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1. Khai niém chung

Enzyme = chét xuc tac sinh hoc cé ban
chét protein, c6 kha nang xuc tac dac hiéu
cho céc phan trng héa hoc nhéat dinh
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Ban chéat protein ciia enzyme

> M = 20000 — 1000000 — khong di qua cac
mang ban tham

» Hoa tan trong nwéc, dd mudbi lodng, dd hiru co
c0 cwe, khéng hoa tan trong cac dung moi
khéng phén cwc

» Enzyme bij bién tinh va méat kha nang xuc tac do
t0 cao, acid / kiem manh, mudi kim loai ndng

> Dién ly lwéng cwc — phan tach bang pp dién di

= Ban chét héa hoc clia enzyme la protein.
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2. Cau tao héa hoc cua enzyme

» Enzyme dwoc chia thanh 2 loai:
—Enzyme 1 céu td: protein don gian.
—Enzyme 2 céu ti:
« Phan protein (feron,apoenzyme): qd tinh
dac hiéu va T hoat tinh xtc tac ctia enzyme
* Phan phi protein (nhém ngoai agon,
prostetic): qd kieu phan rng enzyme xuc
tac Khi nhdm ngoai ton tai va xuc tac doc
l&p — goi la coenzyme.
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Trung tdm hoat dong cua
enzyme

Trung tdm hoat dong clia erizyme =
phan phan tt trong cAu tric clia enzyme
ma tai d6 enzyme + co chat — san YA
pham W .

— O enzyme 1 cAu ti: trung tam hoat/<
dong = cac nhoém dinh chire clia S
acidamin (SH cua Cys, OH cla K
Ser, Tyr, nhém &-NH, cla Lys,
COOH cua Glu, Asp, vong
imidazol cla His, indol cta Trp)

— O enzyme 2 cAu t, trung tam hoat
ddéng = nhém ngoai (vitamin, ion
kim loai) + cac nhém dinh chire
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M6 hinh “Chia va kh6a” cua Fisher
ve sw an khop cla enzyme va co
chat (Nam 1894)

Co chét D
Co chét
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M6 hinh “Khé&p cam (rng” cua
Koshland ve sw an khép cua
Enzyme va co’ chat (Nam 1958)

Co chét
Co chét

TT
hoat ‘\ —_—
déng
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3. Tinh chéat cia enzyme

» Cuong lyc xuc tac
> Tinh dac hiéu cua

Cwoéng lwe xuc tac

» Enzyme c6 cudng lwe xdc tdc manh hon nhiéu so voi
xuc tac thong thwong:
— Trong 1 phat:
» 1mol Fe3* xtc tac phan ly 10 mol H,0,
¢ 1 phan tr catalaza c6 1 nguyén tlr Fe xuc tac phan
ly 5.10-¢ mol H,O,
— 1g pepxin trong 2 gi& thdy phan 5kg Protein trirng
luéc & nhiét Ao binh thuwong
— 1 phan ti p - amilaza sau 1 giay co thé phan giai
4000 lién két glucozit trong phan t tinh bot.
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enzyme
ThS. Pham Héng Hiéu Héa Sinh Thyc Pham Il — Bai 4 8
Catalase
- s
Hz03 Ha0

Catalase 5 0
10°H,0,— 10° H,0 +5.10% O,
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Enzyme lam giam nang lwong
hoat héa

Nang lwgng hoat héa
la mirc nang lwvong
can thiét dé& chuyén
cac phan ttr chét tham
gia phan &ng tlr trang
thai binh thuwong sang

= |reactants
©.5 CeHi0s + O

overall energy

s " trang thai hoat dong

d& phan tng xay ra.

products
COHI0
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Enzyme lam giam nang lwong

hoat héa
Phan &rng Saccharose + H,0— | H,0, » H,0 + %20,
xGc tac glucose + fructose (calo/mol)
(calo/mol)
Khong xic tac 32.000 18.000
Xuc tac vo co 25.000 (H*) 11.700 (Pt)
Enzyme 9.400 (saccharase) 5.500 (catalase)
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Tinh dac hiéu cua enzyme

> Tinh dac hiéu cao cga enzyme = kha nang
XL'J(; tac pho sw chuyén hég moét hay mot sf)
chat nhat dinh theo mot kiéu phan &ng nhat
dinh — tac dung cé tinh chon lwa cao

> Bao gém:
— Dbéc hiéu kiéu phan (ng
—Dac hiéu co chat

ThS. Pham Héng Hiéu Héa Sinh Thyc Pham Il — Bai 4 13

Pac hiéu kiéu phan tng
>D&c hiéu kiéu phan tng thé hién & chd médi
enzyme chi c6 thé xuc tac cho mét kieu phan
tng chuyén héa mét chat nhat dinh:
— Oxy ho& nh& oxydaza:
RQHCOOH +% 0, > RCOCOOH + NH,4
NH,
— Khtr cacboxyl nh& decarboxylaza:
RCHCOOH — RCH,NH, + CO,
NH,
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Pac hiéu co chat
> Co chét 1a chét co kha nang két hop vao trung
tdm hoat dong clia enzyme va bj chuyén hda
dwéi tac dung clia enzyme
> Mtrc d6 dac hiéu clia cac enzyme khéng gibng
nhau, ngwoi ta thwong phan biét thanh cac mac
sau:
— Dé&c hiéu tuyét déi:
- Dbé&c hiéu twong déi:
—Dac hiéu nhém:
—Dbéc hiéu quang hoc (d&c hiéu lap thé)
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DPac hiéu tuyét doi

»Enzyme chi tac dung trén mét co
chat nhat dinh va hau nhw khéng co
tac dung v&i chat nao khéc:

Ureaza
Urea o CO, + 2NH,4
. U N >
Acetamide ;i%za Khong xay ra
2
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DPac hiéu twong doi

ssssssss

» Enzyme c6 kha nang
tac dung léen mét kiéu
lien k&t hoa hoc nhét
dinh trong phan t&r co
chadt ma khéng phu
thudéc vao clu tao cua
cac phan tham gia tao

"o A —OH
thanh méi lien két d6 o b -t
GH,-0-CO-R % fH,-0—H  HOOC-R,
@H—O—CO—R2 ?H—O—H+ HOOC - R,

CH,-0-CO-R,  HO-H CH,-0—H  HOOC - R,
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Pac hiéu nhém
» Enzyme c6 kha nang tac dung Ién mot kidu lién két hoa
hoc nhét dinh véi diéu kién mét trong hai phan tham gia
tao thanh lién két phai c6 cu tao xac dinh:

R’ Carboxyl R’
| peptidaza |
R—ﬁ?—II\I—CI?H... —_— ?—C—OH+NH2—CH...
O H COOH H,0 o) Loon
R’ Carboxyl
peptidaza R L
R-C-N-CH.. — —— khong phan trng
[ H.O
O H cI:H2 ,
COOH
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Pac hiéu quang hpc
(dac hiéu lap the)

»Enzyme chi tdc dung mét trong hai dang
dong phan quang hoc cua cac chat:

(‘:OOH
HO—(‘:H Fumarathydrataza (ﬁH—COOH
CH,—COOH HOOC-CH
L —malic Acid fumaric
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4. Co’ ché tac dung ciia enzyme

E+Sé>ESE>EP3—>E+P
(E: enzyme, S: co' chét, P: san pham, ES: phic
hop trung gian enzyme-co chat)
» 3 giai doan:

—Gd 1: E +S bang Ik yéu — phirc enzyme- co
chat (ES) khong ben (xay ra rat nhanh, NL
hoat héa thap)

—Gd 2: bién dbi S — su kéo céng va pha v&
cac lién két dong héa tri tham gia phan &ng

— Gd 3: tao thanh P va E dwoc gidi phéng ra
dwéi dang tw do.
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4. Co’ ché tac dung ciia enzyme

Enzyme (Sucrose)

Substrate (Sucrose)|

3 Substrate :
s converted 2 Substrate hinds
10 product to eneyme
HyO
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q Enzyme available
with empty active
site

5. Cac yéu té anh hwéng dén van téc
phan rng enzyme

Ndéng dd enzyme

Ndng dd co chat (md hinh Michaelis — Menten)
Anh huéng clia cac chét kim ham

Céc chat hoat hdéa

Nhiét do

pH madi trwdng

YV VYV YV VY
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Anh hwéng cua ndong dd enzyme

> Trong diéu kién thira co chét, van téc
phan (rng phu thudc tuyén tinh vao néng
dd enzyme: v=K[E], v&i k=const

> Nhuwng khi nébng d6 enzyme qua I&n thi
van tbc phan &ng sé tdng cham lai.
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Anh hwéng cua nong do co’ chéat
(md hinh Michaelis — Menten)

» Phuwong trinh Michaelis — Menten:

v: van toc phan &g, Vp,q,: VaN tép cuc dai ciia phan
ng, [S]: nong dd co chat, K,: hang so Michaelis
e [S]<<Kpiv~[9] v
* [S]>> Ky V= Vigax
e [S] = Kyt V= Va2 U

[s]
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Anh hwéng cua cac chat kim ham

> Chéat kim ham hay con goi la chét &c ché
la nhirng chat ma khi ket hop voi enzyme
sé lam giam hoat tinh cia enzyme ma
nguyén nhan tryc tiép 1a 1am giam ai luc
gitra enzyme v&i co chét.

» Sy (rc ché enzyme la nhirng &rc ché dac
hiéu va dac trwng riéng cho tirng enzyme.

ThS. Pham Héng Hiéu Héa Sinh Thyc Pham Il — Bai 4 25

Anh hwéng cua cac chat kim ham

»Duwa vao cac hinh thrc &rc ché dac hiéu,
nguw&i ta chia thanh 2 nhém chinh:

—U'c ché khong thuan nghich: enzyme va
chéat trc ché dwoc lién ket vdi nhau bang
lién két dong hoa tri va gay nén sy thay
ddi cau hinh c6 hoat tinh clia enzyme

—Uc ché thyan nghich: gilra enzyme_va
chat trc ché duoc lién két véi nhau bang
lién két thir yéu ndo dé tao nén thé can
bang thuan nghich. Sau khi chat trc ché
bi loai trir, hoat tinh enzyme lai dwoc hdi
phuc
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Anh hwéng cua cac chat kim ham

> Tuy theo dac diém ctia mbi quan hé gitra
enzyme va co chat, ¢6 2 loai:
—Wc ché canh tranh
— e ché khéng canh tranh
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Uc ché canh tranh: chat trc ché c6 cAu tric twong tw nhw co
chét — két hop ngay vao trung tam hoat dong ctia enzyme,
chiém chd co chat — phu thudc vao ty 18 [S]/[l] - { tac déng
rc ché bang cach™ ndng dé co chéat

(a) Reacti lon
Substrate

Active g
site
|:(> =
E nzyme

Enzyme binds substrate Enzyme releases products

(b) Inhlbltlon

Inhibitor @
ACt|Ve
site
Enzyma

Enzyme binds inhibitor Inhibitor competes
with substrate

ThS. Pham Héng Hiéu Héa Sinh Thyc Pham Il — Bai 4 28

Uc ché khong canh tranh: chét (rc ché gén vao vi tri khac véi
vi tri gan co’ chét trén phan t& enzyme — c6 céu tao khac voi
co chat va cé thé kim hdm nhiéu loai enzyme khac nhau

» Amino Acids: Plant Lives
2a

Sunstrate
cannet bind,

» No Amine Acids: Plant Dies
2B
-WH icce
/ cannot blnd
Amino Acids:
Plant Lives
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Anh hwéng cua cac chat hoat héa

» Chat hoat héa la nhitng chat cé kha nang lam
tang hoat tinh xdc tac clia enzyme.

» Chét hoat héa c6 thé 1a cac anion, cac ion kim
loai nam & 6 thtr 11 dén 6 thir 55 cda bang tuan
hoan Mendelev hoac nhirng chat hiru co co cau
tao phtrc tap hon lam nhiém vu chuyen nhém,
chuyen hydro hoac nhiing chét cé kha nang pha
v& mot sb lien két trong phan t tién enzyme
hodc cac chat ¢6 tac dung phuc héi nhirng
nhém chirc ctia trung tAm hoat déng cta
enzyme.

> Tuy nhiép, tac dung hoat hoéa chi gi¢i han &
nhting nong do xac dinh, vuot qua gioi han nay
c6 thé& 1am giam hoat d6 cltia enzyme
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Anh hwéng cua nhiét do

» Vuot qua pham vi nao do clia nhiét do, cac
phan rng do enzyme xuc tac sé bi anh hwéng
do bién tinh clia enzyme. )

» Nhiét d6 &ng véi hoat do enzyme cao nhat goi la
nhiét do t6i wu cla enzymeétopt) ~ 40 —500C,
thay doi tuy theo co chat, pH moi trvdng, thoi
gian phan tng... )

» Nhiét d6 ma enzyme bi mat hoan toan hoat tinh
xUc tac goi la nhiét dg téi han ~ 700C. O nhiét do
t@i han, enzyme bj bién tinh, it khi cé kha nang
hoi phuc lai dwgc hoat d6. Ngwoc lai, & nhiét do
dwdi 0°C, hoat d6 enzyme tuy bi giam nhwng lai
c6 theé tang Ién khi dwa vé nhiét do binh thwong

» D0 bén nhiét clla enzyme thuong tang Ién khi co
co chat, coenzyme, Ca?*...
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Anh hwéng cta nhiét do

Hoatt fioi tddng fioi, (% hoat fio coc fiai)

100

50

020 40 60 80 t(°C)
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Anh hwéng cta nhiét do

Optinum
Activation i[ nactivation
|~

Activity

20 30 60

40 50
Temperature (°C)
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Anh hwéng cua nhiét do

Temperature °C 2IU 3|U 4|U 5|U 6|0 TIO BIO 9I0 1?01|10

Microbial rennet

A aryzae o - amylase

B. subtilis o - amylagse —————————

EB. licheniformis o - amylase
A. oryzae - galactosidase — ——

Stability optimum
Activity optirnum
{optirnum set at = 80 % of mazimum)
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Anh hwéng cua pH

>Da sb enzyme bén khi pH = 5-9, do bén
clia enzyme cling c6 thé tang Ién khi cé
co chat, coenzyme, Caz...

»M0oi enzyme déu c6 moét pH thich hop goi
la pH,,, ~ 7, nhung c6 enzyme c6 pH_ , rat
thépp (’Btepxin, proteinaza acid cla vst... )
hoac kha cao (subtilizin, pH,, > 10).

»pH,,; cia mét enzyme, cling khong cb dinh
ma phu thudc vao nhiéu yéu t6 nhw co
chat, tinh chat dung dich dém, nhiét dé...
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Anh hwéng cua pH

Hoat flo tdodng fioi, (% hoat fio coic fai)
100

50

PHopt

4567809 pH
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Anh hwéng cua pH

pH2 3 4 5 6 7 8 910
I Y I

Microbial rennet

A. oryzae o - amylase

B. subtilis « - amylase

B. licheniformis o - amylase
A. aryzae [3- galactosidase

Stability optimutn
Actwty optirnum
{optirnum set at = 80 % of masimum)
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Anh hwéng cua pH

Enzyme Nguén géc PHopt
Pepsin Dich vi 1,8
Trypsin Dich tuy 8
Chymotrypsin Dich tuy 8,1- 8,6
Amylase Nw&c bot, dich tuy |7,0
Lipase Dich tuy 70-75
Phosphatase acid | Tuyén tién liét 50-5,6
Phosphatase kiém Xwong, gan 86-91
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pH and enzyme activity

cholinesterase

relative activity
relative activity

chymotrypsin

pepsin papain

relative activity
relative activity
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S KHAC NHAU GIJ’A ENZYM VA CAC XUC TAC KHAC

Pac diém Chét xuc tac hda hoc | Chét xtc tac sinh hoc (enzyme)

Ban chét héa hoc | Phan t&r nhd gém vai | Dai phan ti protein
nguyén tb (Pt, HCI...)

Tang téc d6 phan | 102 — 10¢ lan 106 — 101 1&n
rng
Céc diéu kién:
Nhiét d6 thich hop | Cao ( 100°C) Thép (36 — 45°C)
pH thich hop nhét | Acid hoac kiém manh | pH sinh Iy
Ap suét Cao (vai atm) Ap suét khi quyén (1 atm)
Thay d6i cAu tric | Khong C6 thay ddi, nhwng tré lai cau
tric ban dau
Tinh d&c hiéu Thép (vidu H* thdy | Cao (m&i phan trng can
phan glucozide, enzyme twong (rng)
peptide)
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6. Cach goi tén va phan loai enzyme

» Céch goi tén:
— Tén thdéng dung: pepxin, tripxin, kimotripxin
— Teén quéc té: thwerng gdm 2 phén:

+ Phan th® nhét Ia tén co chét (néu phan
¢rng lwdng phan thi phan thte nhat 1a tén
gQi’ clia 2 co chat viét cach nhau bang hai
cham).

+ Phan th hai: tén phan ('ng ma enzyme
xuc tac cong thém
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6. Cach goi tén va phan loai enzyme

> Phan loai: theo kiéu phan (ng do enzym xuc
tac, bao gom 6 nhém chinh:
— Oxydoreductaza (enzyme oxy héa khtr)
— Tranferaza (enzyme chuyén vi)
— Hydrolaza (enzyme thdy phan)
— Liaza (enzyme phan cét)
— Izomeaza (enzyme ddng phan héa)
- Ligaza (enzyme téng hop)
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7. Phwong phap xac dinh dé
hoat dong cua enzyme

» 3 nhom phwong phap xac dinh nhw sau:

Nhém | Cac théng sb cé dinh | Cac thong sé thay déi

1 |Thoi gian Bién thién cua S va P
Ndng do enzym
2 |Lwong S mét di (hay Thoi gian
Iuwong P tao thanh)
Nong d6 enzym

3 | Thoi gian Ndng dé E
Lwong S mat di (hay P
tao thanh)
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Cac don vi cua hoat dé

> Bon vi qubc té (Ul) 1a lwong enzyme cé kha nang xic
tac lam chuyén héa dwgc 1 micromol co chét sau 1 phut
& didu kién tiéu chuén: 1 Ul = 1 umol co chat/phut

» DPon vj Katal (Kat) la lwgng enzyme c6 kha nang xuc tac
lam chuyén hoéa duoc 1 mol co chét sau 1 gidy & diéu
kién tiéu chuan: 1 Kat = 1 mol co chét/s
—bdi don vi: 1 Ul = 16,67 nKat (nanokatal)

> Hoat d6 riéng ctia mot ché phdm enzyme 14 sé don vi Ul
(hay Kat) tng v&i mét mililit dung dich (néu 1a ché pham
dang dung dich) hay 1 miligam protein (néu la bét khd)
ctia ché pham.

> Hoat d6 riéng phan t&r 1a sb phan tlr co chét chuyén hoa
b&i 1 phan t&r enzyme trong mét don vj thoi gian
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8. ’ng dung ctia enzyme

> V&i nhitng tinh chat wu viét k& trén cia enzyme ngay
cang dwoc rng dung rong rdi va c6 hiéu qua cao trong
moi nganh khog hoc ky thuat khac nhau nhw: y dwoec, tha
y, chan ,nuéi tr(‘)ng’trot va dac biét I{S\ trong céng ngh’iép
thye pham san xuat cac loai sdn pham nhw: nwéc mam,
bia, rwou, twong, tra...

> Tiéu biéu:
* Protease
* Amylase
* Pectinase
¢ Cellulase
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Enzyme protease

» Protease la nhém enzyme thuy phéan protein thanh cac
san pham don gian hon peptid mach ngan, pepton, acid
amin...

> Protease (*ng dung trong san xuét nwéc cham, nuwéc
méam, twong, chao...

> Protease (ng dung trong cong nghé thuc phdm lam
mém thit nhw enzyme: bromelin, papain...

» Protease con (rng dung trong céng nghé thudc da, lam
mém da, lam sach l6ng, béng da...
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Enzyme protease

> Protease con (ng dung trong hwong liégu my pham.
ngwdi ta tron mét lwong nhd enzyme protease va kem
thoa, kem cao rau, dau goi, dau boi téc, kem giat...dé lam
cho da, téc m&m mai, tdy bd dé& dang lop té bao gia...

> Xa phong, kem giat cé6 enzyme sé& dé& dang ty cac chat
ban d&c biét ’ng dung gidt sach cac vét mau, siva trén
Vai...

> Trong céng nghiép san xuét siva cac protease nhw renin,
pepsin c6 thé l1am déng tu sita dwoc ding trong san xuét
phomai, stra déng tu.

> Trong y hoc, protease ding dé san xuét méi truéng dinh
dwéng nudi vi sinh vat, san xuat huyét thanh mién dich...

ThS. Pham Héng Hiéu Héa Sinh Thyc Pham Il — Bai 4 47

Enzyme amylase

» Amylase la enzyme thuy phéan tinh bét dwgc (rng dung
kha rong réi trong cac nganh céng nghiép.

> Amylase (*ng dung trong céng nghiép san xuét rwou, bia
(giai doan dwdng hod), san xuat mach nha, mat, duéng
glucose...tr tinh bét tr com rwou.

> Amylase con (rng dung trong san xuét banh mi lam cho
banh mi né& x6p thom ngon hon.

> Trong cong nghiép dét, ché phdm amylase dé ra ho vai
(tAy l&p hd bot trén mat dé vai min, mém, dé tay trang,
dé& bt mau khi nhudm...
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Enzyme pectinase

» Pectinase la enzyme thuy phan pectin cé tac dung lam
trong céc loai nwéce gidi khat, nwéc qua, revgu vang...gidp
cho qué trinh loc dwoc dé dang hon.

> Pectinase cling dwgc dung trong san xuét cac san pham
t qud, nwdc qua cd dac, mire dong do tinh tao keo clda
né khi c6 duwong, san xuét café va café hoa tan
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Enzyme cenlullase

» Cenlullase la enzyme thuy phan cenlullose thanh cac
duong don gian dé tiéu hoa hon.

» Thém ché phdm enzyme cenlullase va thirc &n giau
cenlullose cta ddng vat, tham chi cla nguwdi, sé lam thuc
phdm mém ra dé tiéu hod hon ... do vay téng chét lvong
va dé hép thu cla thirc &n nay.

> Cenlullase 1am ting hiéu suét trich ly ctia cac chéat khac
t nguyén liéu thuc vat.

> Cenlullase dwgc (ng dung trong thuy phan gé va cac phé
liéu chia cdng nghiép thanh dich dwong lam thire an cho
gia suc.
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