nguoc chiéu kim dong ho).

CAu tao xoan dugc gitr bén viing nho céc lién két hydro. Céc lién két hydro duoc hinh
thanh gitra nhdm —CO cua lién két polypeptide nay voi nhdm —NH cua lién két nhém peptide
thir 3 ké n6 (4 acid amin trong 1 khoang lién két).
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) Carbon
_» Hydrogen
Q) Oxygen
Q) Nitrogen
@R group

Péu carboxyl

Hinh 1.17. Céu tric xoan a cia protein

(David L. Nelson et al., 2008)

Cau trdc xoan o cua protein cd do bén rat cao va rat pho bién trong céc protein, tuy nhién
s6 luong vong xoan o trong mdi protein phu thudc vao sb lwong va trinh tu sip xép céc acid
amin trong protein d6. Mot s6 acid amin khong c6 khuynh huéng tham gia hinh thanh cau tao
x0an, nguoc lai, mot sb khac lai dong vai trd chu dao trong viéc hinh thanh cau tao xoan.

Céu tric gap nép B: la cau trac hinh chir chi, twong tu nhu to gidy gap nép. Mat lién
két peptide nam trén mat phiang gap nép (mat phang to gidy), cac gbc bén R cua cac acid
amin c6 thé nam & phia trén hozc bén dudi mat phang gap nép. Ba thanh phan co ban —CH,
~NH va —CO- sip xép thanh mot goc 120°, mach polypeptide bi gap lai & —CH, tao thanh
cau truc gap nép. Cac mach polypeptide nam ké nhau lién két véi nhau bang lién két
hydro gitta nhém —CO- cta mach nay véi nhém —NH cuaa mach kia. Khoang cach trén truc
gitra hai goc acid amin ké nhau 1a 3,5A (& xoin a. 1a 1,5A). C6 hai kiéu gap nép B: song
song va déi song song.

Gap nép kiéu song song duoc hinh thanh khi cic doan polypeptide nim ké& nhau cé
trinh tu sip xép cac nhom —NH va —CO theo cling mét huéng. Vi du cac doan di theo cing
chiéu tir ddu —NH, dén ddu —COOH cua chudi polypeptide hay nguoc lai. Cau trdc gip nép
kiéu song song 1a cau trdc cua fibroin cua to tam (hinh 1.18).
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Hinh 1.18. Céu trac gip nép song song ctia protein
(David L. Nelson et al., 2008)

Gap nép B kiéu ddi song song co trinh tu sip xép nguoc lai. Cac doan peptide nim
ké nhau c6 hudng sip xép nguoc nhau. Poan nay c6 chudi polypeptide di theo chiéu tir dau
~NH, dén diu ~COOH, con doan nam ké n6 thi di theo chiéu tir ddu ~COOH dén dau —NH,
ctia chudi polypeptide (hinh 1.19).

Hinh 1.19. Céu trac gép nép ddi song song cua protein

(David L. Nelson et al., 2008)

Nhitng doan x04n a va gap nép B ngin duogc hinh thanh trong nhitng doan khac nhau cua
mach polypetide theo chiéu dai, giita nhitng dang cu trlc trat tu nay con cd nhitng ving
khdng c6 cau tric rd rang (ving vo dinh hinh).
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c. Cdu tric bdgc 3

CAu trac bac 3 1a ciu tric khong gian ba chiéu cua mach polypeptide trong d6 c6 doan cé
CAu tric bac 2 hoan chinh ciing c6 doan ¢6 ciu tric vo dinh hinh dic trung cho tung loai
protein riéng biét. Trong thuc té, nhiéu protein c6 cau tric bac 3 ton tai dudi dang hinh cau.
Nguyén nhan 1am cho cac phan tir protein c6 thé cuon lai thanh hinh cau l1a vi sy twong tac
gitta cac nhom bén (goc R) cua acid amin. Do sy twong tac ndy ma cau tric bac 2 déu dan bi
bién dang, ddn dén hinh thanh c4u tric bac 3. Nhu vay & ciu tric bac 3, chudi polypeptide c6
nhitng viing cé cau triic bac 2 xac dinh, ¢6 nhitng viing ¢6 cau trdc gap nép B va nhiing ving
x04n ngau nhién l1am cho phan tir cudn lai c6 dang hinh cau.

Pic diém quan trong trong cau tric bac 3 1a su hinh thanh nhiing ving ky nuéc do cac
g6c bén khéng phan cuc cua céc acid amin hop thanh. Nhiéu nghién ctiru da chitng minh rang,
cau trc bac 3 duoc giir viing va on dinh chii yéu do su twong tac ky nudc va lién két hydro.

Ngoai ra, ngudi ta ciing tim thay lién két disulfide (-S-S—) & mét sb protein c6 cau tric
bac 3, song su hinh thanh cau disulfide khong phai 1a luc chu dao 1am cho mach polypeptide
cudn lai, ma n6 duoc hinh thanh ngau nhién khi cac nhém —SH cua céc goc acid amin trong
chudi polypeptide da cuon lai nam ké nhau. Lién két disulfide dong vai tro giir viing va o6n
dinh cau tric bac 3. Phan Ién céc protein hinh cau c6 cau tric bac 3, c6 céc gbc acid amin Ky

Hinh 1.20. CAu trac béc 3 cta ribonuclease

(David L. Nelson et al., 2008)
nudc quay vao trong, con cac goc acid amin wa nudc phan b trén bé mat. Hinh 1.20 trinh bay
mo hinh ciu tric bac 3 caa enzyme ribonuclease.
CAu tric bac 4

Ngoai cu tric bac ba, nhiéu protein c6 cau trdc bac bén 1a do hai hay nhiéu tiéu don vi
c6 cau tric bac ba két hop tao thanh.
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Céc ciu tric bac bon duoc hinh thanh nho céc luc tuong tac gitra cac nhom bén phan b
trén bé mat ngoai cua cac tiéu don vi nhu: lién két tinh dién, lién két hydro, lién két Van der
Waals...

Hoat tinh sinh hoc cua protein lién quan mat thiét dén cau tric bac cao caa chiing. Mot
khi cAu tric bac cao cia mot protein bi thay ddi, thi chic chin né s& bi mét hoat tinh sinh hoc
ban dau cia nd. Bong thai s6 lwong va trinh tu sip xép dic trung riéng cua cac gdc acid amin
trong chudi polypeptide quyét dinh cho viéc hinh thanh ciu tric bac cao caa phan ti protein.

Vi du dién hinh nhét vé& protein c6 cau tric bac bon 1a hemoglobin. Phan tir cia n6 dugc
hinh thanh tir 4 tiéu don vi: hai mach o va hai mach p (hinh 1.21). Khi két hop véi hem thi
bdn mach duoc sip xép dé giao diém cua ba truc ddi xing cua phan tir hemoglobin nam &
chinh gitta. B6n nhan hem nam & bén dinh cua maot tir dién. Cac chudi a va B duoc lién két
v6i nhau bang cac lién két hydro va lién két ion, gitra hai chudi gidng nhau thi khéng c6 mot
diém tiép xtc nao. Khi hemoglobin két hop vai oxy thi thé tich caa né giam do cac tiéu don vi
cua nd nhich lai gan nhau, con khi tach oxy thi thé tich cua no ting 1én. Ai luc cua
hemoglobin vé&i oxy nhé hon 4i luc gitra oxy va myoglobin nén hemoglobin dé dang nhuong
oxy cua minh cho myoglobin (Lé Ngoc Ta, 1999).

Hién nay da tim thdy nhiéu protein c6 cau tric bac bén. Hormone insuline dwoc tao boi

hai mach polypeptide két hop vai nhau boi lién két disulfide. Cac ribosome thyc hién chuc
ning sinh tong hop protein cua té bao cling duoc cAu tao tir hai tiéu don vi.

Hinh 1.21. Cau triic bac 4 clia deoxyhemoglobin

(David L. Nelson et al., 2008)
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1.3.3. Tinh chét ciia protein
a. Khoi luwong va hinh dang phan ti protein:

Protein c6 khéi lwong phan tir Ion va rat khac nhau, c6 nhitng protein c6 khéi lugng phan
tar phan tir khoang 10.000 Dalton, nhung ciing ¢6 nhitng protein c6 khéi luong phan ti 1én
dén hang triéu Dalton.

Bang 1.3. Khéi luong phén tir ctia mot vai protein

Protein Khéi lweng phan tir (Dalton)
Myoglobin 16.890
Lysozyme 13.930
Chymotrypsin 21.600
Hemoglobin 64.500
Hexokinase 102.000
Glutamine sythetase 619.000

(David L. Nelson et al., 2008)

Ngudi ta thuong ding phuong phap siéu ly tam va dwa vao van toc két tia dé xac dinh
khéi lwong phan tir protein.

Vé mit hinh dang, protein duoc chia lam 2 loai:

—  Protein hinh soi: nhitng protein nay c6 chiéu dai gap hang trim ngan lan chiéu rong,
da s khong tan trong nude va tro vé mat hda hoc, thuong gap la: keratin, fibroin, myosin...

—  Protein hinh ciu: c6 ty 18 truc dai va truc ngan nho hon 20, thudng tan trong nudc
hodc dung dich mudi lodng, protein hinh cau thudng gap 1a albumin cua tring, globulin cua
sira, hemoglobin... Trong diéu kién nhat dinh protein hinh cau chuyén thanh hinh soi va
nguoc lai.

b. Tinh chdt luong tinh cua protein:

Giéng nhu acid amin, protein ciing 1a chat dién ly ludng tinh. Tinh chat dién ly ludng
tinh cua protein la do cac nhdm amin va carboxyl tu do thuoc mach bén R cta mach
polypeptide quyét dinh.

Piém dang dién cua protein (ky hiéu I1a pl) 1a gia tri pH ma tai d6 phan tir protein trung
hoa dién, protein khong di chuyén trong dién trudng. MJi protein c6 mét gié tri pI xac dinh.

Tai diém déng dién, phan t protein trung hoa vé dién. Piém ding dién cua protein
thudng nam ngoai gié tri cia pH trung hoa vi:
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—  Kha ning phén ly cia cac nhom acid va kiém cua protein khong bang nhau, nhém
carboxyl cé kha nang phan ly manh hon nhém amin.

—  Tong sb lugng cic nhém mang dién tich duong khong bang tong s6 nhém mang
dién tich &m va kha ning phan ly ctia mbi nhém ciing khac nhau.

Tuy theo pH ctia méi truong ma phan tir protein tich dién dwong hozc am. Néu trong moi
truong acid thi nhém carboxyl s€ bi kim hdm, kha nang tich dién &m cua phéan tu protein bi
giam, nhém amin s€ tich dién duong lam cho phan tur protein mang dién tich duong. Ngugc
lai, néu moi truong mang tinh kiém thi protein s tich dién tich am.

(COOH),, (COOH), (COO)p,

H* OH-

<>
<>

(NHz"), (NHy), (NHy),

Hinh 1.22. So db tich dién cua phén tir protein

O mai trudng pH bang pl protein dé dang két tu lai voi nhau, co thé sir dung tinh chat
nay dé xac dinh pl cua protein hoac lam két taa protein.

Bang 1.4. Gia tri pI cia mdt vai protein

Protein pl

Albumin triing 4,6
Serum albumin 4,9
Urease 50
Hemoglobin 6,8
Myoglobin 7,0
Chymotrysinogen 9,5
Cytochrome C 10,7
Lysozyme 11,0

(David L. Nelson et al., 2008)

c. Tinh tan cua protein:
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Pa s6 protein ¢6 ban tinh wa nuéc, ching tan tét trong dung dich nudc. Tinh tan cua nd
duogc xac dinh bang ban chit cua cac nhém wa nuwdc ciia mach bén R ¢d sin trén bé mit phan
tu protein.

Tinh tan cua protein phu thudc vao céc yéu té:

—  Phu thudc vao thanh phan va trat ty phan bd cua céc acid amin trong phan ti
protein: trong phan tu protein c6 nhdm Ky nudc (goc alkyl, phenyl...) lam cho phén tir protein
khong tan trong nudc, déng thoi con ¢6 nhém uwa nudc (-COOH, —OH, —NH,...) lam cho
phan tir protein c6 kha ning tan trong nudc. Kha nang két hop véi nude khong dong nhat:
nhém hydroxyl két hop duoc 3 phan tir nuéc, nhém carboxyl két hop duoc 4 phan tir nudc.

—  Tinh tan cta protein con phu thudc vao ban chit cia dung méi: khi thém nhitng chat
lam tang hang sé dién moi cua nudc (vi du: glycine) thi s& dan dén lam ting kha ning ion hoa
cua protein din dén ting tinh tan cua protein. Con néu thém nhitng chat lam giam hang sé
dién moi cua nudc (ruou, aketone) thi lam giam kha nang hoa tan cua protein trong nudc.

—  Nong d6 mubi trung tinh: mudi trung tinh c6 anh huéng hai mat dén tinh tan cua
protein, khi thém mét lwong nho mudi thi s& 1am ting tinh tan cua protein, ké ca nhing
protein kho tan hoic hoan toan khong tan trong nudc. Khi ndng d6 mudi thap cac ion mudi
két hop véi cac nhém ion cuaa protein, ¢6 tac dung lam ting tinh phan cuc do d6 lam ting tinh
tan cua protein. Con khi ndng d6 mudi cao thi da sé cac protein bi két tua do xay ra sy canh
tranh dung moi giira phan tir protein va cac phan ta mudi, két qua 1am cho protein mat 16p vo
4o nudc va két dinh lai véi nhau tao thanh két taa.

— Nhiét do: trong gidi han nhiét do thi khi tang nhiét d6 kha nang tan cta protein cling
ting theo, nhung néu nhiét d6 qua cao s& lam protein bién tinh 1am cho protein khong tan
trong nudc.

—  pH moéi trudng: khi thay d6i pH caa dung dich thi kha ning hoa tan cua protein ciling
thay d6i, & diém dang dién kha ning hoa tan cua protein 1a kém nhét.

d. Tinh chat dung dich keo protein, si két tia protein:

Khi hoa tan, protein tao thanh dung dich keo. Cac phan tir keo cé kich thudc Ion va
khong di qua mang ban thdm, st dung tinh chat nay cd thé tinh sach protein khoi cc chét co
khoi lwong phan tir thap bang phuong phap tham tich.

Dung dich keo protein bén viing nho 2 yéu té:

—  L&p vo hydrat bao quanh phan tir protein: trong cdu tao protein tu nhién thi cac
nhom mach bén ky nude thuong phan bé tap trung phia trong long phan tir, con cac nhém ua
nudc nam trén bé mat phan tr. Chinh cac nhém wa nude ndy hinh thanh lién két véi nude dé
tao thanh I6p vo hydrat bao quanh phén tir protein.
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—  Sic day tinh dién do su tich dién cung dau cua céc phan tir protein: trong dung dich
mdi phan tir protein déu mang dién tich twong ¢ng véi pH cua dung dich, do d6 ching s& day
nhau theo quy tic cting dau trong lrc tinh dién.

Anion protein Cation protein

SO TangpH TSN GidmpH G
D) LD O
&) (&) [$]
‘ <)
: : :
3 3
- i
- @_' @ + @i-'-

ey

Protein két taa

Hinh 1.23. So d6 hinh thanh hat keo protein
(L& Ngoc T4, 2006)
Khi mot trong hai yéu t nay bi loai bo thi cac hat keo protein co diéu kién gap nhau két
dinh véi nhau tao thanh khdi 16n tach khoi dung dich va két tua.
e. Subién tinh cia protein:

Sy bién tinh cua protein 1a sy phan hay cau tric khdng gian nguyén thé cua protein, dan
dén thay ddi tinh chat va kha niang sinh hoc cia no.

Sy bién tinh khong phé va lién két peptide, ma chi pha v lién két cong hoa tri, lién két
ky nuéc, lién két ion, lién két hydro. Két qua lam cho ciu tric bac 2, bac 3, va bac 4 cua
protein bi pha huy.

Protein bi bién tinh kém theo nhiing hién tugng sau:

—  Bién d6i hoat tinh quang hoc va hinh dang kich thudc ciia phan tir protein.
—  Maét hoat tinh sinh hoc.

— Do hoa tan va kha nang gitt nudc giam.

—  Mét kha nang két tinh va ting d6 nhét trong dung dich.

— D& bi phén giai hon boi cac enzyme.

Téc nhan gay bién tinh:

—  Bién tinh do tac dong cua nhiét:
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+ Nhiét @6 la tac nhan gay bién tinh thuong gap. Dudi tadc dung cua nhiét do
cao, mot sé lién két kém bén nhu lién két hydro, lién két Val der Waals... bi pha huy dan
dén pha v& ciu tric bac cao nhu cau tric xoan, cau trdc gap nép... 1am phan tir gidn mach.
Van téc bién tinh phu thuéc vao nhiét do, nhiét do cang cao su bién tinh cang nhanh.
Khéng nhitng nhiét d6 cao ma nhiét do thap ciing 1am bién tinh protein. Khi ha nhiét do,
su phan ly, su sap xép cac tiéu don vi trong phan tor protein thay d6i dan dén su bién
tinh protein. Vi du protein cua trang, cua sira vd mot sé protein cua dau twong ciing bi két
tua khi & nhiét d6 lanh. Cac protein cé ti 1€ “acid amin Ky nuéc/ acid amin c6 cuc” cao
thi dé bj bién tinh & nhiét do thap.

+ Sy bién tinh cua protein do nhiét thuong phu thudc vao ban chit va nong
d6 cua protein, hoat d6 cua nudc, pH, ban chat va luc cua cac ion cd mit.

+  Nhiéu protein bi bién tinh & nhiét do 50 = 60 °C trong mdi truong nuéc. Mot
s6 protein bi bién tinh ¢ nhiét d6 thap, dic biét 1a mot sé enzym bi bién tinh khi ha nhiét do
tir 30 = 0 °C.

—  Bién tinh do céc tac nhan ly hoc: tia tir ngoai, séng siéu &m, luc co hoc.

+ Nhiéu téc dong co hoc nhu nhao tron, dap, gid, cat... tao ra mot luc cat c6
thé 1am dut mach hoac pha v& cau trdc bac 2, bac 3, 1am bién tinh protein.

+  Céc acid amin c6 vong thom hap thy manh tia cuc tim. Céc tia c6 nang luong
cao 1am bién doi hinh thé, oxy hoa mot s gbe acid amin, phéa huy lién két ddng hoa tri, pha
v cau disulfide gay bién tinh protein.

—  Bién tinh do tac nhan héa hoc: acid va kiém manh, mudi kim loai ning.

+ Phan 16n cac protein bi bién tinh trong dung dich guanidine hydro cloride c6
nong do 4 =+ 8M hay trong dung dich uré nong do 8 <+ 10M.

+  Cac dung mdi hitu co 1a nhitng tac nhan gay bién tinh protein, vi ching pha v&
trong tac ky nudc va 1am bién d6i cac lyc hit tinh dién vén 1am 6n dinh cau tric phan ti.
Céc chit hoat dong bé mit ciing la nhirng tac nhan gy bién tinh protein, ching tac dung
nhu nhitng chét trung gian gita ving Ky nudc caa protein va méi trudng héo nudée, do do,
gay pha huy céc lién két ky nude dan dén 1am gian mach phan tu protein.

Sy bién tinh c6 thé 1a mot qua trinh thuan nghich. Néu protein bi bién tinh duoc dé &
diéu kién thich hop thi ciu trac tu nhién caa né co thé khoi phuc lai nhu ban dau ta goi 1 sy
phuc hdi. Su bién tinh cang nhe bao nhiéu (nghia 1a sy bé gay cac lién két thir cip quy dinh
ciu trc bac cao cang it) thi sy phuc hdi cang dé dang by nhiéu. Trong qua trinh tach va
lam sach protein, dé tranh hién tuong bién tinh can tién hanh ¢ nhiét d6 thap, chiét bang
dung dich dém c6 nong do va pH thich hop, san phiam thu dugc thudng dem sy thing hoa,
cat giit ¢ nhiét do thap.

f.  Tinh chdt quang hoc cuia protein
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Trong da s truong hop dung dich protein hoan toan trong suét, va ngay ca khi quan sét
bang kinh siéu hién vi van khong nhan thiy tinh khong dong nhat cua ching. Do kich thudc
cua hat protein rat nhé nén chi cd thé gay nén hién twong khuéch tan anh sang ddi véi nhirng
tia sdng co budc séng ngan, con dbi véi nhimg tia sang co budc song dai thi s& di vong qua
cac hat protein.

Dung dich protein con c6 kha niang khuc xa anh sang. Chi sé khic xa ty 18 thuan voi
nong do protein trong dung dich.

Dung dich protein ciing c6 kha niang hap thu &nh sang trong viing tir ngoai va hdng ngoai.
Quang pho hap thu quan sat dugc khi protein hap thu anh sang tir ngoai 1a thugc tinh cua cac
acid amin vong thom, dwa vao cudng do cua quang phd hap thu trong ving tir ngoai ¢ thé
biét duoc tong lugng nhitng acid amin vong thom trong protein.

g. Phdn ung ddc trung cua moi protein — phan wng Biure

Ngoai c4c phan tmg dic trung cta cac acid amin c6 trong thanh phan cua protein da néu
& phan trén thi con mot phan ung dic trung cho moi protein — phan ung Biure. Phan ung
Biure déc trung cho cac nhom:

o 0o il
—C-N—  —C—N—  H,N—C—NH-

Trong phén tu protein c6 chira nhdm —CO-NH- nén no c6 phan tng Biure, phan (ng nay
duogc dung nhiéu dé dinh tinh va dinh luong protein.

Khi cho thém dung dich sulfate ddng vao dung dich protein trong méi truong kiém thi
dung dich cé mau tim hoac tim do.
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Phirc Biure ¢c6 mau cuc dai hap phu & budc séng 540 nm. Phan g nay duoc sir dung
rong rai dé dinh tinh va dinh luong protein.

1.4. CAC PROTEIN THU'C PHAM

Cac protein thuc pham rat da dang. Dwa vao ngudn goc va tinh chat dic trung, c6 thé
phan thanh cac nhém hé thdng protein cua: thit, c&; tring; sita; mau; lGa mi va cia dau tuong.

14.1. Protein cia thit

Hé thdng protein cua thit ¢ thé phan 1am 3 nhém: protein cua chat co, protein cua Sgi co
va protein cia mé lién két.
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a. Protein cua chdt co

MJi soi co duoc tao nén tir rat nhiéu soi to co xép song song véi nhau, dugc boc trong
mét bao tuwong, goi la chit co.

Protein tiéu biéu nhit cua chat co 1a myoglobin. Myoglobin 1 protein quyét dinh mau
sic cua thit, c& va thuong chiém 90% tong lugng cac sic to caa thit bo. Nhém ngoai cua
myoglobin 12 hem (hinh 1.24). Trang thai oxy héa cia Fe trong hem (Fe®* hoic Fe®") ciing
nhu ban chit cua cac cau tir ndi v6i Fe trong nhan hem (O, NO, CO) Ia nguyén nhan lam
thay ddi mau sic cua thit.

0 0
A ._T:F'U U":-C:x /
je U\
{j\I:IE KUH&
C CH C
7 ~~" No~ N
UH;—U\ C [T C—CHj,
C—N- N—C
YA N, / N
CH —Fe CH
o= N=C
A
CH—C Y y C—CH
_;’fﬁ ™ 1’;?(_;\ . ;,,’?L‘x_ 1;-"'; ’
CH, C CH (T
CH, UE
“CH,

Hinh 1.24. Cong thuc ciu tao cua hem

(David L. Nelson et al., 2008)

Khi myoglobin két hop voi oxy se tao thanh oxymyoglobin, 1a chat lam co c6 mau do (dé
dang nhan thiy né trén bé mat thit twoi), nhung hop chit nay khong bén . Phan tng oxy hoa
oxymyoglobin thanh metmyoglobin va phan ung khir ngugc lai lién tuc xay ra ¢ trong co va
ca sau khi gia stc bi giét mot thoi gian. Bé bao vé mau sic cua thit tuoi can tao diéu kién dé
phan &ng khir ngugc chiém wu thé. C6 thé chuyén metmyoglobin thanh desoxymyoglobin khi
cd mat cua cac tdc nhan khir nhu glucose, acid ascobic.

b. Protein cua soi co

Soi to co duoc tao thanh tir thd soi thd myosin va thd sgi manh actin nam xen k& va song
song véi nhau. Protein to co chiém trén 50% luong protein cua co, ¢d thé chia thanh 2 nhom:

—  Protein co rdat nhu: myosin va actin.
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—  Protein diéu hoa co rit nhu: tropomyosin, troponin, a-actinin, B-actinin.

Myosin: Phan tir gdm 6 tiéu don vi, 55% chudi polypeptide c6 ciu tric xoin o. Phan tir
c6 chtra 40 nhodm —SH, nhung lai khéng c6 cau disulfide. Duéi tac dung cua trypsine, phan tir
s& bi cit thanh 2 manh. Myosin ¢6 hoat tinh ATP-ase, ¢ kha ning tu lién két thuan nghich
vai actin thanh phac myosin-actin.

Actin: phan tar c6 374 gbc acid amin. Actin duéi dang don phan tar gdm 1 chudi
polypeptide c6 ciu tric bac 3 (G-actin). Phan tir G-actin c6 chira mot phan tor ATP va
mot ion Ca”*. Khi ndng do ion Ca’" hoic Mg” cao (trén 1mM), G-actin tu tring hop
thanh F-actin. Céc soi duoc cudn lai thanh xoan dc kép. M&i sgi c6 340 = 380 monome
(G-actin), Trong qua trinh trung hop, ATP lién hop vao G-actin bi thuy phan thanh ADP va
phosphat v6 co.

c. Protein cza md lién két

La nhitng protein caa mang soi co, cia md lién két. Collagen va elastin 1 hai protein
chiém trén 50% lugng protein ciia mo lién két.

Collagen c6 trong xuong, da, gan, sun va trong hé thong tim mach. N6 Ia protein hinh
soi khdng dan hdi duoc, do d6, bao vé co chdng lai su kéo cang. Khi xir ly nhiét, cac
sgi collagen co lai, sau d6 bi gelatin héa khi nhiét tang cao. Khi gelatin hda, cac soi bi
phan ly, cau trdc xoan bi dudi ra.

O trang thai tu nhién, collagen chi bi pepsin va collagenase thiy phan. Sau khi bi
bién tinh nhiét thi trypsin, chymotripsin va carboxypeptidase mai c6 thé thuy phan duoc.

Elastin 1a protein c6 mau vang, c¢6 nhiéu trong thanh cac dong mach, trong cac day
ching, @6t séng cua dong vat cd xwong song. Elastin ¢6 ciu tric soi, phan tir gom a-elastin
va B-elastin ndi véi nhau bang rat nhiéu lién két ddng hoa trj.

Khi niu trong nudéc, elastin chi bj truong ra ma khong hoa tan. Bén canh dé, nd la
protein rat bén véi acid, kiém va cac enzyme protease.

1.4.2. Protein cia ca

Hé thong protein cia c4 rat gidng hé thdng protein cua thit, nhung giita hai hé thong
protein nay c6 mot s dic diém khac nhau:

—  C4c soi co & ¢a ngdn hon ¢ thit va duoc té chtc thanh nhitng 16p mong.

— O c4 myosin rat kho tach ra khoi actin. Protein nay rat nhay véi bién tinh nhiét va
rat d& bi thuy phan boi protease hon myosin ¢ dong vat mau néng. Ham lwong mo lién két
trong co ca thap hon.

—  Céc protein cua chit dém (khung mang) chi chiém 3 + 10% téng lugng protein & ca.
Nhiét d6 gelatin hda cua collagen cé thap hon nhiét d6 nay & thit.
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1.4.3. Hé thong protein cia sira

Trung binh trong 1 lit sita c6 30 = 35g protein. Gan 80% luong protein nay ton tai
dudi dang phtrc cao phan tir c6 chira canxi phospho goi la micelle. Cac micelle dugc hinh
thanh do twong tac gitra casein va céac protein khac, giira protein va cac mudi v co co mat
trong pha nudc. Casein la nhitng protein quan trong trong sita. Trong thanh phan céu
tao cua cac casein thuong co nhiéu gbc acid glutamic va acid aspartic nén ching co
tinh acid. Céc casein chu yéu 1a & dang micelle c6 chira gan 8% hop chét vé co, ma trong do,
canxi chiém mot lwong lon.

Ba casein co trong sita la casein o (o, o,), casein B va casein K. Mdi casein c6 dic
diém riéng vé tinh chat va thanh phan ciu tao, nhung ching cing cé dic diém Ia trong
phan tir ¢6 chira phan wa béo va phan tich dién. Céc tuong tac tinh dién xay ra chu yéu &
phan mang dién tich.

Mot trong nhitng tinh chat quan trong nhat cua casein a va casein B 1a kha nang cb dinh
cac cation hoa tri 2 (cha yéu 1a canxi) roi sau d6 két tua. Ty & ¢6 dinh phu thudc vao ving
dé cb dinh, vao ndng do6 ion canxi trong moi trudng, vao nhiét do, pH va mac ion. Kha ning
¢b dinh ion canxi s& giam khi pH giam va khi lyc ion ting. Nguoi ta thay c6 mot ndng
d6 gioi han cua canxi, ngoai nong do nay, phuc casein-Ca®* s& két taa. Khi dinh ion Ca®*
vao s& giam sy tich dién am va do d6, giam lyc day tinh dién. Casein K thuong lam suy
giam phan @ng tao phic voi Ca®* va két tia cua cac casein o va B dé tao ra nhitng micelle
tong hop rat gidng véi nhitng micelle ty nhién nhung kém bén hon. Kich thudc cua nhitng
micelle nay phu thudc vao lrong casein K va nong do canxi.

Ham luong casein trong sita khoang 24 = 28 g/lit, chu yéu la ¢ dang micelle
(nhitng hat lo hing trong sita). Khi & pH=4,6, phan micelle két taa chiém 80% tong
luwgng protein trong stra.

Phan protein khong két tia ¢ pH=4,6 goi la protein hoa tan hay protein lactoserum.

Trong nhém nay gém céac protein hinh cau nhu: B-lactoglobulin, a-lactalbumin. Phan
protein hoa tan chiém 20% tong lugng protein trong sira.

1.4.4. Protein cua trirng
a. Nhing protein cd trong long trang tring

Nhitng protein trong 1ong tring trimg tiéu biéu 13: ovalbumin, conal-bumin, ovomucin,
ovomucoid...

Ovalbumin chiém ty 1¢ cao nhat trong long tring trimg, 1a mot phosphoglycoprotein. Phan
tir ovalbumin c6 4 nhém —SH va 2 cau disulfide. Trong thoi gian bao quan, sb cau disulfua s&

ting 18n, tao nén S-ovalbumin. Ovalbumin c6 kha ning tao gel t6t, khi tao ra S-ovalbumin thi
kha nang tao gel bi giam.
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Conalbumin la mét glycoprotein c¢6 chira 0,9% D-mannose va 1,7% glucosamin do 2
tiéu don vi tao nén.

Ovomucin 1a mot glycoprotein do 2 tiéu don vi ldp nén, c6 chira gan 30% glucid.
Ovomucin ciing lam bén bot & nhiét d6 thap.

Ovomucoid ciing la mét glycoprotein c6 chira duong galactose, mannose va glucosamin.
Ovomucoid c¢o hoat tinh antitripsin va c6 kha nang chiu nhiét (trir & méi truong kiém).

b. Protein cd trong long do triing

Trong long do trang chira chii yéu hai loai protein Ia lipoprotein va phosphoprotein.
Long do trang gom céac hat phan tan trong 1 pha long. Cac hat thuong c6 hinh cau véi
duong kinh 1,3 = 20 um. trong hat c¢é chtra céc lipoprotein (chiém 70% chét khd), nhu o- va
B-lipovitelin, c4c lipovitelin nhe (chiém 12% chat khd) va cac phosphoprotein (chiém 16%
chat khd). Trong dich caa long doé trang cd protein hinh cau nhu levitin chiém 11%
va lipoprotein chiém 66% chat kho cua long do. Cac hat trong long dé trang 1a do 3 kiéu
protein (lipoprotein, phosphoprotein va lipoprotein nhe) lién két véi nhau tao thanh phuc;
trong dd, protein nhe sé dinh vao phuc qua phosphovitin.

Khi ndu tring (hodc cac xir 1y nhiét khac) thi long d6 dic lai va trd nén kho. Pong thoi,
tr mot s6 protein cia long tring giai phong ra HpS. Néu ndu kéo dai hoic néu tring khong
duoc 1am lanh sau khi ndu thi H,S s& phan tng vdi sit ¢c6 mat trong long do dé tao ra sat
sulfua két tua den.

Céc protein cta tring giau cac acid amin can thiét. Dic biét 1a thanh phan acid amin cua
trimg rat 6n dinh, khong phuy thudc vao gidng va phuong phap nudi.

1.5. CAC BIEN POI CUA PROTEIN CO UNG DUNG TRONG THU'C PHAM
15.1. Kha nang tao gel

Khi cac phan tir protein bi bién tinh tap hop lai dé tao thanh mot mang ludi khong gian c6
trat tu thi goi 14 su tao gel. Trong phan tir protein ¢ chira nhiéu nhém chirc khac nhau cua cac
acid amin céu tao thanh. Khi protein ¢ trang thai hoat dong, cac nhom nay tuong tac vdi nhau
tao nén ciu tric bac cao (bac 2, bac 3 va bac 4) tng v6i hinh thé va chuc nang sinh hoc cua no.
Khi & cdu trac tr nhién nay, cac nhom ky nudc thudng phan bd tép trung & phia trong long
phan tir, con cac nhom co cuc thuong ndm ¢ bé mit do d6 1am cho phan tir protein ¢6 hinh thé
vitng chic va c6 trang thai bén khi & trong dung dich.

Khi phan tir protein bi bién tinh, cac ciu tric (trir cdu trac bac 1) bi pha huy, lién két giira
cac phan tr bi dut, mach peptide bi gidn ra, cdc nhom bén R trudc kia & phia trong long phan
tir thi gio n6 xuét hién ra ngoai. Cac mach polypeptide d bi dudi ra trd nén gan nhau, tiép xtc
v6i nhau va lién két lai voi nhau tao thanh mang ludi khong gian 3 chiéu ma mdi vi tri tiép xtic
cua cac mach la mét nut. Cac phﬁn con lai hinh thanh mang lu6i1 khong gian v6 dinh hinh rén,
trong d6 c6 chira ddy pha phan tan (nudc). Khi ndng do ting thi kha ning gel héa ting vi
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nhitng vi tri tiép xtc dé tao ra nat mang luéi ting 1én. Phan tir cang c6 nhidu nhanh thi gel hoa
cang dé vi o nhiing vi tri dac biét & dau mut, nhiing géc canh, cac yéu t5 bén d& bj mat do d6
dé tao ra niit mang ludi.

Céc lién két tham gia vao qua trinh tao gel cua protein:

—  Tuong tac giita c&c nhém Ky nudc (ra béo): cac nlt mang ludi co thé duoc tao ra do
tuong tac gitta cac nhom wa béo. Khi cac nhom nay gan nhau twong tac voi nhau thi hinh
thanh lién két ua béo, lic nay cac phan tir nuéc xung quanh ching bi day ra va ching c6
khuynh huéng tu lai. Khi ting nhiét d6 thi twong tac wa béo duoc on dinh va ting cuong, 1am
cho céc mach polypeptide sit lai voi nhau hon, khién cho khdi gel tré nén ctng hon.

—  Lién két hydro giita cac nhom peptide, gitra ca&c nhém —OH (cua serine, threonine,
tyrosine) véi cac nhdm —COOH cua (acid glutamic, acid aspartic). Nhiét do cang thap thi lién
két hydro cang dugc ting cudng va cung ¢ vi cang co diéu kién dé tao ra nhiéu cau hydro.
Lién két hydro 1a lién két yéu, tao ra mot do linh dong nao d6 gitra cac phan tar véi nhau, do
d6 1am cho gel c6 mot do déo nhat dinh. Khi ta ting nhiét do thi lién két hydro s& bi pha v& va
gel s& nong chay, khi dé nguoi lién két tro lai va gel s& lai hinh thanh.

—  Lién két tinh dién, lién két cau ndi gitra cac nhom tich dién nguoc dau, lién két gitra
cac nhom tich dién cing déu qua ion da hoa tri nhu ion Ca®", lién két disulfide. Trong truong
hop nay lam gel ran chic va bén.

Khéi gel protein mai tao thanh con chira lugng lén nudc & bén trong. Ngoai 16p nudc
hydrate hoa lién két chat ché véi cac hat keo protein con c¢6 nudc & dang dung mdi ty do.
Sau mot khoang thoi gian xac dinh céc hat gel s& hit nhau manh hon thu gon thé tich lai va
nudc tu do s& thoat ra ngoai. Khéi gel co dic diém la sau khi thu thé tich lai n6 van giir
nguyén hinh dang.

Co ché tao gel: khi di tir dung dich protein, qua trinh tao gel bang nhiét do c6 thé gém hai
gian doan: thuy phan cac ciu tric bac 4 thanh céc tiéu don vi, bién tinh khdng thuan nghich
c4c ciu tric bac 2 va 3. Giai doan tap hop cang cham so véi giai doan bién tinh thi cac mach
polypeptide cang c6 diéu kién dé sap xép, dinh huéng lai trudc khi tap hop, gel tao thanh s&
ddng déu va min hon.

Diéu kién tao gel:

—  Nhiét do 1a yéu té rat can dé tao gel. Thong thudng dé tao gel nguoi ta gia nhiét dé
Iam bién tinh protein va ciing dé tao diéu kién hinh thanh twong tac ua béo dugc manh mé.

—  Sau su gia nhiét nguoi ta thuong 1am lanh dé két cu tao ra duoc bén do thiét 1ap
duogc nhiéu cau hydro.

—  Poi khi ngudi ta acid hda nhe hay kiém nhe dé dua pH vé diém dang dién pl 1am
cho luc day tinh dién trong gel b triét tidu va gel tao ra chéc hon.
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—  Ngudi ta ciing c6 thé thém chat ddng tao gel nhu cac polysaccharide 1am thanh cau
néi gitra cac hat, do d6 gel tao ra c6 d6 cung va do dan hoi cao. Ngudi ta ciing c6 thé thém
cac chat pectinate hay alginate tich dién 4m vao gelatin tich dién duong dé tao ra twong tac
ion khong dac hiéu gitra cac mach polypetide, do d6 sé lam cho gel gelatin c6 nhiét d6 ndng
chay cao.

Tinh chét tao gel caa mot sb protein thuc pham:

—  Protein co van: kha nang tao gel boi nhiét cua cac protein to co ¢ thit va cac la co so
két cdu caa nhiéu san pham thuc pham. Do tao ra mang ludi gel nén céc protein nay la tac
nhan gan két trong cac san pham: x(c xich, surimi, gio cha... Tinh chat luu bién dic trung cta
cac san pham nay phu thudc vao ban chat va do twoi ctia ngudn protein, sy ¢ mat caa mudi
trung tinh va diéu kién gia nhiét dé tao gel. Dé gel tao ra dep thi thém mot ty 18 nhat dinh
mubi an (2 + 3%) dé trich ly ra mot lugng myosin. Ngoai ra ciing c6 thé thém cac hop phan
protein khong phai thit nhu: protein ctia dau nanh dé tang kha ning hap thu nuéc va giir nuoc,
casein dé ting kha ning nhii hoa va lam dic, hoic huyét twong trong mau dé tao cho gel rat
ctng khi nau (L& Ngoc Tu, 1999).

—  Protein cua sita: kha ning dong tu cia cac micelle casein duoc sir dung trong ché
bién cac loai phomat va cac san pham khéc tir sira. Sy dong tu thuong dwoc khoi dau bang tac
dung caa enzyme chymosin trén casein K nhung can phai ¢6 ion canxi va nhiét do cao hon
15°C. Khi pH dung dich bing véi diém déng dién cua casein ciing 1am cho sira dong tu. Khi
pH>6 thi cac micelle casein rat bén véi nhiét, nhit 1a khi duoc gia nhiét ¢ chinh trong sita thi
phai téi 20 + 60 phut & nhiét do 140°C mai lam chung déng tu dugc (L& Ngoc T, 1999).

—  Protein cua trang: cac protein cua trimg duwoc xem I tac nhan tao gel tt nhat, khi
nong do albumin trén 5% thi c6 thé tao gel & mot khoang pH rét rong.

1.5.2. Kha nang tao bot nhao

Tinh chét dic biét cua cac protein tir gluten bot my 1a kha ning tao thanh mot khdi bot
nhao c6 tinh ¢ két va tinh nhét déo sau khi nhao tron véi nude & nhiét do binh thuong. Pay
chinh 13 co s& cua su bién doi bot my thanh bot nhéo rdi tiép d6 qua 1én men va nudng, bot
nh&o chuyén héa thanh banh my.

Trong bot my, ngoai cac protein cua gluten (gliadin va glutenin) con c6 cac hat tinh bat,
pentosan, lipid va cac protein hoa tan. Tat ca nhitng chat nay déu gop phan tao ra mang luéi
ctia bot nhdo va két cau cudi cung caa banh my (L& Ngoc Td, 1999).

Gliadin va glutenin Ia protein chinh trong gluten bot my, chiém toi 34% va 47% trong
tong sb protein cua bot my (Lehmann, J., 1998). Ching chta it acid amin ion hoa dugc nén
chung hoa tan kém trong nudc, nhung lai giau glutamine va cac acid amin chta nhom
hydroxyl do d6 1am cho gluten c6 kha ning hap thu nuéc va cé tinh c¢b két bam dinh cao.
Trong gliadin va glutenin ciing ¢6 nhiéu acid amin khong phan cuc (51% sé gbc acid amin)
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nén dé hinh thanh twong tac wa béo giup cho hinh thanh lién két véi lipid 1am ting thém kha
ning cb két va bam dinh cua gluten (L& Ngoc T, 1999).

Glutenin 1a hop phan tao ra do dan hoi, luc c6 két va mac d6 chiu nhao tron. Con
gliadin lai 1am cho bot nhdo c6 tinh kéo dan va kha ning trwong né lam ting thé tich cua
banh. Trong gluten con cé céc lién hop phan tir protein c6 khéi lwong cao gitp cho gluten
c6 kha ning tao soi tot.

Khi bot duge thém nudc, mudi NaCl va nhao tron trong 10 + 20 phat cac protein cua
gluten s& hap thu nudc, dinh hudng, sap xép lai thanh hang va gin mach ting phan nén s&
lam phét sinh cac twong tic wa béo va hinh thanh cac cau disulfide. Mot mang protein ba
chiéu ¢ tinh nhét dan hoi dugc thiét 1ap, dan dan nhitng tiéu phan gluten ban dau bién doi
thanh nhitng mang mong bao quanh cac hat tinh bot va nhitng hop phan khac cé trong bot my.
Khéi bot tro nén dan hoi va dé chay goi 12 bot nhao (L& Ngoc Td, 1999).

Sau khi tron nAm men va dé 1én men trong 2 + 3 gio, khi CO, tao ra lam khdi bot nhao
phong 1én dudi dang nhitng tai khi duoc bao biang mang mong gluten. Theo L& Ngoc TU
(1999) mang luéi protein dic trung nay cé nhing tinh chat nhu sau:

—  Tinh d& kéo gidn, 1am cho mang c6 thé thay d6i duoc hinh dang.
—  Tinh khdng tham khi, 1am cho mang gitt lai dugc cac khi tao CO, ra khi I&n men va
mang truong phong duoc.
—  Tinh dan héi ciing gop phan gitr khi CO, va hinh thanh cau tric x6p cho san pham.
—  Kha nang giit nudc cao 1am cho san pham c6 d6 mém sau khi nuéng.
1.5.3. Kha ning tao mang

Céc dung dich dic caa protein dau tuong ¢ thé cho déng tu bang nhiét trén mot bé mat
kim loai phang kiéu thiét b say truc lan. Cac mang thu duoc thudng mong, min va giir nudc,
c6 thé cudn lai, ép va cat.

C6 thé thu dugc cac mang mong lipoprotein ty hinh thanh trén bé mit sita dau nanh dé ¢
95°C trong vai gio 1a do su béc hoi nudc va sy dong tu nhiét cac protein. Cac mang méi lai
tao ra khi liy mang cii khoi bé mat (Lé Ngoc T, 1999).

Cac mang lam tir zein (Mot loai protein cua bap) va gelatin dugc sir dung trong y hoc
dung 1am vién thudc nhong, trong thue pham 1am mang bao béanh keo.

1.5.4. Kha nang nhii héa

Nhii twong 12 hé phan tan caa hai chat long khong tron 1an nhau ma mét trong hai c6 mat
dudi dang nhiing giot nho cua pha bi phan tan, con chat long kia duéi dang pha phan tan lién
tuc. Phan 16n cac nhil twong trong thuc pham déu 1a kiéu dau trong nuéc hoic nudc trong dau.

Puong kinh cua giot chat long bi phan tan 1a 0,1 + 50 um. Phan trdm thé tich cua phan
tan thay d6i khé rong. Thé tich cuc dai caa pha bi phan tan véi cac giot hinh cau c6 kich thuéc
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ddn déu va tiép xdc sit voi nhau c6 thé 1én dén 74,1% thé tich toan bo. Ty 1& nay c6 thé cao
hon néu céc giot c6 cung kich thuéc nhung khong phai hinh ciu ma bj bién dang do chén ép
1an nhau (L& Ngoc Td, 1999).

Viéc hinh thanh céac giot nhii twong s€ di d6i véi viéc tao thanh mat bé mat lién pha quan
trong giira hai pha long khong tron lan dwoc. Bé mat phan chia pha nay s& tang theo luat s6
mil khi duong kinh cua cac giot giam (véi ciing mot lugng pha bi phan tan) va co thé dat dugc
1m? cho 1 ml nhil tuong.

Moi chét 16ng bi phan chia déu c6 xu huéng giam cang nhiéu cang tét bé mat tiép xdc
cua nd vai khdng khi hoac véi mot chat long khac khong tron 1an dwoc nén viéc tao ra bé mat
lien pha s& doi hoi phai cung cip mot nang lugng nhat dinh. Bé cung cip ning luong ngudi ta
thuong dung cac thiét bi tron nhanh, may dong hda hoic cac hé théng siéu am.

Tuy nhién nhil tuong thuong khong bén vi ¢ ba hién tugng phéa vé nhii tvong sau (Lé
Ngoc Tu, 1999):

—  Su ndi Ién hoic lang xubng cua cac giot do tac dung cua trong luc. Su lang xuéng s&
cang cham khi kich thudc caa giot cang nho, hiéu sé trong lugng riéng gitra hai pha cang nho
va d6 nhét cua pha phén tan 16n.

—  Su két tu céc giot do sy giam dot xuat cac dién tich nén kéo theo lam giam céc luc
day tinh dién gitra cac giot, thuong xay ra khi thay d6i pH hoic luc ion. Su két tu lam ting
kich thudc bé ngoai cua céc giot do d6 lam ting toc do phan 16p.

—  Su hop giot mot cach tu phét s& lam ting dan kich thudc cac giot va cudi cling dan
dén phan chia hai pha thanh hai I6p ngin cach nhau bang mot bé mat phan chia phang va dién
tich cuc tiéu. Sy sa lang, két tu va cac va cham do chuyén déng Brown hoic chuyén dong
khudy khéc 1am cho céc giot gan lai nhau va dan dén su hop bot.

Tuy nhién c6 thé 1am bén nhii twong bang cac cach sau:

—  Tao duodng kinh cac giot cua pha bi phan tan nho bang cach khuiy manh hoic sir
dung may dong hoa.

—  Lam tang d6 nhét caa pha lién tuc dé chdng lai su sa lang.

—  Tao dién tich cung dau cho cac giot 1am xuat hién lyc ddy tinh dién giita ching.
—  Thém mat 16p bé mat lién pha bén c6 kha niang chdng lai su hop giot.

—  Giam strc cang bé mat lién pha bang cach thém chat hoat dong bé mit.

Nhiéu san phdm thyc pham 1a nhitng nhii twong nhu sira, kem, bo, xuc xich... trong do
céc hop phan protein thudng cé tac dung 1am bén hé nhil twong nay. Chang han véi sita, mang
cuia cac giot chat béo dong vai trd 1a chét nhii hoa ty nhién va bao vé cac giot chat béo chong
lai hién tuong hop giot. Mang nay dwoc ciu tao tir cac 16p triacylglycerols, phospholipid,
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lipoprotein. Khi dong hoa d6 bén cia sira ting 1én do kich thudc cua cac giot chat béo giam
xudng va hinh thanh cac micelle casein nhé hon lac ban dau (L& Ngoc T, 1999).

Céc protein duoc hap thu vao bé mat lién pha giita cac giot dau bi phan tin va pha nudc
lién tuc sé tao ra nhirng tinh chat co Iy nhu do day, d6 nhot, d6 dan hoi chdng lai sy hop giot.
Sy ion hda cac gdc cua acid amin trong protein ciing sé tao ra luc day tinh dién lam cho d6
bén cua nhil tvong ting 1én (Lé Ngoc Tu, 1999).

1.5.5. Kha nang tao bot

Céc bot thuc pham 1a nhitng hé phan tan cua cac bot khi trong mét pha lién tuc 1a long
hoac rin c6 chtra chat hoat dong bé mat hoa tan. Trong nhiéu trudng hop khi 12 khéng khi va
pha lién tuc 1a mét dung dich hoic mot huyén phu nuée chaa protein. Cac loai banh phong,
mot sé banh ngot, long trang trimg danh day bot, kem, bot bia... 1 nhitng loai bot thuc pham
véi cau tric khac nhau.

Cac bot khi thuong chtra khi ma &p suat 16n hon ap suat bén ngoai nhung ép sat vao nhau
nén céac bot khi cé hinh da dién. Mang long bao quanh bot rat mong, bé mat lién pha khi long
c6 thé dat dén 1 m? cho 1 ml chét long (L& Ngoc Td, 1999). Cac bot khi thuong tac dong I3n
nhau gay nhiing chd nit cuc bd 1am pha v cau tric bot. Mudn cho bot bén thi can ¢ nhiing
chat ¢ kha ning giam stc cang bé mat lién pha va tao nén mot vat chan bao vé co tinh dan
hoi gitra cac bot khi. Mot sb protein ¢ kha nang tao ra mot mang long bao vé khi duoc hap
thu vao bé mit lién pha khi — long. Trong truong hop nay, vach giira hai bot ké nhau duoc cau
tao tir hai mang mong protein ngin cach nhau bang mot 16p chat long.

C6 thé tao bot bang cach chuyén cac bot cua mot khi qua mot vat ran cé 16 vao trong mot
dung dich nudc cua protein ¢6 nong do khoang 0,01 + 2 %. Cac nhil twong khi dau tién s& bi
pha huy do khuynh huéng di 1én cua cac bot khi va sy tach ra cua chat long, roi tiép dén mot
I6p bot & trén cing tu tach ra. Lop nay 1a mot thé tich 16n cua pha bi phan tan gom cac bot bi
bién dang thanh nhiing cau trac da dién do stc nén. Néu dua mot lugng khi rat 16n thi chat
long hoan toan chuyén thanh bot (L& Ngoc Td, 1999).

Ciing c6 thé tao bot bang cach khuiy manh mét dung dich protein khi c6 mat mot lwong
khi rat nhiéu. So véi truong hop suc bot khi thi phwong phap khuay manh st dung luc co hoc
manh hon nén sy phan tan bot ddng déu hon. Hoic c6 thé tao bot bang cach ha thap bat thinh
linh &p suat cua mot dung dich da duoc nén thich hop.

Su khéc nhau quan trong gitta nhil twong va cac bot 14 & chd trong cac bot phan thé tich
bi chiém boi pha bi phan tan (khi) thay doi trong mot khoang Ion hon & nhil twong. Cac bot
thuong khong bén vi chiing c6 bé mit lién pha rat Ion. C6 ba hién twong lam cho bot khéng
bén: sy rat chat long (hay su chay chat long) cua vach (mang long) do trong luc, do hiéu sé &p
suat hoac do su bay hoi nudc; su khuéch tan khi tir cac bong bot nho sang céc bong bot 16n do
c6 khi hoa tan trong pha nudc; su phad huy vach long ngan cach cac bong bot do hién twong
hop bot lam tang kich thudc bot (L€ Ngoc Td, 1999).

42



Thudng thi ¢6 mét sy phu thudc 13n nhau giira sy rit chit 1ong va sy pha hay vi sy pha
hity s& 1am ting sy rat chat long va sy rat chat 1ong 1am giam d6 bén caa véch long. Néu cac
mang mong protein duoc hip thu c6 d6 day va dan hoi s& chiu dugc sy pha hay. Ba nhan té
quan trong nhat c6 tac dung 1am cho bot bén 1a: c6 strc cing bé mit lién pha nho, d6 nhét cua
pha long I6n, c6 mang mong protein duoc hip thu bén va dan hoi.

Dé lam bén duoc bot tét, cac protein phai cd kha ning di chuyén tir viing ¢d stc cing bé
mit lién pha nho dén viing c6 stic ciang bé mat lién pha 16n, kéo theo cac phan tir nudc va tai
thiét l1ap duoc d6 day ban diu cia vach. Cac mach bén ¢ cuc cua mang protein phai ¢ dinh
duoc nudce cho cac vach dé lam giam duoc t6n that do hién twong chay rat nudc. Céc protein
tao bot tét 12 10ng trang trimg, globin, hemoglobin, gelatin, lactoserum, casein...

1.5.6. Kha niing c6 dinh mui

Protein c6 thé ¢ dinh cac chat c6 mui khéac nhau. Cac protein cé thé hap phu Iy hoc hoic
hap phu héa hoc cac chat c6 mui qua lién két dong hoa tri, lién két tinh dién va lién két Van
der Waals.

Cac hop chét bay hoi ¢6 cuc nhu rugu thudng duge dinh vao protein bang lién két hydro.
Con céc chét bay hoi c¢6 khéi lwong phan tir thap dugc ¢d dinh vao cac gbc acid amin khong
cuc qua twong tac ky nude. Ciing c6 mot sé hop chat mii ¢é dinh vao protein bang lién két
cong hoda tri.

CAU HOI ON TAP
Phan tu lun
1. Trinh bay chirc ndng ctia prorein.
2. Trinh bay tinh ludng tinh cta acid amin.

3. Trinh bay phan tng cua acid amin véi nynhydrin. Néu y nghia cia phuong trinh

4. Trinh bay cac bac cau trlic cua protein.

5. Phan tich tinh tan caa protein trén co s& cac yéu té anh huong dén kha ning tan cua

6. Phan tich sy bién tinh cta protein.
7. Phan tich kha ning va diéu kién tao gel cua protein.

8. Phan loai protein cua thit? Trinh bay céac protein tiéu biéu trong timg nhém va tinh
chét ctia chung.

9. Néu nhitng bién ddi cua protein c6 tng dung trong ché bién thuc pham. Phan tich
kha nang tao bot nhao cta protein.
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Phan tric nghiém

1. Khi bi phan giai thi 1g protein cung cip cho co thé:
A. 3,5 kcal. B. 5,5 kcal.
C. 4,1 kcal. D. 9,1 kcal.
2. Cac acid amin khac nhau thi cé:
A. Goc R khéc nhau.
B. S6 nhém —~COOH khéc nhau.
C. S6 nhém —NH, khac nhau.
D. S6 nhém nhém —COOH va —NH; khéc nhau.
3. Nhiing acid amin nao thuoc nhom acid amin khéng thé thay thé & nguoi I6n:
A. Proline, leusine, threonine, histidine.
B. Methionine, valine, alanine, tryptophan.
C. Phenylalanine, isoleusine, arginine, glycine.
D. Lysine, valine, tryptophan, threonine.
4. Chon ra phat biéu sai vé tinh chat caa acid amin:
A. Acid amin két tinh cho tinh thé mau tring, bén ¢ nhiét do 20 + 25°C.
B. Tinh tan cta céc acid amin khéac nhau va phu thudc vao gbc bén R.
C. Dang mudi cua céc acid amin tan kém hon dang acid amin tu do.
D. Pa sd céc acid amin déu bén trong dung dich nuéc.
5. Acid amin c0 hién tugng khép vong khi gia nhiét la:
A. Acid glutamic. B. Acid aspartic.
C. Arginine. D. Lysine.
6. Acid amin nao khong c6 ddng phan quang hoc:
A. Alanine. B. Glycine.
C. Serine. D. Valine.
7. Trong phuong phap dién di, néu pH cua dung dich dém nhoé hon pl caa acid amin thi
acid amine sé:
A. Di chuyén vé cuc (-). C. Puang yén tai chd.
B. Di chuyén vé cuc (+). D. Tao ludng cuc.
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8. Diém ding dién pl cua acid amin Ia:
A. Gia tri pH tai d6 acid amin tich dién duong.
B. Gia tri pH tai do acid amin tich dién am.
C. Gia tri pH tai d6 acid amin ¢ dang ludng cuc.
D. Ca 3 cau déu dung.
9. Acid amin phan ng v&i acid HNO; s€ giai phong khi:
A. COa,. B. No.
C. NHa. D. O..
10. Chon ra phét biéu sai vé phan ng cua acid amin véi ninhydrin:
A. Khi pH>5 thi phan Gng xay ra hai giai doan.
B. San pham tao thanh cé mau tim xanh, c6 budc séng hap phu cuc dai 1a 440nm.
C. Cudng do mau cta san pham ty 1¢ véi ndng do caa acid amin.
D. Proline khi tac dung cho hop chit mau vang va khdng tao thanh NHa.
11. Chon ra phét biéu sai vé lién két peptide:

A. Lién két peptide duoc tao thanh do nhém COOH cua acid amin dau két hop voéi
nhom NH; cua acid amin sau va tdch ra mot phan tir nudc.

B. Lién két peptide c6 thé hinh thanh dang enol (chiém 40%).
C. Lién két peptide két hop céac acid amin véi nhau.
D. Pau chudi (phia bén tréi) peptide 1a nhém carboxyl, cudi chudi 1a nhém amin.

12. Kim loai nao sau day tao phic véi acid amin bén nhat:

A. Cu*. B.Mg?".
C. Fe™". D. Ni*".
13. Peptide nao dudi day goi tén dang:
A. Lysilthreonilvalil. C. Lysine threonilvalil.
B. Lysilthreonilvaline. D. Lysinethreoninevaline.

14. Chon ra phét biéu sai vé cAu trc cua protein:
A. Lién két co ban cua ciu tric bac 1 1a lién két peptide va disulfide.
B. Lién két co ban cua cau tric bac 2 1a lién két peptide va lién két hydro.

C. Lién két hinh thanh c4u tric bac 3 va 4 1a lién két cong hoa tri, lién két ion, lién
két hydro.

D. Hoat tinh sinh hoc cua protein lién quan dén c4u tric bac cao cua protein.

45



Chuwong 2. ENZYME

Enzyme dd dwoc con ngwoi sir dung cdch day hang ngan ndm. Qud trinh san xudt
nhirng thuc pham |&n men truyén thong nhw: sita chua, phomat, riou, kefir... ¢é su tham
gia cia enzyem fur vi sinh vat, nguoi Trung Quéc va Ai Cdp da biét sir dung enzyme tir 6.000
nam truwéc COng nguyén (Robert Rastall, 2007). Ngay nay vdi si phat trién cia cong nghé
sinh hoc, enzyme dwoc san Xudt da dang chung logi véi dg tinh khiér cao. Enzyme dwoc ung
dung réng rdi trong cdc linh viec ché bién thyc pham nham cdi thién va nang cao chat
lirong san pham.

2.1. CAU TAO VA TINH CHAT CUA ENZYME
2.1.1. Khai niém

Sy séng 13 qua trinh trao doi chat lién tuc. Sy trao d6i chat ngung thi su sdng ngung va
khdng con ton tai nita. Pé thuc hién su trao d6i chat, trong co thé dién ra mot cach lién tuc
nhip nhang hang van nhirng qua trinh sinh hoa phuc tap cé lién quan chat ché vai nhau va
diéu chinh 1an nhau. Trong nhiing qua trinh sinh hoa d6 hau nhu tat ca déu co sy tham gia cua
chat xdc tac tu nhién, hay con goi la chat xdc tac sinh hoc.

Chat xtc tac sinh hoc ¢ hau hét trong cac loai té bao cua co thé séng, va chiing dugc goi
Ia enzyme. Nho c6 enzyme xuc tac cho c&c phan (ng sinh hdéa ma cac qué trinh héa sinh xay
ra rat nhay, voi toc do rat nhanh trong nhirng diéu kién sinh ly binh thuong (nhiét do co thé va
pH mai trudng md bao). Vi du: trong té bao cia ngudi trudng thanh binh thudng hang ngay
phan giai khoang 23 g protein thanh cac acid amin, mot dung dich protein nhu vay néu dé ¢
pH = 7,4 va nhiét d6 37 °C thi dé phan giai dén acid amin phai mit nhiéu tuan I& (Pham Thu
Clic, 2002).

Nguoi ta da xac minh rang, nhiéu bénh Iy cia con nguoi c¢6 lién quan dén sy phan hay
tac dung cia enzyme. O mot sé bénh ly, ché pham 1én men duoc sir dung nhu 13 dugc liéu.

2.1.2. Ban chit héa hoc ciia enzyme

Enzyme c6 ban chat 1a protein vi ching c6 ciu tao tir cAc acid amin véi cac cau truc bac
I IL, 111, IV nhu protein va chung ciing c6 dy du cac tinh chat vat Iy héa hoc cua protein nhu
dic tinh keo, diém dang dién, hién tuong sa ling... va ciing bi pha huy bai céc yéu té nhiét do,
acid, kiém manh nhu protein.

Khi nghién ctu tinh chat ly hda hoc ciia enzyme ngudi ta thiy enzyme c6 tat ca tinh chat
ly hda hoc cua cac chét protein:

—  Enzyme c6 phan tir lugng 16n tir 2.000 + 1.000.000 Dalton.

—  Pasb enzyme c6 dang hinh cau. Do kich thudc phan tir I6n cho nén phan tir enzyme
cling khong di qua mang ban tham.
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—  Enzyme tan tdt trong nudc va trong dung dich mudi lodng, cac dung méi hiru co c6
cuc.

—  Enzyme khdng bén véi nhiét do. Dudi tac dung cua nhiét do cao enzyme bi bién tinh
va mat kha ning xuc tac. Ngoai ra enzyme ciing mat kha ning hoat dong duéi tic dong cua
c4c tac nhan ly héa: acid, kiém manh hay mudi kim loai nang.

Enzyme la chat xic tac, nén nd c¢6 mot sé tinh chit gidng chit xtc tac héa hoc thdng
thuong:

—  Khdng tham gia vao thanh phan san pham cubi caa phan tng va né duoc giai phong
ra khoi phan ang & dang ban dau. Enzyme khéng bi phan hily trong qua trinh xc tac.

—  Enzyme khong thé kich thich céc phan tmg trai nguoc véi quy luat nhiét dong hoc,
chung chi ¢6 tac dung lam tang nhanh cac phan tng nay, ma nhitng phan @ng nay cé thé xay
ra va thiéu enzyme.

—  Enzyme khéng lam x&o tron can bang caa phan tng, ching chi lam ting nhanh téc
d6 phan ung va dé dat dugc két qua phan Gng.

Ngoai ra, do enzyme la chat xdc tac sinh hoc nén n6 c6 mot sb tinh chat riéng ma cac
chat xtc tac hoa hoc thong thuong khéng co:

—  Chung c6 ban chét la protein.

—  Hiéu luc xuc tac cua phan tmg do enzyme xfic tac cao hon so véi nhiing chét xuc tac
khdng sinh hoc. Lay van toc cua su phan giai H,O, khi khéng cé chat x(c tac 1a mot don vi,
khi c6 su xUc tac cua Pt thi van toc tang 1én 20.000 lan, khi c6 sy xUc tac cua catalase thi van
téc tang 1én 300 ti lan (Pham Thu Cuc, 2002).

—  Enzyme c6 tinh dic hiéu cao, tac dung c6 chon loc trén cac co chat. N6 chi tac dung
I&n chat ma ching xdc tac chuyén hoa.

— Sy diéu hoa hoat dong x(c tac cua enzyme la mot trong nhiing tinh chat quan trong
gitip co thé séng thich nghi véi nhitng thay ddi ciia méi trudng ngoai.

—  Hiéu suat phan ung cao, trong phan tng do enzyme xuc tac, hiéu suat phan tng hau
nhu 100%, khong ¢ san pham phu.

2.1.3. Danh phap ciia enzyme
Tén goi ciia enzyme theo hé théng gdom 2 phan:
—  Phan dau chi tén co chét.

—  Phan tht hai chi kiéu phan @ng ma enzyme x(c tac va tan cung bang dudi ase, hai
phan cach nhau bang dau ndi gach ngang.

— Vi du: enzyme xGc tac chuyén nhém amin 1a amin — transferase, hay enzyme khu
nhém CO; cua tyrosine la tyrosine — decarboxylase.
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Hién nay c6 nhiéu enzyme van dung tén cii quen dung truéc day nhu: amylase, pepsin,
trypsin...

Enzyme duoc chia thanh sau nhém chinh theo sy twong quan véi dac tinh phan tng va
x(c tac cua moi loai enzyme. Cac nhdm chinh lai duoc chia ra thanh cac phu nhém, trong phu
nhom lai chia ra thanh phu phu nhém, mdi enzyme déu c6 4 ma hiéu cho riéng minh. Vi du:
enzyme glucose phosphotransferase c6 ky hiéu 1a EC 2.7.1.1, sé thi nhit (2) chi nhém
enzyme van chuyén tranferase, s6 thir hai (7) chi phu nhém van chuyén gbc phosphate, sb thir
ba (1) chi phu nhém van chuyén goc phosphate véi chat nhan la géc hydroxyl, sé thir tu (1)
chi s6 cua enzyme.

Su phan nhom enzyme dugc thuc hién nhu sau:

1. Enzyme oxy hoa khur (oxydoreductase): xuc tadc cac phan ung oxy hoa khir hoac co
lién quan. Thuoc nhém enzyme nay ta thuong gap la dehydrogenase, oxydase, peroxydase,
catalase.

COO~

&‘ FAD FADH, H\\ /COO_
‘H C
$H2 \h 4 |
112 K succinate ’
J‘ - -:1-;-':.* 1 Tenase ~00C g \\H
00 '
Succinate Fumarate

2. Enzyme van chuyén (transferase): x(c tc van chuyén cac chat hoic cac nhom hoa
hoc. Vi du: enzyme hexokinase xuc tac van chuyén goc phosphate gan vao p-D-glucose dé tao
thanh glucose 6-phosphate.

Mg *Al[’ ,
CH, OH CH- C}POE_
M}_{ -AJJ[’
\ OH
B—D—Glucoae Glucose fa-phu:}sphate

3. Enzyme thity phan (hydrolase): xdc tac cac phan ng thuy phan hozc tong hop c6 lién
quan dén nuéc. Vi du: enzyme lipase x(c tac phan tng thay phan 2-monoacylglycerol tao
thanh glycerol va acid béo.
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CH,—OH CH,—OH
2 H,0 ReCOOH 2

| |
CH—OCOR, '4 > CH—OH
lipase
CH,—OH CH,—OH
2-monoacylglycerol glycerol

4. Enzyme liase: xuc tac cac phan wng phan giai cac hop chit hiru co khong c6 sy tham
gia cua nuéc. Vi du: enzyme aldolase xdc tac phan tng phan cat fructose 1,6-bisphosphate
thanh dihydroxyacetone phosphate (PDA) va glyceraldehyde 3-phosphate (PGA).

B 1
CH,OP0%~ CH,OPO3~ 0O H
: Sy S
O 1) CH,0P02~ e

5 2 — e .
H H aldol asze -—-'L'_D + "J-'(THOH'

: 3 3 CH,OH 6 CH,OPOZ~

OH H _ Dihydroxvacetone Glyceraldehyde
Fructose 1,6-bisphosphate phosphate 3-phosphate

5. Enzyme dong phan hoa (isomerase): x(c tac cac phan ¢ng chuyén dang dong phan nay
sang dang dong phan khéac. Vi du: enzyme triose phosphate isomerase x(c tac phan @ng
chuyén hoa Glyceraldehyde 3-phosphate thanh Dihydroxyacetone phosphate.

HC=0 H,C—OH
He—OmH =0
o H,0PO3~  phosshiis éHzDPD 72
Glyeeraldehyde - Dihydroxyacetone
3-phosphate phosphate

6. Enzyme ligase (synthetase): xdc tac cac phan wng phan giai hoic téng hop nén cac
chat co lién quan dén ning lugng cia ATP. Vi du: enzyme succinyl-CoA synthetase xUc tac
phan ng téng hop succinate tir succinyl-CoA.

EHZ_(’OO GDP + P GTP CoA-SH j:oo
H_S‘COA .-'.1-_.-|..-i1_“._\']-[:"-:'_3\ |:H2

0 synthetase COO™
Succinyl-CoA Succinate
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2.1.4. Céu tao hoa hoc ciia enzyme

Duya vao thanh phan ciu tao cia enzyme, ngudi ta chia enzyme 1am 2 nhém: enzyme mot
CAu tir (enzyme don gian) va enzyme hai cau tir (enzyme phuc tap).

Enzyme don gian la enzyme trong phan tir caa n6 chi duoc cau tao tir cac L — acid amin.

Enzyme phuic tap dwoc ciu tao tir 2 phan 1a: protein (apoenzyme) va phan phi protein
(coenzyme); cac coenzyme c6 thé 13 vitamin, nucleic va kim loai (bang 2.1).

Bang 2.1. M6t s6 ion kim loai la coenyme

lon kim loai Enzyme

cu* Cytochrome oxidase

Fe?* hoac Fe** Cytochrome oxidase, catalase, peroxidase

K* Pyruvate kinase hexokinase, glucose 6-phosphatase,

pyruvate kKinase
Mg®* Arginase, ribonucleotide reductase

Carbonic anhydrase, alcohol dehydrogenase,

zZn** . ;
carboxypeptidases A va B

(David L. Nelson et al., 2008)

Trong qué trinh x(c tac cia enzyme, chi c6 mot phan phan tir enzyme tham gia két hop
dic hiéu voi co chat. Ving nho truc tiép két hop dic hiéu véi co chat duoc goi 1 trung tam
hoat dong cua enzyme.

Trung tim hqat dong cua enzyme la mét tap hop cua nhiéu nhom chure co hoat tinh cao
tham gia hoat dong xuc tac va chung dam nhiém cac chuc nang khac nhau . Trung tdm hoat
dong cua enzyme chia lam hai bo phan theo chuc ning khac nhau : “tdm tiép xuc” gom cac
nhém trye tiép tham gia két hop voi co chét va “mién tiép xic” lam nhiém vu gin co chét 1én
vi tri tac dung.

Dbi v6i enzyme mot ciu tir thi trung tm hoat dong cia enzyme 1a tap hgp mot sé nhom
chirc hoat dong cua acid amin tham gia vao ciu tao cua enzyme, ching la nhitng nhém bén
cua cac goc acid amin mach polypeptide. Nhimg acid amin nay thuong phan b trén nhing
phan khac nhau ciia mach polypeptide cua phan tir enzyme song nhd ¢é cau tao khong gian
bac hai bac ba cua phan tir enzyme ma cac nhom nay co diéu kién gan ké nhau trong khong
gian tao thanh trung tdm hoat dong cua enzyme.

Vi du: theo David L. Nelson et al., (2008) chymotripsin la enzyme mot cau tir ¢ ciu tric
bac ba dugc tao ra trong dich tuy tang x(c tac phan @ng thuy phan cac lién két peptide cua cac
acid amin vong thom (Trp, Phe va Tyr), phan tir ciia n6 gdm c6 245 gdc acid amin, trung tam
hoat dong ctia n6 do gbc serine & vi tri 195 va histidine & vi tri 57 tao thanh (hinh 2.1).

Dbi voi enzyme hai cau tir: trung tdm hoat dong nam trén phan coenzyme.

50



Hinh 2.1. C4u triic bic ba ctia chymotripsin

(David L. Nelson et al., 2008)

2.1.5. Hiéu lyc xuc tac va tinh dic hiéu ctia enzyme

Enzyme 14 mot chat xuc tac sinh hoc, c6 cuong luc x(c tac manh hon nhiéu so véi cac
chit xuc tac vo co. Vi du: 1 mol Fe** xic tac phan ly duoc 10° mol H,O,/phit; 1 phan tu
enzyme catalase (chira 1 nguyén tir Fe) xdc tac phan ly duoc 5.10° mol H,0/phit (Pham Thu
Cc, 2002).

Enzyme khéc véi cac chat xtc tic vo co vi nd c6 tinh dic hiéu cao. Mdi loai enzyme tac
dung 1&n mot kiéu lién két hda hoc nhat dinh trong phan tir co chat.
Dua vao dic diém cua tinh dic hiéu, ta ¢ thé chia ra cac nhdm enzyme sau:

—  Pic hiéu kiéu phan ang: mdi enzyme chi c6 thé xc tac cho mot trong céc kiéu phan
g chuyén hda mot chét nhat dinh.

—  bic hiéu co chat;

+ Enzyme c6 tinh dic hiéu tuyét di: 1a enzyme chi c6 thé tac dung l1én mot co
chat nhat dinh, vi du: urease chi xic tac phan ung thiy phan uré ma khong tac dung lén céc
dan xuét caa no.

+  Enzyme c6 tinh dic hiéu twong ddi: tac dung I&n mot kiéu lién két héa hoc nhat
dinh trong phan tir co chat ma khdng phu thudc vao cau tao cac thanh phan tham gia tao lién
két d6, vi du: aminopeptidase c6 thé xtc tac thuy phan nhiéu peptide.

+ Enzyme co tinh dac hiéu nhom: tac dung Ién mot kiéu lién két hoa hoc nhat
dinh véi didu kién mot trong hai phan tham gia tao thanh lién két phai c6 ciu tao xéc dinh, vi
du: carboxylpeptidase xdc tac thuy phan lién két peptide trong phan tir protein nam gan nhém
carboxyl tu do.
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+ Enzyme c6 tinh dic hiéu lap thé: co chit cua cac enzyme nay la nhiing chat
hoat quang, cc enzyme nhém nay chi tac dung lén nhitng ddng phan Iap thé nhit dinh. Vi du:
phan ng khir nudc caa L-malate dé thanh fumarate dué6i tic dung caa enzyme fumarase chi
xay ra vai L-malate, khdng xay ra véi D-malate.

COO
| H CO0O
HO—C—H o
CH, e i
] 1arase /
CO0O 00C \H
L-Malate Fumarate

2.2. CO CHE TAC DUNG CUA ENZYME
2.2.1. Nang lugng hoat héa

Cac phan ung hda hoc chi c6 thé xay ra khi phan tir cac chat tham gia phan tng phai va
cham v&i nhau & vi tri xay ra phan @ng va phai ¢ trang thai hoat dong. Mudn hoat hda cac
phan tir thi can phai cung cp cho ching mot luong nang luong nao d6 di dé dua cac phan tir
do tdi trang thai hoat hoa. Nang luong nay goi l1a nang luong hoat hoa.

Trong hoa hoc, ¢6 nhitng hé thong c6 day du nhitng diéu kién nhiét dong hoc cho phép
phan &ng ty dong xay ra nhung phan tng van khong xay ra duoc. Mudn cho phan ng xay ra
duogc thi trude hét phai cung cip niang luong tir ngoai vao cho hé thong céc chit tham gia
phan tmg dé ting ndi nang hodc dong niang cua cac phan tir trong hé théng d6. Ning lugng do
goi la nang luong hoat hda (Ea) cua phan tng hoa hoc.

Trong cac phan tng hoa hoc, ndi nang cua cac phén tir tham gia phan tng dugc tang 1én
la do chung hap thu niang luong buc xa. Noi nang ctia cac phan tir tham gia phan tng ciing
dugc tang 1én khi chung va cham vai cdc phan tir hay nguyén tir da dugc hoat hoa va nhan
ning luong tir nhitng phan tir hay nguyén tir d6 chuyén sang.

Pong ning cua cac phan tur ting 1én theo nhiét do, do d6 ngudi ta co thé hoat hda cac
phan tng hda hoc bang cach ting nhiét d6. Chinh vi thé ma thuong phai dun noéng hdn hop
phan (mg dé mo dau cho phan Gng xay ra.

Khi tron khi Ha va O, véi ty 18 thich hop va dé & nhiét do phong thi phan tng khong xay
ra dugc. Nhung néu ta cho mot tia hra dién di qua thi ngay 1ap tic phan (ng phat sinh ra va
H,0 duoc tao thanh. Trong trudng hop nay chinh tia lira dién da cung cap thém cho phan @ng
mét ning lugng du dé hoat héa phan &ng.

T6m lai nang luong hoat hoa 1a nang luong can thiét dé ting ning luong cua cac phan tir
trong hé théng phan ng 1am cho cac phan tir ndy ¢ vao trang thai hoat dong sin sang tham
gia phan mg. Noi cach khac ning lugng hoat hoa 1a ning lugng can thiét phai cung cap cho
hé thdng céc chat phan tng dé thuc ddy phan ang xay ra.
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Trong cac phan tng ¢ enzyme, nhd ¢ su hinh thanh phic hop enzyme — co chit nén
nang lugng hoat hoa dwoc giam nho. Vi thé phan ng xay ra dé& dang va nhanh hon trong
truong hop khdng c6 enzyme xdc tac.

Theo hinh 2.2 ta thiy: trong cac phan &ng c6 enzyme hoic khong c6 enzyme, dé dat duoc
trang thai chuyén tiép cac phan tr cua nhitng chat tham gia phan tmg dugc hoat hoa dé cé
duoc ning lugng du trit cao hon, chi sau d6 ching c6 thé chiu s chuyén héa thanh san pham
phan tng, nhung Ea trong truong hop ¢ enzyme x(c tac thap hon.

Vi du: trong phan @ng phan hay H,0, thanh O, va H,O néu khéng cé chét xdc tac thi
nang lugng hoat hoa la 18 Kcal/mol, néu cé chat xtic tac 1a enzyme catalase thi ning luong
hoat hda chi la 5,5 Kcal/mol (Pham Thu Cuc, 2002).

4 Phan (rng khong Trang thai
c6 xUc tac enzym?/chijén o

S S = Co chit,
= P = San pham
2 AGH
g- Phan wng c6 xuc
= tac enzyme
()]
C
)(©
Z PSSP, W W S ———
AG

Tién trinh phan (ng

AG* - Nang lvgng hoat hoa tw do Gibbs

Hinh 2.2. Bién dang ning luong ctia phan tng

(Pham Thu Cuc, 2002)

2.2.2. Co ché tac dung ciia enzyme

Trong cac phan (ng c6 enzyme lam chét xuc tac, sy hoat hda cua co chat duoc thuc hién
nho sy tao thanh cac phirc hop trung gian enzyme — co chat.

Sy tao thanh va chuyén bién cua cac hop chét trung gian enzyme — co chit xay ra qua 3
budc:
E+S<==>ES >P+E
—  Enzyme két hop vdi co chit tao nén phtic hgp enzyme — co chit, giai doan nay caa
phan &ng xay ra rat nhanh.

—  Tiép theo su chuyén bién cua cac phan tir co chat dan téi 1am phé va cac mdi lién
két dong hoa tri 1am cho co chat tro 18n hoat dong, nhor d6 tham gia vao phan ¢ng dé dang.
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—  Cudi cung la giai doan hinh thanh san pham ciia phan ang va giai phong enzyme.

L\

co chit

phirc hop enzyme-co chat

enzvme

Hinh 2.3. So @5 minh hoa thuyét chia khoa - 6 khoa” cua Fise
(Jeremy M. Berg et al., 2007)

Piéu kién dé enzyme tac dung duoc voi co chét I trung tam hoat dong cua enzyme c6
C4u trac tuong tng véi dang cau tric cua co chat. Theo Fise thi su tuong ng nay co sin trong
phan tir enzyme, khi két hop véi co chat thi phai vira khop gidng nhu chia khéa véi 6 khoa
(hinh 2.3).

Con theo “thuyét tiép xic cam umg” ctia Kosland (hinh 2.4) thi trong qua trinh tac dung
giita enzyme va co chat tao nén phic hop enzyme — co chit xay ra sy tuong tac cam Gng vé
cau tric khdng gian giita co chit va phan tir enzyme & vi tri trung tm hoat dong, tao diéu
kién cho su tiép xuc dinh hudng chinh xac cua cac nhém chic tham gia vao hoat dong xuc tac
ctia enzyme, trung tdm hoat dong cua enzyme méi thuc sy dugc hinh thanh, tao diéu kién can
thiét dé thuc hién hoat dong xuc tac caa enzyme.

Co chat

+ e

trung tam
hoat dong

Phirc hop enzyme - co chat

Enzyme

Hinh 2.4. So d6 minh hoa thuyét “tiép xtc cam tng” ciia Kosland

(Jeremy M. Berg et al., 2007)
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2.3. CAC YEU TO ANH HUONG PEN HOAT PONG CUA ENZYME
2.3.1. Anh hwéng ciia nhiét do

Ciing nhu cac phan ung hoéa hoc thong thuong, van tdc phan mg enzyme ting khi nhiét
d6 tang. Tuy nhién do enzyme c6 ban chét I protein nén né kém bén déi véi nhiét do, da sb
enzyme bj mat hoat tinh & nhiét do trén 70°C. Trong khoang nhiét d6 ma enzyme c6 thé ton
tai, van tc phan img tang tir 1,4 + 2 1an khi nhiét d6 ting 10°C. Vay trong trudng hop phan
g cua enzyme khi ting nhiét d6 mot mat 1am van téc phan ng ting theo quy luat thong
thudng, mat khac khi ting nhiét do dén mirc nao d6 thi van tdc s& bi giam vi enzyme bj bién
tinh boi nhiét d6. Néu nhiét do ting cao thi enyme sé& bi v hoat hoan toan. Puong biéu dién
anh huong cua nhiét ¢6 dén van tc phan tng cia enzyme c6 dang nhu & hinh 2.5.

Nhiét d6 &ng véi van toc phan tng enzyme cuc dai goi la nhiét d6 téi thich caa enzyme.
MJdi enzyme c6 mot nhiét do téi thich khac nhau phu thudc vao: ngudn goc enzyme, thoi gian
xdc tac, ndng do enzyme, pH moi truong va nong do co chat. Nhiét do téi thich cua da sd
enzyme c6 ngudn gdc dong vat nam trong khoang 40 + 50°C, con cta enzyme cé ngudn gdc
thyuc vat trong khoang 50 + 60°C (Pham Thu Cuc, 2002).

Van tbc phan tng

-

Nhiét do (°C)

Hinh 2.5. Dang chung cua dudng biéu dién su phu thudc vén téc phan
ung enzyme vao nhiét do

(Phgm Thu Ctic, 2002)

2.3.2. Anh hwéng cia do pH

Enzyme rat nhay cam d6i véi su thay d6i pH, mdi enzyme chi hoat dong manh nhat ¢
mét ving pH xac dinh goi 1a pH téi thich. pH tdi thich ciia da s6 enzyme nam trong viing acid
yéu, kiém yéu hoic trung tinh; chi c6 mot sé it enzyme cé pH tbi thich nam trong ving acid
manh hay kiém manh. Vi du: pH téi thich pepsin la khoang 1,6; con pH tbi thich cua glucose
6-phosphatase la khoang 7,8 (hinh 2.6).
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il

log

log V

pH
Pepsin

6 8 10
pH

Glucose 6-phosphate

Hinh 2.6: Anh hudng cua pH téi d6 hoat dong ctia pepsin va glucose 6-phosphatase

(David L. Nelson et al., 2008)

pH téi thich caa mdi enzyme khong cé dinh, ¢ thé thay d6i thiy theo: ngudn gbc
enzyme, tinh chat va nong do cia co chat, thoi gian x(c tac, nhiét do va tinh chat cua dung

dich dém.

Bang 2.2. pH tbi thich ctia mot vai enzyme

Enzyme Ngudn gbc Co chattac dung  pH téi thich
Papain Tréai cay nhiét doi Protein 7+8
Lipase Vi sinh vat Dau olive 5+8
a-Glucosidase Vi sinh vat Maltose 6,6
B-Amylase Malt Tinh bot 5,2
B-Fructofuranosidase Ca chua Saccharose 4,5
Pectin lyase Vi sinh vat Acid pectic 9,0+9,2
Pepsin Bao tur Protein 2
Chymotrypsin Tuyén tuy Protein 7,8
Xanthine oxidase Stra Xanthine 8,3

(H. D. Belitz et al., 2009)

Anh huong cia pH méi truong dén van tdc phan Gmg enzyme c6 lién quan dén sy thay
dbi trang théi ion hda cua enzyme va cua co chét, anh hudng téi tinh bén cua enzyme. Trung
tdm hoat dong ctia enzyme dugc hinh thanh tir nhitng nhém chuc ¢6 kha nang ion hoa, thay
d6i pH méi truong s& lam anh hudng dén kha ning ion hoa cua ching, vi thé s& anh huong
dén kha niang két hop cua enzyme va co chét.
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Théng qua nghién ctu sy phu thudc van toc phan tng cia enzyme va pH méi truong co
thé x4c dinh dugc nhdm chirc ndo cia phan tir enzyme da tham gia qua trinh xtc tic. Vi cac
nhom chiic cua trung tdm hoat dong cua enzyme chi ¢ thé két hop véi co chat khi & trang
thai ion hoa thich hop nhat dinh.

2.3.3.  Anh hwéng ciia nong dd co chit
Ta xét phuong trinh Mischaelis — Menten dugc hoan thién boi Holden va Briggx:

K1 Ks
ES —> P + E
K>

E+S

Trong do:

— K 12 hing s6 Mischaelis va dic trung cho mdi enzyme. Ky, déc trung cho ai luc cua
enzyme voi co chat, Ky, co gia tri cang nho thi i lyc ctia enzyme véi co chét cang 16n , nghia
1a van tdc phan ng enzyme cang 16n.

— K hing s6 téc d6 phan ang tao thanh phac hop enzyme-co chét.

— Kz hing sb téc do phan tng phan ly phic hop enzyme-co chit thanh cac chat ban

—  Ka: hing sb van tc phan tng phan ly phicc hop enzyme-co chat thanh san pham.
—  [S] 12 ndng d6 co chét.

—  V:van toc phan ung.

—  Vhnax van toc phén {Ing cuc dai.

Tir phuong trinh ta thay:

—  Néu ndng d6 co chét rt nho so véi Ki thi V=V [S]/Km.

—  Néu Ky, rat nho so véi ndng d6 co chat thi V=Vay: van tdc phan tng dat cuc dai.
—  Néu ndng do co chat bang Ky thi V=Viaexd/2.

Qua d6 thi hinh 2.7 ta thiy khi ting néng d6 co chat, van tc phan tng ting. Khi ting
nong do co chat dén gia tri xac dinh nao do thi van téc phan tng dat gia tri cuc dai, néu ta tiép
tuc ting ndng do co chat thi van tdc ciing khong ting nira.
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- e e e e e = —

V' (pM/min)

oo L
B 2 Vmax

Km [S] (mM)
Hinh 2.7. Dang chung cta duong biéu dién su phu thude van téc phan tmg
enzyme vao nong do co chét

(David L. Nelson et al., 2008)

Phuong trinh  Mischaelis — Menten c6 thé viét duéi dang phuong trinh duong thang theo
dé nghi cua Lineweaver va Burk. Duong biéu dién c6 dang nhu hinh 2.8, qua d6 ta c6 thé xac
dinh duogc Kiy va Vinax.

)

1
MAM/min

—
— |
B
1
I‘rrl'l'l.‘;
L_t 1(1
K [S]\mm

Hinh 2.8. Buong biéu dién tuyén tinh sy phu thudc van tde phan tng
enzyme vio ndng do co chit

(David L. Nelson et al., 2008)
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2.3.4. Anh hwéng ciia ndng do enzyme

Khi c6 diy du co chat thi van tdc caa phan tng enzyme ty 18 thuan véi ndng do enzyme.

V = K.[E]

Véi V 1a van téc phan ung, [E] 1a ndng d6 enzyme, K 1a hiang sé van téc.

Nong d6 cua enzyme cang lén bao nhiéu thi lwong co chat bi bién doi cang nhiéu biy
nhiéu.

Ciing c6 truong hop khi ndng d6 enzyme qué 16n van téc phan tng cham.

2.3.5. Anh hwéng ciia chit hoat hoa

Chét hoat héa la nhitng chit c6 tac dung lam cho enzyme tir trang thai khdng hoat dong
trg thanh hoat dong, tir hoat dong yéu tra thanh hoat dong manh hon.

CAc chat hoat hoa thudng cd ban chat hoa hoc rat khac nhau, ching c6 thé 1a:

—  Céc chét hiru co phuc tap 1am nhiém vu chuyén nhém, chuyén géc héa hoc, vi du:
NAD, NADP, ADP...

—  Nhiing chat ¢ kha ning pha v& mot s6 lién két trong phan tir proenzyme két qua 1a
phuc héi nhitng nhém chat hoat dong cua trung tdm hoat dong enzyme, vi du: enteropeptidase
hoat héa trypsinogen thanh trypsin.

—  Nhitng chét c6 kha nang pha v& mot s6 lién két trong phan tir proenzyme 1am loai bo
mot vai doan peptide, tao diéu kién cho cac nhém chic xich lai gan nhau dé hinh thanh trung
tdm hoat dong.

— Ngoai ra mot sb cation kim loai c6 ban kinh tir 0,34 — 1,65 A (Na*, K*, Ca®*, Mg?",
CI', Br...). Trong quéa trinh hoat hda, cac ion kim loai c6 thé tham gia tao thanh trung tam

hoat dong, 1am cau ndi giita enzyme va co chat, hodc né 1am nhiém vu 6n dinh cau tric khong
gian can cho sy x{c tac cua enzyme.
2.3.6. Anh huwéng ciia chit kim him

Chat kim ham la chit c6 kha niang 1am yéu hoac 1am cham dut hoan toan tac dung cua
enzyme. Céac chat kim ham c6 thé 1a cac ion kim loai, cac anion, cac hop chat hiru co c6 phan
ta nho hoac protein.

Céc chat kim ham c¢6 kha nang kim ham thudn nghich hoic khong thuan nghich. Trong
kim ham thuan nghich ta cd thé phan biét hai dang kim hadm canh tranh va khéng canh tranh.

—  Kim ham canh tranh: xay ra khi enzyme thiéu tinh dic hiéu tuyét déi, trong trudng
hop nay chat kim ham c6 ciu tao twong tu co chat that, nd két hop véi enzyme tai trung tam
hoat dong cua enzyme, do d6 cé su canh tranh gitra chat kim ham véi co chit trong viéc két
hop véi enzyme (hinh 2.9).
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—  Chat kim hadm khdng canh tranh: chit kim hdm khéng canh tranh két hop voi
enzyme & Vi tri khac véi trung tdm hoat dong, lam thay ddi cu tric khong gian cua phan te
enzyme (trung tdm hoat dong) lam giam kha ning lién két cua enzyme véi co chat, din dén
giam téc do phan tng (hinh 2.9).

1 2

\ A
o -

Hinh 2.9: Co ché hoat dong cua chat kim ham
1: co chat; 2: chat kim ham canh tranh; 3: chat kim hdm khdng canh tranh.

(Jeremy M. Berg et al., 2007)

C6 nhiéu chat e ché enzyme, tuy nhién s loai chat tc ché c6 thé ding trong thuc pham
dé kiém soat hay khda lai su hoat dong caa enzyme rat han ché do muli, vi, van dé doc tinh va
tinh kha thi vé kinh té. Phuong phap sir dung thuong nhat I nhiét, bién doi pH, SO,.

2.4. PHUONG PHAP NGHIEN CUU ENZYME
2.4.1. Phuwong phap xac dinh d¢ hoat dong ciia enzyme

Do hoat dong cua enzyme 13 luong enzyme duoc tinh bang sé don vi qui wdc cé trong
mot luong xac dinh (don vi trong luong hoidc co thé) ché pham enzyme.

Khi nghién ctru enzyme, luong enzyme thuong dinh lugng gian tiép thong qua xac dinh
luong co chat mat di hodc lwong san pham tao thanh trong phan tng & diéu kién tiéu chuan
dic trung cho enzyme duoc nghién ciu. Tuy nhién, van téc phan tng enzyme thuong giam
theo thoi gian va phu thudc vao nhiéu yéu td nén kho c6 thé thu dugc két qua chinh xac
(Pham Thu Clc, 2002).

Don vi hoat dong cua enzyme (ky hi¢u la Ul) 1a lugng enzyme c6 kha nang xtc tac lam
chuyén héa mot micromole co chit trong mot phat ¢ diéu kién tiéu chuan.

Mot don vi méi cua hoat dong enzyme duoc bat dau st dung ndm 1973 voi tén goi 12
Katal (Kat), twong ¢ng voi luong chat xdc tac ¢ thé 1am chuyén hoa 1 mol co chét thanh san
pham trong mot gidy. Pon vi hoat dong enzyme quéc té ¢ quan hé voi don vi Katal nhu sau:

~ 1Kat 6.10" UL

—  1Ul= 1/60 pKat.
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Trong nghién ctru enzyme, dac biét trong qua trinh tach va lam thuan khiét enzyme
ngoai do hoat dong chung thuong xac dinh d6 hoat dong riéng 1a d6 hoat dong tinh ung véi
1 mg protein enzyme. Do hoat dong riéng cho phép danh gia mirc @ thuan khiét cua pham
vat enzyme.

Trong truong hop biét trong lugng phan tir enzyme con xéc dinh duoc d6 hoat dong phan
tr. Do hoat dong nay cho biét rd phan tir co chat bj chuyén hoa boi mot phan tir enzyme &
diéu kién tiéu chuan trong mét phat ma né khong cho ta khai niém vé d6 thuan khiét cua ché
pham enzyme.

Xéc dinh hoat d6 cua enzyme bang cach xac dinh luong co chat mat di hodc lugng san
pham tao thanh ¢ diéu kién tiéu chuan; ma van toc phan ung cia enzyme thuong giam theo
thoi gian va phu thudc vao nhiéu yéu té cho nén dé thu két qua chinh xéac can xéac dinh van toc
ban dau khi phan ung bac khong.

Ta c6 thé xac dinh luong cac chat mat di hoic tao thanh bang cac phuong phap héa hoc,
quang pho, sic ky, dién di cuc pho, so mau.... Trong d6, phwong phap quang phd va so mau
1a hai phuong phap phd bién cho phép dat két qua chinh xac, tiét kiém thoi gian, luong
enzyme can thiét va hda chat dung trong phan tich.

2.4.2. Phwong phap tach va lam sach enzyme

Trong bat ky co thé song déu c6 mat caa nhiéu enzyme khéc nhau. Enzyme c6 mat trong
cac cau truc khac nhau cua té bao nhu: nhan, ti lap thé, mang té bao, ribosome,
lysosome....trong chat nguyén sinh, trong cac dich cua mo. Bat ky mot md nao cua co thé
dong vat, thuc vat ciing c6 thé dung 1am nguyén liéu dé chiét tach enzyme.

Enzyme c6 ban chat la protein nén viéc tach va chiét enzyme ciing gidng nhu tach va
chiét protein. Tuy nhién, ciing c6 nhitng phuong phap chu yéu dung dé tach chiét enzyme.

Thuc hién viéc tach enzyme ra khoi té bao can phai pha hay cau tric caa té bao chira
ching. C6 thé str dung nhiéu phuong phap co hoc nhu: nghién véi cét, bot thuy tinh; st dung
dung méi hitu co hay song siéu am. Sau d6, enzyme duoc chiét véi nuée, dung dich mudi
trung tinh loéng.

Dé loai bo tap chét trong dich tach enzyme can phéi hop dung nhiéu bién phap. Loai bo
protein khdng hoat dong va cac chat c6 phan tir lugng cao ¢ thé ding phuong phap lam bién
tinh chon loc nho tac dung caa nhiét d6 hodc pH méi trudng; phuong phéap két taa phan doan
bang dung méi hiru co hay bang mudi trung tinh, sic ky, dién di. Loai bé mudi va cac chit cd
phan tir luong thap co thé dung phuong phap tham tich, loc gel.

Ngoai ra, enzyme con diéu ché bang phuong phap hap phu. Phuong phap nay dua trén
kha ning enzyme dugc hap phu trén bé mat cia mot sb chat hap phu (hydroxyt alumin, hydro
xiapatit, cao lanh, than hoat tinh,...). Sau khi tron dung dich hip phu véi dung dich enzyme,
enzyme s& hap phu va & trén chat hip phu, cac tap chat van con lai trong dung dich ban dau.
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Enzyme duoc hoa rat ra khoi chat hap phu bang dung dich phosphate natri c6 pH xac dinh
hoic bang dung dich amoniac.

Phuong phap hap phu ding dé chiét xuét va tinh ché enzyme ngay nay di duogc cai thién
nhiéu va thu dugc két qua rat tbt. Mot trong nhiing cai tién tot nhat ciia phuong phap hap phu
dung chiét xuit va tinh ché enzyme 1a phuong phéap sir dung cot. Phuong phap nay sir dung
chat hap phu Ia chat ma enzyme sé& twong tic trong qua trinh xuc tic enzyme; két qua chi co
enzyme bi gitt lai trén cot, con tat ca nhitng chat khac déu bj di ra ngoai khoi cot clng Vi
dung dich. Qua trinh thuong dwoc tién hanh & 0°C. Sau d6, enzyme duoc chiét bang cac dung
moi thich hop.

Phuong phap tach va 1am sach enzyme bang phuong phap loc gel Sephadex 1a phuong
phap c6 nhiéu trién vong. Phuong phap nay dua vao su khac biét vé kich thudc, hinh dang va
phén tir lugng caa cac chat ¢d trong hdn hop.

Cho dén nay chwa c6 phuong phap chung cho viéc tach va lam sach enzyme. Khi can
tach va lam sach enzyme nao d6 can biét lya chon va phdi hop nhiéu phuong phap véi nhau
dé xay dung mot hé thong phuong phap phu hop va tét nhat.

Enzyme dé bi mét hoat tinh dudi tAc dung cua céc tc nhan gay bién tinh, dé dang bi bién
tinh khi bao quan. Do d6, khi nghién ctu can gir enzyme ¢ dang khd hay dung dich dic ¢
diéu kién nhiét @6 thap, pH cb dinh, khdng c6 mat cua cac chat lam giam hoat tinh; can tién
hanh thi nghiém nhanh.

2.5. CAC PHAN UNG CUA ENZYME TRONG SAN XUAT THUC PHAM
2.5.1. Phan @ng thiy phéan

Phan tng thity phan 1a phan ng pho bién va quan trong trong bao quan va san xuat thyc
pham. Phan tng thiy phan cé thé 1am chat luong caa san pham thuc pham giam di, nhung
mat khac phan ung thiy phan ciing c6 thé 1am tang thém pham chat cho san pham. Qua phan
ing thity phan, khdng nhitng chi c4c tinh chat cam quan ma cac tinh chat hoa hoc cua san
pham ciing bi thay doi.

Trong san xuat thuc pham, phan &ng thiy phan dong vai trd rat quan trong. Bé giam bot
hu hong caa thuc pham, can phai ngan ngira phan tng thuy phan xay ra, vi du: qua trinh bao
quan cé&c san pham c6 ham luong lipid cao can ngin ngira phan tng thiy phan. Tréi lai néu
phan ng thay phan 1a c6 loi thi can tao diéu kién cho phan tng xay ra tét nhat, trudng hop
duong hoéa tinh bot trong san xuét ruou, bia va dudng maltose.

Khi st dung enzyme dé thuy phan c6 mot s6 uu nhuge diém sau:

— Do enzyme c6 tinh dic hiéu cao nén khdng tao thanh san pham phuy, dich thay phan
thu duogc c6 do thuan khiét cao.

—  Pa sb phan ang thay phan bai enzyme xay ra & diéu kién nhiét do thap va pH trung
tinh.
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—  Khi thity phan biang enzyme con cho phép diéu chinh dugc thanh phan héa hoc cua
san pham, do d6 1am ting gia tri san pham.

—  Enzyme thiy phan c6 thé hoat dong trong diéu kién nong do co chat cao.

—  Trong mét sb truong hop thoi gian thiyy phan bang enzyme bi kéo dai hon so véi sir
dung acid.

—  Mudn c6 hiéu suit cao va chat lwong san pham tét thi can phai c6 ché pham enzyme
tinh khiét.

—  Dich thay phan bai enzyme thuong kho loc hon khi thay phan bang acid.
Céc linh vuc ché bién thuc pham sir dung phan wng thay phan cia enzyme:

—  Trong san xuat ruou, bia: ngudn nguyén liéu ban dau la tinh bot nén can st dung
enzyme hé amylase dé thuy phan tinh bot thanh cac dudng don gian, 1a nguyén lidu cua qua
trinh Ién men tao ruou.

—  Trong san Xuat nwdéc mam va nude twong truyén thong hé enzyme protease duoc sir
dung dé thuy phan protein thanh peptide va céc acid amin.

—  Trong san xuat nuéc qua va rugu vang sur dung enzyme pectinase dé tang hiéu sut
cuia qua trinh ép 14y dich va 1am trong san pham (Owen R. Fennema, 1996).

—  Trong san xuat cac san pham cua sita thi enzyme rennet duoc sir dung dé san xuét
phomat, enzyme lactase duoc st dung dé gidp cho san pham sira dé tiéu héa (Owen R.
Fennema, 1996).

—  Trong cong nghé san xuat banh my, mot loat cac enzyme amylase, protease, lipase,
xylanase dugc s dung dé cai thién cau tric, thé tich, mau sic va huong vi cia banh my
((Jeremy M. Berg et al., 2007).

2.5.2. Phan @ng oxy héa khir

Trong ché bién thuc pham, nhiéu qua trinh oxy héa khir sinh hoc gip cho san pham ting
gia tri cam quan (mau sic, hwong thom va vi) va tiéu dung. Vi du: trong san xuét tra, nho sir
dung hé enzyme polyphenoloxydase vai nhidu mirc d6 hoat dong ma c6 thé tao thanh nhiéu
san pham tra khac nhau: tra xanh, tra den, tra d9... c6 huong vi va mau nudc khac nhau.

Trong c&c qué trinh 18n men thuc pham bai vi sinh vat, céc vi sinh vt sir dung cac phan
g oxy hoa khir dé tao ra ning lugng gitp chung sinh truong va phat trién, nho thé ma tao
duoc cac san pham mong mudn tir nguyén liéu ban dau. Ung dung nay duoc sir dung trong
san xuat ruou, bia, bot ngot. ..

Mt khac nhiéu phan tng oxy héa khir sinh hoc lai 1am giam pham chét cua thuc pham:
mét vitamin C do tac dung cua enzyme ascorbate oxydase, 6i hda dau m& do enzyme
lipoxydase, tom bi den do enzyme polyphenol oxydase...
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CAU HOI ON TAP

Phin ty luin

1.

o ~ D

Trinh bay tinh chét caa enzyme.

Trinh bay céch phan loai enzyme theo ciu tao va tinh dic hiéu.
Trinh bay co ché tc dung caa enzyme.

Phan tich c4c yéu t anh hudng dén kha ning xuc tac cua enzyme.

Trinh bay uu va nhugc diém cia phan tng thiy phan bang enzyme.

Phin tric nghiém

1. Tdc do cia phan Gmg enzyme thuong rat nhanh nén khi phan ung tién hanh thi :
A. Nong d6 san pham va co chét s& giam xubng nhanh.
B. Nong do san pham va co chat s& ting 1én.
C. Nong d6 san pham ting, ndng do co chat giam.
D. Nong d6 san pham giam, nong do co chat ting.
2. Enzyme nao c6 kha niang chuyén nhém chuc trong phan ti tao thanh cac déng phan:
A. Ligase. C. Isomerase.
B. Transferase. D. Lyase.
3. Carboxylpeptidase c¢6 kha ning thuy phan céc lién két peptide nam ké nhom
carboxyl (-COOH) ty do. N0 la dang enzyme c6 tinh:
A. Dic hiéu kiéu phan tng. C. Dic hiéu tuyét doi.
B. Pic hiéu cua nhém. D. Pic hiéu twong dbi.
4. DPon vi hoat dong cta enzyme la Ul 1a lugng enzyme c6 kha nang xuc tac lam
chuyén héa duge.............. sau mot phit & diéu kién tiéu chuan.
A. 1 micromol co chat.
B. 1 milimol chit hoat héa.
C. 1 milimol co chat.
D. 1 micromol chét hoat héa.
5. Yéu t6 nao trong cac yéu té sau khdng anh huong dén van toc phan ang enzyme:

A. Nong do co chat.
B. Nong do enzyme.

C. Nhiét do.
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D. Thoi gian phan ung.
Khéng dinh nao sau day ding:
A. Nhiét do tai han la nhiét 6 ma enzyme c6 hoat tinh xuc tac cuc dai.

B. Téc do phan ung enzyme chi c6 thé ting 1én & gidi han nhiét d6 nao d6 khi ma

protein chura bi pha v& cau tric.

C. O nhiét do duai 0°C, hoat dong caa enzyme bi giam va khong thé tang 1én khi dwa

vé nhiét do binh thuong.

8.

D. Nhiét d6 c6 anh hudng nhung khong 16n dén tdc do phan &ng cua enzyme.
Chon cau diang

A. Enzym chi duoc tong hop bang con duong sinh hoc.

B. Enzym chi dugc tong hop biang con dudng hda hoc.

C. Enzym duoc tong hop bang con duong sinh hoc va héa hoc.

D. Khdng thé tong hop duoc enzym.

Phan rng khi cd enzyme tham gia sé xay ra theo 3 giai doan: tao phuc hop ES, phac

hop ES duoc tach ra va cudi cung 1a E dugc giai phdng va hoat dong tu do. Hién tuong nay
duogc xem xé€t trén co s& nao sau day:

10.

A. Trén co so trong phan uang chi c6 mot co chat duy nhat.

B. Trén co so trong phan tng co hai co chat.

C. Trén co so trong phan wng c6 ba co chét.

D. S co chét tuy y.

Chon cau sai:

A. Hydrolase la loai nhom enzyme tac dong 1én phan tng thuay phan.
B. Ligase la loai nhém enzyme tac dong 1én phan (ng phan cat.

C. Isomerase la loai enzyme c6 kha nang chuyén nhém chuc tao ddng phan.
D. Oxydoreductase la loai enzyme tac dong Ién phan tng oxy hoa kh.
Phan ung H,0, — H,0 + O, duoc xUc tac boi enzyme:

A. Peroxydase.

B. Catalase.

C. Oxydase.

D. Dehydrogenase.
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Chuong 3. VITAMIN

Vitamin la nhitng hop chdt hitu co khéac nhau, ching tham gia vao cau tgo cia enzyme
dudi dang coenzyme. Sy trao doi chat tién hanh cé hiéu qua nhdt khi mic vitamin trong co
thé day du. Khi thiéu vitamin sé ddn d@én pha hiy hoat déng ciia enzyme va do dé lam héon
logn sir trao doi chat. Gia trj sinh ly va vai trd cia vitamin trong co thé rat phic tap. Mdi
vitamin c6 mét vai tro nhdt dinh trong co thé: vitamin D tham gia vao hinh thanh xwong,
vitamin A trong si phét trién biéu mé, vitamin C trong viéc phat trién mo lién két, vitamin By,
va acid folic trong viéc tao mau...

3.1. PAI CUONG VE VITAMIN
3.1.1. Khai niém

Tir 1au nguoi ta da biét rang trong thuc pham gém cac chat dinh dudng: protein, glucid,
lipid va mot s6 khoang chat. Sau d6 ngudi ta lai thay mot sé bénh gay ra do su thiéu mot sb
chat nao dé trong thire an. Nam 1880, Nikolai lvanovich Lunin thyc hién nghién cau nudi
chuét bang sira nhan tao thanh phan gém cé protein, lipid, glucid va chat khoang. Ong thay
chudt nudi bang sita nay déu cham 16n va sau d6 thi chét. Ong két luan rang trong thirc n
ngoai nhiing chat dinh dudng da biét (protein, lipid, glucid va chat khoang) thi van con mot sb
chét nita ma ta chua biét.

Niam 1897, béac si Christiaan Eijkman cho rang bénh beriberi c6 nguyén nhan 1a do an
gao xat ky, ong da diéu tri duoc bénh beriberi trén ga con bang cach cho an cam. Tir nhitng
bao céo cuia Christiaan Eijkman, Casimir Funk tién hanh nghién ctiu nhiing chat “bi an” trong
cam gao. Nam 1912, ong da tach duoc tir cdm mot chat c6 chira nhom amin nén 6ng da dat
tén cho nd Ia vitamin (sau nay la vitamin B;).

V& sau ngudi ta da tim ra nhiéu chét thudc loai nay, trong dé c6 nhiéu chat khdng chira
nhém amin. M&i chat déu c6 tén goi riéng do ciu tao hoa hoc khac nhau. Nhung do théi quen
nén nguoi ta van goi 1a vitamin. Phan 16n cac vitamin dugc tong hop ¢ thuc vat va vi sinh vat
ma khéng tong hop duoc ¢ dong vat. Hién nay c6 mot sé vitamin da duoc téng hop bang con
duong nhan tao.

Vi thé c6 thé dinh nghia vitamin 13 nhitng hop chét hitu co c6 ban chat hoa hoc khéc
nhau, chi can mot luong rat nho ciing c6 tac dung dam bao cho sy sinh trudng phét trién binh
thuong.

Vai tro caa vitamin:

—  Tham gia thanh phan cia enzyme: vitamin c¢é tac dong nhu mot coenzyme, day la
noi thuc hién tryc tiép cac phan ung sinh héa nhu van chuyén hydro, van chuyén nhém CO,,
van chuyén nhém methyl...
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—  Vitamin ciing cung cép niang lwong: mot mol vitamin C khi dwoc oxy héa s& cung
cap khoang 7,6 Kcal cho co thé.

— Do vay, khi thiéu vitamin s& 1am rdi loan qua trinh trao doi chét trong co thé.
3.1.2. Phéan loai
Tuy theo tinh tan, cac vitamin dugc chia thanh hai nhom:

— Vitamin tan trong nudc nhu vitamin nhém B (By, By, B3, Bs, Bg, B1y...), vitamin C,
vitamin H...

—  Vitamin tan trong chit béo: vitamin A, D, E, K, Q...
3.2. CAC VITAMIN HOA TAN TRONG CHAT BEO
3.2.1. Vitamin A (Retinol)

Vitamin A c6 3 loai dugc biét 1a : vitamin A; (retinol - chu yéu cd trong gan ca bién),
vitamin A, (3-dehydroretinol - c6 trong c& nudc ngot - cd hoat tinh khoang 40% so vai
vitamin A;) va B carotene (tién than vitamin A). Trong cng thirc cAu tao cua ching tat ca lién
két doi déu & dang trans (hinh 3.1).

C CH
H,C. _CH e ° ChOH
N AN N
CH3 Vitamin A;
C CH
HeC. _CH k > cHon

NNV

CH3 Vitamin A,

Hinh 3.1. Cong thirc cdu tao ctia vitamin A

(Pham Thu Ctic, 2002)

Vitamin A c6 trong céc to chic dong vat, dic biét cd nhiéu trong gan cua céc loai c&
khac nhau. Trong to chic dong vat nhu & m&, gan ca vitamin A thuong ¢ dang ester, trong
long do trang 70 + 90% vitamin A & dang tu do. Vitamin A con ¢ nhiéu trong sita va c4c san
pham sita, tring, gan, than, tim, thit. Trong thuc vét khong c6 vitamin A nhung lai ¢6 nhém
sac to carotene. Tur B carotene khi bj phan cit s& tao thanh vitamin A; (hinh 3.2).
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Vitamin A tan trong chit béo va trong phan 16n cac dung mdi hitu co, khdng tan trong
nuéc. Vitamin A ton tai trong thirc an ty nhién 1a hop chét tuong ddi on dinh, khdng bi phan
hiry khi ché bién thong thuong. Trong khdng khi va &nh sang, vitamin A bi oxy hoa va phan
hiy nhanh chéng, nhiét 6 cao thic day qua trinh phan hiy manh mé hon. Céc ester cua
vitamin A bén viing d6i véi cac qué trinh oxy héa hon 1a dang ty do. Vi thé ching thuong
duoc sir dung bd sung vao trong thuc pham.

vi tri phin cat

o)
A
-

]
! !
B-Carotene = - £ T

Vitamin A,

Hinh 3.2. Sy hinh thanh vitamin A; tir B caroten

(David L. Nelson et al., 2008)

Co ché hoat dong cuia vitamin A trong co thé c6 cac y nghia dang cha y:

—  Vitamin A c6 quan hé chat ché véi thi giac binh thuong: té bao hinh que va té bao
hinh nén trong véng mac nhan thi 1a cac té bao tiép nhan cam quang, déu c6 chira sic té thi
giac. Sac td thi giac trong té bao hinh que Ia rhodopsin, con trong té bao hinh nén Ia iodopsin
déu do retinene (mot dang hoat tinh caa vitamin A) va opsin cau thanh. Khi anh sang kich
thich vao té bao hinh que rhodopsin s& bi phan giai thanh opsin va dehydroretinene, ddng thoi
bi mat di mot phan vitamin A. Trong béng ti, vitamin A trong mau qua qua trinh chuyén hoa
s& tao thanh 11-synretinene, lai két hop vai opsin thanh rhodopsin ma phuc hdi lai thi gic.
Néu tinh trang dinh dudng vitamin A tuong di tét, ham lugng ¢ trong méu cao thi lwong
hop thanh rodopsin trong mot don vi thoi gian sé& cao, thoi gian phuc hoi thi giac trong béng
dém tuwong d6i ngan. Nguoc lai s& dan dén ching bénh quang ga.

—  Téc dyng ddi vai viéc hinh thanh phat trién binh thuong caa I6p biéu md va viéc
duy tri sy hoan thién caa cac t chuc biéu mé: khi vitamin A khong du hoic thiéu s& dan dén
sing hoa té bao biéu mo l1am cho bé mit da thd rap, khd, co dang vay, 16p ndi mac miii,
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hong, thanh quan, khi quan va hé sinh duc, tiét niéu bi huy hoai nén d& bi viém nhiém. Puong
tiét niéu bi sirng hoa qua muc 1a mot trong nhitng nguyén nhan gay soi than.

—  Vitamin A can thiét cho su sinh truéng binh thuong caa bo xuong va gidp ich cho
su phét trién va sinh truong cua té bao: cac nghién cau gan day phat hién thdy vitamin A
acid (chat chuyén héa cua vitamin A) c6 tac dung lam cham hoic ngan chin céc bién ching
tién ung thu, ngan ngira ung thu biéu bi. Sau khi vitamin A va carotene trong thic an duoc
hap thu vao trong co thé bi nhii hoa cling véi mat va cac san pham tiéu hoa lipid trong ruot
non, duoc niém mac rudt hap thu. Vi vay luong lipid va dich mat day du trong ruét non 1a
diéu kién quan trong dé hap thu ching tét; cac chat chong oxy héa nhu vitamin E va lecithin
s& ngan khong cho chling bi oxy hoéa va gilp ich cho viéc hap thu. Ty Ié hap thu vitamin A
cao hon carotene 2 + 4 lan.

Vitamin A dugc dy trir chu yéu ¢ gan, phu thudc vao lugng dn vao va cac nhan té khéc.
Luong vitamin A trong co thé nguoi gia thip hon rd rét so voi nguoi tré tudi. Khi khong co
vitamin A nap vao thi lugng mat di trong gan mdi ngay vao khoang 0,5% tong lugng vitamin
A. Kha nang dy trix cua tré em rat kém, do d6 rat dé bi thiéu.

3.2.2. Vitamin D (Canxipherol)

Hién nay ngudi ta da biét dugc c6 6 chét vitamin D: Dy, D3, D4, Ds, Dg va Dy. Tuy nhién
chi ¢6 2 dang D, va D3 la pho bién va c6 ¥ nghia hon ca.

Vitamin D la dan xuat cua sterol, mot sé sterol duoc goi 1a tién chat caa vitamin D vi khi
cac sterol nay duoc chiéu bang tia tir ngoai (budc séng 280 + 310 pm) thi chung chuyén thanh
vitamin D. Vi du: esgosterol va 7-dehydrocholesterol khi duwgc chiéu tia tir ngoai sé thu dugc
vitamin D, va D3 (hinh 3.3).

Tinh chét:

—  Vitamin D va Ds c6 dang tinh thé khong mau, néng chay & nhjét do 115 + 116°C.

—  Hoa tan tot trong chat béo va dung méi cua chat béo.

—  Vitamin D dé bi phan huy khi c6 mit cac chit oxy hoa va acid vo co, su phan hay
Xay ra & ndi doi co trong vong B cua phan tir vitamin D.

Vitamin D chu yéu gip & thuc pham c6 ngudn gbc dong vat. Ham lugng v itamin D
trong 100g thuc pham twoi: sita me 2 + 4 Ul, sira bo 4 UI, trang 50 + 200 UI, long do
trang 300 U, gan bo 100 Ul, gan lgn 90 UlI, gan ca thu 500 + 1.500 UI.

O céc thuc pham thyc vat rat it gap hodc véi luong rat bé. Trong thuc pham thuc vat
thudng gap provitamin D, chu yéu dudi dang ergosterol.

Nguén vitamin D cta cac dong vat cao cap la thic an nhu tring, ¢4, thit cac con vat c6
I6ng mao, va lugng vitamin D duoc tao thanh ¢ da hay trong da.
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Tuy nhién ham luong cua vitamin D dao dong tiy theo loai va nhiéu yéu té khac. Phan
I6n m& cé chira nhiéu vitamin Ds. Trong co thé ngudi, provitamin D (7-dehydrocholesterol)
c6 & da, s& chuyén thanh vitamin D3 nho chiéu nang mat troi. Vitamin D tap trung nhiéu nhat
& gan va huyét twong. Clng véi tac dung chéng coi xuong, vitamin D con 1a yéu té phat trién
quan trong.

CH
CHs 3
CH |
CHj
HO HsC CHj
Ergosterol
CH
CH, 3
CH |
| CHj
NS
HO H-C
Vitamin D, 3 CHs
CHj;
CH3s
CH
HO HsC
7 dehydrocholesterol 3 CHy
CH3
CH3j
CH
|
o |
HO HsC
Vitamin D3 3 CHs

Hinh 3.3. Sy hinh thanh vitamin D tir sterol

(David L. Nelson et al., 2008)
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Co ché hoat dong cua vitamin D 1a chuyén hoa canxi, phospho trong co thé. Vitamin
D tao diéu kién st dung canxi cua thirc dn nho tao thanh lién két canxi—phospho can thiét cho
qué trinh tao thanh xwong. Vitamin D con gidp 1am tang dong hoa va hap thu canxi. Khi thiéu
canxi trong bira an, vitamin D huy dong canxi tir t6 chic xwong dé duy tri ham luong né
trong mau. Dién hinh cho thiéu vitamin D 1a bénh coi xuwong thudng gap ¢ tré em tir 2 + 4
thang cho téi 1,5 + 2 nam. Nhiing réi loan dién hinh: d& bi kich thich, suy yéu chung, ra md
hdi va nhat 13 moc ring cham, dé bi co giat va viém phé quan.

Nhu cau cua vitamin D cho tré 1a 300 + 400 Ul, ngudi truéng thanh 50 + 100 U, phu
ntr ¢o thai va cho con b 500 UI.

3.2.3. Vitamin E (Tocopherol)

Tirnam 1922 + 1923, Evans va Bishsop di ching minh rang trong thuc pham c6 mot loai
vitamin can thiét cho qua trinh sinh san binh thuong. Pén nim 1936 ngudi ta di tach duoc tir
dau, mam lda my va dau bdng 3 loai vitamn E 1a o, B, y-tocopherol. Pén nam 1938 tong hop
dugc a-tocopherol.

Tat ca cac tocopherol déu ¢ nhanh bén gidng nhau tuong tng véi gdc ruou phytol, giira
ching c6 sy khéc biét 1a do sy siap xép cua cac goc methyl ¢ phan vong benzopiran: p-
tocopherol khéc voi a-tocopherol & vi tri C7 khong c6 nhom methyl, con y-tocopherol lai thiéu
nhém methyl & vi tri Cs. Trong cac loai tocopherol di biét chi c6 1a a, B, y-tocopherol ¢ hoat
tinh cao, cong thirc cAu tao cia ching duoc trinh bay ¢ hinh 5.4.

T con T T
HaC O | _EHy— (CHy—CHy— CH—CH,);— CHy— CHy— CH—CHg
HO @

CHs

CHs CHs CHs

CH | |
O._|_ CHy— (CHp— CHy—CH—CHy);—CHy— CHy— CH—CHg

HO
)
CHs
CHs CHs CHs
CH | |
HaC 0| _EHy— (CHy— CHy— CH—CHy);— CHy— CHy— CH—CHg
3
HO ®

Hinh 3.4. Cong thirc cu tao cua vitamin E
(1) a-tocopherol, (2) B-tocopherol, (3) y-tocopherol

(Pham Thu Ctic, 2002)
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Tinh chit cua vitamin E:
—  Vitamin E La chét 16ng khong mau hoa tan tét trong dau thwc vat, ruou va ester.

—  a-tocopherol thién nhién c6 thé két tinh cham trong ruou methylic néu giit & nhiét
d6 thap (-35°C). Khi d6 s& thu duogc cac tinh thé hinh kim ¢6 nhiét do néng chay & 2,5 + 3,5°C
(Pham Thu Clc, 2002).

- Tocopherol kha bén véi nhiét ¢6 va acid, c6 thé chiu duoc nhiét do toi 170°C.
Nhung tia tir ngoai s¢ pha huy nhanh tocopherol.

—  Tocopherol c6 kha ning bi oxy hda bai cac chat khac nhau nhu: FeCls, acid nitric.

Vai tro cua vitamin E:

—  Téc dung chdng oxy hoa: vitamin E la chat chéng oxy hda manh, c6 thé bao vé
cho té bao tranh khoi cac nguy hai do cac goc tu do gay nén, Gc ché su oxy hoa cua chat
dang m& trén mang té bao va trong té bao, ngoai ra cé thé phan Gng véi peroxide 1am
cho chiing chuyén hoa thanh cac chat khdng gay doc hai dbi véi té bao. Vitamin E c6 tac
dung phong ngira su oxy hoa caa vitamin A, vitamin C, dé dam bao chtc niang dinh dudng
cta ching trong co thé.

—  Duy tri tinh hoan chinh caa hdng cau: ham lugng viatmin E trong thic dn thap s&
dan dén lwong hong cau giam va rat ngan thoi gian sinh ton cia hdng cau.

—  Diéu tiét su tong hop nén mot sb chit trong co thé: vitamin E bang su diéu tiét cac
bazo pyridine ma tham dy vao cac qué trinh tong hop sinh hoc caa DNA. Vitamin E 12 nhan
t6 dé phu tro tong hop nén vitamin C va coenzyme Q, dong thai ¢ kha nang lién quan dén
su tong hop nén hemoglobin.

—  Vitamin E ¢6 thé ¢ ché sy oxy hoa cac chat khong phai 1a hemoglobin nhu bao vé
gdc -SH trong dehydrogenase khong bi oxy hoa hoic khong xay ra phan ng héa hoc véi céc
ion kim loai ning ma mat tac dung. Vitamin E ciing c6 kha niang tham gia vao qué trinh hinh
thanh va phat trién cua tinh tring. Tocopherol khong tu tong hop trong co thé. Sau khi vao co
thé theo thirc an, vitamin E tich liy & cac to chic, chi yéu 1a & m& 10 + 50 mg/100g, gan 1,3
+ 2,5 mg/100g, co 1,2 + 1,6 mg/100g. Thiéu vitamin E xay ra khi rdi loan hap thu lipid, xay
ra tinh trang teo co, cac bién ddi sau sic ¢ dai ndo va ¢ tiy (Pham Thu Cuc, 2002).

—  Nhu cau vitamin E d6i véi tré em 0,5 mg/kg can ning, & ngudi truong thanh 20 +
30 mg/ngay, nhu cau cao hon dbi véi phu nir c6 thai va cho con bd. Tuy nhién nhu cau vé
vitamin E chua duoc x&c dinh chic chan ma chi gan dung dwa vao ham luong cia né
trong khau phan, mac d6 hap thu lipid, sy tich Idy trong cac mo va sy bai xuét.

Nguén vitamin E:

—  Ngudn vitamin E cha yéu la dau thuc vat, rau xa lach, rau cai, trong mam lda, ngd,
trong dau dau phong, dau hudng duong.
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— O dong vat, vitamin E ¢6 nhiéu trong m& bd, m& ca, long do tring, nhung ham
lwong thap hon nhiéu so vai dau thuc vat.

3.2.4. Vitamin K

Nam 1929, Dam dua ra nhian xét ring, da thiy xuat hién hién twong chay méau ¢
ng tidu hoa va ¢ co cia mot sé ga con dugc nudi bang thire an téng hop dic biét.

DPén nam 1934, 6ng da chitng minh duoc rang, yéu té chéng bénh chay mau do 1a chat
hoa tan trong chat béo va dung mdi cua chat béo va dng dit tén 1a vitamin K.

DPén nim 1937, ngudi ta méi tim duoc ciu tao cua vitamin K, d6 1a cac vitamin Ky va
K,. Hién nay, nguoi ta con tong hop duoc vitamin Ks. Cong thac cau tao cua 3 loai
vitamin K dugc thé hign & hinh 3.5.

CH, (|3H:a (T‘H:a CH;
- CHy—CH=C—CH, —|CH,—CH,—CH—CHS, |,—CH,—CHy,—CH—CH,
(1)
CH, CH, CH, CH,

CH,—CH=C—CH, —|CH,—CH,—CH—CH, |; —CH,—CH,—CH—CHj

(2)

CH;

(3)

Hinh 3.5. Cong thirc cau tao ciia vitamin K
(1) vitamin K, (2) vitamin K, (3) vitamin K;
(David L. Nelson et al., 2008)

Tinh chit cua vitamin K:

—  Céc vitamin K khdng tan trong nudéc, tan trong chat béo va cac dung moi cia chét
béo.

—  Vitamin K bi phan hay nhanh duéi tic dung cua tia tir ngoai, vi khi d6 cau tric
quinon cua né bi bién dong.
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—  Vitamin K bj phan huay nhanh chéng khi dun néng trong méi truong kiém, nhung
lai kha bén khi dun néng trong nuéc.

—  Céc vitamin K déu c6 tinh chat oxy héa khu, ching bi khir thanh cac dan xuét
hydroquinon.

—  Hoat tinh cua K; thip hon K, khoang 60%. Vitamin K; 1a chat mau vang nhat, két
tinh & nhiét do -20 °C; vitamin K, c6 mau vang va néng chay & nhiét do 52 °C.
Vai tro cua vitamin K:

—  Vitamin K can thiét cho mdi té bao séng. Vi vay c6 mit trong hau hét mdi co thé,
tir cac vi khuan cho dén cac dong vat. Cac vi khuan duong ruét tong hop mot luong 16n
vitamin K, khoang 1,5 mg mdi ngay du dap ¢ng nhu ciu co thé. Bé hip thu vitamin K
can phai c6 acid mat. Khi réi loan dan mat vao té trang, hap thu vitamin K bj réi loan dan dén
hién tuong thiéu vitamin K.

—  Triéu ching thiéu vitamin K chinh 1a ha thap lugng prothrombin & mau, kéo dai thoi
gian dong méu, chay mau ¢ cac ndi quan va trong co hoac bji chay méau cam. Bénh thiéu
vitamin K thuong rat it gap ¢ nguoi 16n vi tong hop vitamin K ¢ duong rudt tuong doi
I6n, ngay ca khi lwong cua vitamin K trong thirc an khong day da. Tré so sinh bl sita me
thuong bi thiéu vitamin K vi trong sita me c6 it loai vitamin nay hon trong sita nhan tao,
cong véi tap quan an kiéng dau, ma va céac loai thuc pham giau vitamin K cua cac ba me sau
sinh nén su thiéu hut cang tram trong.

3.2.5. Vitamin Q

Vitamin Q (ubiquinone) thudc loai hoa tan trong chat béo, ¢ ciu tao hoa hoc rat gibng
vitamin E va vitamin K. Cong thtic cau tao cia vitamin Q gdm mot vong quinone lién két véi
gdc isoprenyl & nhanh bén, sé gbc isoprenyl bién dbi tir 6 + 10 gdc (hinh 3.6).

CHs
HsC—O (|) EZHZ—CH:(li—CHa— H
n

HsC—O CH;

C
Hinh 3.6. Cong thirc ciu tao cua vitamin Q

(Pham Thu Ctc, 2002)

Do c6 mit caa vong quinone nén vitamin Q cd thé chuyén sang dang hydroquinone
trong (ng. Vi thé, vitamin Q tham gia vao cac qua trinh van chuyén hydro trong cac phan
ng oxy hda khir cua té bao.
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Ngudi ta d tim thdy mot lugng dang ké Vitamin Q trong ti thé (1a trung tdm xay ra
cac qué trinh oxy hda khur kém theo du trir nang lugng). Ngoai ra, Vitamin Q ciling tham
gia vao qué trinh van chuyén géc phosphate trong mach oxy héa khir, kém theo su tao
ning lugng ¢ té bao.

Vitamin Q ton tai phd bién & dong vat va vi sinh vat. Sé don vi isoprenyl (sé n) trong
phan tir Vitamin Q thay dbi tuy loai. Nhu & vi khuan tir 5 + 9; ¢ dong vt tir 6 + 10. Dang
Vitamin Q phé bién nhat ¢ dong vat c6 va va thuc vat ¢ n = 10 va goi 1a coenzyme Quo.
Coenzyme nay van chuyén dién tir flavoprotein va cytocrom B trong mach hd hép.

Plastoquinone c6 trong luc lap cua té bao, dang plastoquinone c6 hoat tinh sinh hoc c6
chua 9 gbc isoprenyl trong phan ti. Plastoquinone c6 vai trd nhu chat van chuyén dién tir
trong qué trinh quang phosphoryl hoa.

3.3. CAC VITAMIN HOA TAN TRONG NUOC
3.3.1. CA4cvitamin nhém B
a. Vitamin B; (Thiamin)

La loai vitamin pho bién rong rai trong thién nhién, dic biét ¢ nhiéu trong nam men,
cam gao, mam lGa my...Pa s6 vitamin B; ton tai & dang mudi thiamin cloride, mot phan ¢
dang thiamin pirophosphate (hinh 3.7).

NH,
1) N= CH,—N* CHj
.
N L
HsC N S H,—CH,0H
NH,
(2)
N* CH,—N* CHj3 _ _
| | 0 0
~ | |
HaC N S CH,—CH,0— IF|>—0— ||3—OH
0 0

Hinh 3.7. Cong thirc cAu tao ctia vitamin B
(1) Thiamin, (2) Thiamin pirophosphate
(Phgm Thu Cuc, 2002)

Tinh chat vitamin By:

—  Vitamin By tinh khiét c6 dang tinh thé nho trang, dé tan trong nuéc, cd vi dang va
chiu dugc qua trinh gia nhiét thong thuong.
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—  Vitamin By chi bén trong méi truong acid, & méi truong kiém né bi pha hay nhanh
chong khi dun nong.

—  Vitamin By rat nhay voi tac dung cua céc chit oxy héa, dudi tac dung caa HNOs,
KMnO4 n6 bi ph& hity manh. Khi bi oxy héa né s& tao thanh hop chét thiochrome phét huynh
quang, tinh chat nay duoc sir dung dé dinh luong vitamin B;.

Thiamin giir vai trd quan trong trong chuyén héa acid pyruvic. N6 la thanh phan cua
enzyme carboxylase, enzyme nay khir carboxyl cua acid pyruvic dé cho acetaldehyde. Trong
co thé thiamin xuat hién dudi dang thiamin-diphosphate. Khi theo thirc dn vao co thé ching
dé dang bi phosphoryl héa bai cac men chira adenosin-triphosphate (chu yéu ¢ gan), bi khu
phosphoryl & than nhd enzyme phosphatase va ra ngoai theo nuéc tiéu ¢ dang tu do.
Nguyén nhan thiéu thiamin 1a do su ting tiéu thu cac loai gao hoic bot xay gid trang va
ciing do thiamin 1a mot trong nhiing chat dinh dudng du trir véi luong khong Ién va nhanh
chéng can ¢ nhitng tinh trang sinh ly khac nhau.

Cac dau hiéu 1am sang thuong gap: nhiac dau, mét moi, mat nga, réi loan tri nhg, dé
bi kich thich, ra mé héi, than nhiét giam, tim dap nhanh, ha huyét ap, kho thg. Do réi loan
chuyén hoa nudc c6 thé gy phi nhung can phan biét voi dang phu do thiéu protein. Nhu cau
t6i thiéu dé phong bénh beriberi khong dugi 0,7 mg thiamin/ngay.

Vitamin B; phd bién rong réi trong thé giéi thuc vat. Tuy nhién trir mot s6 loai dac biét
c¢6 nhiéu vitamin By (men, mam lud mi, cd&m gao), cac loai thuc pham khéac ham lugng caa
ching khong dang ké. Phan lén céc thiamin ¢ thuc pham thuc vat nam duéi dang thiamin tu
do. Trong san pham dong vat thuong gap dudi dang lién két phosphate hay pyrophosphate
nhu diphosphothiamin. Hat lGa mi chta twong ddi nhiéu thiamin, ham luong cia né phu
thugc vao loai IGa mi va diéu kién trong trot, dao dong tir 500 + 800 ug/100g. Pau ciing
la nguon thiamin quan trong. Pau nanh cé 540 pg/100g, dau xanh 720 pg/100g, dau
phong 440 pg/100g. Céc loai khoai ca ngheo thiamin. Thiamin con hién dién trong cac phu
tang dong vat, dac biét ¢ gan, than, co: 100g thit bo c6 100 pg thiamin, 100g gan bo c6 400
g thiamin. Thit heo twong d6i giau thiamin, 100g thit ba roi chira 530 pg thiamin. O ca ham
lwong nay thap hon, ¢ trang ga thi ham leong thiamin tap trung & long do trang (300 ug
thiamin /100g).

b. Vitamin B; (Riboflavin)

Vitamin B, duoc Kun tach ra lan dau ¢ dang tinh khiét nam 1933 tir sira nén lac dau nd
mang tén lactoflavin, chat ndy c6 mau vang phat huynh quang xanh. Nam 1935, Karrer tong
hop duoc cac dan xuat cua lactoflavin tir cAc nguyén liéu tu nhién. Vi trong cong thic cau tao
cua vitamin B, ¢c6 nhom ribose nén dugc goi tén la riboflavin (hinh 3.8).

Vitamin B; tinh khiét c6 dang tinh thé mau cam, vi dang, hoa tan tét trong nudc, ruou va
piridin. O dang tinh thé vitamin B, bén véi nhiét d6 va dung dich acid. Vitamin B, khdng bén
voi kiém va tia cuc tim.
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Vitamin B, c6 rong rai trong tu nhién, trong cc la xanh cua cdy. Trong cac hat co it,
khoai tay va cac loai ca nghéo riboflavin. Trai lai, ca chua va cac loai rau c6 14 twong dbi
nhiéu. Cac loai men chira nhiéu vitamin B, nhit: men banh mi 6 mg/100g, men bia 4
mg/100g. C4c loai dau nhu dau nanh 0,3 mg/100g. Vi cé4c loai thyc pham dong vat, vitamin
B, ¢ nhiéu trong pha tang: gan 0,2 mg/100g, tim 0,5 mg/100g. Thit ciing 12 ngudn B, rt tdt,
khoang 0,2 mg/100g, trizng khoang 0,3 mg/100g, c& nghéo riboflavin. Phan 16n cac loai men,
thuc vat, nam ciing nhu mét sé vi khuan cé kha nang tdng hop duoc vitamin B,.

C|:H2—(CHOH)3—CH20H
HsC N. N_ _O
“

-

— NH
HsC N |

@)

Hinh 3.8. Cong thirc cAu tao cua vitamin B,

(Pham Thu Cuc, 2002)

Vai tro sinh hoc chinh cua vitamin B, la tham gia vao thanh phan ciu tao céc
flavoprotein va hoat dong nhu 1a nhitng enzyme. Vitamin B, can thiét cho chuyén hoa protein.
Khi thiéu vitamin B,, mot phan acid amin cua thirc in khong duoc sir dung va ra ngoai theo
nudéc tiéu. Vitamin By ¢6 anh hudng téi cau tric té bao, 1am ting tinh thdm cua mang té bao
d6i voi mot s6 chat nhu glucose. Ciing nhu vitamin A, vitamin B, ¢6 anh huong t6i kha ning
cam thy &nh sang cta mat, nhat 1a d6i véi sy nhin mau. Co ché tc dung cua vitamin B, ddi
véi thi gidc chua hoan toan rd rang. Khi thiéu vitamin B, xay ra nhiing ton thuong cua giac
mac mat. CAc triéu ching thiéu vitamin B, thuong gap nhét 1a céc ton thuong & niém mac
ludi, mit ludi tra nén xam do, bé mat cé nhiing hat nho, gai ludi tré nén phang, sau do teo lai.
Ngoai ra thiéu vitamin B, con gay ra cac bién doi & mau, quéa trinh tong hop hemoglobin bi
rbi loan, dong thoi con xuét hién cac bénh khac nhu viém gan, xo gan, viém mang phdi, thap
khép... Nhu cau vitamin B, 1a 0,55 mg/1000 Kcal.

c. Vitamin Bg (piridoxin, piridoxal, piridoxamin)

Vitamin Bg duoc tach ra ¢ dang tinh khiét vao nam 1938, dau tién tir nAm men, sau do tir
cam gao. CAu tao cta nd duoc xac nhan vao nam 1939 nhd su tong hop hoa hoc. o 1a chét
piridoxin, ngoai ra vitamin Bg ton tai & cac dang piridoxal va piridoxamin. Cong thirc ciu tao
cuia vitamin Bg thé hién ¢ hinh 3.9.

Tinh chat vitamin Bg:

—  Piridoxin Ia tinh thé khéng mau, c6 vi hoi ding va hoa tan tét trong nudc va rugu.
Piridoxal Ia tinh thé dang vay trang, piridoxamin Ia tinh thé hinh thoi tring.
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—  Ca 3 loai piridoxin, piridoxal, piridoxamin déu bén khi dun séi trong dung dich acid
hoac kiém, song khdng bén khi c6 mat cac chat oxy héa. Chang bi phan hiy nhanh néu dem
chiéu sang & moéi truong kiém ciing nhu trung tinh.

CH,OH CHO CH,NH;
HO CH,0OH HO CH,OH HO CH,OH
= = =
HsC N HsC N HsC N
piridoxin piridoxal piridoxamin

Hinh 3.9. Cong thirc cu tao ciia vitamin Bg

(Pham Thu Cuc, 2002)

Piridoxin khi vao co thé chuyén hoa thanh piridoxal va piridoxamin. T4t ca cac dang nay
déu bi oxy héa thanh 4-piridoxalic va ra theo nudc tiéu cung véi lwong nho piridoxal
va piridoxamin. Vitamin Bg can cho tong hop porphyrin va tham gia vao chuyén hoa cac
lipid, cu thé trong qua trinh chuyén hoa acid linoleic thanh acid arachidonic.

Vitamin Bg c6 tac dung 1am giam lugng cholesterol trong huyét thanh, do d6 c6 kha
ning ngin ngira duoc bénh xo vira dong mach. Theo tiéu chuan cua Bo Y Té Lién X6
(1960) nhu cau vitamin Bg 12 0,7 mg/100 kcal khau phan vai su ting hop 1y cho phu nit c6
thai va cho con ba.

Vitamin B ¢6 trong tu nhién thuong dudi dang phic hop vai protein: men, gao trang,
mam nhiéu loai hat. Vitamin Bg thuong duoc tong hop bang con dudng hoa hoc, thyc vat va
nhiéu vi sinh vat c6 kha ning tong hop vitamin Bs.

d. Vitamin PP (Niacin (acid nicotinic), nicotinamide, vitamin B3)

Niam 1870, Huber di t6ng hop duoc acid nicotinic. Pén nim 1937 méi phét hién ra tinh
chat caa vitamin nay. Vitamin PP c6 tic dung chdng dugc bénh da san sui goi 1a bénh
pellagra (tén vitamin PP xuit phat tir tn goi Preventive Pellagra). Cau tao hda hoc cua
vitamin PP dugc trinh bay ¢ hinh 3.10.

Acid nicotinic 1 tinh thé hinh kim, mau tring, vi chua, tan trong nuéc va ruou. Dang
acid bén vai nhiét do, acid, kiém; dang amide 1a tinh thé tring c6 vi ding ciing tan tt trong
nude, nhung it bén véi acid va kiém.

Vitamin PP 14 thanh phan quan trong cta cac coenzyme nhu NAD* va NADH" trong cac

enzyme dehydrogenase. Hai coenzyme nay nhu 1a cac chat nhan va chuyén hydro va dién tir
tir cac co chat. Khi nhan hydro ching chuyén thanh dang khir (NADH hoic NADPH).
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Hinh 3.10. Céng thirc c4u tao cta vitamin PP

(Pham Thu Clc, 2002)

Khi thiéu vitamin PP, co thé s& ¢ cé4c triéu chimg nhu: sung mang nhay da day va rudt;
da bi san sui nhat 1a cac ving tiép xdc nhiéu véi anh sang mat troi; hé than kinh bi rdi loan
dan dén suy nhuoc toan than.

Vitamin PP ¢6 nhiéu ¢ dong vat va thuc vat, dac biét & nam men. Trong hat, vitamin PP
cha yéu ton tai & dang este nén co thé kho tiép thu. Cac san pham tir dau chira vitamin PP &
dang c6 thé hap thu. O bap, vitamin PP rat it vi ban than bap rat it acid amin tryptophan.

Vitamin PP ¢6 nhiéu trong thit bo, gan bo, than, tim; sira chra rét it vitamin PP nhung
giau tryptophan. G mét sé dong vat nhu: chim, chudt, ngua; thuc vat bac cao; nhiéu loai vi
sinh vat c6 thé tong hop vitamin PP qua hai con dudng: su chuyén hoa tryptophan & cac mé,
hoac su tong hop boi cac vi khuan duong ruot.

Ta c6 thé tong hop nhan tao vitamin PP tir nicotin nhd cac chat oxy hoa nhu: acid cromic,
acid nitric, pecmanganat Kkali. ..

Nhu cau cta nguoi binh thuong 13 25 mg vitamin PP trong mot ngay dém.
e. Vitamin Bs (acid pantothenic)

Vitamin Bs duoc tim ra vao nam 1933 boi Roger J. Williams khi 6ng nghién ciru vé cac
chat kich thich su sinh truong caa nam men. V& mat hoa hoc thi vitamin Bs 1a amide duoc tao
thanh tir sy két hop cua acid pantoic va B-alanine (hinh 3.11).

CHs
HO— CH,— C —CH— CO—NH— CH,— CH,— COOH
CH; OH
Hinh 3.11. Céng thirc c4u tao ctia vitamin Bs

(Phgm Thu Clc, 2002)

Vitamin Bs rit phd bién & cac ddi twong sinh vét khac nhau nén cé tén la acid
pantothenic (trong tiéng Hi Lap tir “pantothen” c6 nghia 13 khip noi).
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Vitamin Bs 1a mét chét long giéng dau, mau vang, sang, quéanh, tan nhiéu trong nudc,
acid acetic va ethanol; hoa tan rit it trong cac dung mdi hitu co khac. Vitamin Bs bén véi
nhiét va oxy khong khi trong méi trudng trung tinh, con trong méi truong acid va kiém néng
thi lién két peptide (CO-NH) cua n6 d& bj thuy phan. Dang duoc st dung phd bién 1a muédi
canxi pantothenate.

Khi thiéu vitamin Bs, dong vat s& phét bénh viém da, 16ng s& bi mat sic t6 va bit dau
rung; tim, than, tuyén thuong than... s& bi viém; nhiing bién ddi thoai hda cua hé than kinh
ciing bat dau xuat hién. O nguoi bénh thiéu vitamin Bs, thuong it gap vi thuc khuan duong
rudt E. coli san xuit mot lwgng khé Ion acid pantothenic va dua acid nay vao rudt.

Acid pantothenic tham gia vao thanh phan ciu tao ciia coenzyme A. Chat nay giir vai trd
quan trong trong viéc sinh tong hop va phan giai acid béo, dam bao viéc thyuc hién cac phan
g can thiét ddi voi sy bién doi tuong ho cia glucid va lipid.

Acid pantothenic c6 rong rai trong thién nhién. Chat nay c6 trong tat ca cac ddi tuong
nhu: dong vat, thuc vat va vi sinh vat. Dac biét, né c6 nhiéu trong gan, than, long do tring,
thit. O thuc vat, n6 c6 nhiéu trong béng cai, khoai tay, ca chua. Trong sita ong chia va men
ruou chira acid pantothenic dac.

Nhu cau hang ngay ciia con ngudi khoang 10 mg vitamin Bs. Acid pantothenic di vao co
thé nguoi va dong vat bang ngudn thirc an. Vitamin Bs duoc st dung rong réi trong thuc té
1am sang dé chira mat truong luc caa rudt sau khi mé da day.

f.  Vitamin B¢ (céc vitamin nhém acid folic)

Viéc phat hién ra cac vitamin nhém acid folic gan lién véi cac nghién cau vé vitamin
nhém B. Khi nghién ctu vé céc chat can thiét cho su sinh truong caa vi sinh vat, Roger J.
Williams (1941) d4 nhan thay rang & cac nguyén liéu nhu nAm men, gan va & ca la cay co cac
yéu té kich thich sinh truong cua nhiéu loai vi sinh vat. Vi thé cac yéu t nay duogc dat tén la
acid folic (bat nguon tir “folium”trong tiéng La Tinh c6 nghia 13 14 cay).

Acid folic bao gém ca mot nhém cac chat twrong tu nhau vé cau tric hda hoc va tinh
chat sinh hoc tly thugc vao nguon chira vitamin d6. Acid folic mang tén 1a vitamin B¢ (C la
chir viét tac cua tir Chicken) vi n6 can thiét cho sy phat trién cau ga con. Vitamin By (M la
chix viét tic cua tir Monkey) la dang lién két caa acid folic vén can thiét cho sy sinh truéng
cua con khi.

Acid folic bao gom ba gbc lién két véi nhau: géc pterin, gbc acid para-aminobenzoic va
géc acid glutamic. Acid pteroylmonoglutamic 1a chat chinh caa nhém acid folic (hinh 3.12).

Céc hop chat thugc nhom acid folic khac nhau thi ching khéc nhau vé sé gbc acid glutamic.
Vi du: nguoi ta da biét duoc cac loai acid pteroyltriglutamic, acid pteroylheptaglutamic. ..

Acid folic 12 tinh thé hinh kim, mau vang, hoa tan it trong nuéc, khong hoa tan trong da
s dung mdi hitu co. N6 bj phan giai nhanh ngoai &nh séang, phan giai manh trong méi trudng
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acid. Acid folic bén & méi truong ¢6 pH tir 5 + 10. Acid folic ton tai trong cac san pham thién
nhién bén hon khi & dung dich tinh khiét.

OH TOOH
N CH,—NH CO —NH— CH
NZ X |
| CH,
N _ |
HoN N N %Fh
COOH

Hinh 3.12. Céng thirc c4u tao cua acid folic

(Pham Thu Cuc, 2002

Dang acid folic phd bién trong nim men, cdm gao va gan la acid tetrahydrofolic, duéi
dang nay acid folic tham gia van chuyén cac géc chira mot carbon trong cac qua trinh sinh
tong hop nhiéu loai chat quan trong trong co thé. Vi du: van chuyén nhém methyl khi tong
hop methionine, nhém hydroxymethyl (-CH,OH) khi tong hop serine; nhém formyl (-CHO)
khi t6ng hop céc bazo purin, pirimidin hodc mot sé acid amin. Ngoai ra, nguoi ta da ching
minh duoc acid folic (dang acid tetrahydrofolic) cd trong thanh phan coenzyme cuaa nhiéu loai
enzyme khac nhau.

Do chtic ning tao vong porphyrin va hemin nén acid folic c6 tac dung chéng bénh thiéu
méu. Acid folic can thiét cho sy sinh truéng cua con ngudi, dong vat va chim. Do acid folic
tham gia vao sy trao ddi cac hop chat chira mot carbon, tir d6 tao nén nhiéu chat quan trong
ctia co thé nén khi thiéu acid folic s& kém theo nhiing réi loan tram trong vé trao doi chat.

Acid folic c6 nhiéu trong rau xanh, gan, than, nam men. Trong c4c san pham dau thit, sira
ham luong acid folic thap hon, trong qua rat it acid folic. Khoang 50% acid folic ton tai &
dang khir (dan xuét 5 — formyl — tetrahydrofolic). Hién nay nguoi ta diéu ché acid folic hoan
toan bang phwong phap tong hop tir ba loai san pham 1a 2,4,5 triamino — 6 — oxypirimidin
diclorua; aldehyde 2,3 — dibrompropinoic va acid paraminobenzoilglutamic. Sau qué trinh
ngung ty, san pham duoc tinh ché lai bang cach két tinh trong nudc néng. Nhu cau acid folic
Cla nguoi trudng thanh binh thuong la 100 + 200 mg/ngay.

g. Vitamin B, (Cobalamin)

Turnam 1926, George Richards Minot va William Murphy da phat hién ra tac dung chtra
bénh cua gan d6i voi bénh thiéu mau 4c tinh. Sau 22 nim méi thu dugc dang két tinh caa yéu
t6 hoat dong tir dich gan va dat tén 1a vitamin Bio.

Vitamin By, duoc goi chung 1a cobalamin vi trong phan tir né c6 kim loai coban. Cau
trdc hoa hoc cua vitamin By, bao gdm mot mat phang chira cac vong pirol va nguyén tir coban
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& vi tri trung tam, phan tha hai caa phan tir 13 mot nhém nucleotide thang géc véi mit phang.
Hién nay, nguoi ta da biét khoang 100 loai chit tuong tu vitamin Bi, trong d6 chit quan
trong thuong gap la cyanocobalamin (hinh 3.13).

CONH,
L CONH,
H, NOC
AN (':':H‘Ql—i2
H,NOC g
0 ;

OH

Hinh 3.13. Céu tao ciia cyanocobalamin

Vitamin By, ¢6 dang tinh thé mau do, khog e PREBAGA 288N tir Twong bing 1490 +
150. Vitamin Bi, tan tét trong nudc va ruou. Dung dich trung tinh hoic acid yéu cua vitamin
B1, bén trong téi va nhiét do thuong. O ngoai anh sang nd dé dang bi phan hay. Dung dich

vitamin Bi, bén trong nuéc ¢ vitamin By, vitamin B, va acid nicotic; bi pha hay khi c6 mit
c4c chat oxy hoa.

Vitamin Bi, di vao co thé gan véi mot hop chat glucoprotein cua da day va tao nén mot

phtic hop dé hap thu cho co thé. Nhiéu thi nghiém da chang minh vitamin By, tham gia vao
C4c qua trinh tong hop protein va acid nucleic & co thé.

homocysteine.

Vitamin By, tham gia vao su trao d6i cac chat chira mot cacbon va thuong két hop véi
acid folic trong cac phan ung methyl hoa. Vi du nhu qua trinh tong hop methionine tir

Ngoai ra, phan @ng khé quan trong cia coenzyme Bg, 1a khir tat ca ribonucleoside — 5 —
triphosphate (tai C-2”) thanh 2’—deoxyribonucleoside — triphosphate twong tng. Vitamin By

tham gia vao qué trinh tao mau, do d6 thiéu Bi, s& gay bénh thiéu mau ac tinh. Vitamin Bi,

82



con lién qua dén sy chuyén hoa caa cac hop chét sulfidryl, né tham gia vao khtr céc hop chat
disulfide tao thanh céc hop chét sulfidryl. Do dé, né duy tri hoat ddng cua céc enzyme chira
nhém —SH va anh hudng dén sy trao doi protein, glucid va lipid.

Vitamin Bi, 1a ngudn vitamin hau nhu chi duoc tong hop doc nhat bai céc vi sinh vat.
Cac vi khuan & rugt dong vat cd kha nang tong hop vitamin By, vira da cung cip cho dong vat
cha. Cho nén, c4c san pham dong vat thuong gidu vitamin By, nhidu nhit trong sia, tring,
gan va than bo.

Con ngudi nhan vitamin By, tir thirc n, sau d6 chung duoc chuyén thanh dang lién két
véi glucoprotein dac biét. Dudi tac dung caa enzyme tiéu hoa, vitamin B, duoc giai phong ra
tir phtc hop enzyme protein va hap thu vao rudt.

Nhu cau vitamin Bi, ctia ngudi binh thudng trong mot ngay 12 2 + 2,5 pg.
3.3.2.  Vitamin C (Acid ascorbic)

La loai c6 luong cung cap 16n nhat trong cac loai vitamin. Bénh thiéu vitamin C dugc
biét tir nam 1550 trudc CONg nguyén, nhung mai dén nam 1928 méi tach ra dugc chat mang
tinh acid caa bénh scorbut, naim 1933 d4 tong hop duoc acid ascorbic. Acid ascorbic ton tai
trong thién nhién dudi hai dang la dang L va dang D. Dang D khdéng c6 hoat tinh sinh hoc.
Dang L khi oxy hoéa sé€ tao thanh acid dehydroascorbic (acid ascorbic khur hydro), loai chua
duogc oxy hoa goi la acid ascorbic hoan nguyén (hinh3.14). Ca hai loai hoan nguyén va loai
khir hydro déu c6 cuing hoat tinh sinh hoc.

o) o)

e e
HO—% S -2H O:Cll o
Ho—¢ T SR 0=¢
H—C—— H—C—
HO—&— H HO—|C— H

éHZOH Cl:HZOH
acid L-ascorbic acid L-dehydroascorbic

Hinh 3.14. C4u tao cta vitamin C

(Pham Thu Ctc, 2002)

Acid ascorbic c6 dang tinh thé trang, c6 vi chua, d& tan trong nuéc, khé tan trong ruou,
khéng tan trong benzene, este.

83



Do trong phén tir c6 nhém dienol nén vitamin C cé tinh khir manh, vi thé ma dung dich
fehling, nitrate bac, va dac biét 1a 2,6 diclophenolindophenol bi khir bai acid ascorbic ngay ¢
nhiét do thuong.

? OH
0 Cl Cl o) Cl Cl
N\ N\
han hen
HO—C 0=C
I o — | O +
HO—Cll N O:(|) N
H—C— H—C—
HO—C—H HO—C—H
CH,OH CH,OH

. : ... O(Na") : . OH
Acid ascorbic twong doi bén trong moéi truong acid hoac ¢ trang thai kho. Nhung trong

mai truong Kiém, cac kim loai nang, tia tir ngoai va enzyme 1am tang nhanh qua trinh oxy hoa
acid ascorbic thanh acid dehydroascorbic, néu tiép tuc oxy héa thi né bi mat hoat tinh cua
vitamin C va cho ra c4c san pham khéac.

COOH
(@) (0]
N N '
e N COOH COOH
HO C|: O—Cl: O—Cl: acid oxalic
i o _H e T +
HO—Cll o O=C|3 > O=C|Z —_— COOH
H—C— H—C— H—C H—C—OH
HO—C—H HO—C—H HO—(|3—H HO—¢—H
CHon CHon CHZOH (l:OOH

Vai trd cia vitamin C trong co thé la duy tri mé lién két. Néu co thé thiéu vitamin C thi
cau tric ciia md lién két bi yéu di, thanh mach mau ciing nhu mang bao boc cia cac mo lién
két tro nén yéu di, va sy chay mau xay ra. Acid ascorbic dugc dung trong vai hé thdng trao
d6i chat, gdm su hydro hoa proline thanh hydroxyproline, 14 giai doan quan trong trong su
téng hop collagen, hop phan ciia mé lién két. Vi thé néu acid ascorbic khong du s& anh huong
dén sy tong hop collagen 1am cho vét thuong 1au lanh, thanh mao mach yéu ma dan dén xuét
huyét & cac mirc @6 khac nhau. Acid ascorbic ¢6 anh huéng dén sy tao thanh hemoglobin, sy
hap thu sat tir rudt va su st dung st trong mo gan.

Acid ascorbic hién dién trong nhiéu bo phan caa co thé. Do tinh chat tan trong nudc nén
acid ascorbic nhanh chong dugc hap thu tir da day - rudt va vao méu trong vai gio sau khi tiéu
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hoa va duoc mang dén cac mé. Acid ascorbic chu yéu thai ra ngoai qua hé tiét niéu, trong md
héi va phan ciing thai ra mét it. Chat di hoa cua acid ascorbic 1a oxalate va mét it luvong chat
chuyén hoéa ciing duoc thai ra tir nuée tiéu. Vi vdy thuong xuyén dua mot lugng 16n acid
ascorbic thi s& 1am cho oxalate trong hé tiét niéu thai ra ting 1én, d6 ciing 1a mot trong nhirng
nguyén nhan gay soi trong dudng tiét niéu.

Acid ascorbic kim ham chuyén héa cholesterol va ngin ngira phét trién xo vita dong
mach. Chuyén hoa vitamin C lién quan dén chuyén hoa nhiéu vitamin khac. Acid ascorbic con
tham gia vao nhiéu qué trinh chuyén hoa quan trong trong co thé.

Vitamin C giir vai trd quan trong trong viéc duy tri sitc dé khang cia co thé doi véi cac
bénh nhiém tring. Khi thiéu vitamin C nhiéu phan (ng mién dich sinh hoc ciia co thé giam
xudng. Mot s6 bénh nhiém lanh thong thuong va cac bénh nhiém tring nhu ciim thuong phat
sinh vao mua it cac thyc pham giau vitamin C, vitamin A va riboflavin.

Cac t6 chuc Y té va Dinh dudng thé gigi cho rang ham luong acid ascorbic can diung moi
ngay cho nguoi binh thuong la 80 + 100 mg.

Thuc té hau hét vitamin C ¢ tir cac loai rau qua. Thuc pham giau vitamin C 12 loai qua
citrus, gan, ca chua va hau hét cac loai rau khac. Cac loai qua khac c6 ham lugng vitamin C
thap hon rau. Vitamin C khong bi pha hiy boi nhiét nhung sy oxy héa thuong xay ra khi
nhiét d6 tang. Viéc nau chin céc loai rau (hap, ludc hoic ding &p suat) c6 kha nang 1am mat
khoang 50% acid ascorbic. Céc loai qua citrus va nudc qua, nudc ca chua la ngudn acid
ascorbic quan trong.

3.3.3. Vitamin H (Biotin)

Nhiing tinh chét vitamin cia biotin da dugc biét dén trong nhimg nam tht 20 cua thé ky
XX. Nhung dén nam 1936, Kogl va Ténnis da chiét xuat dugc ché pham tinh khiét tir Iong do
trang va goi 1a biotin. Biotin con duoc biét véi tén vitamin H hay coenzyme R.

Biotin 1a mot loai acid monocarboxylic ¢6 cau tric vong. Vong A cua biotin duoc tao
thanh tir vong imidazole va vong B la vong tiophene (hinh 3.15).

0
HN J\NH
g """ COOH

Hinh 3.15. C4u tao phan tir biotin
(H. D. Belitz et al, 2009)
85



Biotin 12 tinh thé hinh kim, khong mau, tan trong nudc, tan it trong ruou, khong tan trong
céc dung mdi hiru co, bén voi oxy va H,SO,. Vitamin H bi phan hay boi H,0,, HCI va cac
chat kiém.

Biotin trong phan enzyme ludn ludn két hop chat ché véi phan protein bang con dudng
tao lién két amid véi goe NH, cua lysine. Vi du: biocytin (hinh 3.16) 1a mot hop chat héa hoc
(mot amide) hinh thanh tir biotin va acid amin L-lysine. Biocytin la mét trung gian trong qué
trinh trao doi chat cua biotin, biocytin xay ra ty nhién trong huyét thanh mau va nudc tiéu.

O

Hinh 3.16. Céu tao cua biocytin
(H. D. Belitz et al, 2009)

Nhitng enzyme c6 biotin xuc tac hai dang phan tng sau:

—  Dang thir nhét: nhiing phan @ng p — carboxyl hda hay cé dinh CO, gan lién vai sy
phan giai ATP. Vi dy: carboxyl hoa acid pyruvic, acetyl Co A; trong két qua phan &ng c6 sy
tham gia cta nang lugng ATP, carboxyl — biotin dugc hinh thanh.

—  Dang thir hai: nhitng phan tng chuyén hoa carboxyl hoa xay ra khéng cé su phan
giai ATP ma trong d6 sy carboxyl hoa co chat nay duoc xay ra dong thoi decarboxyl hoa hop
chat khac.

Biotin con tham gia vao cac phan tng khu amin, trao doi tryptophan. Biotin Ia thanh
phan dic biét quan trong ddi véi qua trinh tong hop cac acid béo va tham gia vao cac giai
doan nhat dinh cua tong hop protein bazo purin. Biotin c6 thé két hop véi mot sb loai protein
doc cua trang ga goi 1a avidin, qua trinh nay xay ra & rudt. Vi vay, néu sir dung nhiéu tring ga
séng sé& gay ra thiéu biotin & co thé (cac triéu chung: sung ngoai da, rung toc, ting thai acid
béo...).

Biotin c6 nhiéu trong gan dong vat cd sing, sita, NAm men, dau nanh. Bén canh do, biotin
con ¢6 trong rau cai, hanh kho, than, tim, long do tring, cdm gao, bot mi... Nhu cau hang
ngay cua ngudi binh thuong khoang 150 + 200 mg biotin.
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3.4. CAC ANTIVITAMIN

Khi nghién ctu vé ban chét hda hoc va tac dung cua vitamin, ngudi ta nhan thay c6 nhiéu
chat c¢6 kha ning 1am mat hoat tinh sinh hoc cuia vitamin va c6 tac dung chdng lai vitamin.
Ngudi ta goi cac chat d6 1a antivitamin, nhiing chat nay gay ra bénh thiéu vitamin ¢ nguoi va
dong vat.

Cau tao h6a hoc cua cac antivitamin thuong rat gidng véi vitamin twong tmg. Khi di vao
co thé sinh vat cac antivitamin khéng c6 hoat tinh vitamin nén tao nén cac hé enzyme hoan
toan bi &c ché khong hoat dong. C6 nghia 1a ching s& day cac vitamin ra khoi enzyme va
chiém lay vi tri ciia vitamin va tao thanh mot phiic hop gia khong hoat dong.

Vi dy: antivitamin quan trong cua vitamin B; 1a oxythiamin, pirithiamin (hinh 3.17).

OH
1 N7 CH,—N* | CH3
N L
HaC N S CH,— CH,0H

NH2 CHs

(2) NJj—CHzNJ' N—CH,—CH,0H
)\\ K/
He o N S

Hinh 3.17. Cac antivitamin cta vitamin B1
(1) oxythiamin, (2) pirithiamin

Avidin trong long tring trung la antivi tamin cua vitamin H. N6 c6 thé két hop véi biotin
tao phirc hop lam mét hoat tinh cta biotin va dan t6i hién twong thiéu vitamin H.

CAU HOI ON TAP

Phén ty ludn
1  Trinh bay dinh nghia va cach phan loai vitamin?

2 Trinh bay cAu tao va chirc ning cua vitamin A, E, D va K.
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3 Trinh bay ciu tao va chirc ning cta cac vitamin B.
4 Trinh bay tinh chat va chiic ning cua vitamin C.
5 Trinh bay tinh chét va chic nang cua vitamin H.
Phan tric nghiém
1 Cyancobalamin la tén hoa hoc cua:
A. Vitamin B,
B. Vitamin H.
C. Vitamin By,.
D. Vitamin PP.
2 Vitamin By, c0 vai tro
A. Ngan ngtra bénh xo vira dong mach.
B. Tham gia trong qué trinh tong hop mau.
C. Tham gia vao qua trinh diéu hoa trao d6i canxi va phospho.
D. Giup co thé tang suc dé khang.
3 Vitamin nao sau ddy c6 thé tan trong nudc
A. Vitamin K. C. Vitamin D.
B. Vitamin E. D. Vitamin Be.
4 Vitamin A 1a chét;
A. Dé bj oxi hoa & diéu kién thuong
B. Bén trong mdi truong pH trung tinh va kiém.
C. Bi ph& huy trong moi truong acid.
D. Cabaytrén.
5 Tén héa hoc cua Vitamin A la:
A. Retinol. C. Canxipherol.
B. Philogquinon D. Thiamin.
6  Vitamin D; la dan xuat cua:
A. Cholesterol. C. Ergosterol.

B. Naphatoquinon D. Benzopiran.
7 Vai tro cua Vitamin D:

A. Chbng oxy hda, chéng tim mach.
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B. Tham gia vao qua trinh cam mau.

C. Pong vai trd van chuyén té bao than kinh va tham gia tong hop chat béo.

D. Tham gia vao qua trinh calci héa m6 xuong.

Chon cau dung khi néi vé vitamin C.

A. La tinh thé hinh kim, mau vang nhat, khdng muii.

B. Vi chua, khdng mau, it tan trong nudc bén nhiét.

C. La tinh thé tring, tan trong nudc khéng mui.

D. Chat dau long, mau vang nhat, khdng mui, vi hoi dang.
Vitamin E c6 tén goi hoéa hoc la:

A. Philoquinon. C. Uniquinon.
B. Canxipherol. D. Tocopherol.
Thiéu vitamin E s& dan dén hién tuong:

A. Pau dau, rung toc.

B. Pau xuong, nhirc moi.

C. Thiéu mau, ton thuong hé than kinh.

D. Chay mau duoi da.

Tén hda hoc cua vitamine Bs 1a:

A. Thiamin. C. Acid nicotonic.
B. Acid pentothenic. D. Acid folic.

Vitamine B3 bén vai nhiét va oxy khong khi trong méi truong

A. Acid. C. Acid va kiém nong.

B. Kiém. D. Trung tinh.
Biotin la tén hoda hoc cua:

A. Vitamin A. C. Vitamin C.
B. Vitamin K. D. Vitamin H.
Vitamin 1a mot nhdm chéat hitu co:

A. C6 phan tir twong ddi nho.

B. C6 ban chét Ii héa hoc rat khac nhau.

C. Téc dung sinh 1y 1én co thé sinh vat thé hién khac nhau.

D. Tét ca dung.

89



15 Tinh nhay cam véi nhiét cua vitamine By trong qué trinh bao quan va ché bién thuc
pham phu thudc nhing yéu té nao:

A. D9 pH cta moi truong.
B. Thoi gian ché bién.
C. Nong do oxy khdng khi.

D. T4t ca cac yéu td trén.
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Chuong 4. GLUCID

Glucid 1a hop chdt hitu co nhiéu nhat trén thé gii. Mdi nam, qud trinh quang hop
chuyén héa hon 100 1y tan CO; va O, thanh cellulose va c&c sdan pham khdc. Glucid ciing la
hop phan chinh cua khdu phdn thize an hang ngay cia nguwoi. Glucid 1a nguon ndng lwong
chui yéu cho céc hoat déng ciia co thé. Ngoai ra, glucid con tham gia vao thanh phan cua té
bao va cac to chirc.

4.1. KHAI QUAT CHUNG VE GLUCID
4.1.1. Céu tao va phan loai

Glucid 1a nhitng hop chét hitu co duoc tdng hop nhd qua trinh quang hop caa cay xanh.
Ham luong glucid chiém khoang 2% trong luong kho trong co thé dong vat, & thuc vat ham
luong glucid 1én dén 80 < 90% trong luong khd. Glucid 1 thirc n chu yéu cua dong vat,
ngudn cung cap nang luong chi yéu cho co thé tién hanh céc chic ning khac nhau.

Cong thirc cau tao cua glucid thudng dugc biéu dién dudi dang Cn(H,0),, ngoai nhiing
nguyén té C, H, O db6i khi con ¢6 N, S, P. Trong cdng thic trén hydro va oxy cé ty 1& nhu
trong cong thuc cau tao hoa hoc cu a nudc nén trudc day glucid con duoc goi la
carbonhydrate. Nhung c6 nhttng glucid khéng phu hgp véi céng thac trén (ramonose,
deoxyribose), va cd nhitng chat ¢ céng thirc twong tng cong thire trén nhung khong phai 1a
glucid (acid lactic: C3(H,0)s, acid acetic: C,(H,0),). Hoic nhitng chét cd vi ngot nhu duong
saccarin ngot gap 500 lan sucrose nhung ciing khong phai 1a glucid.

Vi thé ma nam 1927 hoi nghi qudc té cai cach cac danh phap hda hoc da dung thuat ngi
glucid thay cho thuat ngir carbonhydrate. Tir d6 ta c6 thé dinh nghia nhu sau: glucid 13 nhitng
hop chat polyalcol c6 chira nhdm aldehyde hoac ketone, hay nhiing chat khi thity phan ching
cho ra nhiéu polyalcol aldehyde hoac polyalcol ketone.

Phan loai glucid:

—  Monosaccharide: 1a nhimg duong don gian, khdng bi thity phan thanh chat don gian
hon, khong mét nhitng tinh chét co ban caa glucid.

— Oligosaccharide (polysaccharide day I): khi thuy phé&n oligosaccharide thi cho ra
mot luwong khéng I6n monosaccharide (cé tir 2 + 10 monosaccharide).

—  Polysaccaride day 11 (glycan): ¢é cdu tric phic tap gom nhiéu duong don tao thanh,
lwong gbc monosaccharide trong né c6 thé 1én dén vai chuc nghin. Nhimg dai dién chinh 1a
tinh bot, glycogen, cellulose, hemicellelulose...

4.1.2. Chirc ning

Nguén ning luong: glucid 1a ngudn cung cip ning luong truc tiép cho tat ca cac té bao
séng, 1g glucid khi oxy hoa hoan toan cho 4,1 Kcalo. Di véi ngudi, glucid cung cap 60
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+ 70% nhu cau vé ning luong cho co thé. Glucid 1a chét du trit ning lwong dau tién (trudc
protein va lipid), 1a san pham dau tién cia qua trinh quang hop, 12 ngudn ning luong truc tiép
dé dang khai thac va it gay bién cé nguy hai cho co thé. N&o bo 1a co quan phat trién nhat cua
co thé ciing chi str dung glucose 1am ngudn ning luong.

Chtic ning tao hinh: glucid duoc str dung trong tong hop nhiéu chat quan trong di véi
co thé sdng: acid nucleic, acid amin, protein, lipid.

Chtic ning bao vé: glucid 1a thanh phan chu yéu caa cac mé thuc vat, tham gia vao cau
trdc bo khung ngoai cua con tring, tdm, cua va tham gia vao sy tao thanh vach té bao cua vi
khuan va mang té bao cua tat ca co thé song.

Chuc ning diém tya: cellulose cua vo té bao thyc vat dam nhan chic ning tao khung
viing chic cua thuc vat; ngoai ra trong phuc hop véi protein, glucid con tham gia vao thanh
phan cia moé sun va tao nén nhiing hop chat mé khac nhau ma ching thuc hién nhitng chirc
nang diém tya & nguoi va dong vat.

Chtrc ning diéu hoa: glucid dam nhan nhiém vu déng md khi khéng, gay kich thich
co hoc bng tiéu hoa, ¢ kha niang 1am cho 6ng tiéu hoa hoat dong va sau do tu no tiéu hoa
thire an.

Glucid con thuc hién chiic nang chéng dong tu (mucopholysaccharide — heparine) chéng
lai sy tac dong lam sung u, c6 mot s6 dwoc sir dung lam thude chéng bénh truyén nhidm.

Ngoai ra glucid con dong vai tro 1a chét dinh dudng du trit trong co thé & dang tinh bot
(d6i véi thuc vat) va glycogen (d6i véi dong vat).

Luong glucid thira trong co thé duoc chuyén hoa theo hai hudng:

—  Glucid bi oxy hoa hoan toan dén CO; va H,0 dé tao ning luong, & hudng nay thi co
thé tré chiém uu thé.

—  Puoc sir dung dé tong hop chét béo du trir, & huéng nay thi la tudi thanh nién va
dung tudi chiém wu thé.

Sy trao d6i glucid c¢6 lién quan dén su trao doi chat béo. Néu ning luong tiéu hao di
khong dwoc dén bu bang glucid du trir hoic glucid tir thire 4n thi glucid s& dwoc tao nén tir
chat béo.

Glucid duogc luu lai trong co thé rat han ché, lwong thira s& duoc chuyén hda dé dang
thanh lipid du trir.

Vai trd cua glucid trong cdng nghé san xuat thyc pham:

—  Glucid 1a nguyén liéu co ban khong thé thiéu cua nganh san xuat 1én men: ruou bia,
vitamin, bot ngot, banh keo...

—  Glucid tham gia tao cau trdc, hinh dang, trang thai ciing nhu chét luong cho cac san
pham thyc pham: tao soi, mang, gel, d6 dic, vi ngot, mui, mau. ..
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4.2. MONOSACCHARIDE
4.2.1. Phan loai, danh phap va ciu tao phan tir

Monosaccharide 1a nhitng duong don (nghia 12 né khong bi thuy phan), 1a din xuat
aldehyde hozc ketone caa mot polyol, vi khi oxy hoa mét polyol bang céach loai di hai nguyén
tir hydro thi sé€ thu dugc mot monosaccharide. Vi du khi oxy héa glycerol thi sé thu duoc
glyceraldehyde hoac dihydroxyacetone.

C|:HO
Cl:HOH
-2H CH,OH
(|3H20H Glyceraldehyde
¢HOH CH,OH
CH,0H -2H coo
I
CH,OH
Dihydroxyacetone

a. Phan logi monosaccharide

Dwa vao nhom chuc trong phéan tir, monosaccharide chia ra dang aldose va ketose phu
thudc vao sy bat ¢au cua nhom aldehyde hay ketone trong phan tir (hinh 4.1).

H 0 o
C H—C—OH
H—G—OH d=0
HO—C—H Hm—é—ﬂ
H—é—DH H—é—DH
H—C—OH H—C—OH
éHgDH éH LOH
D-glucose D-fructose
aldohexose ketohexose

Hinh 4.1. Céng thirc cdu tao ctia D-glucose va D-fructose

(David L. Nelson et al., 2008)

C6 thé chia theo s6 nguyén tir carbon c6 trong thanh phan phan tir caa né: triose, tetrose,
pentose, hexose, heptose, octose... Pudng don c6 nhiéu hon 8 nguyén tir carbon duoc goi la
duong cao.

93



Theo ban chit hda hoc monosaccharide c6 thé duoc chia thanh nhitng nhém sau:

—  Monosaccharide trung tinh: trong c¢6ng thircc cau tao chi ¢c6 nhém chuac carbonyl va
hydroxyl.

-~ Monosaccharide acid: trong céng thuc cau tao ngodi nhoém chac carbonyl va
hydroxyl con ¢6 nhém chuc carboxyl.

-~ Aminosaccharide: trong cong thirc cau tao ngoai nhom chirc carbonyl va hydroxyl
con c6 nhém chirc amin, nhom nay quy dinh tinh chat cha yéu cua hop chit nay.

CH,OH CH,OH
H % oH O o CH,
H H H H
R= —0—C—H
OH H R H |
HO H H H COO
H o NH H o NH
(lz—i:; G=0
CH, CH,

N-Acetyl-8-p-glucosamine N-Acetylmuramic acid
Hinh 4.2. Cong thirc cdu tao ctia monosaccharide c6 tinh kiém va tinh acid

(David L. Nelson et al., 2008)

b. Danh phap va cdu tgo

Khi goi tén cac monosaccharide trung tinh nguoi ta thuong goi vai nhitng tén goi binh
thudng: glucose, fructose, ribose... Dan xuat amin cia cac duong trung tinh goi la amino
saccharose, glucosamine, galactosamine... Puong chita nhom carboxyl: acid glucuronic,
manonic, galactaric...

Thudng goi tén cac monosaccharide tap trung theo 2 nguyén tic: chi rd sy c6 mit cua
nhom aldehyde hay ketose va s6 nguyén tir carbon. Vi du: aldosepentose, ketosehexose. Doi
VGi céc din xuat monosaccharide khac nhau nguoi ta danh dau s thi tu cho nguyén tir carbon
bit dau tir nhém aldehyde hay tir dau cudi ma & do gan nhom ketone nhat va goi tén theo thir
tu ma & d6 nguyén tir carbon ¢ nhom thé két hop truc tiép hodc khong truc tiép.

T4t ca monosaccharide (trir dihydroxyaketone) déu co dong phan lap thé. Pay la dic tinh
quan trong ciia cac monosaccharide. Bong phan Iap thé cua cac monosaccharide ton tai trong
hai dang dong phan dbi quang D va L.

Céu hinh D va L Ia sy phan b caa nhém —OH ¢ gan nguyén tir carbon hoat quang ap
chét, néu —OH nam bén phai mach carbon thi phan tir monosaccharide ¢ ciu hinh D, nguoc
lai néu nhdm —OH nam bén trai mach carbon thi c6 cdu hinh L (hinh 4.3). C4u hinh D va L
khong phai ky hiéu cho huéng quay mit phang anh sang phan cuc, ¢6 nhitng monosaccharide
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¢6 cdu hinh D nhung lai quay mat phang anh séang phan cuc sang trai, va ciing c6 nhirng
monosaccharide ¢ cu hinh L nhung lai c6 kha ning quay mit phang anh sang phan cuc sang
bén phai. Bé ky hiéu cac monosaccharide c6 hudng quay mit phing anh sang phan cyc sang
phai hay tréi thi sau ky hiéu D va L can thém ky hiéu (+) hoic ().

CHO CHO
H_(l;_oH HO—(|2—H
Ho_(lj_ H H—Cll—OH
H—(|3—OH HO—(lt—H
H—(ll—.OH HO—(lt—H
ClngOH <|3HzOH
D-Glucose L-Glucose

Hinh 4.3. C4u hinh D va L cua glucose
(Pham Thu Cic, 2002)

Hinh 4.4 thé hién cong thic cau tao caa mot sé6 D—aldose thuong gap trong tu nhién,
nhitng dong phan D-aldose nay con ¢6 thém cac dong phan ddi quang L. Mdi cap dong phan
dbi quang D va L c6 tinh chat hoa 1y nhu nhau nhung khac nhau vé huéng quay cta mat
phang &nh sang phan cuc.

H
pt /0 H\ /(-J H\ fo H\ /0
u u C C C C
0 o
N F N | | | I
H O [l'l ('ll H—C—0OH H O—(l'—H H—C—0H H O—(l' —H
R
('ll H—(l'—OH HO—(l'—H H—J'—OH H—(l'—OH HO—J'—H HO—(l'—H
H—_C—OH H——0H H—Jl'—OH H—C—0H H—Jl'—OH H——0H
CH,OH CH,OH CH,OH CH,OH CH,OH CHyOH
n-Threose |[J-Rih1’1.~ﬂ_' | |[J-:\:'ﬂhi[m.~m | |[J-X_yl|’;.~a|_' | po-Lyxose
H 0 H O H O H O H O H O H O H ()
o N N N N N N N
P P D Con v o
H—(l'—OH HO—(l'—H H—(l'—OH HD—(l'—H H—(l'—OH HD—(l'—H H—(l'—OH HD—(l'—H
H—(l'—OH H—(l'—OH HO—(l'—H HO—(l'—H H—(l'—OH H—(l'—OH HO—(l'—H HO—(l'—H
H—(l'—OH H—(l'—OH H—(l'—OH H—(l'—OH HO—(l'—H HO—(l'—H HO—(l'—H HO—(l'—H
H—C—0H H—C—0H H—C—0H H—C—0H H—C—0H H—C—0H H—(l'—OH H—C—0H
CH;OH CHOH CH:OH CH:0OH CH:OH CH:OH CH:OH CH:0H
p-Allose p-Altrose |[J-Glu-r.-u-.—u | |[J-Mmum:-u I o-Gulose p-ldose p-Talose

Hinh 4.4. Cong thirc cu tao cua cac D-aldose

(David L. Nelson et al., 2008)

Ngoai ra con ton tai dong phan lap thé khong d6i quang, cac dong phan lap thé khong dbi
quang thuong khéc nhau vé tinh chat Iy hda hoc nhu: nhiét d6 néng chay, nhiét d6 sbi, tinh
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hoa tan... Pong phan lap thé khong dbi quang ma ching khéac nhau theo ciu hinh & mot tam
hoat dong thi goi la epimer. Hinh 4.5 thé hién cong thirc ciu tao cua D-glucose va hai ddng
phan khong dbi quang epimer cua né la D-mannose va D-galactose, cong thirc cau tao cua D-
glucose va D-mannose khac nhau & vi tri tdm carbon hoat quang C,, con cong thirc ciu tao
cua D-glucose va D-galactose thi khac nhau ¢ vi tri tm carbon hoat quang Ca.

'CHO 'CHO 'CHO
HO—C—H H-2(C—0H H—-C—OH
HO—C—H HO—-C—H HO—C—H

H—C—OH H—C—OH HO—C—H
H—“fl:—r.}H H—”i:l:—DH H—”(l:— OH

*CH,0H “CH,OH *CH,0H

p-Mannose o-Glucose p-Galactose

Hinh 4.5. Glucose va hai dong phan khong déi quang ciia né

(David L. Nelson et al., 2008)

Trong co thé séng cac monosaccharide thudng ton tai & cau hinh D, ngoai trir c6 L-
arabinose, L-ramnose.

S6 dong phan lap thé cua monosaccharide duoc tinh theo céng thac N = 2" (n 1a sé
carbon hoat quang trong phéan tur). Vi du: aldohexose cé 4 carbon hoat quang trong céng thuc
c4u tao nén sb ddng phan Iap thé s& 1a N = 2* = 16 ddng phan lap thé (twong Gng véi 8 cap
dong phan lap thé dbi quang D va L).

Cong thirc cu tao thang theo Fisher nhu trén ctia c&c monosaccharide c6 4 carbon tra 18n
khdng phi hop véi céc tinh chat thuc té caa dung dich monosaccharide. Vi du: ¢d hién tuong
chuyén quay cua dung dich monosaccharide méi pha ; mét s6 phan ung voi aldehyde thong
thuong lai khong xay ra d6i voi monosaccharide, vi thé c6 thé nghi ring nhém aldehyde trong
monosaccharide co thé ton tai duoi dang cau taoriéng biét naodo ; methanol dé déng ph%m
{rmg v6i monosaccharide dé tao thanh hop chat ether, diéu nay chung to trong monosaccharide
c6 mot nhom —OH dac bjét nao do khac voi nhom —OH cua ruou thong thub’ng.

Dé giai thich hién tuong trén thi M.A.Coli (1870) da giai thich rang ngoai dang mach
thang monosaccharide con ton tai & dang ciu tao vong. Vi trong thuc té mot aldehyde
(ketone) cd thé tac dung véi mot ruou dé tao thanh mot hemiacetal (hemiketal).
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0 OH

Y : I :
R1—0< + HO—R’ — Rl—(lj—ORz
- H
Aldehyde  Alcohol Hemiacetal

OH
1 3 1 3
R—C=0 + HO—R — R—C—OR
R’ R’
Ketone Alcohol Hemiketal

Phan ¢ng tao thanh hemiacetal (hemiketal) cd thé xay ra trong noéi bo phan to
monosaccharide. Su tao vong xay ra do tac dung cia nhom carbonyl vai mét trong cac nhom
hydorxyl (-OH) trong cung mot phan tir monosaccharide tao thanh hemiacetal (hemiketal)
vong. Hinh 4.6 trinh bay co ché hinh thanh cau tao vong cua glucose.

8]
S A
1C

Hitlj—oH
HDiC —H p-Glucosze
H—C—OH
Hitlj—ol{
*CH.0H

“(FI—I-:DH “(FI—I-:DH

|/H \ A |/I-I \ e
HD\ |/ “oH H,j\ / u

OH I—I DH

a-D-Glucopyranose B-p-Glucopyranosze
Hinh 4.6. So d hinh thanh vong cta glucose
(David L. Nelson et al., 2008)
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Su tao vong cua monosaccharide tao thém mot carbon hoat quang mai duoc goi la
carbon anomer. Ty theo vi tri caa nhém hydroxyl cia carbon anomer ma ta c6 dang ddng
phan o va B. Néu nhém hydroxyl cua carbon anomer nim bén duéi hinh chiéu Haworth thi
goi 1a dang a, nguoc lai néu nhém hydroxyl cua carbon anomer nam bén trén hinh chiéu
Haworth thi goi la dang B.

Trong dung dich ciia monosaccharide hién dién mét can bang gitra dang vong (o va B) va
dang thang. Vi du: ddi véi dung dich glucose & nhiét ¢ phong thi c6 2/3 1a dang B, 1/3 1a cua
dang a va mot lwong rat nho & dang thang.

Phu thuoc vao nhém hydroxyl caa nguyén tir carbon nao tiép nhan trong sy tao nén
hemiacetal (hemiketal) ma c6 thé nhan dugc vong 5 canh (nguyén tir Cy lién két véi oxy & Cy)
hay 6 canh (nguyén tir Cs lién két véi oxy ¢ C;). Dang 5 canh ¢c6 cau tao twong tu nhan furan
nén goi 1a dang furanose, dang 6 canh c6 cau tao twong ty nhan piran nén duoc goi la dang
pyranose (hinh 4.7).

OH H
a-D-Fructofuranose

0. .
H \OH HOLH},O\\ OH
OH H H HO /
HO H H CH,OH
H OH OH H

B-p-Glucopyranose

B-n-Fructofuranose

HC——-O0
7 ~
Yy N me” e
HC /,U[—l ‘\\\\ /;;}"
~N. /7 C
H,C CH H H
Pyran Furan

Hinh 4.7. Céng thirc ciu tao vong cua glucose va fructose

(David L. Nelson et al., 2008)

Nguyén tic chuyén tir ciu tao thang cua dang Fisher sang dang vong Haworth: cac nhom
thé nim bén phai hinh chiéu caa cac nguyén tir carbon hoat quang & cong thirc Fisher khi
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chuyén qua hinh chiéu vong Haworth thi né nam duéi mit phiang cua vong, con nhom thé
nam bén trai thi nam phia trén mat phang cia vong (hinh 4.8).

1

?HO 1 ®CH,0H
H—C|:—OH H—(|:—OH 0
HO—C—H H—C—OH 1

- O
H (|3 OH HO Cll H OH
H—(|3—OH H—Cll—OH
6
6CH,OH HOHZC—(ll
H

D-glucose a-D-glucopyranose a-D-glucopyranose

Hinh 4.8. Mbi quan hé giita cong thirc cdu tao dang Fisher va Haworth ciia glucose

(Pham Thu Cuc, 2002)

Trong thién nhién vong piran khéng phai chi & dang phang ma né con ton tai ¢ dang gap
khic. Mt phiang caa n6 c6 thé xuat hién phan 16n & dang hinh ghé va dang hinh thuyén, cac
nhom thé duoc sap xép theo truc thang theo vi tri nam ngang. Dang hinh ghé bén hon dang
hinh thuyén.

Dang thuyén

Hinh 4.9. C4u hinh dang ghé va dang thuyén cia glucopyranose
(Jeremy M. Berg et al, 2007)

CAu triic vong ctia monosaccharide gitp giai thich duoc nhitng hién tuong:

— S d6ng phan lap thé tang 1én do khi hinh thanh c4u tao vong cé thém 1 carbon hoat
guang.

— Monosaccharide khéng tham gia vao mot vai phan ng cuaa chuc aldehyde 1a do
monosaccharide khong con nhém aldehyde.
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—  C6 hién tuogng chuyén quay 13 do hinh thanh thém dong phan o va p. Dung dich
glucose lic méi pha cé géc quay 1a +112,2°, nhung sau d6 chung bi giam dan va dat duoc
+52,7° thi 6n dinh.

—  Nhom hydroxyl & vi tri carbon anomer (con dugc goi la hydroxyl glycoside ) c6 kha
nang phan tng cao hon so véi cac nhoém hydroxyl thuong cua alcol. Vi thé monosaccharide
c6 kha nang tac dung voi methanol hinh thanh ether.

4.2.2. Tinh chit vatly

Monosaccharide 1a nhitng chét ran, khdng mau, dang tinh thé, cé vi ngot. Vi ngot cua
monosaccharide khong giéng nhau, néu vi ngot ciia duong sucrose la 100% thi fructose s& co
do6 ngot 1a 173%, glucose la 74%, lactose la 16% (Pham Thuc Cuc, 2002).

Dung dich cua monosaccharide (trir hydroxyaketone) déu c6 kha ning quay mat phang
anh sang phan cuc vi trong cong thirc ciu tao cua chung co carbon hoat quang.

Do su co mit cua nhiéu nhom hydroxyl trong phan tu nén nhin chung monosaccharide la
nhung chit dé hoa tan trong nuoc va khong tan trong cac  dung méi huu co . Khi ¢ dic dung
dich monosaccharide s& thu dugc cac tinh thé.

4.2.3. Tinh chat héa hoc
a. Tac dung véi chdt oxy hoa

Khi oxy hoa aldose trong moi treong acid thi tuy theo tac nhan oxy héa ta c6 3 dang acid
monosaccharide tao thanh: aldonic, aldaric, alduronic.

— Néu oxy hda nhe bang nudc brom, clo, iod... trong méi trudng acid thi nhom
aldehyde bi oxy hoa va thu duoc acid aldonic. Acid gluconic & dang mubi canxi dugc st dung
trong y hoc.

(|3HO C|ZOOH
H—Cli—OH H—Cli—OH
HO—Cli— H Ho_cl;_ H

H—C—OH H—C—OH

|  — [
H— (li—OH H—C—OH

I
CH,OH CH,OH
D-glucose acid gluconic

—  Néu oxy héa bang tac nhan oxy hda manh hon (vi du: HNOs) thi ca chire ruou bac |
va chire aldehyde déu bi oxy hoa va thu dugc mét diacid (acid aldaric).
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CHO COOH

H—C—OH H—C—OH
HO—é—H HO—C—H
I
H_(lj_OH » H—(l:—OH
H—C—OH H—C—OH
I
CH,OH COOH
D-glucose acid glucaric

—  Khi oxy hoa cac aldose bang dung dich nuoc brom , néu bao vé nhdm —OH & carbon
anomer trudc khi oxy hoa (bang cach methyl hoa hoac acetyl hoa) thi nhém alcol bac | caa
monosaccharide bi oxy hoa va thu dugc acid alduronic. Céc alduronic c6 y nghia quan trong
trong co thé séng, acid glucuronic c6 kha ning khtr cac doc td tir bén ngoai tham nhép vao co
thé bang cach két hop vai cac doc td d6 tao thanh glucorid va thai ra ngoai co thé.

CHO CHO
H—C—OH H—C—CH
HO—C—H HO—C—H
Lo - b
H—C—OH H—=C—OH
éH£}+ COOH

acid glucuronic
D-glucose

Oxy hoéa aldose trong méi trudng kiém: lac dau cac acid aldonic dugc tao nén, sau d6
xay ra hién tugng phan hity suon carbon va tao ra hang loat cac san pham cé tinh khar manh.
Vi thé monosaccharide d& dang khu cac chat oxy hoa yéu, phan &ng cua cac monosaccharide
don gian véi Ag,O, Cu(OH),, va dung dich Fehling dugc st dung rong rai dé phét hién cac
monosaccharide va dinh lugng chung.

H o 0O 0
N NS
e (lj/

Hzill OH H flj OH

HO ”(lj H HO i:lj H

H—-C—OH 26 ff“' H—C—OH
5 | AN |

H (lj OH H i:lj OH
*CH,0H CH,OH

p-Glucose p-Gluconate
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Céc ketose trong moi trudng acid hoidc trong moi trudng kiém s& bi oxy héa véi su dit
mach carbon.

b. Téac dung véi chat khir

Trong phan td monosaccharide c¢6 nhom chic aldehyde hoac ketone cho nén
monosaccharide cd tinh oxy hda. Khi tac dung véi chat khir thi monosaccharide bi khir tao
thanh polyol.

Khi bi khir thi cac aldose chi tao nén mot polyol, con khi khir cac ketose thi tao nén 2
polyol ddng phan. Dé tién hanh phan wng khir, ¢ thé dung khi hydro hoat dong c6 kim loai
x(c tac hay hon hop natri trong nudc.

CH,OH
H—Cll—OH
HO—C—H
H—C::—OH
(|:H20H H—(ll—OH
(|2:O +2H CH,OH
HO—C—H D-sorbitol
H—C—OH CH,OH
H—é—OH ren HO—C—H
(linOH HO—Cll—H
D-fructose H—(ll—OH
H— (|3—OH
C|ZH20H
D-mannitol
CHO CH,OH
H—(|3—OH H—(|3—OH
HO—Cll— H +2H HO—Cll— H
H—C—OH ~— = H—C—oH
H— (ll—OH H— (li—OH
CllHZOH (|3H20H
D-glucose D-sorbitol

c. Tac dung vai phenylhydrazin
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Trong diéu kién xac dinh, mot phan tir monosaccharide cd thé phan tng véi 3 phan tir
phenylhydrazin tao thanh tinh thé ozazon. Phan ung nay xay ra dbi véi cac monosaccharide
c6 tinh khir.

Céc ozazon tao thanh c6 thé khéc nhau vé hinh dang tinh thé va nhiét do nong chay, vi
vay c6 thé dua vao tinh chét cia ozazon tao thanh dé nhan dang monosaccharide twong tng.

H H H
| . |
C|::O + /N_'?'—CsHs H—C|3:N—N—C6H5
H—C—OH H H H,0 H—C—OH
HO—C—H i HO—C—H
H—C—OH H—C—OH
H—G—OH H—C—OH
| |
CH,OH CH,OH
i i
H_([::N_N_CGHS H—Cl::N—N—CGH5
H—C—OH c=0
| + H,N— N—C6H5 NH3 + C6H5NH2 |
HO—C—H | HO—C—H
| J |
H—C—OH H »  H—C—OH
H—C—OH H—C—OH
| |
CH,0H CH,OH
H H
_ |
H=C=N=N—=CeHs H—C=N—N—CeHs
C=0 ¢ HN=N—CeHs H20 C=N—N—CqHs
HO—C—H H d HO—C—H H
H=C—OH H—C—OH
H—=¢—0H H—C—OH
|
CH,OH CH,OH

d. Sw tgo thanh lién két glycoside

Do su c6 mat caa nhém hydroxyl & vi tri carbon anomer cho nén cdc monosaccharide co
kha niang hinh thanh lién két glycoside.
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Sy hinh thanh cac lién két glycoside nay cé thé xay ra giita cac monosaccharide véi nhau
dé tao thanh oligosaccharide hozc polysaccharide.

CHZOH CH,OH CH,OH CH,OH

EndE

Glucose Maltose

Lién két glycoside ciing co thé xay ra giita monosaccharide véi cac hop chat khac dé tao
thanh lién két ester. Quan trong la phan ¢ng tao thanh ester phosphate cua monosaccharide,
nhiing ester phosphate ctia monosaccharide c6 vai trd quan trong trong sy trao d6i chét cua
moi té bao.

CH,OH H,0 CHZOH
) j,
+ HO— P o)
Glucose Glucose -1- phosphate

e. Téc dung véi acid va kiem

Monosaccharide bén viing trong cac dung dich acid vo co lodng dun nong. Duéi tac dung
cua acid dam dac, monosaccharide bi khur nudc va tao thanh aldehyde vong furfural. Tu
hexose tao nén hydroxymethyl furfurol, con tir pentose cho ra furfurol. Cac ketose tao
hydroxymethyl furfurol véi toc do 16n hon aldosehexose.

CH,0OH
HOH,C CHO
3H,0
2 5 - hydroxymethylfurfural
CH,0OH
o)
+
H CHO
3H,0

furfural
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Déi véi dung dich kiém lodng & nhiét do phong thi chiing kich thich sy chuyén nhém
twong quan cta nguyén tir anomer carbon va nguyén tir carbon ké bén ma khéng lam dut
mach va khdng lam x&o tron cac nguyén tir 1an nhau, goi I hién tuong epimer hoa.

Khi dun néng véi kiém lodng hay nong d6 kiém cao cac monosaccharide bi chuyén nhém
noi phan t, bi dat doan va bi ngung tu. Khi ngung tu tao nén san phém c6 mau, cuong do
mau phu thudc vao nong do glucid.

4.2.4. Céc monosaccharide tiéu biéu
Triose (C3HgO3): glyceraldehyde va dihydroxyaceton la nhiing triose chu yéu, nhiing
ester phosphat cua triose 1a nhiing san pham trung gian cta su chuyén hdéa cua cac

monosaccharide phuac tap hon, cling nhu trong qua trinh quang hop caa thuc vat va quang hdéa
o Vi sinh vat.

H 0 1
C H—C—OH
H—fll—OH C=0
H—(ll—OH H—é—OH
i i

Glyceraldehyde  Dihydroxyacetone
Hinh 4.10. Cong thirc ciu tao cua glyceraldehyde va dihydroxyacetone

(David L. Nelson et al., 2008)

Tetrose (C4HgO4): O nhém nay thi erytrose 1a chat duoc quan tam nhat vi erytrose 1a san
pham trung gian trong quang hop va trong chu trinh pentosephosphat.

H
~ //‘f’D
i
II—IIL'l‘.—GIl
H—C—0OH

|
CH,OH

Hinh 4.11. Cong thirc c4u tao ciia D-erytrose

(David L. Nelson et al., 2008)

Pentose: 1a nhung monosaccharide chira 5 carbon gip trong thanh phan cuaa nhiéu té chirc
thuc vat va dong vat, chiing ciing ton tai mot phan ¢ trang thai tw do . Cac pentose quan trong
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thuong gap 1a D-xylose, D-ribose, D-lyxose, D-arabinose, D-ribulose va D-xylulose (hinh
4.12). Dan xuat quan trong caa D-ribose 1a D-deoxyribose, mot thanh phan quan trong cua
acid deoxyribonucleic.

H\CJIO H\C//’O H\C/D H\C////D CH.,OH CH,O0H
l—I—(l,'—OH HO—C—H H—(l,'—DH I—ID—{|,'—H ('|J=O C=0
H— (L—OH H—C|.' —0OH HO—C—H HO—L’| —H H—C—0OH HD—A —H

H—(ll—OH H—l’|.' —0OH H—Cl.'—DH I-I—(|,'—OI-I H—C—OH H—{J.' —0OH

JJI—IQOH éHgOH J)HQOH éHgOH CH,O0H (JJHQOH
o-Ribose p-Arabinose p-Xylose n-Lyxose n-Ribulose p-Xylulose

Hinh 4.12. Céng thtrc ciu tao ciia cac pentose thudng gip

(David L. Nelson et al., 2008)

Hexose (CgH120s):

—  D-glucose: 1a monosaccharide pho bién & thuc vat ciing nhu dong vat, c6 mat ¢ dang
tu do trong cac phan xanh cua thuc vat, trong hat, trong qua, trong mat ong, trong mau cua
dong vat (¢ nhitng nguoi khée manh trong méu c6 khoang 0,07 + 0,11 % glucose). Ngoai ra
glucose con cd trong thanh phan cdu tao cua cac polysaccharide (tinh bot, cellulose,
glycogen....). Dung dich glucose lam quay mit phing caa &nh sang phan cuc sang phai nén
con duoc goi la dextrose. Trong dung dich, D-glucose ton tai chu yéu & dang glucopyranose.

SN

)

g 8 CH.OH
H_'(lz_OH [

,. 50——0

HO—-C—H H yA \ M

i 4 | H
H—fli—OH T\fJH H/}Cx
H—”(lz—DH HO (l‘—(l‘ o

& 3 | 2 |

CH,0H H OH
p-Glucoze a-D-Glucopyranose

Hinh 4.13. Céng thirc ciu tao ctiia D-glucose

(David L. Nelson et al., 2008)

—  D-fructose: c6 trong mat hoa, trong qua; trong cdc monosaccharide thi fructose la
ngot nhat, dang B ngot gap 3 lan dang o.
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CH:OH

(F-—D
N G
EIO—(l —H HOCH. .O._ CH.,OH HUCH?,UKUH
H—C—0H
| H HO
H——0H H CH.OH
CH,0H OH H
p-Fructose a-D-Fructofuranose B-p-Fructofuranose

Hinh 4.14. Cong thirc cdu tao ctia D-fructose

(David L. Nelson et al., 2008)

—  D-galactose: ¢ trong thanh phan cua duong sira, melibiose, trong trisaccharide
rafinose, trong thanh phan cua olygosaccharide va cé trong nhiéu polysaccharide cia dong vat
va thuc vat. Galactose c6 trong thanh phan ciu tao cua agar. Galactose khong bi 1&n men bai

nam men.
CHO

H—C—OH
HO—C—H
HO—C—H

H—C—OH

(|3H20H

CH,OH

D-galactose a-D-galactopyranose

Hinh 4.15. Cong thirc cdu tao ctia D-galactose
(Pham Thu Cuc, 2002)

—  D-mannose: mannose gap trong thanh phan cuaa polysaccharide cao phan tir, trong
dich nhay, glucoprotein; mannose dé dang bi 1&n men bai nam men.

CHO

HO—C—H

HO—C—H
H—C—OH
H—G—OH
(|:H20H

D-mannose a-D-mannopyranose

CH,OH

Hinh 4.16. Céng thirc cdu tao ctia D-mannose
(Pham Thu Clc, 2002)
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4.3. OLIGOSACCHARIDE
4.3.1. Khai niém chung

Oligosaccharide c6 tir 2 d&én 10 goc monosaccharide, chiing lién két véi nhau bai cac lién
két glycoside. Tuy theo sb gbc cd trong thanh phan phan tir ma nguoi ta goi tén tuong (ng:
disaccharide, trisaccharide, tetrasaccharide...

Theo nguyén tic ciu tao cua oligosaccharide ngudi ta chia ra oligosaccharide khtr va
oligosaccharide khong khir. Oligosaccharide khir 1a khi gbc monosaccharide sau cing con
nhom hydroxyl ¢ carbon anomer, oligosaccharide khéng khir 1a khi nhdm hydroxyl ¢ carbon
anomer cua goc monosaccharide sau ciing tham gia vao hinh thanh lién két glycoside.

Theo thanh phan cua cadc monosaccharide tao thanh nguoi ta chia ra lam
homooligosaccharide (chi c6 mét loai monosaccharide) va heterooligosaccharide (chira nhiéu
monosaccharide khac nhau).

Theo cau tao caa phan tir oligosaccharide cd thé phan thanh dang nhanh hay mach thang.

Oligosaccharide tan tét trong nuéc, ¢d vi ngot. Khi bi thiy phan s& lam dat lién két
glycoside va giai phdng ra cdc monosaccharide.

Disaccharide 1a nhiing oligosaccharide pho bién rong rdi trong thién nhién. Cac
disaccharide dugc chia thanh dang khtr va dang khong khir.

4.3.2. Cac oligosaccharide tiéu biéu
a. Sucrose (a-D-glucopyranozil-(1—2)-p-D-fructofuranozid)

Sucrose (saccharose) duoc ¢ 4u tao tir glucose va fructose, hai monosaccharide nay
lién két vai nhau nho 2 nhom hydroxyl ¢ carbon anomer ciia chiing nén sucrose khdng cé
tinh khir.

Sucrose ¢6 phd bién rong rai trong thuc vat, cé nhiéu nhat ¢ cu cai duong va dudng mia
vi thé chiing dugc str dung 1am nguyén liéu san xuit sucrose.

CH,0OH
@)

CH,OH

CH,0OH

Hinh 4.17. Céng thirc cdu tao clia sucrose
(Phgm Thu Cuc, 2002)
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Sucrose hoa tan tét trong nudc (6 0°C do hoa tan 1a 62%), dé bj thuy phan trong moi
truong acid. Toc do thay phan sucrose 16n hon rat nhidu tbc d6 thuy phan cac disaccharide
khéc & cung diéu kién.

Trong qua trinh thay phan sucrose bang acid hoic enzyme invertase thi s& thu duoc
lwong a-D-glucose va p-D-fructose biang nhau, va san pham tao ra dwoc goi 1a dwdng nghich
dao (vi dung dich sucrose ban dau c6 [a]p=+66,5", con san pham tao ra c6 [a]p-20°).

b. Maltose (a-D-glucopyranozil-(1—4)-o-D- glucopyranose)

Maltose duoc tao nén tir 2 phan tir o-D-glucose nho lién két a(1—4) (nhom hydroxyl
glycoside ¢ C1 cua phan tir a-D-glucose thir nhat lién két véi nhdm hydroxyl & C4 cua phan
tr o-D-glucose thi hai). Vi nhém hydroxyl ¢ carbon amomer van con tu do nén maltose con
tinh khir (hinh 4.18).

CH,OH CH,OH

o E

Hinh 4.18. Céng thirc cau tao clia maltose

(Pham Thu Cuc, 2002)

Maltose it dugc gap ¢ trang thai tu do, thwong dugc tao nén trong qué trinh thay phan
tinh bot dudi tac dung cua B-amylase.

c. Lactose (p-D-galactopyranozil-(1—4)-a-D- glucopyranose)

Lactose duoc c4u tao tir 1 phan tir galactose va 1 phan tir glucose, két hop véi nhau nho
nhom hydroxyl & carbon anomer cua galactose va nhém hydroxyl & C4 cua glucose. Vi van
con nhom hydroxyl carbon anomer tu do nén maltose con tinh kh.

CH,OH CH,OH

O O
O
Hinh 4.19. Cong thirc cu tao cta lactose

(Pham Thu Clic, 2002)

Lactose c6 trong sira ngudi va dong vat nén con goi 1a duong sita. O thuc vat bac cao thi
lactose it gap.
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4.4. POLYSACCHARIDE
5.2.1. DPac tinh chung

Hau hét glucid tim thiy trong tu nhién déu & dang polysaccharide. Polysaccharide dugc
cAu tao boi nhiéu monosaccharide lién két véi nhau nho cac lién két a-glycoside hoic p-
glycoside. Trong thanh phan cua polysaccharide néu chi c6 mét loai monosaccharide thi goi 1a
homopolysaccharide, hoac do nhiéu loai monosaccharide cAu tao nén thi goi la
heteropolysaccharide (hinh 4.20).

Oo@O-O0@8C0O@

Homopolysaccharide Heteropolysaccharide

Hinh 4.20. M5 hinh cu tao ciia homopolysaccharide va heteropolysaccharide
(David L. Nelson et al., 2008)

Theo dic tinh caa mach polysaccharide thi c6 thé chia lam dang mach thiang va dang
mach phan nhanh.

Dua vao chirc nang sinh hoc thi polysaccharide dugc chia ra thanh polysaccharide du trir
va polysaccharide ciu trdc.

Polysaccharide do nhiéu gbc monosaccharide két hop lai véi nhau, c6 khéi luong phan tir
I6n nén nd khong con tinh khur.

Hé thong danh phap cua polysaccharide khéng c6. Bé goi tén cac polysaccharide dong
thé, nguoi ta dya vao thanh phan monosaccharide c6 trong phan tor ma thay thé dudi —ose
thanh —an, vi du: D—glucan chi cac polysaccharide dugc cau tao tir cac goc D—glucose. Bén
canh d6 van con goi tén cac polysaccharide theo cac tén dugc dat tir lau: tinh bot, glycogen,
pectin...

Khac véi monosaccharide va oligosaccharide, polysaccharide khong tan trong nudc, tao
dung dich keo trong nuéc ndng, khong co vi ngot, rat kho tach ra khoi mé.
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5.2.2. Cic polysaccharide ti¢u biéu
a. Tinh bgt

Tinh bot 1a glucid duy trix chu yéu cua thuc vat, 1a ngudn thire dn va cung cip ning luong
chinh cho nguoi va dong vat. Tinh bt chu yéu cé trong cac hat ngii cdc.

Trong thuc vat tinh bot 1a chat dinh dudng dy trir va chlng & trong céc hat tinh bot.
Nhiing hat tinh bot nay khac nhau theo hinh dang, kich thuéc, thanh phan héa hoc va tinh chat
tuy thudc vao cac loai hat khac nhau . Vi du: hat tinh bot khoai tay c6 kich thude 16n hon hat
tinh bot cua lua; hat tinh bot cua ngo co cAu tao gé)m nhiéu hat nho hinh thanh.

Tinh bt chii yéu dugc cau tao tir hai polysaccharide 1a amylose va amylopectin, chiing
khéc nhau vé ciu tao va tinh chat. Trong tinh bot luong amylose ti 1& véi amylopectin khoang
1/4. Trong mot s6 trudng hop ty 18 nay co thé thay doi, vi du: trong gao nép chira it amylose,
trong lta my amylopectin chiém 100%, & hat tdo amylose chiém 100%.

Duéi tac dung cta enzyme amylase hodc dun nong véi acid, tinh bot bi thay phén cho ra
cac san pham trung gian ¢ phan tir luong khac nhau:

—  Amylodextrin: tac dung véi iod nhugm mau tim xanh, nd la bot tring tan trong
ethanol 25%, nhung két tua & ethanol 40%.

—  Eritrodextrin: tao mau d6 nau véi iod, hoa tan trong ethanol 55% va bi két taa ¢
ethanol 65%.

—  Achrodextrin: khdng tao mau véi iod, tan dugc & nong do ethanol 70%.
—  Maltodextrin: khdng cho mau véi iod va khdng bi tia bang ethanol.
—  Céc dextrin nay c6 thé tiép tuc bi thuy phan hoan toan tao thanh cac gdc glucose.

—  Tuy nhién & nhimng diéu kién xac dinh (dudi tac dung cia enzyme B-amylase)
maltose 1a thanh phan chu yéu trong san pham thiyy phan tinh bot.

Amylose:

-~ Amylose l1a homopolysaccharide c6 cdu tao mach thang, khéng phan nhanh, do céac
gdc a-D-glucopyranose két hop véi nhau bang lién két a-(1—4) glycoside (hinh 4.21).

SCH,0OH CH:;OH CH;OH CH;OH

5

/ 0, f—o. o f—o
1 OH H LA e 1 OH H 1A e 1 OH H 1A e 1 OH H LA
0 ; 0 0 —
H OH H OH H OH H OH
Hinh 4.21. Céng thirc cau tao clia amylose

(David L. Nelson et al., 2008)

111



—  Trong phén tir amylose sb luong goc a-D-glucopyranose la khoang 300 + 1.000.
Trong dung dich amylose c6 cau tao dang xoin é¢ theo kiéu 16 xo, mdi vong xoin c6 6 gc
glucose, ciu tric xoin duoc gitt nho lién két hydro duoc tao thanh gitra cac nhém —OH tu do
(hinh 4.22).

= 14 nm

18 nm

B JoZaeN :
loWPet

Hinh 4.22. M6 hinh céu trdc xodn 6c cia amylose

(David L. Nelson et al., 2008)

—  Amylose dé dang tan trong nuéc nong va cho dung dich véi do nhét khong cao,
dung dich amylose khong bén viing, d& tao thanh két taa khi dé yén.

—  Ddi véi butanol va pentanol thi amylose bi két tia hoan toan va amylose bi hap thu
trén cellulose. Vi dung dich iod thi amylose cho mau xanh dic trung do sy hap thu iod vao
bén trong vong xoin dc cua amylose, mdi vong xoan hap thu mot phan tir iod. Cac nhém —OH
nam bén ngoai vong xodn, cdc nhém carbuahydro thi nim bén trong vong xoin bao quanh
phan tir iod. Néu dun néng, lién két hydro bj cit dat, mach amylose dudi thang lam cho iod bi
tach ra khoi amylose 1am cho dung dich bi mat mau.

—  Khéi luong phan tir ciia amylose phu thudc ngudn géc cua loai tinh bot, phan ti
lugng cua khoai tdy gan 400.000 Dalton, cua hat bip va lta khoang 100.000 + 200.000
Dalton.

— Amylose thuong duoc phan bd & phan bén trong cua hat tinh bot. Dung dich
amylose c6 d6 nhét thap hon dung dich cua amylopectin.

Amylopectin
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—  Amylopection ciing dwoc cau tao tir nhitng goc a-D-glucopyranose nhung cé su
phan nhanh & diém lién két a-(1—6) glycoside. Co nghia 1 ciu tao phan tir ciia nd ngoai lién
két a-(1—4) glycoside con c6 lién két a-(1—6) glycoside. Cr khoang 20 gdc glucose thi cé
mot diém phan nhéanh (hinh 4.23 va 4.24).

Hinh 4.22. Céng thitc cdu tao clia amylopectin

(Lehmann, J, (1998)

f

u-1,6-glycosidic

Hinh 4.23. So d6 minh hoa cau triic nhanh ctia amylopectin

(Lehmann, J, (1998)
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—  Amylopectin chi tan trong nudc néng c6 ap suat va cho dung dich co do nhét cao,
khi tc dung voi butanol va pentanol khdng bi két tua, khong bi hap thu trén cellulose. Dung
dich bén, khong bi két taa khi dé yén. Trong lugng phan tir cuia amylopectin khoang 50.000 +
1.000.000 Dalton.

-~ Amylopectin duoc phan b6 bén ngoai & mat ngoai cua hat tinh bot.
Su hit nudce va truong nd caa tinh bot:

—  Khi dun nong tinh bot trong nudc thi tinh bot bi truong né manh tao dung dich ¢6 d6
nhét cao, hién turgng nay goi la su hd hoa.

—  Tinh bot hoa tan vao nudc xay ra theo qua trinh sau: hat tinh bot — hap thu nuéc
qua vé — ngung tu nudc long — hydrate hoa va truong nd — pha v hat, dut lién két giia
cac phan to — phan tan — dung dich.

—  Céc yéu t6 anh huong dén sy truong nd cua tinh bot:

+ Kha nang hat nudc phy thude kich thude hat: hat 16n hd hoa truéc, hat nho hd
hoa sau.

+ Nhiét @6 hd héa phu thuoc vao thanh phan amylose va amylopectin, vi amylose
xép thanh chiim song song chat ch& hon so v&i amylopectin nén kho cho nudc di qua.

+ Anh huéng caa nong do cac ion trong dung méi: nhitng ion mang dién tich
cuing dau thi s& day nhau 1am lung lay ciu tric caa hat nén lam thay doi nhiét o ho hoa.

+  Anh huong cua mudi vo co: ndng d6 thap s& pha hiy lién két hydro lam ting do
hoa tan cua tinh bot, nong d6 cao lam giam sy hydrate hoa cua tinh bot va lam két tua ching.

+ Anh huong cia méi truong Kiém: trong moi trudng kiém su hd hoa cé thé xay
ra & nhiét do thap vi kiém Iam ion hoa ting phan do d6 lam cho su hydrate hoa cua phan tir
tinh bot tot hon.

+ Anh huong cua cac chit khong dién ly nhu dudng va ruou: 1am cho nhiét d6 hd
hoéa tang.

b. Glycogen

Glycogen la glucid du trit cia dong vat, 1a ngudn cung cap niang leong chinh cua nguoi
va dong vat, cd nhiéu trong gan, co...

Glycogen c6 vai trd quan trong trong chuyén héa glucid & co thé dong vat. Glycogen
hoa tan trong nude nong. Khi tac dung véi iod cho mau do tim hay d6 nau, gidng mau cua
amylopectin véi iod.

Céiu tao cua glycogen gan gidng nhu amylopectin, nghia Ia trong phan tor c6 chira
lien két a-(1—4) va a-(1—6) glycoside nhung mic do phan nhanh manh hon: thuong cir
8 = 10 don vi glucose & mach chinh véi lién két a-(1—4) glycoside thi ¢c6 mot mach
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nhanh véi lién két o-(1—6) glycoside. D6 dai cua mach nhanh ngan hon so véi do dai
mach nhanh cia amylopectin, méi mach nhanh cé khoang 8 = 12 don vi glucose.

c. Pectin

Pectin 1a polysaccharide cua thyuc vat, ton tai dudi 2 dang: protopectin khdng tan va dang
pectin hoa tan. Dudi tac dung cua acid, enzyme protopectinase hoac khi dun soéi thi
protopectin chuyén thanh pectin. V& mit hda hoc, pectin duoc cau tao tir cac acid galacturonic
bang lién két a(1—4) glycoside, mot sé goc dugc methyl héa & C.

COOCH,
H O\

SO Now 0
H OH

Ty 1& methyl hoa duoc biéu hién bang chi s6 methoxyl (DE), d6 1a phan tram acid
galacturonic dudi dang ester methylic. Tén goi pectin ding dé chi cac chudi polygalacturonic
methyl hda 100%, tén goi acid pectinic dé chi chat dwoc methyl hda thap hon 100%, con acid
pectic chi polygalacturonic hoan toan khong chira nhém methoxyl. Nhung trong thuc té thi
pectin ding dé chi ca acid pectinic va pectin.

COOCH, COOCH, COOH

0 ) o
H H H H H H -
o o o o
OH H OH H OH H
H H H
H OH H OH H OH

Hinh 2.24. Céng thtc cu tao cua pectin

(David L. Nelson et al., 2008)

Dua vao chi s6 methoxyl nguoi ta chia pectin Iam hai loai: pectin c6 do methyl héa cao
(DE > 50) va pectin c6 d6 methyl hoa thip (DE < 50). Diéu kién tao gel caa hai loai pectin
nay khac nhau. Véi pectin c6 d6 methyl héa cao can c6 chét rin hoa tan (thuong la sucrose)
va mot pH thap dé né hinh thanh gel. Con ddi véi pectin c6 d6 methyl hda thp thi can sy hién
dién cua ion héa tri hai (dac biét 1a ion Ca®") thi chling mai tao gel. Ngoai ra, kha ning tao gel
con phu thudc vao chiéu dai caa mach phan tir, phan tir cang dai thi kha ning tao gel cua
pectin cang tot. Pectin dugc sir dung dé 1am mit dong trai cdy, trong san Xuat nudc qua cd
dac, sauce ca chua...

Dudéi tAc dung ciia kiém hodc enzyme pectinase thi nhém methyl duoc giai phong va tao
thanh acid pectic.

d. Cellulose

Cellulose 1a polysaccharide chu yéu ciia mang té bao thuc vat. Puoc cau tao tir cac gbc
B-D-glucopyranose theo lién két p(1—4) glycoside (hinh 4.25). Cellulose phd bién rong réi
trong thién nhién, nht 13 trong thuc vat. N6 1a thanh phan cha yéu caa thanh té bao thuc vat.
Cellulose 1a hop chét hitu co nhiéu nhat trong sinh quyén, trong gd ciu tao 50% Ia cellulose,
trong bong thi hau nhu 100% 1a cellulose.
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H OH

Hinh 2.25. Céng thirc cdu tao ctia cellulose

(David L. Nelson et al., 2008)

Cellulose c6 ciu tric rat bén, kho bi thuy phan. Khi thay phan bang acid thi tao thanh p-
D-glucopyranose, con khi thity phan & diéu kién nhe nhang hon thi tao thanh cellbiose.

Nhitng phan tir cellulose thudng phan b song song nhau, giira ching xuat hién nhiing
lien két hydro va tao nén nhiing soi c6 duong kinh 3,5nm, cac soi lién két véi nhau tao thanh
bo goi la microfibrils.

Cellulose kho bi bi thuy phan va c6 ciu tric bén. Nguoi va dong vat khdng co enzyme
phan giai cellulose cho nén né khdng c6 gié tri dinh dudng, tuy nhién né cé vai tro diéu hoa
hoat dong cua tiéu hoa.

Cac dan xuat cua cellulose duoc st dung trong nhiéu nganh cong nghiép nhu:
nitrocellulose (dung 1am chat nd, soi nhan tao), acetylcellulose (dung 1am sgi nhan tao),
carboxymethylcellulose (ding trong sic ky trao doi ion)...

e. Chitin

Chitin tham gia vao thanh phan caa md cing hay bo khung ngoai cua nhitng dong vat
chan dét va vai dong vat khong xuong séng khac. Khong bao gio gap chitin & dang tu do, n6
thuong lién két véi protein, mudi vo co, lipid va céc sic to.

Theo ciu tao hoa hoc thi chitin 1a polymer thing, c6 don vi cdu tao co ban 1a N-
acetylglucosamin, chiing lién két véi nhau bang lién két p(1—4) glycoside (hinh 4.26). Chitin
thuc hién chirc nang bao vé, diém twa va co hoc trong nhitng co thé khac nhau.

CH,OH CH,OH
O @)
OH O OH @)
h N
OYNH OYNH
CHa CHs

Hinh 4.26. Céong thtc cu tao cua chitin

(David L. Nelson et al., 2008)
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Chitin khong tan trong nudc, acid, hay kiém lodng va dung méi hitu co. Trong mdi
truong kiém dun néng chitin chuyén thanh chitosan, mot chat ¢ nhiéu (ng dung trong nong
nghiép, cong nghiép va y hoc.

CAU HOI ON TAP

Phin ty luin

1

~N oo o b oWDN

Trinh bay chirc nang cua glucid.

Trinh bay cach phan loai va cau tao ciia monosaccharide.

Trinh bay tinh chat hoa hoc cua monosaccharide.

Trinh bay cau tao va tinh chat caa tinh bot.

Trinh bay cac yéu té anh huéng dén su hd héa cua tinh bot.

Do methoxyl cua pectin 1a gi? Giai thich co ché tao gel cia pectin.

Trinh bay cong thiic ciu tao caa chitin.

Phin tric nghi¢m

1

CAu hinh D va L cta monosaccharide duoc phan biét dva vao:

A. Vi tri cia nhém aldehyde hoac ketone so véi mach carbon.

B. Céu hinh D chaa nhém aldehyde, ciu hinh L chira nhém ketone.

C. Su phan bé caa nhém —OH ¢ carbon hoat quang ap chét so véi mach carbon.
D. Sy phén b cua nhém —OH & carbon hoat quang & vi tri Cy.

Trong dung dich, glucose ton tai & dang cau tao nao:

A. Cu tao vong o.

B. Céu tao vong p.

C. Ciu tao vong a, B, va mach thang.

D. CAu tao vong P va a.

Trong cau tao vong ctua monosaccharide, ddng phan a va p khac nhau:
A.Vi tri nhém chac aldehyde.

B. Vi tri nhom chuc ceton.

C. Vi tri nhém hydroxyl ¢ carbon anomer.

D. Tuy theo vong 6 canh hay 5 canh.
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4 Khi aldose bi khtr thi s& tao thanh:
A. 1 polyol.
B. 2 polyol.
C. Ruou va CO..
D. Acid aldonic.
5  Khi oxy hda glucose, san pham tao thanh c6 thé la:
A. Acid gluconic, glucaric, glucuronic.
B. Acid aldonic, glucaric, glucuronic.
C. Acid gluconic va aldonic.
D. Acid aldonic.
6  Sucrose duoc cau tao tir:
A. a-glucose va pB-fructose. C. B-glucose va a-fructose.
B. a-glucose va a-fructose. D. a-glucose va B-galactose.
7 Chon ra phét biéu dung:

A. Saccharose do B-fructose va a-gluose két hop tao thanh qua lién két giira -OH cua
C; cua glucose va nhém -OH cua C,4 cua fructose.

B. Maltose do 2 phan tir a-glucose sé& két hop tao thanh qua lién két gitta -OH cua C;
cua phén tir dwong nay vai -OH cua Cg cua phan tir dwong Kia.

C. Lactose do a-glucose va p-galactose két hop tao thanh qua lién két giira -OH ¢ Cy
cua galactose va -OH ¢ C, cua glucose.

D. Ca 3 cau trén déu dung.
8  Amylose va amylopectin déu duoc ciu tao tur:
A. a-D-glucose. C. D-glucose va D-fructose.
B. a-L-glucose. D. D-fructose.
9  Chon phét biéu dang:
A. Amylose c6 hai dau khtr.
B. Amylopectin c6 mot dau khir va mot dau khong khu.
C. Amylose c6 mot dau khtr.

D. Amylose c6 hai dau khéng khtr.
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10

11

12

13

Céc D-glucose trong phan tir amylopectin lién két véi nhau bang lién két:

A. a(1—4) va a(1—6). C. B(1—4) va a(1—6).
B. a(1—4) va p(1—6). D. Lién két hydro.

Mat ong chira chi yéu 1a duong:

A. Saccharose. C. Fructose va galactose.
B. Glucose va galactose. D. Glucose va fructose.

Cellobiose duogc tao thanh khi thuy phén:

A. Amylose. C. Tinh bot.
B. Saccharose. D. Cellulose.
Tinh nhét déo cua tinh bot ting trong méi truong kiém 1a vi:

A. Trong méi truong Kiém cau trlc tinh bot bi pha hay dé 16 nhitng nhém chic nén

dé két hop véi H,0 lam ting tinh d&o cho tinh bot

B. Trong mdi truong kiém cau trdc tinh bot khong bi pha huay, trang thai duoc giir

bén dan dén cé tinh nhot tdt

C. Trong méi truong kiém tao ra nhiéu ion -OH lam ting tinh giir nudc nén 1am ting

do nhét

14

15

D. A, B, C déu sai.

Chon phét biéu diing:

A. Cellulose bén hon tinh bot rat nhiéu vi soi cellulose cé cau tric xoin cudn.
B. Cellulose dé bi thity phan béi acid.

C. Ham luong cellulose ¢ trong go it hon ham lugng cellulose c6 trong bong.
D. Cellulose rat bén khong bj thay phan.

Kha ning tao gel cua pectin phu cha yéu vao

A. Chiéu dai cua pectin.

B. Chiéu dai cua chudi pectin va mirc d6 methyl hoa.

C. Nhiét do.

D. Cac dién tich duong co6 trong phan tir pectin.
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Chuong 5. LIPID

Lipid 1& nguén nang lirong quan trong, so véi protein va glucid thi lipid ¢ kha nang sinh
ra nang lwong \én hon. Trong ché bién thuc pham, lipid dnh hirdng d@én tinh chat cua thuc
pham. Khi ché bién nhiét, cac san pham cé thém lipid sé 1am cho gia tri cam quan va dinh
duwong cua thuc pham ting lén. Ngoai ra, lipid con 1a chat duw tri nang lhwong va tham gia vao
thanh phan cau tgo cua té bao, 1a tien chdr dé tong hop nhiéu hormone quan trong.

5.1. PAI CUONG
5.2.3. Khai ni¢ém

Lipid 1a mat nhém hop chét hitu co khong dong nhat cé trong té bao séng duoc dic trung
baoi su ¢ mat trong phén tir cia ching mét chac ester acid béo cao phan tie vai ruou.

Theo thanh phan hda hoc thi lipid 1a nhitng ester phic tap caa cac acid béo bac cao véi
glycerol hay véi cac ruou khéac co cau tao dic biét. Ngoai nhitng hop phan nay trong thanh
phan cua mét sé lipid con co acid phosphoric, bazo nito hay glucid. Trong dich chiét tach
nhan dugc tir cac mod dong vat hay thyuc vat bang dung mdi hitu co thudng cd mat caa nhiing
ruou bac cao, ruou da vong, vitamin tan trong chat béo.

Lipid 1a thanh phan cau tao co ban cua cac mang té bao, 14 ngudn nguyén liéu du trir
quan trong can thiét cho co thé séng, vo che chd bé mat cua nhidu co quan. Lipid ¢6 & dang
Cau tir cia nguyén sinh chat t& bao va n6 co trong té bao véi lwong khdng bién doi. Lipid &
dang hop phan vai protein 1a nhitng phan tir cu triic cua cac mang té bao va céc bao quan. Do
vdy ma chiing xac dinh sy van chuyén cac chat trong té bao va tham gia vao hang loat cac qua
trinh khéc c6 lién quan dén chic nang cia mang.

Lipid c6 trong té bao cua dong vat, thuc vat va vi sinh vat. Cé thé & dang chat béo dy
trir (trong hat & thuc vat, I6p m& dudi da hodac quanh cac noi bao & dong vat), hoac ¢
dang lién két.

Tinh chit chung cua lipid 1a khong hoa tan trong nudc, ma hoa tan tét trong cac dung
mOi hiru co khong phan cuc nhu: benzen, aceton, cloroform, ether, toluen, ether petrol...

5.2.4. Vaitro

Lipid 12 nguyén li¢u sinh ning lwong dbi véi co thé, khi oxy hoa 1g chét béo giai phong
ra 9,1 kcal nang luong, gip d6i nang luong thu duoc khi phan giai 1g glucid. Pong thoi lipid
cling 1a chét dy trit, & dang du trix n6 du trit ning luong cho qua trinh trao doi chét.

Chtic ning quan trong nhat cuaa lipid 1a ciu tao mang sinh hoc (mang té bao, mang ti lap
thé...). Trong mang sinh hoc, lipid ¢ trang thai lién két voi protein tao thanh hop chat
lipoprotein.

Lipid la dung mdi hoa tan cho nhiéu vitamin quan trong nhu vitamin A, E, D, K....
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Do c6 tinh cach nhiét tét, lipid gitr nhiét cho co thé, dic biét & dong vat bién va dong vat
& ving cuc st dung dic diém ndy nhu mot chire ning bao vé. O dang md dém ching bao vé
co thé va cac co quan khoi sy gdy thuong tich do tac dong co hoc.

Séap bao boc trén cac l& va qua cua thuc vat, nd bao vé su thoat hoi nudc va sy xam nhap
cua vi sinh vat. Hop phan lipid cua vi khuan xac dinh nhay cam cia né hay tinh chiu dung dbi
véi khang sinh. Mot vai glucolipid ¢6 lién quan dén sy mién dich.

Déi voi loai dong vat nga dong, dong vat di cu, cac loai sau kén, lipid con 1a ngudn cung
cap nudc, vi khi oxy hoa 100g lipid c¢6 107g nuéc sinh ra.

Lipid gop phan tao ra két cu ciing nhu tinh cam quan dic trung cua rat nhiéu thuc pham.

5.2.5. Phéan loai
Tay theo cau tao hda hoc, lipid c6 thé phan thanh cac nhom nhu sau:

— Lipid don gian: khi thuy phén chi cho ra ruou va céac acid béo, trong nhdm nay cé
may nhém: triacylglycerols, sép, sterid.

—  Lipid phuc tap: khi thay phén lipid phuc tap ngoai cac rugu va acid béo con co cac
chat khac nhu: acid phosphoric, bazo nito, hodc cac chat duong. Trong lipid phic tap c6 thé
chia thanh cac nhom: phospholipid va glycolipid.

5.2. LIPID PON GIAN
5.2.1. Triacylglycerols

a. Cong thirc cdu tgo va danh phap

Triacylglycerols 1a chat béo dy trir quan trong & dong vat va ngudi (goi 1a ma), con &
thuc vat c6 nhiéu trong hat va qua cua cac cay ¢ dau (me, dira, dau phong...). Ham luong
dau caa nhan hat thau dau khoang 65 + 70%, hat me 48 + 63%, dau phong 40 + 60%, hat dau
nanh khoang 18% (tat ca tinh theo can ban khd). O dong vat triacylglycerols thuong tap trung
trong cac md ma, thanh phan md m& dong vat gom 70 + 97% la lipid, chi c6 0,5 + 7,2% la
protein va nudc chiém 2 + 21%, con céac chat khéac chiém rat thip (Pham Thu Cc, 2002).

Triacylglycerols la ester phtrc tap cua rugu da nguyén tur glycerol va cac acid béo cao
phan tir, cdng thirc ciu tao chung:

i
CH—0—C—R;
|C|) R1, Ry, Rs 1 gbe céc acid béo.
R,—C—O—CH
@)

I
CH,—O—C—R3

Hinh 5.1. Céng thirc ciu tao chung cua triacylglycerols
(Phagm Thu Cac, 2002)
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Trong phan ti glycerol c6 thé tit ca 3 nhdm hydroxyl dugc ester hoa, ciing c6 thé 1a 2
nhom, déi khi chi c6 mot nhoém hydroxyl bi ester héa. Triacylglycerols 1a dang chat béo trung
tinh phd bién, mic du mono va diacylglycerols ciing gip trong thién nhién voi ty 1é thap
nhung chiing déng vai trd quan trong trong sy chuyén héa lipid.

Triacylglycerols c6 thé chia ra triacylglycerols don gian (trong cong thtrc cu tao chi cd
mét loai acid béo) va triacylglycerols hdn tap (trong cong thirc cdu tao c6 hai hoic ba loai
acid béo) (hinh 5.2).

L

Hinh 5.2. Céng thirc cu tao cua 1-Stearoyl, 2-linoleoyl, 3-palmytoyl glycerol
(David L. Nelson et al., 2008)

Céch goi tén cua cac triacylglycerols cha yéu dua trén cach goi tén cua cac acid béo tham
gia vao thanh phan cua no, vi du: triacylglycerols don gian: tristearoyl; triacylglycerols hon
tap: 1-stearoyl, 2-linoleoyl, 3-palmytoyl glycerol.

Trong thién nhién cac triacylglycerols don gian rat it gap, trong khi d6 ham lwong
triacylglycerols hdn tap lai rat cao. Vi du trong 8 loai triacylglycerols cua m& heo chi ¢6 1%
la tripalmytoyl va 3 % la trioleoyl, con lai déu Ia cac triacylglycerols hdn tap,trong d6
palmitoyldioleoyls chiém 50%, palmitoylstearoyloleoyl chiém 27%. Trong dau diura co
stearoyldipalmytoyl, oleoyldipalmytoyl va myristoyldipalmytoyl. Cho nén cac chat béo trong
tu nhién vén tach duoc tir mot d6i twong nao d6 ludn ludn 1a hdn hop phic tap cua cac
triacylglycerols khac nhau hoa tan 1an nhau.

DAau thuc vat thu duoc tir hat khdng phai 1 nhitng triacylglycerols nguyén chit ma trong
thanh phan con c6 khoang 1 + 2% cac acid béo tu do, 1 + 2% phosphatid, 0,3 + 0,5% sterin,
mot it carotenoid va céc vitamin tan trong dau.
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b. Tinh chat cua triacylglycerols:

Triacylglycerols khong tan trong nudc va dich gian bao, chung khdng bi x&o tron cung
V6i nude, cho nén né khong lam thay ddi tinh chat hoa 1y co ban cua té bao chat. Khong co
khuynh huéng tao micelle vi khong c6 dau phan cwc. Tuy nhién cac mono va
diacylglycerols c6 tinh phan cuc dang ké nhd ¢6 cac nhém —OH ty do cua chiang, do d6
ching c6 kha ning tao duoc micelle, trong san xuat ngudi ta sir dung dung tinh chat nay cua
chung dé tao nhii tuong.

Triacylglycerols ¢6 ty trong nhé hon nuéc (khoang 0,866 + 0,973 & 15°C).
Triacylglycerols khong tan trong nudc, nhung trong diéu kién nhéat dinh, dudi tac dung cua
chat nhii hoa, lipid c6 thé tao thanh nhii twong bén.

NGi chung tinh chat cua triacylglycerols 1a do tinh chét cua cac acid béo tham gia ciu tao
quy dinh. DBiéu nay thay ré nhat khi ta xét nhiét d6 ndng chay cua triacylglycerols. Nhiét do
néng chay cua triacylglycerols phu thudc vao ciu tao cua cac acid béo:

—  Su c6 mat cua cac acid béo mach ngan hoic acid béo khong no thuong lam giam
diém nong chay cua triacylglycerols.

—  Trong diéu kién thuong néu trong thanh phan cua triacylglycerols cac acid béo no
chiém wu thé thi nd & dang ran, con néu cac acid béo chua no chiém wu thé thi né & dang long.

— Vi du: m& cuu cd nhiét do néng chay cao hon 10°C so véi m& heo vi trong thanh
phan cia md clru c6 palmytoyldioleoyl it hon m& heo (M cuu 12 46% va mé heo 1a 53%) va
oleoyldipalmytoyl lai nhiéu hon m& heo (13% ¢ mé& ciru, con md heo chi chiém 5%). Tuong
tu, nhiét d6 nong chay cua nhiéu loai dau thuc vat déu thip, do ham lugng céc acid béo chua
no trong thanh phan triacylglycerols caa ching rat cao.

Nhiét 6 nong chay cua triacylglycerols ciing tuong ddi thap, do d6 nhiéu thuc pham bi
mém hoéa hoic hda long khi dugc gia nhiét. C6 thé chuyén chat béo long thanh dang rin bang
céch 1am b&o hoa lién két doi cua acid béo khong no nho qué trinh hydrogen hda.

Céc triacylglycerols déu tao thanh nhimg dong phan quang hoc va ddng phan hinh hoc vi
ching c6 nguyén tir carbon hoat quang va cac lién két doi trong gbc acid béo.

Duéi tac dung cua acid hoic kiém, triacylglycerols s& bi phan giai & lién két ester tao
thanh glycerol tu do va cac acid béo (khi thuy phan bang acid) hoic mudi cua céc acid béo
(khi thiry phan bang kiém). Phan tng thuy phan bang kiém con goi 1a phan tng xa phong héa.

I
CH,—0—C—Ry CH,—OH R;COONa
@)
Il
R,—C—O—CH +3NaOH ——> CH—O0OH + R,COONa
I
CH,—O—C—R; CH,—OH R3COONa
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Sy thiy phan chét béo cd thé tién hanh khi dun néng trong nude dén 100°C nhung qué
trinh nay xay ra rat cham. N¢ s& tang Ién rat nhanh khi c6 mit cua acid hoic kiém. Trong co
thé sdng, phan ng thuy phan triacylglycerols xay ra duoc nhd su cd enzyme lipase xuc tac
phan ung thay phan.

Tinh chét caa chat béo dugc xac dinh bang thanh phan chat lwong cua acid béo, sy twong
quan s6 lugng cia no, ham lwong phan trim cua cac acid béo tu do. Bé néu rd tinh chat cua
chét béo thi c6 cac chi sb thé hién tinh chit cua chat béo.

c. Céc chi sé dé danh gid triacylglycerols:

Chi s6 acid: 1a s6 miligam KOH can thiét dé trung hoa cac acid béo ty do ¢6 trong 1 gam
chat béo. Chi sb acid la chi tiéu quan trong vé trang thai va tinh chat cua triacylglycerols vi
trong qua trinh bao quan triacylglycerols hoic cac san pham giau chat béo chi sé acid dé dang
tang 1én do chat béo bj thuy phan. Chi s6 acid cang cao ching to chat béo khong twoi, di bi
thay phan mot phan.

Chi s iod: 1a s6 gam iod két hop véi 100g chat béo, su két hop iod xay ra theo vi tri lién
két doi cua cac acid béo khéng no. Chi sé iod cho ta khai niém vé ham lugng cua acid béo
khdng no trong mot chat béo nao d6. Chi sé iod cang 16n thi do long cua chat béo cang cao.
Vi du: chi sb iod cua m& bo 1a 30, cua dau oliu 1a 86, cia m& heo 1a 56.

Chi s6 xa phong: 1a s6 mg KOH dung dé trung hoa cac acid béo ty do ciing nhu céc acid
béo két hop khi xa phong hda 1g chit béo. Su thuy phan triacylglycerols bang kiém goi 1 su
xa phong hda, san pham caa phan tng nay la glycerols va mudi cua cac acid béo (con duoc
goi la xa phong). Khi sir dung KOH thi xa phong dang long dugc tao thanh, con khi xa phong
hoa bang NaOH thi cho xa phong dang cing.

Chi s ester: 12 s6 mg KOH can dung dé trung hoa acid béo lién két véi glycerols duoc
giai phong khi xa phong héa 1g chat béo. Do dé chi sé ester bang hiéu sb gitra chi sé xa
phong va chi sé acid.

Chi s peroxide: 1a s6 gam iod dwoc giai phong ra boi peroxide c6 trong 100g chat béo.

—  Khi bao quan chit béo bi tac dong cua anh sang, oxy khong khi, am... 1am cho chét
béo bi bién d6i tao mui va vi khé chiu. Qua trinh nay bao gém su oxy héa va thiy phan chat
béo duoc goi 1a su 6i hoa. Hién tugng nay cé thé do nhidu nguyén nhan, tuy nhién dang phé
bién nhat 1 do oxy trong khong khi két hop vao ndi déi co trong phan tir acid béo khdng no
tao thanh peroxide.

" "
Rl—C: C— R2 + 02 —_— Rl_ Cl:— Cl:— R2
0—-0
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—  Tiép tuc xay ra sy dit mach carbon theo vi tri lién két doi cii va tao nén aldehyde va
acid mach ngan tao mui va vi khé chiu.

7' T' o) o)
Il [l
Rl_(l:_cl:_RZ —> R—C—H + HO—C—R;
0—0

—  Khi cho Kl tac dung véi chat béo bi 6i, nd s& phan tng véi peroxide giai phong iod.
Sau d6 dung thiosulfate dé chuan do luong iod dugc giai phong ra.

Y Y
|
R1_|C_(|:_ Ry +2KI —> Rl—C\—/C— R, + I, + 2KOH

0—0

25,057 +1, — » S,06° +2l

—  CO thé chdng lai su 6i hda chit béo bang phuong phap dung chit chéng oxy hoa
nhu: vitamin E, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT).... hoac
tim cach loai bo oxy trong méi trudng bao quan hoic giit chat béo trong t6i, nhiét do thap va
diéu kién chan khong dé can tré sy oxy hoa chat béo.

d. Céc acid béo:

Céc acid béo trong triacylglycerols thuong c¢6 mach carbon khéng phan nhanh, c6 sb
carbon chin, bit dau tir acid c6 bén carbon dén acid béo c6 38 carbon: acid butyric (4
carbon), acid caproic (6 carbon), acid capric (10 carbon)....

Nhitng acid béo no thuong gap (cong thuc chung la CyH2,02):

CH3—(CH,),—COOH CH3—(CH,);,—COOH
acid butyric C4HgO, acid myristic C14H»50,
CH3—(CH5)10—COOH CH3—(CH;)14,—COOH
acid lauric C15,H,40, acid palmitic C1gH3,0,
CH3—(CH5)16—COOH CH3—(CH;)15—COOH
acid stearic C1gH3602 acid arachidic CooHsg02

Hinh 5.3. Cong thirc cu tao ctia cac acid béo no

(Pham Thu Ctic, 2002)
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bac tinh chung cua céc acid béo no:

—  Tham gia vao thanh phan chit béo thuong co chiéu dai mach carbon lién quan dén
nhiét do néng chay va dong dic cua chét béo:

+ Nhimg acid béo c6 mach carbon ngin, phan tir lugng thip & nhiét 46 thuong 1a
chat 10ng linh dong va c6 mui dic trung.

+  Acid béo c6 mach carbon dai, phan tir lugng 16n thuong & thé rin va khong c6
mui.
— P06 tan cua acid béo trong nudc giam dan theo chiéu dai mach carbon.

Nhiing acid béo khong no thuong gap (cong thic chung 1a CoHanxO2, V6 X 12 s6 néi
doi):

acid palmitoleic C16H300;, Ci6 CH;—(CHj)s—CH=CH—(CH,);— COOH

acid oleic C1gH3405, C1g- CH3;—(CH,);—CH=CH—(CH,);—COOH

acid linoleic CgH3,0,, C13. CH3—(CH,)4;— CH=CH—CH,—CH=CH—(CH,);—COOH
acid linolenic C1gH3,0,, Cys. CH3— (CH,—CH=CH)3—(CH,);— COOH

acid arachidonic C18H3202, C18' CH3_(CH2)4_ (CH:CH—CH2)4— (CHZ)Z_COOH
Hinh 5.4. Cong thirc cu tao cua cac acid béo khdng no
(Phgm Thu Cuc, 2002)
Tinh chat chung cua acid béo:

—  Acid béo tham gia vao thanh phan cua chat béo thuc vat va dong vat hau nhu chia
sb carbon chén, thuong xuyén gap nhat 1a tir 16 dén 18 carbon. Nhitng acid nay c6 thé bao
hoa hoac khong béo hoa.

—  Mach carbon cua acid béo no thuong gap khic chit chi kéo thanh mach dai.

O

/\/\/\/\/W\)LOH

Hinh 5.5. Cong thirc cu tao cua acid palmitic

(David L. Nelson et al., 2008)
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—  Acid béo khong no thuong cd mach carbon ¢ dang dong phan cis. Trong thién nhién
acid béo dang cis phé bién hon dang trans, va dang trans bén viing hon dang cis. Bong phan
cis ¢6 thé chuyén thanh dang trans (con duoc goi la trans fat) trong sy dun ndng hoic trong
qua trinh hydrogen héa triacylglycerols. Trans fat duoc coi 1a chat gdy bénh tim mach.

HO™ 1 9 12

Hinh 5.6. Cong thirc cu tao cua acid linoleic

(David L. Nelson et al., 2008)

—  Acid béo khéng no c6 hon mot néi doi néu cé ngudn gbe thuc vat thi thuong ¢ dang
lien két doi lién tiép (-CH=CH-CH=CH-), con néu c6 ngudn gc dong vat thi thuong co
nhom divinylmethyl (-CH=CH-CH,-CH=CH-). Acid béo khéng no cho nhithg phan ung
cong tai ndi doi.

5.2.2. S&p

Sap ciing thudc lipid don gian, la nhirng ester phuc tap cta cac acid béo bac cao va rugu
don chirc mach thang c¢6 phan tir luong 16n (c6 khi 1a ruou vong).

Trong thién nhién, ngoai nhitng ester trén con c6 mot lwgng nhé rugu cao phan tir tu do
va céc acid béo bac cao tu do cling nhu mot it carbua hydro, cac chat mau va chat thom. Ham
luong caa cac chat nay cé thé chiém dén 50%.

Cong thirc cAu tao chung cua sap:
ﬁ R:: gbc alcohol.
Ri—O0—C—R; R.: géc acid béo.

Hinh 5.7. Cong thirc ciu tao chung ctia sap
(Pham Thu Cuc, 2002)
Cac ryou thuong gap trong sap:

ceryl alcohol CH3—(CHy)24—CH,0H

cetyl alcohol CH3z—(CH5)14—CH,0OH

miricyl alcohol CH3—(CH5),3— CH,0OH

montanyl alconhol ~ CH3—(CH,),— CH,0H

Hinh 5.8. Cong thirc cac gbc ruou trong sap
(Phgm Thu Cuc, 2002)
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Trong sép thién nhién céc acid béo thuong gap:

acid palmitic CH3z—(CH5)14,—COOH

acid cerotic CH3—(CH5),4,— COOH

acid melissic CH3—(CH3),6—COOH
acid carduric CH3z—(CH5),»—COOH

acid montanic ~ CHz— (CH,),—COOH

Hinh 5.9. Cong thire cac acid béo trong sap

(Pham Thu Clic, 2002)

Vi du: trong séap ong thanh phan chu yéu cia nd la ester ciia ruou miricyl va acid béo
palmitic, céng thic cau tao duoc thé hién & hinh 5.10.

@)
[
CH—(CHy)2s— CH;—0—C—(CHy)14— CH3

Hinh 5.10. Céng thirc cu tao ctia sap ong

(Pham Thu Clc, 2002)

Dya vao ngudn goc nguoi ta chia sap 1am 3 loai: sap dong vat, sap thuc vat, va sap
khoang.

Sap thyc vat: thuong c6 mot luong khéng 16n trong thyuc vat trén bé mat cua qua, 14, than,
canh... Lép sap nay nham bao vé cho ching khoi bi khé va khéng cho vi sinh vat xam nhap
vao.

Sap dong vat gom c6 sap ong, sap 16ng curu, spermacety. Trong sap ong con ¢ nhiing
ester phuc tap, cac acid béo ty do, hop chat mui va khoang. Sap ong dugc sir dung trong nhiéu
linh vic cdng nghiép va y hoc do ching bén véi su tac dung cua anh sang, chat oxy hoa, nhiét
do va khong bi thuy phan.

Sap khoang duoc chiét xuat tir than d4 hodc than bun. Trong thanh phan cua sap khoang
c6 acid montanilic va céc ester cua nd. Ty trong cua sap khoang la 1 va nhiét do nong chay
cua sap khoang khoang 72 + 77 °C.

Chtre nang cua sap:
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—  Sap thudc nhom lipid don gian, & trang thai rin trong diéu kién nhiét do binh
thuong. S&p tao mot I6p mong bao phu trén bé mit cua 14 qua. Sap duoc tao ra trong té bao
biéu bi, sau d6 dugc dua qua cac 6ng dan nho ra khoi té bao va ¢ lai trén bé mat cua mé.

—  Sép c6 tac dung bao vé gitt cho 14 khoi bi thim nuéc, khéng bi kho, va ngan ngira Vi
sinh vat xam nhap vao. Khi I6p sap trén bé mat bi pha huay thi trai cay s& dé bi hu hong. Thoi
gian bao quan cua qua phu thudc vao chét lugng caa 16p sap.

—  Sap ong bao vé cho au triing ong phét trién binh thudng, bao vé mat ong khoi bi hu.
Sap 16ng ciru gitt cho 16ng va da ctru khdng bi thdm nudce. Sap con duoc dung trong ki nghé
nudc hoa va trong y hoc.

—  Sép kém bi thuy phan va bén véi su tac dung cua anh sang, cac chat oxy hda, nhiét
d6... Vi vay ma sap hoan thanh chirc ning bao vé trong co thé va cd thé bao quan sap hang
nghin nam. Sap khdng c6 gié tri dinh dudng vi co thé khong hap thu duoc sap.

5.2.3. Sterid

Céc sterid 1a nhiting ester cua ruou vong sterol voi cac acid béo cao phantu (acid
palmytic, acid stearic, acid oleic) . Trong thién nhién, cac sterol chiém nhiéu hon cac sterid.

Tat ca sterid ciing nhu sterol 1a nhitng chat cimg, khong mau. Trong thién nhién thudng
gap ¢ dang phuc hop véi protein. Sterid khong tan trong nudc, tan trong dung méi hiru co
(ether, cloroform). Sterid cd thé bj thiry phan duéi tac dung cua kiém hoic enzyme tuong Gng.

Céc sterol 1a nhitng rugu chua no, don chic ¢6 mach vong. D6 1a nhitng dan xuat cua
cyclo-pentano-perhydro-phenantren, con goi la steran.

Nhiéu sterol quan trong nhu cholesterol (hinh 5.11) c¢6 trong mau ngudi va dong vat, mot
s6 khéc l1a thanh phan cua hormone. Cholesterol tham gia vao qué trinh téng hop cac steroid
hormone: cortisol, aldosterone, testosterone, estradiol, prednisolone va prednisone (hinh
5.12); acid mat va vitamin Ds. Ngoai ra cholesterol con tham gia vao diéu hoa tinh thim cua
mang té bao, che cha hong cau khoi bi tac dong cua cac chat doc tiéu huyét.

Cholesterol chu yéu c6 trong cac mo dong vat, mot vai loai tao va cd6 mot luong rat nho
trong phan hoa va trong dau thuc vat. Trong mo dong vat cholesterol ¢ dang tu do hoic &
dang ester phtrc tap vai acid béo.

Trong co thé dong vat, sterol bi oxy hda va cho nhiéu dan xuat nhu acid cholic, acid 7-
deoxycholic... Acid cholic 1a chat quan trong nhat caa mat, dam bao tién trinh binh thudng
cua sy hap thy acid béo trong rudt ngudi va dong vat.

Trong co thé, céc sterol thé hién hoat tinh hda hoc va sinh ly rat 16n: ching tham gia vao
qua trinh lién két nudc boi cac mo, anh huong dén tinh thAm cua nguyén sinh chat déi véi cac
chat khac nhau, ching bao vay tac dung hoac lién két mot sb doc té.
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Hinh 5.11. Céng thirc cdu tao ctia cholesterol

(David L. Nelson et al., 2008)

OH
HO
Testosterone Estradiol
('|JH20H
H
0‘}“\("3 c=0
HO
H,C
0]
Cortisol Aldosterone

Prednisolone Prednisone

Hinh 5.12. Cong thitc cAu tao cua cé4c steroid hormone

(David L. Nelson et al., 2008)
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5.3. LIPID PHUC TAP
5.3.1. Phospholipid
a. Dac tinh chung cua phospholipid

Lipid phirc tap n6i chung va phospholipid néi riéng c6 trong nhiéu té chire dong vat nhu
ndo, gan, than, tim, mau, stta. Trong thuc vat thuong gap ¢ hat, dac biét co nhiéu trong cay ho
dau va cay c6 dau. Lipid phirc tap thuong két hop véi protein dudi dang phuc hop dic biét tan
duogc trong nude, do d6 ma chung co thé dé dang luu thong trong co thé.

Phén tir phospholipid Ia nhitng ester cua ruou da chuc véi cc acid béo cao phén tir, co
géc acid phosphoric va nhitng bazo nito phan cuc dong vai tro 1a nhém bd sung. Dya vao goc
ryou trong phan tir, phospholipid duoc chia ra 1am hai loai 1a glycerophospholipid (géc ruou
la glycerol) va sphingolipid (gbc ruou la sphingosine).

Phospholipid phé bién rong réi trong mé thyuc vat va dong vat, trong vi khuan ching la
lipid chiém wu thé. Khéc véi lipid trung tinh, phospholipid chi chira trong cac mang té bao,
luong 16n phospholipid chia trong tim, than cua dong vat va trong hat caa thuc vat, trong
trang. Dic biét cd mot lwong 16n phospholipid trong md than kinh ciia nguoi va dong vat co
Xuong song.

Phospholipid tan trong cadc dung méi hitu co nhung c6 chon loc: cé loai tan trong
ethanol, loai khac lai tan trong ether, c6 loai tan trong benzen. Phan Ion khdng tan trong
acetone va khong tan trong nudc.

Phospholipid bi oxy hoa nhanh trong khong khi lam thay d6i mau tir mau vang sang dén
mau vang nau.

Phospholipid dé dang tao hgp phirc véi protein, chinh vi vay ma n6 tham gia chinh vao
cau hinh ciia vé té bao va mang trong té bao.

Nho ¢6 ciu tric hoa hoc dic biét (phan tir phan cuc) phospholipid dam bao tinh tham
mét chiéu ciia cac mang sinh hoc.

b. Glycerophospholipid

Glycerophospholipid, con dugc goi 1a phosphoglyceride, 12 lipid cau tao caa mang té bao
c6 cau tao géom hai nhém acid béo tao lién két ester voi glycerol & vi tri carbon thir nhat va
th hai, con & vi tri carbon tha ba 1a lién két ester véi acid phosphoric (cac géc acid
phosphoric thuong tao lién két ester phirc tap véi nhém phén cuc). Cac acid béo no (tir 16 +
18 nguyén tir carbon) lién két ¢ vj tri Cy, con céc acid béo khong no (tir 16 + 20 nguyén ti
carbon c6 mot dén bén ndi doi) lién két ¢ vi tri C,. Cong thirc cAu tao chung cua phospholipid
duoc thé hién & hinh 5.13.

Trong cdng thirc phan tir cua glycerophospholipid c6 cac goc acid béo (khdng phan cuc
Ky nuéc) va cac nhom phan cuc 1am cho glycerophospholipid ¢6 tinh ludng cuc. Diéu nay da
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giai thich duoc nhiing tinh chat 1y héa dic biét caa glycerophospholipid va sy tham gia caa n6
trong cau tric cua mang té bao.

O

I
LGHQ_D_C _Rl
Ri1, Ry: cac gbc acid béo.

I X: nhém pha
EGH—D—C—RE : nhém phan cuec.

I
”CHQ—D—T—U— X
O

Hinh 5.13. Céng thirc cdu tao chung cuia glycerophospholipid

(David L. Nelson et al., 2008)

Glycerophospholipid tan tét trong cac dung mdi khdng phan cuc va tac dung véi nude
tao nhil twong bén hoic tao dung dich keo. Vi thé ma glycerophospholipid cé tinh tay ria.
Phy thugc vao ciu tao ciia nhém phan cue, glycerophospholipid dugc chia ra thanh nhiéu

loai khéc nhau. Hinh 5.14 thé hién cbng thic cdu tao cua cidc nhom phan cuc cua
glycerophospholipid.

Ethanolamine — CH,—CH,—NH,

myo-Inositol 4,5-

bisphosphate
i . O—
Choline — CH;—CH,—N(CHg)g ®
n Phosphatidyl- — CH,
Seri — CH;—CH—N .
erine 2 H; glycerol ?HDH ';li'
CO0
UH&—I'_'I—IT—D—L‘.HJ
0 0
|
Glycerol — CH3—$ H—CH,—O0H CH—O—C—R'
OH 0

-
CH.—0—C—R"

Hinh 5.14. Cong thirc cdu tao ctia cac nhom phan cuc

(David L. Nelson et al., 2008)
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c. Sphingolipid

Sphingolipid c6 cau tao twong ty glycerophospholipid nhung gbc glycerol duoc thay thé
bang gdc sphingosine. Lién két doi trong phan tir sphingosine ¢ vi tri trans, con sy phan b
nhém thé & nguyén tir carbon hoat quang tuong &ng véi cau hinh D.

Trong cong thac ciu tao, vi tri carbon thir nhét lién két vai nhém phan cuc, con nhém
amino & vj tri carbon thir 2 lién két voi gbc acid béo bing lién két amide. Céc acid béo thuong
I cé&c acid béo bdo hoa c6 16, 18, 22, 24 nguyén tir carbon. Cac sphingolipid khac nhau &
nhom phan cuc, hinh 5.15 thé hién cong thuc cAu tao cua sphingolipid.

Sphingosine
HO —CH—CH=CH—(CH,),,—CH,
0]
ECH—N—C,"
i
ICH,—0—X (1)
0
Phosphocholine — |P|“—D—CH2—CH2—I{T{CH3]3
b
(2)

CH,OH
0
Gl i
Tlucose
OH H /I
OH
H OH

Di-, tri-, or
tetrasaccharide

Complex

oligosaccharide G @

Hinh 5.15. Céng thirc ciu tao cua sphingolipid

0l

(1): c6ng thirc ciu tao chung; (2): cong thirc cau tao caa nhém phan cuc trong sphingolipid

(David L. Nelson et al., 2008)
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5.3.2. Glycolipid

Glycolipid 1a nhiing lipid phuc tap khéng c6 phospho, trong thanh phan cua ching cé cac
gdc glucid (thuong la galactose hoic cac dan xuit cua galactose). Glycolipid duoc chia lam 2
nhom: glycosphingolipid va galactolipid.

Trong phan tir caa galactolipid hai nhém hydroxyl cua glycerol dugc ester hda baoi hai
gdc acid béo va mot hozc hai phan tir monosaccharide lién két voi glycerol bang lién két
glycoside & vi tri Cs. Monosaccharide thuong gap 1a galactose, doi khi gap goc glucose. Hinh
5.16 thé hién cong thire cu tao cua céc galactolipid gap trong mang cua luc lap.

0
I

[ O TV TN

CH.,OH [ H—0O—

s ATV VAN
HO H \E] [H) Monogalactosyldiacylglycerol
OH H (MGDG)
H
H O0OH
CH,0H
HO © H 8]
OH H CH,—0— —_— =
0—CH. | t:: \/\“ AVAVERVERVE VAN
H 0OH GH—{]—{
/l’ 0, | AV VA VERVERVANVEN
HO H \F] CH, Digalactosyldiacylglyeerol
OH H {DGDG)
H
H OH

Hinh 5.16. Cong thtc ciu tao cua hai galactolipid trong mang luc lap

(David L. Nelson et al., 2008)

CAau tao caa glycosphingolipid giéng véi sphingolipid nhung né khong c6 chira gbc
phosphate. Trong thanh phan glycosphingolipid c6 mét hay vai gc glucid. Phy thudc vao sé
lugng cac gdc monosaccharide ma chia ching ra thanh cerebroside, globosides va
ganglioside. Trong cong thirc cu tao cua cerebroside chi c6 mot gdc monosaccharide: goc
galactose trong mang té bao than kinh va gdc glucose trong mang té bao khéc. Trong cong
thirc cau tao cua globosides ¢ nhiéu hon hai géc monosaccharide, thuong la D-glucose, D-
galactose, hoic N-acetyl-D-galactosamine. Ganglioside c6 cong thic cau tao phuc tap hon voi
nhém phan cuc 1a mot oligosaccharide (thudng dwoc cau tao tir cac gbc D-glucose, D-
galactose va N-acetyl-D-galactosamine) c6 lién két véi mot hoic nhiéu gbc acid N-
acetylneuraminic (con dugc goi la acid sialic, hinh 5.17) nén né cé tinh acid.

134



COO0"  ou oH
0

| |
CH—CH—CH,O0H

H HN—l’n!—GH;;
O
Hinh 5.17. Cong thitc cdu tao cuia acid N-acetylneuraminic
(David L. Nelson et al., 2008)
Glycosphingolipid c6 trong md ndo, cac té bao mau. Ching déng vai trd quan trong trong
hoat dong cia cac mang sinh hoc. Nhom glucid trong cbng thac cau tao cua
glycosphingolipid quy dinh nhdm mau cta con nguoi (hinh 5.18). Nhém mau A va B déu c6

goc oligosaccharide tuwong tu nhu nhom mau O: nhéom mau A cé thém gbc N-acetyl-D-
galactosamine, con nhém méu B thi 1a gbc D-galactose.

Hinh 5.18. Cong thtrc cdu tao glycosphingolipid cia té bao mau

(David L. Nelson et al., 2008)
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CAU HOI ON TAP

Phén tw
1.

o o A~ w D

1.
glycosph

luén

Trinh bay cdng thtrc cau tao chung va tinh chét cua triacylglycerols.

Trinh bay tinh chat cua sterid.

Trinh bay cac chi s6 dé danh gia triacylglycerols. Néu y nghia ciia ching.
Trinh bay tinh chat cua céc acid béo.

Trinh bay tinh chat caa phospholipid.

Trinh bay céng thtic cau tao chung caa glycerophospholipid va sphingolipid.

Trinh bay cach phan biét nhém mau ctia con ngudi dyua vao cong thirc ciu tao cia
ingolipid.

Phin tric nghi¢m

1.

Lipid 1a hop chat hitu co tu nhién c6 tinh chat chung la:

A. Tan trong nudc va cac dung mdi hitu co.

B. Khong hoa tan trong nudc va cac dung moi hitu co.

C. Khéng hoa tan trong nwéc ma hoa tan trong cac dung moi hitu co.
D. Tan trong nudc va khéng hoa tan trong cac dung moi hitu co.

O diéu kién thuong thi:

A. Triacylglycerols & trang thai ran.

B. Triacylglycerols ¢ trang thai long.

C. Triacylglycerols cd thé ¢ trang théi ran hoac long.

B. Ca 3 cau déu sai.

Acid palmitic la:

A. Acid béo no c6 16 carbon.

B. Acid beo khoéng no c6 16 carbon.

C. Acid béo no co 14 carbon.

D. Acid béo no co 18 carbon.

Do khdng no hay khong bdo hoa cua acid béo dugc biéu thi bang chi sé nao:
A. Chi s acid. C. Chi s ester.
B. Chi s6 xa phong. D. Chi s iod.
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Acid linoleic la:

A. Acid béo khdng no c6 2 néi doi.

B. Acid béo khdng no c6 1 nbi doi.

C. Acid béo khong no c6 3 néi ddi.

D. Acid béo no c6 18 carbon.

Acid béo nao c6 trong thanh phan cua sap:

A. Acid lauric. C. Acid oleic.

B. Acid stearic. D. Acid cardubic.
Ruou don chirc trong cdng thic cua sap la:

A. Glycerol. C. Cetylic.

B. Etylic. D. Ca 3 déu dang.
Chon phét biéu dung:

A. Nhitng acid béo c6 mach carbon ngan, phan tir lugng thap & nhiét do thuong la

chat ran va khong mui.

mui.

B. Nhiing acid béo c6 mach carbon dai, phan tir luogng 16n thuong & thé long va co

C. Nhitng acid béo c6 mach carbon ngan, phan ti luong thap & nhiét do thuong 1a

chat long va khdng c¢6 mui.

D. Nhitng acid béo c6 mach carbon ngan, phan ta lugng thap ¢ nhiét do thuong la

chat long va c6 mui déc trung.

9.

10.

11.

Xa phong mém la mudi cua kim loai nao

A. Na. C. Ca.

B. K. D. Cu.

M& dong vat va dau thuc vat ¢ nhiét do thuong thi

A. Béu ¢ trang thai long.

B. M& dong vat ¢ trang thai long, dau thyuc vat ¢ trang théi ran.
C. M& d6ng vat ¢ trang thai ran va dau thuc vat o trang thai long.
D. PBéu ¢ trang thai ran.

Chon phét biéu dang:

A. Acid cholic 1a chat quan trong nhat caa mat, dam bao tién trinh binh thuong cua

su hap thu acid amin trong rudt.
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B. Acid cholic 1a chat quan trong nhét cua gan, dam bao tién trinh binh thuong cua
su hap thy acid amin trong ruot.

C. Acid cholic la chat quan trong nhat ciia mat, ¢&am bao tién trinh binh thuong cua
su hap thy protein trong ruot.

D. Acid cholic la chét quan trong caa mat, dam bao tién trinh binh thuong trong su
hap thu acid béo trong ruot.

12. Pac trung cua glycolipid la:
A. Thanh phan khéng c6 cau tir glucid.

B. Thanh phan c6 ciu tir glucid, thuong la galactose hoic 1a cac dan xuat cua
galactose.

C. Thanh phan c6 ciu tir glucid, thuong 12 fructose.
D. Ca A, B, C déu sai.
13. Chi sé phan anh su 6i hoa cua dau mé 1a:
A. Chi sb acid.
B. Chi sd ester.
C. Chi s xa phong.
D. Chi s6 peoxide.
14. Chi sé acid cua triacylglycerols 1a:
A. S6 mg KOH can thiét dé trung hoa céc acid béo tu do c6 trong 1 g chét béo.
B. S6 mg KOH can thiét dé trung hoa céc acid béo tu do c6 trong 100 g chat béo.
C. S6 g KOH can thiét dé trung hoa céc acid béo tu do c6 trong 10 g chét béo.
D. S6 g KOH can thiét dé trung hoa céc acid béo tu do c6 trong 100 g chat béo.
15. Sterol dic trung cho nim men 1a:
A. Steran.
B. Testosterol.
C. Cholesterol.
D. Ergosterol.
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Chuong 6. PHAN GIAI SINH CHAT

Mudh ton tgi va duy tri cac chirc nang hoat dong séng sinh vét can cé ndng lrong.
Nguon ndng lwong duy nhdt cung cdp cho con nguwoi va déng vdt 1a tir si phan gidi cac chat
dinh dwéng c6 trong thize an. Cdc chat dinh dwéng tir thice dn sé dwge oxy héa dé sinh ra
nang heong theo cdc con dwong khac nhau tly vao logi chdr va diéu kién sinh Iy. Néi dung
chwong ndy dé cdp dén cac qué trinh phan gidi co ban cua glucid, lipid va protein.

6.1. SU PHAN GIAI GLUCID
6.1.1. Phéan gidi tinh bt va glycogen
a. Thuy phdn dwdi tac dung cua enzyme amylase

a-amylase (EC 3.2.1.1): enzyme nay c6 nhiéu trong nudc bot, tuyén tiéu hda, mam lia,
nim méc. Enzyme nay cit cac lién két o-(1—4) glycoside bén trong mach amylose (trir
nhitng diém phan nhanh trong amylopectin va glycogen) khong theo mét thir ty nao, san
pham duoc tao thanh phan Ién 1a nhiing dextrin ¢6 phan tir lugng khac nhau, trong d6 c6 mot
it maltose, triomaltose va glucose.

B-amylase (EC 3.2.1.2): c¢6 nhiéu trong hat lGa my khong nay mam, enzyme nay thiy
phan lién két o-(1—4) glycoside bén ngoai mach tir nhitng dau khdng khir dé tao ra san pham
1a duong maltose, dudi tac dung cua p-amylase thi 100% amylose duoc chuyén héa thanh
maltose, con amilopectin va glycogen chi cat & mach ngoai, két qua tao ra duong maltose va
dextrin.

Glucoawlase 2’\ -
3\' Q,@‘

Glucoamylase ’1\\ .5:5
\ J\; QQ‘ Sﬁ
|soamylase

h “wﬁ renl
\.7/] “QE . o -amylase
= ﬁ
%D /

Eman

FSYSISYSTST Y QJQ ISYSYSY IV

| =

B-amylasz

Hinh 6.1. So d6 thé hién vi tri phan cit cua cac loai enzyme amylase trén phan tir tinh bot

(Kraut. J, 1988).
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Glucoamylase (EC 3.2.1.3): phén giai tinh bot & vi tri a-(1—4) glycoside tao thanh
glucose va mot it cac dextrin, nhu vay y-amylase cit tung lién két dé tao tung gdc glucose,
gan diém phan nhéanh ching phan cit lién két o-(1—6) glycoside vai tbe do cham hon khoang

30 lan.

Isoamylase (EC 3.2.1.68): c6 kha ning cit lién két a-(1—6) glycoside tao thanh nhiing

chudi polysaccharide mach thing.

b. Thuy phan bang con dwong phospho

Pay la su phan giai tinh bot va glycogen nho tac dung cua enzyme phosphorylase

$CHLOH CH.OH CH,OH
) ]
H H H H H H
OH H OH H
] O
H OH H OH Glycogen
{glucose ),

CH.OH
0
H H H
Q OH H
O0—P—0 O
H OH ) H OH
Glucose 1-phosphate Glycogen

{glucose),

Hinh 6.2. Sy thily phan glycogen bang enzyme glycogen phosphorylase
(David L. Nelson et al., 2008)

Thity phan bang con duong nay ta dugc loi vé mit niang luong vi khdng can su

phosphoryl hoa.

6.1.2. Phéan gidi cac disaccharide

Maltose bi thuy phan duéi tac dung cia enzyme maltase hay a-glucosidase cit lién két a-

(1—4) glycoside tao thanh hai phan tir a-D-glucose.

CH,0OH CH,0OH CH,OH

\J

5 =

@)
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Saccharose bi thuy phan dudi tac dung cua enzyme saccharase hay invertase phan cit
lien két B-(1—2) glycoside tao ra hai phan tir a-D-glucose va B-D-fructose.

CH,OH
o)

CH,OH

invertase o) CHOHQ CH,OH
0] > _|_
CH,OH

Lactose bi phan cat duéi tdc dung cua enzyme lactase hay p-glucosidase cat lién két p-
(1—4) glycoside tao thanh hai phan tur duong a-D-glucose va B-D-galactose.

CHZ0H CH,OH CH,0H CH,0H

O ) lactase o] o}
(@] B —— +

Nhu vay, dudi tac dung cua cac loai enzyme thich hop céac disaccharide bi thay phéan
thanh cac monosaccharide twong (g ma chu yéu la glucose. Glucose dugc tao thanh tly theo
diéu kién sinh ly caa co thé sinh vat ma tiép tuc chuyén hda theo nhitng duong khéc nhau.

6.1.3. Phéan giai glucose
a. Sw dwong phan:

Su duong phan (glycolysis) la con duong co ban cua sy phéan giai glucose, trong quéa
trinh duong phan maot phén tir glucose bi oxy hda tao 2 phan tir acid pyruvic kem theo viéc
giai phong nang luong.

Y nghia:
—  Su duong phan 1a qué trinh yém khi, xay ra trong té bao chit caa moi co thé sinh
vat, ching c6 tinh chat phé bién va mang nhiéu ¥ nghia khac nhau.

—  Pay la con duong chi yéu cia qua trinh hd hap phat sinh niang luong va du trit ATP
trong té bao, dac biét co y nghia quan trong trong té bao khong quang hop cua ciy truong
thanh. O dong vt qua trinh dudng phan ATP duoc tao thanh dé cung cip niang lwong cho su
co rit cua co xuong, la nang lugng cho co tim lam viéc trong diéu kién yém khi. B4i véi hé vi
sinh vat, trong diéu kién yém khi dudi tac dung cua hé enzyme dic hiéu co thé chuyén héa
glucose thanh ethanol, acid lactic, glycerol...

Co ché:

—  Giai doan 1:
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+ Dau tién glucose bi phosphoryl hda bai ATP dé tao glucose-6-phosphate dudi
tac dung cua enzyme hexokinase (glucose kinase) va sy tham gia caa ion Mg?*.

CH,—OPO2"
CH,—OH

ATP ADP
Mg2+

hexokinase

Glucose Glucose 6-phosphate

+ Tiép theo glucose-6-phosphate chuyén héa thuan nghich duédi tdc dung cua
enzyme dong phan hoa phosphohexose isomerase thanh frutose-6-phosphate.

5]

CH,0P02" .
CH,0PO%"
1

Mgz +

phosphohexose

1somerase

H OH
Glucose 6-phosphate Fructose 6-phosphate

+ Mot gbc phosphat nira tir phan tir ATP thir 2 chuyén dén fructose-6-phosphate
dudi tac dung cua enzyme phosphofructosekinase-1 dé tao thanh fructose 1,6-bisphosphate.

B
CH;0PO3~
ATP ADP

Fructose 6-phosphate Fructose 1,6-bisphosphate
—  Giai doan 2:

+  Xay ra sy gay doi fructose 1,6-bisphosphate dudi tdc dung cua enzyme aldolase
tao thanh dihydroxyacetone phosphate (PDA) va glyceraldehyde 3-phosphate (PGA).

B 1
CH,0PO2~ CH,OPO3%~ O\ /I-I
0 :1.-(|3H20P0§‘ 4c|:
5 2 ——
adolace (20=0 + ) CHOH

H H ‘ | | )
4 3 3 CH,O0H 6 CHOPO35~
OH H . Dihydroxyacetone Glyceraldehyde

Fructose 1,6-bisphosphate phosphate 3-phosphate
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+ PDA khi can thiét ¢ thé chuyén héa thanh PGA duéi tac dung cia enzyme
triose phosphate isomerase.

O\ /H
(|3H2 OH C
(|]:O triose phosphate HC|OH
isomerase
CH,0PO3™ CH,OPO3~
Dihydroxyacetone Glyceraldehyde
phosphate 3-phosphate

— Giai doan 3: PGA bi oxy hoa kém theo viéc giai phong nang lugng khi c6 mat
enzyme glyceraldehyde 3-phosphate dehydrogenase véi coenzyme NAD" va sy tham gia mot
phan tir H3PO,, két qua tao thanh 1,3-biphosphoglycerate.

|
‘\\\C/ 0 NAD™ NADH + H™ O 0—P—0"
I N L
HCOH + HO—P—0" < > [0
— glyceraldenyre HCOH
CH,OPO0; 0~ 3 | .
deh CHQOPO%
Glyceraldehyde Inorganic
3-phosphate phosphate 1,3-Bisphosphoglycerate

— Giai doan 4: day la giai doan khur phosphoryl hoa 1,3-biphosphoglycerate, van
chuyén noi phan tir nhém phosphate réi enol hoa tao thanh acid pyruvic.

+  1,3-biphosphoglycerate chuyén goc phosphate giau ning luong cua minh cho
ADP dé tao thanh 3-phosphoglycerate va ATP dudi tic dung cua enzyme phosphoglycerate
kinase.

7
C|l @) U\\F 0 0—P=0
U\[:/U E 0 + ® e noon 7
1 0 kings . ) ®)
e
1,3-Bisphosphoglycerate ADP 3-Phosphoglycerate ATP

+ 3-phosphoglycerate chuyén nhém néi phan tir nhom phosphate dudi tic dung
ctia enzyme phosphoglycerate mutase dé tao thanh 2-phosphoglycerate.
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0\ O O O

4 N/
A C Mg N Cl‘
HC—OH ) phosphoglycerate Hcli —0 —PO3_
mutase
‘H,—O—PO3~ CH,—OH
3-Phosphoglycerate 2-Phosphoglycerate

+  2-phosphoglycerate mat di mot phan tir nudc chuyén thanh dang enol cua acid
pyrucvic dudi sy x(c tdc cua enzyme hydratase (hoic enolase). Két qua tao thanh
phosphoenolpyruvate (PEP). Nho phan @ng nay ma lién két ester nghéo ning luong chuyén
thanh lién két giau nang luong.

) \\C /O_ 1,0 C}\C /O_
H—(|3—0P03 B I'{ﬂ - l|C|)—OPO§ -
HO—CH,; CH,
2-Phosphoglycerate Phosphoenolpyruvate

+ Chuyén gdc phosphate cao ning tir PEP 1én cho ADP dé tao thanh ATP va
pyruvate vai sy xuc tc cua enzyme pyruvate kinase.

O 0
R A
T
(|_|»1—O—IT—O‘ +
CHE - O
| Rib H Adenine
Phosphoenolpyruvate ADP
:\'Ig"' LK l‘ uvate
_ o
O\ /O |
‘f “0—P=0
(T"'zO +
CH,4
Pyruvate
i
| Rib |—| Adenine |
ATP

Dén day thi két thuc qua trinh duong phan. Tu mot phan tur glucose tao thanh hai phan tu
acid pyruvic.
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b. Chuyén hoa ciia acid pyruvic trong diéu kién yém khi
Qua trinh 1én men ruou:

— Dudi tac dung cua enzyme pyruvate decarboxylase c6 coenzyme la vitamin B; sé
khir CO, cua pyruvate tao thanh acetaldehyde.

—  Tiép tuc dudi tac dung cua enzyme alcohol dehydrogenase s& chuyén hoa
acetaldehyde thanh ethanol.

B coO NADH + H™
O\\ /O 2 | .
(|3 tep, 1 0O H . NaD (l)H
I\"Ig2+ \\ /
pyruvate alcohol
CH3 decarboxylase CI—I,3 dehydrogenase CI—I,3
Pyruvate Acetaldehyde Ethanol

Lén men lactic: vi khuan Ién men lactic c6 kha nang thuc hién chat nhan H tr NADH.H*
tham gia vao phan (g oxy hoa — khir dé chuyén hoa thanh san pham cubi cing la L-lactate.

O\\C/O NADH + H+ O\ /O

| ‘ NAD "
(Iz:o \\.NH/“ . HO—C—H

CH; ctate CHj

dehydrogenase

Pyruvate L-Lactate

c. Chuyén hoa ciia acid pyruvic trong diéu kién hiéu khi — chu trinh Krebs

Thong qua chu trinh Krebs, acid pyruvic bi oxy hoa hoan toan thanh CO; va giai phong
toan bo nang lwong con lai cua phan tir glucose, chu trinh Krebs xay ra ¢ ty thé.

Y nghia:

—  Chu trinh Krebs tao ra nhiéu coenzyme khir NADH.H+ va FADH, va khi oxy hoa
ching trong mach hé hap kém theo viéc giai phong ning lugng ATP can thiét dé duy tri hoat
dong sdng cua té bao.

—  Cung cap tién chat dé tong hop cac chat khac. Vi du: succinyl — CoA tham gia tong
hop hem, oxaloacetic trong su tan tao glucid.

Co ché:

—  Trudc khi di vao chu trinh Krebs, acid pyruvic chuyén vao ty thé thuc hién phan ting
decarboxyl oxy héa bién acid pyruvic thanh acetyl-CoA. Phan tng nay duoc thuc hién bai hé
enzyme phuc tap pyruvat dehydrogenase. Hé enzyme nay gém 3 enzyme va 5 coenzyme thuc
hién cac phan ng khac nhau. Pyruvate dehydrogenase khir CO, cua pyruvate. Dihydrolipoyl
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transacetylase oxy héa C, cua pyruvate sau khi bj khir CO, va van chuyén dén CoA.
Dihydrolipoyl dehydrogenase téi tao lipoate bang su oxy hoa.

COs
0\ /O— CoA-SH +
{ + TPP,

(l} \NAD lipoate, NADH O\ /S-COA

C—0 FAD C

| pyruvate dehydrogenase |

CH3 complex (E; + E, + Ey) CH;
Pyruvate Acetyl-CoA

—  Sau d6 acetyl-CoA méi bat dau tham gia vao chu trinh Krebs (hinh 6.2) gom 8 phan

ung sau:
Acetyl-CoA
o
CH,—(& PN Condensation
Hz0
/N\SH
\yhan CH.—C00
0=C—C00 HO—C—C00
CH,—CO00 CH,—CO0 Delvdration
Oxaloacetate Citrate
Citric acid - 50
cycle
COO
HO—CH (lng—COO
Malate (l.‘H»_. (J‘_(‘OO cis-Aconitate
COoO (l.'—C()()
H
x H,0
Hydratian p— AT
-NADH |
H.LO SN Hydration
(I."()() CH,—C00
CH e
. H—C—C0O0
Fumarate | EADH
HC Ll L -
i / HO—C—H Isocitrate
COo0 ’ E
CO0
fohydroge na Oxidative
decarboxylation
Deéhydrogenation
LIH:—COO C0:
(i'H-;
00 CH,—C00
Succinate |

) k ' 2 -Ketoglutarate
CoA-SH (I_'—S-(ToA CoASH
{ GTP Gpp O f
(AT .’ (ADP) Suecinyl-CoA €02
® *By ®
Substrate-level APV
phospharylation decarboxylation

Hinh 6.3. Chu trinh Krebs
(David L. Nelson et al., 2008)
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+ Phan ung 1: nho xUc tac cua enzyme citrate synthase, nhém acetyl cua acetyl-
CoA s& duoc chuyén cho acid oxaloaxetic dé tao thanh citrate, ddng thoi giai phong
coenzyme A.

/O
H,O CoA-SH THa =G
v /] | 0"
CHj, —C\ + O=C|3—COO' — HO—(lj—COO'
S-CoA CH,—CO0O0O~ synthase CH, 00"
Acetyl-CoA Oxaloacetate Citrate

+ Phan ung 2: citrate chuyén thanh isocitrate duéi sy xUc tac cua enzyme
aconitase.

CH,—COO~ H;0 CH,—COO~ H,O CH,—COO~
HD—(:J—COO_ —H%\ (%—COO_ %L—\ H—(:J—COO_
H—C—COO~ C—CO00~ HO—C—H
i i too
Citrate - cis-Aconitate - [zocitrate

+ Phan tng 3: xay ra sy oxy hoa isocitrate dudi tdc dung cua enzyme isocitrate
dehydrogenase, isocitrate bi khir hydro. Két qua tao thanh NADH.H* va oxalosuccinate; ngay
sau d6 oxalosuccinate lai bi khir carboxyl dé tao thanh a-ketoglutarate va CO,.

?00- [ $00-
C|)H2 NAD(P)" NAD(PH +H* C|TH2
(0] (0]
H-C—C7 ; ,f/ﬁ H—C+Ca
- isocitrate < ~At
| O dehydrogenase | 0
HO—C—H R C=0
| @ | A 9+
C C Mn
7\ g\
O 0 L O O°
Isocitrate Oxalosuccinate
c|100‘ ] i cljocr | (|300‘
CHQ CHJ CH-A
H (|3 C¢O —(i» H clj = H (|3 H
— I~ — (1 —
“ny O @ I~ ® |
C=0 C—0 C=0
& M2t & Ma? &
g\ 7N S VAR
| O O ] . 0O O ] 0O o
Oxalosuccinate a-Ketoglutarate
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+ Phan tng 4: a-ketoglutarate lai bi khir carboxyl duoi su xuc tac cua  phirc hé
enzyme o-ketoglutarate dehydrogenase tao thanh succinyl-CoA, CO, va NADH.H".

CoA-SH
CH,—CO0~ | NAD* CH,—CO0~
| \ |\ NADH |
i NN
ﬁ—() .I_\.-l-__-.-l-ll glu ll,]l-?‘:h_ll-..- ﬁ_S‘CC‘A
CO0~ complex )
a-Ketoglutarate Succinyl-CoA

+  Phan tng 5: nang luong trong lién két cao ning cua succinyl-CoA duoc chuyén
thanh lién két cao ning cua GTP nhod tac dung cua enzyme succinyl-CoA synthetase, tao
thanh succinate va GTP, cudi cing GTP chuyén ning lugng cho ADP dé tao thanh ATP.

EHFCOO GDP + P; GTP CoA-SH E’OO
'H, \ / /" 'H,
||'_S-C0A - .-"J-_'I.'_i1‘._'\'1-'::"-:;. 4|:H2

O synthetase COO™
Succinyl-CoA Succinate

+ Phan ung 6: succinate bi oxy hoéa thanh fumarate nho tdc dung cua enzyme
succinate dehydrogenase, enzyme nay c6 coenzyme la FAD, khi nhan hydro tir co chat s&
thanh FADH,.

EOO FAD  FADH, H. _CO0
'H C
J« 2 \1 4 |
JHg N succinate C
_ -:1-;-':.*_ 111 1_h 1L 15e ~00C g \LH
00
Succinate Fumarate

+ Phan tng 7: fumarate dugc hydrat héa s€ tao thanh malate nho enzyme
fumarase (con dugc goi la fumarate hydratase). Chit trung gian cua phan ung duoc goi la
carbanion.

- - H
HMC/COD OH™ HMC:’COO H* H ’%3 /CUO_
fumarase e . e OH
-00¢” TH -0oc” \ amse 500" h
Fumarate Carbanion Malate

148



+ Phan tng 8: malate vira dugc tao thanh s¢ bi oxy hda thanh oxaloacetate nho
enzyme malate dehydrogenase, enzyme nay cé coenzyme la NAD" nén sau phan tang co tao
thanh NADH.H".

?OO_ NAD™ NADH + H* ?00_
HO—C—H 7 0=C
| I
CH, - AN / - CH,
malate
COO dehydrogenase COO~
L-Malate Oxaloacetate

Nhu vay sau mét vong tron ven caa chu trinh Krebs, phan tir oxaloacetate duoc tai tao
lai. That ra day khong phai & phan tir oxaloacetate ban dau bai nguyén tir ban dau di bi khi
di hai nguyén tir carbon cua né duéi dang CO; va sau d6 nd dugc bod sung lai carbon tir
acetyl-CoA. Phan tir oxaloacetate méi nay lai tiép tuc ngung tu véi phan tir acetyl-CoA khéc
dé tao thanh acid citric va chu trinh 1ap lai. Két qua la sau mdi vong cua chu trinh Krebs, khi
oxy héa hoan toan gdc acetyl-CoA tao ra 2 phan tir CO,, 3 NADH va 1 FADH..

d. Sw phan gidi triec tiép glucose — chu trinh pentose phosphate

Trong cac té bao dong vat, glucose 6-phosphate cha yéu bi phan giai thanh pyruvate,
phan 16n pyruvate s& dugc oxy hoa theo chu trinh Kreb dé tao ATP. Tuy nhién, glucose 6-
phosphate con bi phan giai theo con dudng khac dé tao thanh cac san pham can thiét cho té
bao, d6 13 qua trinh oxy hoa glucose 6-phosphate thanh pentose phosphate bing con dudng
pentose phosphate. Trong qué trinh phan giai ndy NADP* Ia chat nhan dién tir. Cac pentose
phosphate tao thanh dugc cac té bao sir dung dé tong hop RNA, DNA va céc coenzyme (ATP,
NADH, FADH, va coenzyme A).

Mt khac, trong qué trinh pentose phosphate con tao ra NADPH can thiét cho cac quéa
trinh khtr hodc 1am giam tac hai cua cac chat oxy héa. Nhitng té bao tong hop acid béo (gan,
tuyén thugng than, tuyén sinh duc) hoic tong hop cholesterol va cac hormone steroid can
NADPH tir qué trinh pentose phosphate.

Qua trinh pentose phosphate c6 thé chia thanh 2 pha:

—  Pha oxy héa gom cac phan ung oxy héa truc tiép glucose tao thanh NADPH va
ribose 5-phosphate.

—  Pha khéng oxy hoa gdm cac phan ang chuyén héa twong hd gitta cac dudng Cs, Ca,
Cs... duoc xdc tac boi hé enzyme transaldolase va transketolase.

Pha oxy hoa:

—  Phan ung dau tién cua chu trinh pentose phosphate 1a su oxy héa glucose 6-
phosphate dudi tac dung cua enzyme glucose 6-phosphate dehydrogenase (G6PD) tao thanh
6-phosphoglucono-s-lactone va NADPH.
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Hl£| OH él =0
1 NADFH + H” HCOH
H‘TUH 0 NADP" T | O
HOCH Mg HOCH
HCOH . e HCOH
glucose O-phosphate
HIE lehydrogenase HiE
I | ,
CH,0PO;3 CH;0PO5
Glucose 6-Phospho-
G-phoszphate glucono-d-lactone

— Phan ung thur hai caa chu trinh Ia sy thuy phan 6-phosphoglucono-é-lactone tao
thanh acid 6-phosphate gluconate duéi tdc dung cua enzyme lactonase.

0 0"
= ¥ S
0 c
HCOH :
| 0 H,0 H‘TUH
HOTH \ M HLHT‘H
H‘l_.UH lactonase H?UH
H% H?UH
CRa0F0s CH,OPO?
6-Phospho-
glucono-&-lactone 6-Phospho gluconate

— Phan ng tha ba la sy oxy hda va khir carboxyl acid 6-phosphate gluconate dudi tac
dung cta enzyme 6-phosphogluconate dehydrogenase tao thanh duong ketopentose ribulose
5-phosphate va NADPH.

0 0" +
BN S =
lij é ?HEUH
HpOH Napp* & €O 7o
HLHT‘H R HileIH
H?‘JH G-phosphogluconate HFUH
. lehydrugena 5
HCOH e CH,OPO3
CH,0PO; p-Ribuloze
§-phosphate

6-Phospho gluconate

—  Cubi cung, dudi tac dung cua enzyme phosphopentose isomerase duong ketopentose
ribulose 5-phosphate chuyén thanh duong aldopentose ribose 5-phosphate.
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CH,OH CHO
(=0 HCOH
HCOH T
HCOH o
tlzugumﬁ ilezL‘nmg-
p-Ribulose p-Ribose

5-phosphate

5-phosphate

—  San pham cua pha oxy héa a8 NADPH, mét chét khir dung trong cac phan tng sinh
téng hop, va ribose 5-phosphate, tién chat dung dé tong hop cac nucleotide.

Glucose 6-phosphate + 2NADP" + H,O — ribose 5-phosphate + CO, + 2NADPH + 2H"

Pha khéng oxy hoa:

— O nhiing té bao chi yéu can NADPH thi cac duong pentose phosphate dugc tao ra
trong pha oxy hda s& duoc chuyén hoa tro lai thanh glucose 6-phosphate. Pau tién, dudi tc
dung ctia enzyme ribose 5-phosphate epimerase thi ribulose 5-phosphate dugc chuyén thanh

xylulose 5-phosphate:

CH,OH CH,;OH
C=0 C=0

[-l—l'|3 —OH [—10—(|3 —H

[—1—(|3 —OH [—1—(|3 —OH
lf'JHEDPOE_ (lll—lgOPD%_
Ribulose Xylulose 5-phosphate

5-phosphate

—  Sau d6 1a mot chudi céc phan tng sap xép lai s6 carbon cua cac duong, sau phan tir
duong pentose phosphate s& dwoc chuyén hoa tro lai thanh nim phén tir dudng hexose
phosphate dudi tac dung cua hai enzyme van chuyén transketolase va transaldolase (hinh 6.4).
Enzyme transketolase xUc tac van chuyén mot manh 2 carbon tir duong ketose dén duong
aldose. Enzyme transaldolase xdc tac van chuyén 1 manh 3 carbon tir duong ketose dén
duong aldose.

fl,'H._.:.’JH (l,'H._.:.’}H
C=0 TPP C=0
cltlt]tJ fl‘ transketolase :l' [’leDH
R! R2 R! R>

Ketose Aldose
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o —— — o —

f;_..rf “""\-.\
L ~.
Ribose Sedoheptulose Fructose Glucose
5-phosphate 7-phozphate G-phosphate B-phosphate
. 1[ phosphohexose
epImerase IS0 merase
ransketolase ransaldol ase
Kylulose Glyceraldehyde Erythrose Fructose
5-phosphate 3-phosphate 4-phosphate G-phosphate
fructose 1,6-
bisphosphatase
aldol ase
transketolase trinse phosphate
K}'llﬂﬂt’-}E S0 merase
5-phosphate  Glyceraldehyde
3-phosphate

Hinh 6.4. So d6 phan ting ciia pha khong oxy hoa
(David L. Nelson et al., 2008)

—  Trude tién dudi tac dung cta enzyme transketolase, C; va C, cua xylulose 5-
phosphate s& duoc van chuyén dén két hop voi ribose 5-phosphate tao thanh sedoheptulose 7-
phosphate va glyceraldehyde 3-phosphate.

ﬁ:HgDH
0. H ¢=0
S
l.’lngDH (|3 HO —?—H
fl: 8] H—C—0OH 0 H H—C—0OH
+ — +
H—C—0OH H—[lj—DH transketolase H—C—0OH H—?—DH
CH,0P0O? CH,OPOF CH,0PO3 CH,OPO3~
Kylulose Ribose Glyceraldehyde Sedoheptuloze
5-phosphate 5-phosphate 3-phosphate T-phosphate

—  Tiép theo dudi tac dung cua enzyme transaldolase thi mot manh 3 carbon cua
sedoheptulose 7-phosphate s& dugc chuyén dén két hop véi glyceraldehyde 3-phosphate dé
tao thanh fructose 6-phosphate va erythrose 4-phosphate.
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CH,OH

fl,'—{'} lfl,'Hng'H
Hf}—fl,'—H 0 H !.'l,'—f}

H—C—0H 0 H C HO—C—H

| N S |
H—C—0H C H—C—0H H—C—0H

| + | = | + |
H—:l'—:]li H—?—DH transaldola H—tl'—:]ti H—[lj—DH

CH,0PO? CH,0PO%~ CH,0PO? CH.0POj5~
Sedoheptulose Glyceraldehyde Erythrose Fructose
7-phosphate 3-phosphate 4-phosphate G-phosphate

— Sau d6 dudi tac dung ciua enzyme transketolase thi 2 manh carbon cua xylulose 5-
phosphate dugc van chuyén dén két hop véi erythrose 4-phosphate dé tao thanh fructose 6-
phosphate va glyceraldehyde 3-phosphate. Hai phan tir glyceraldehyde 3-phosphate c6 thé két
hop véi nhau tao thanh fructose 1,6-bisphosphate, sau d6 dudi tdc dung cua enzyme fructose
1,6-biphosphatase va phosphohexose isomerase sé tao thanh glucose 6-phosphate tir fructose
1,6-bisphosphate.

fl,'Hng'H
CH,OH 0 H (I O
| N\
C=0 C HO—C—H
| | 0 H |
| + | — | + |
H—:|‘—: YH H—(f—DH transketolase H—:l'—t VH H—(|3—DI—I
CH,0PO# CH,0PO%~ CH,0PO% CH,0PO3 "
Kyluloze Erythrose Glyceraldehyde Fructose
5-phosphate 4-phosphate 3-phosphate B-phosphate

Chu trinh pentose phosphate khong tao ra truc tiép ATP ma chi tao ra ATP nho su
chuyén hoa NADPH. Nhu vdy néu oxy hda glucose hoan toan theo chu trinh pentose
phosphate s& tao nén 36 phan tir ATP. Piéu d6 thé hién trong so dd sau:

Glucose 6-phosphate + 12NADP* + TH,0 —
6 CO, +12NADPH + 12H"
6.2. SU PHAN GIAI LIPID

6.2.1. Su chuyén hoéa ciia lipid trong qua trinh tiéu héa va hap thu

Phan 16n chat béo dua vao co thé 13 triacylglycerols, mét it phospholipid va sterid. Quéa
trinh phan giai chat béo kha phuc tap.
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O miéng hau nhu chét béo khong bi phan giai vi trong nudc bot khéng co enzyme lipase,
& day thire an chi duoc tron nhao véi nudc bot va nghién thanh nhitng manh nho. Sy phén giai
chat béo bat dau thuc hién trong da day va chu yéu & rust non.

O da day chét béo bj thuy phan mét it vi c6 enzyme lipase nhung khong c6 diéu kién
chuyén thanh nhii twong, chi xay ra khi tré con con bd vi chit béo sita da dwoc huyén phi
trong stra me.

O rudt non c6 hai loai dich tiéu hda la dich tuyén tuy va dich mat duoc tiét vao té trang.
Ngoai ra trong rudt non con cé cac diéu kién thuan tién dé nhii twong hoa chat béo nhanh
chéng. Do trong ta trang c6 sy trung hoa acid HCI cua dich vi theo thirc an xudng bang
bicarbonate cé trong dich tuy va dich ruét tao thanh CO, lam thuc dn duoc tron ky vai dich
tiéu hoa va xay ra sy nhii hoa chét béo.

Acid mat chaa trong tdi mat duoc tiét vao rudt, su c6 mat cua acid mat lam giam stc
cing bé miat caa cac hat ma 16n, 1am cho nd v& vun thanh cac hat nhé hon tao nén nhil twong
thuan loi cho tac dung cua enzyme lipase.

Dich tuyén tuy sinh ra nhiéu enzyme trong dé c6 lipase hoat tinh cao.

6.2.2. Su phan gidi triacylglycerols

Dudi téc dung cua enzyme lipase qué trinh thay phan triacylglycerols xay ra tir tir, dau
tién la thay phan cac lién két ester ¢ vi tri Cz va Cy.
CH,—OCOR;

R;COOH CH;—OCOR; R;COOH CH,—OH

‘ HZO ‘ H20 ‘

‘ lipase lipase ‘
CH,—OCOR3 CH,—OH CH,—OH
triacylglycerols 1,2-diacylglycerols 2-monoacylglycerol

Sau d6 lién két ester & vi tri C, duoc thuy phan bang mot enzyme lipase khéc c6 hoat tinh
cao. Lién két ester & C; va Cs duogc thiy phan nhanh, con su thuy phan 2-monoacylglycerol
xay ra cham. Ngoai ra monoacylglycerol con duoc thim qua thanh rudt cling véi céc acid béo
va duoc st dung tro lai dé tong hop cac triacylglycerols dic hiéu trong dich nhay cua dich
ruot non.

CH,—OH CH,—OH
CH—OCOR;, ! > CH—OH
‘ lipase ‘
CH,—OH CH,—OH
2-monoacylglycerol glycerol
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Sy chuyén héa glycerol: trugc khi tham gia vao sy phan giai glycerol duoc hoat hoa
thanh glycerol 3-phosphate dudi tdc dung cua enzyme glycero kinase va ATP. Sau d6
glycerol 3-phosphate bi oxy hoa dé tao thanh dihydroxyacetone phosphate dudi tac dung cua
enzyme glycerol 3-phosphate dehydrogenase. Tiép theo dihydroxyacetone phosphate duoc
chuyén thanh glyceraldehyde 3-phosphate véi su x(c tac cua enzyme triose phosphate
isomerase (hinh 6.5).

CH,OH
HD—C|Z—H Glycerol

|
CH,OH

ATP
ADP

(|Z]-12 OH
| L-Glycerol
CHz_D_Ir_D S-IJhﬂSphEIt'E

0
) NAD'
glvcerol 3-phosphate
dehvdroge nase NADH - II'
(|ZH20H
D=(|: 0 Dihydroxyacetone
CH,—0—P—0 phosphate
|
O
triose phosphat }
H §]
r
b
—(— p-Glyceraldehyde
H C|, OH ? 3-phosphate
CHQ_D_IF_D
O

Hinh 6.5. So d6 phan giai glycerol
(David L. Nelson et al., 2008)
Con duong phan giai hodc tong hop tiép theo cua glyceraldehyde 3-phosphate tiy thudc

vao diéu kién mdi co thé: tham gia tong hop glycogen, tinh bot, acid amin; hoic tham gia chu
trinh Krebs tao nang luong.

6.2.3. Sw P oxy hoa cac acid béo

Su B oxy hda céc acid béo 1a qué trinh tach dan ting cap 2 nguyén ti carbon trong mach
acid béo va xay ra oxy hoa ¢ carbon B. Enzyme dé oxy héa acid béo duoc dinh cu & ty thé va
glyoxysome. Cac phan (mg xdy ra bén trong ty thé.
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Truoc khi tham gia qua trinh B oxy hda thi cac acid béo s& duoc hoat hda, cac phan ing
nay xay ra & té bao chat nho ATP va su x(c tac cua enzyme acyl-CoA synthetase tao thanh
acyl-CoA.

ﬁ) 0 0]

I I
0—p—0—$—0LP—0{Adenwsine] ae
oo o (o
0
_C id bé
R (_,% acid béo
0
,,,|,,H®
|
o 9 (6—p—0—{Adenosine]
0—P—0—P—0 + R—C
o 7o
Pyrophosphate CoA-SH
acyl-CodA @
synthetase AMP
0
R=ES I-CoA
S-CoA eyt

Sau khi duoc hoat hoa ¢ té bao chat, ddi véi cac acid béo mat ngan (c6 4 + 10 carbon) s&
tham thang tir té bao chat vao mang trong ty thé dé xay ra su p oxy hoa acid béo. Con dbi Vi
cac acid béo c6 mach carbon dai s& két hop véi carnitine dé tao dan xuét acyl carnitine. Vi
tac dung cua enzyme carnitine acyltranferase I va II dinh cu & 2 bén mang ty thé thi céc acid
béo s& dugc van chuyén vao trong ty thé (hinh 6.6).

s 5 = . i Matrix
Té bao chat == = = Carnitine
= =0 acyltransferase II
/O Ty = — (0]
/ = = 7
R—C\ R—C
S. N
Lo Carnitine S-CoA
—
L s & O
Va
R—C\ CoA-SH
CoA-SH S \ Carnitine
Carnitine S Transporter

acyltransferase I ;
Hinh 6.6. So dd van chuyén acyl CoA qua mang trong ty thé
(David L. Nelson et al., 2008)
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Céc phan ng tiép theo duoc trinh bay ¢ hinh 6.7.

a8 o
(Cy5) R—CH,—CH, —CH; —C—S-CoA
0 Palmitoyl-CoA

L FAD
acyl-CoA
dehydrogenase FADH,
|
R—CHz—C=(|3—C—S—CoA
trans-A®-
i Enoyl-CoA
enoyl-CoA H0
hydratase
(l)l-l
R—CHz—(lj—CHg—C—S—CoA
L-B-Hydroxy-
H O acyl-CoA
S NAD"
B-hydroxyacyl-CoA
dehydrogenase NADH + H*

R—CH;—C—CH;—C—S-CoA
I B-Ketoacyl-CoA

acyl-CoA CoA-SH
acetyltransferase
(thiolase)

(Cya) R—CHz—(HZ—S-CoA + CHg—ﬁlj—S—CoA
0 0

(C,4) Acyl-CoA _
(myristoyl-CoA) Acetyl -CoA

Cia —> Acetyl -CoA
Ciz — Acetyl -CoA
Cio —> Acetyl -CoA
Cyg — Acetyl -CoA
Cg —> Acetyl -CoA
Cy — Acetyl -CoA
Acetyl -CoA

Hinh 6.7. So db B oxy héa acid palmitic
(David L. Nelson et al., 2008)
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—  Pau tién, dudi tac dung cua enzyme acyl-CoA dehydrogenase thi acyl-CoA bi oxy
héa tao thanh trans-A%-enoyl-CoA véi mot ndi doi méi dwoc hinh thanh giira phan tir carbon o
va B, cAu hinh néi déi nay ¢ dang trans.

— O phan ¢ng tht hai cua qua trinh nuée duge cong vao ndi doi cua trans-A%-enoyl-
CoA dé tao thanh L-p-hydroxyacyl-CoA (3-hydroxyacyl-CoA) véi su xidc tac cua enzyme
enoyl-CoA hydratase.

—  Tiép theo p-hydroxyacyl-CoA bi oxy hoa tao thanh p-ketoacyl-CoA dudi su X(c tac
cua enzyme B-hydroxyacyl-CoA dehydrogenase.

—  Cubi cung dudi tac dung cua enzyme acyl-CoA acetyltransferase (con duoc goi 1a
thiolase) p-ketoacyl-CoA bi phan cit thanh mét acetyl CoA va mot acyl CoA (c6 sé phan tur
carbon it hon so v6i ban dau 2 phan tir). Acyl CoA méi duoc tao thanh lai duoc 1ap lai 4 phan
{rmg trén cho dén khi duoc phan cat hoan toan thanh acetyl CoA.

Su B oxy hoa acid béo khong no: qua trinh B oxy héa khong no van xay ra binh thuong
néu chua c6 ndi doi. Khi oxy hoa dén vi tri nbi doi co hai trudng hop xay ra:

—  Néu ndi ddi khong dung vi tri gita phan tir carbon a va B thi s& co enzyme dong
phan hoa A% A%-enoyl-CoA isomerase chuyén ndi doi vao dung vi tri va xay ra su B oxy hoa
binh thuong nhung khong qua giai doan bi oxy hoa bai FAD (hinh 6.8).

Oleoyl-CoA

@vongoxyhéa) %5 3 Acetyl-CoA

H H o
' i V4

~S8-CoA

cis-A3-
Dodecenoyl-CoA

0
/\/\/\/\)\/ CJ:?
7 8.CoA

H trans-A2-

Dodecenoyl-CoA

(5 vong oxy hoa)|

6 Acetyl-CoA

Hinh 6.8. Su B oxy héa oleoyl-CoA
(David L. Nelson et al., 2008)

158



—  Néu nbi doi da dang vi tri gitra phan tir carbon o va B nhung vi ndi déi cua acid béo
trong tu nhién ¢ dang cis nén khi cong nudc vao dudi tac dung cua enzyme enoyl-CoA
hydratase thi san pham thu duoc 1a D-B-hydroxyacyl-CoA chir khong phai dang L-B-
hydroxyacyl-CoA. Vi thé can c6 enzyme ddng phan hda D-B-hydroxyacyl-CoA epimerase dé
chuyén tir dang D sang L rdi méi tiép tuc bi oxy héa bai p-hydroxyacyl-CoA dehydrogenase
va khéng qua giai doan bi oxy héa bai FAD (hinh 6.9).

0
V/
CH3—(CH2)4—CH:CH—CH2—CH:CH—CHZ—CHZ—CHz—CHz—CHz—CHz—CHz—C/
3 vong B oxy l S-CoA
/° 7
CHz;—(CHy)4,—CH=CH—CH,—CH=CH—CH,—C + 3CHs—C
- S-CoA S-CoA
A®,A“-enoyl-CoA
H
I //O
CH3—(CHy)4,—CH=CH—CH,—CH,—C=C—C
AN
B Oxi H S-CoA
0
/7 7
CH3—(CHy)4—CH=CH—CH,—CH,—C + CHs—C
S-CoA S-CoA
1 vong B 0x>i
7 2°
CH3—(CHy)4;—CH=CH—C + CH;—C
S-CoA S-CoA
hydrat%e
0
74
CH3—(CH2)4—(|2H—CH2—C
OH S-CoA
D-B-hydroxyacyl-CoA l
OH
//O

|
CHg— (CH,);— CH—CH,—C

5 OX)i S-CoA
0

CHy—(CHRy—C

2 vong B oxy l S-CoA
e
3CH,—C
S-CoA

Hinh 6.9. Su B oxy hoa acid linoleic
(Pham Thu Cdc, 2002)
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Sy oxy hoa acid béo c6 s carbon 1¢:

—  Phan Ién lipid trong tu nhién c6 acid béo véi sé carbon chin, nhung van c6 nhiing
lipid cua thuc vat c6 acid béo véi sé carbon 1é. Trong qué trinh tiéu hoa thirc an, dong vat nhai
lai tao thanh maot lwong 16n propionate & da co. Propionate duoc hap thu vao méu va bi oxy
hoa boi gan va cdc m6. Mot lugng nho propionate cling c6 trong thirc dn ctia con nguoi (banh
my va ngii c¢dc) do dugc sir dung dé ngan nAm méc phat trién.

—  Acid béo c6 sb carbon I¢ van bi phan giai theo con dudng B-oxy hoéa binh thuong dé
tao thanh acetyl-CoA, dén vong oxy hda cudi s& dugc mot acetyl-CoA va propionyl-CoA. Cac
acetyl-CoA ¢0 thé tiép tuc bi oxy hoa theo chu trinh Krebs dé tao ning lwong. Con propionyl-
CoA sé& duoc chuyén hoa theo con dudng khac véi sy tham gia cua ba loai enzyme (hinh
6.10).

Propionyl-CoA

HCO,
ATP
carboxylase | hiotin

ADP + P

o-Methylmalonyl-CoA

H
(|:_H 1|u-;;z_5r:|t-
0 i = CoA-S
—H methyl H—C—H

¢ ¢

malorny -Cod

P e
0] 0] O \{}

L-Methylmalonyl-CoA Succinyl-CoA

Hinh 6.10. So d0 chuyén hoa propionyl-CoA
(David L. Nelson et al., 2008)
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—  Pau tién propionyl-CoA s& duoc gan gdc carboxyl vao tao thanh D-methylmalonyl-
CoA duéi tac dung cua enzyme propionyl-CoA carboxylase. Tiép theo D-methylmalonyl-
CoA sé& chuyén thanh dang ddng phan L-methylmalonyl-CoA dudi tac dung cia enzyme
methylmalonyl-CoA epimerase. Va cudi cung dudi tac dung cua enzyme methylmalonyl-CoA
mutase thi L-methylmalonyl-CoA chuyén thanh succinyl-CoA. Tir diy c6 thé chuyén hoa
theo chu trinh Krebs.

6.2.4. Chuyén héa lipid trong bao quan va ché bién

Khi bao quan 1au, dudi tac dung caa nhiéu nhan té (4nh sang, khdng khi, nhiét do, nuéc,
vi sinh vat...) lipid bi thay d6i trang thai, mau sic va c6 mii khé chiu. Pay duoc goi la su di
hoa lipid. Dya vao co ché phan tng c6 thé chia su i ha do thiy phan va 6i hda do oxy hoa.

Oi hoa do phan &ng thay phan: phan ung thuy phan lipid cé thé xay ra khi c6 enzyme
hoac khéng cé enzyme xuc tac.

—  Thuay phan do sy c6 mat ciia nudc: xay ra trong pha béo va chi c6 nudce hoa tan trong
lipid mai tham gia phan ng, khi trong lipid c6 mat caa nuéc véi mot luong déang ké & nhiét
do thuong thi tée d6 cua phan ung ciing rat nho.

—  Thuay phan do enzyme: xay ra trén bé mat tiép xdc gitta nudc va lipid dudi tac dung
cua enzyme lipase (c6 san trong nguyén liéu hoic do vi sinh vat tao ra), sy thiy phan xay ra
nhanh khi & ham am cao.

Oi hoa do phan @ng oxy hoa khir: 6i hoa theo kiéu nay la dang phé bién trong bao quan
lipid, nguoi ta phan biét [am hai loai: 6i hoa hoa hoc va 6i hoa sinh hoc.

— Oi hoa hoéa hoc: 1a qué trinh ti oxy hoa, khi d6 xay ra sy tdn cong cua O, Va0 cac
ndi d6i cua acid béo tu do ciing nhur két hop tao lién két peroxide. San pham dau tién 1a cac
hydroperoxide, tir d6 tao nén céac aldehyde hoac ketone, va ching tiép tuc bi oxy hoa cho ra
cac acid twong tng, chinh nhiing acid mach ngan nay lam lipid c6 mui hoi va dang.

— Qi hoa sinh hoc: do tac dung cua enzyme lipoxydase Ién cac acid béo khéng no chira
nhiéu nbi doi, hodc dudi tac dung cua enzyme vi sinh vat (Aspergillus, Penicillium) 1&én cac
acid béo no c6 phan tir lugng trung binh va thép.

Lipid bi 6i hoa thuong dan dén:

—  Céc acid béo khong no cao phan tir va cac vitamin déu bi phan huy boi cac san pham
oxy hoa tich tu trong lipid.

—  Céc san pham oxy hoa cua lipid thuong 1am vo hoat cac enzyme, va dac biét 1am
giam hoat tinh cua succinoxydase, cytochromoxydase, cholinoxydase.

—  San pham oxy hoa cua lipid con c6 kha ning oxy hoa cao vai protein, hop chat tao
thanh rat bén khong hoa tan trong nuée, dung méi hitu co va khong bi phan ly boi enzyme.
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6.3. SU PHAN GIAI PROTEIN
6.3.1. Su tiéu hoa protein & dong vat

Sy phan giai protein duoc x(c tac boi cac enzyme phan giai protein, chung déu la cac
peptidase x(c tac thay phan lién két peptide. O ngudi va dong vat, qua trinh phan giai protein
cha yéu xay ra ¢ khoang trong ruét. Su tiéu hda protein bét dau tir da day.

Protein cung thuc 4n di vao da day, kich thich mang nhay té bao bé mit da day tiét
hormon gastrin kich thich véach da day tiét HCI va pepsinogen. O pH acid trong méi trudng da
day d& dang lam cho protein truong phdng, nhd d6 ma qua trinh thuy phan protein dé dang,
diéu nay ¢ y nghia quan trong Vi su phan giai cac protein collagen va elastin. Dudi tac dong
ciia HCI pepsinogen duoc chuyén thanh pepsin hoat dong, né s& thay phan céc lién két
peptide tao boi dau N cia cac acid amin c6 nhan thom (Phe, Tyr, Trp).

Pepsin dé dang thuy phan cac protein co (myosin va actin), albumin va globulin. Con
collagen va elastin thi kho thuy phan hon, keratin thi hoan toan khong bi thuy phéan bai
pepsin. Ngoai pepsin, trong da day con ¢6 renin giup lam dong stra.

Nhitng san pham cua su thay phan protein boi pepsin duoc goi 1a nhitng pepton, ching
van con 1a nhitng chat cao phan tir, khong dugc hap thy trong da day, do d6 pepton s& duoc
chuyén xudng ta trang cung thirc an. O rudt non, véi d6 pH thap cua hdn hop thie an tir da
day chuyén xudng kich thich té bao bé mat rudt non tiét hormon secretin kich thich tuyén tuy
tiét ra HCO4 VAo rudt non dé trung hoa luong acid HCI. Acid amin c6 mat & phan dau rudt
non s& kich thich tiét ra hormon cholecystokinin cé nhiém vy kich thich té bao tuyén tuy tiét
ra 3 tién enzyme trypsinogen, chymotrypsinogen va procarboxyl peptidase.

Khi trypsinogen di vao rudt non s€ bi enzyme enteropeptidase c6 mat ¢ d6 hoat hoa
thanh enzyme trypsin hoat dong. Trypsin thuy phan lién két peptide c6 chira nhém carboxyl
cua Arg hoac Lys. Ngoai ra trypsin con hoat hda chymotrypsinogen va procarboxyl peptidase
thanh chymotrypsin va carboxyl peptidase hoat dong. Chymotrypsin thay phan lién két
peptide c6 chira nhdm carboxyl cta cac acid amin Tyr, Phe, Trp va Met. Carboxyl peptidase
thity phan lién két peptide ¢ chira nhém carboxyl tu do tir dau C.

Tuong tu rudt non ciing tiét ra enzyme amino peptidase cat lién két peptide c6 nhém

amin ty do tir dau N, va enzyme dipeptidase thay phan lién két peptide cudi cung.
6.3.2. Nhirng dwong hwéng chuyén hoéa cia acid amin

MJdi acid amin déu c6 duong hudng chuyén hoa riéng biét cho ting loai. Tuy theo diéu
kién co thé sinh vat ma cé nhitng chuyén hoa khac nhau. O ngudi, tit ca cac dudng chuyén
hoa acid amin chi tao ra khoang 10 + 15% ning lugng can thiét.

Theo David L. Nelson et al., (2008) quéa trinh chuyén hoa enzyme thanh céc chét trung
gian cua chu trinh Krebs dé tir 6 c6 thé oxy hoa tao ra ning lwong hoic tong hop cac chat
ketone goém cac nhém chuyén hoa co ban sau (hinh 6.11):
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—  Chuyén hda thanh pyruvate: gdbm c6 séu acid amin: alannine, cysteine, glycine,
serine, threonine va tryptophan.

— Chuyén hoa thanh acetyl-CoA: gém c6 bay acid amin: tryptophan, lysine,
phenylalanine, tyrosine, leucine, isoleucine va threonine.

—  Chuyén hoa thanh o-ketoglutarate: gdm c6 nam acid amin: proline, glutamine,
arginine, histidine va glutamate.

—  Chuyén hoa thanh succinyl-CoA: gdm c6 bbn acid amin: methionine, isoleucine,
threonine va valine.

—  Chuyén hda thanh oxaloacetate: gom c6 asparagine va aspartate.

Leucine Arginine
Lysine Glutamine
Phenylalanine ¢ Histidine
Tryptophan Ketone Proline
Tyrosine A

Isocitrate la-Ketoglutarate |

Acetoacetyl-CoAl—)I f \ Isoleucine
Methionine

. Chu trinh Krebs
Citrate i Succinyl-CoA |y " @ e
v ' Valine
Acetyl-CoA Succinate
Y 4
] Oxaloacetate I | Fumarate I(-— ,l;\;lzghfamne
Al
=\ Malate
Glucose
Alanine
Cysteine
Isoleucine Glycine
Leucine Serine
Threonine Threonine Asparagine

Tryptophan Tryptophan Aspartate

Hinh 6.11. Cac con duong phan giai acid amin

(David L. Nelson et al., 2008)
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Phin ty luin

1.

o ok~ w D

Trinh bay su thay phan tinh bt bang enzyme amylase.
Trinh bay y nghia va cac phan tng cua su duong phan.
Trinh bay cac phan tng cua chu trinh Krebs.

Trinh bay su phan giai glycerol.

Trinh bay c&c phan tng cua qua trinh B oxy hoa acid béo.

Trinh bay su phén giai protein.

Phin tric nghiém

1.

Enzyme a-amylase (EC 3.2.1.1) ¢ kha ning phan cit lién két:
A. a-(1—4) glycoside.

B. a-(1—6) glycoside.

C. B-(1—4) glycoside.

D. B -(1—2) glycoside.

Trong qua trinh duong phan mot phéan tir glucose bi oxy héa tao:
A. 2 phén tir acid pyruvic.

B. 2 phan tu acetyl CoA.

C. Acid lactic.

D. Tét ca sai.

Enzyme nao xuc tac phan tng sau:

CH,—OPO2

CH,—OH :
—0, ATP  ADP l— 0
H / \H s$ H/ \H

OH H A — > ° 1
HO OH HO OH

H OH H OH

Glucose Glucose 6-phosphate

A. Enzyme aldolase.
B. Enzyme phosphohexose isomerase.
C. Enzyme hexokinase.

D. Enzyme phosphofructosekinase-1.
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4. Mot phan tu acetyl CoA bi oxy hoa hoan toan trong chu trinh Krebs tao ra bao nhiéu
phén ti CO,

A. 1l C.3.

B. 2. D. 4.
5. Giai doan cudi cung cua chu trinh Krebs tao ra:

A. Acid succinic. C. Acid fumaric

B. Acid malic. D. Acid oxaloaxetic.
6. Acid duoc tao ra dau tién cua chu trinh Kreps 1a:

A. Acid isocitric. C. Acid citric.

B. Acid cis-aconitic. D. Acid oxalosucinic.

7. Oxy hoa hoan toan 1 phén ti glucose theo qua trinh dwong phén va chu trinh Krebs
thanh CO, thi nhan duoc bao nhiéu ATP.

A. 32 ATP. C. 36 ATP.
B. 34 ATP. D. 38 ATP.
8. Enzyme xUc tac phan tng oxy succinate héa thanh fumarate la

COoO

FAD FADH-» H CO0O
n]IHz N / N
H, C
'] ooc” TH
00
Succinate Fumarate

A. Enzyme succinate dehydrogenase.
B. Enzyme fumarate hydratase.
C. Enzyme succinyl-CoA synthetase.
D. Enzyme a-ketoglutarate dehydrogenase.
9. Enzyme transketolase trong chu trinh pentose phosphate xuc tac van chuyén:
A. Mot manh 3 carbon tir duong ketose dén duong aldose.
B. Mot manh 3 carbon tir duong aldose dén duong ketose.
C. Mot manh 2 carbon tir dudng ketose dén duong aldose.

D. M6t manh 2 carbon tir dudng aldose dén duong ketose.
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