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THUAT NGU VIET TAT

API: chit kim hiam protease loai aspartic (aspartic proteinase inhibitor)

ATI: Chat kim hdm ascidian trypsin (ascidian trypsin inhibitor)

BIR: baculoviral IAP repeat

BI-VI: chat kim ham bromelain VI ctia dtra (bromelain inhibitor VI from pineapple)
BPTI: chat kim ham trypsin tir tuy tang bo (bovine pancreatic trypsin inhibitor)

CI: chat kim ham chuan (canonical inhibitor)

cIAP1: protein kim him apoptosis té bao 1 (cellular inhibitor of apoptosis protein 1)

CL: vong chuén (canonical loop)

CMTI I: chat kim hdm cucurbita maxima trypsin 1 (cucurbita maxima trypsin inhibitor 1)
CPI: chat kim ham protease loai cysteine (Cysteine proteinase inhibitor)

CpTI: SPI tur dau dtia

CrmA: cytokine response modifier A

IA3: chat kim ham aspartic protease tir nAm men (inhibitor of aspartic protease from yeast)
TIAP: chit kim him apoptosis (inhibitor of apoptosis)

LCI: chat kim him carboxypeptidase cua dia (leech carboxypeptidase inhibitor)

MAPK: protein kinase hoat héa nguyén phan (mitogen-activated protein kinase)

MMP: metalloprotease trong chit nén (matrix metalloprotease)

MPI: chat kim him protease loai metallo (Metallo proteinase inhibitor)

NCI: chat kim ham khong chuan (noncanonical inhibitor)

OMTKY3: turkey ovomucoid third domain

PCI: chat kim ham carboxypeptidase ctia khoai tdy (potato carboxypeptidase inhibitor)
PCIA: chat kim ham carboxypeptidase A ctia khoai tdy (potato carboxypeptidase A inhibitor)
PCN: giun tron trong nang khoai tay (potato cyst-nematode)

PI-3: chat kim ham pepsin 3 clia rudt sdu (4dscaris suum pepsin inhibitor 3)

PI-9: chat kim him protease 9 (protease inhibitor 9)

PIIF: yéu t6 khoi dau chéat kim hiam protease (proteinase inhibitor initiation factor)

PSTI: chét kim him trypsin dich chiét tuy tang (pancreatic secretory trypsin inhibitor (Kazal))
PTI: chat kim him trypsin tuy tang (pancreatic trypsin inhibitor (Kunitz))

PVY: virus Y khoai tay (potato virus Y)

RCL: vong trung tdm phan tng (reactive center loop)

SFTI-1: chat kim him trypsin 1 tir hoa huéng dwong (sunflower trypsin inhibitor-1)
SMPI: Chét kim hdm metalloprotease tir streptomyce (Streptomyces metalloprotease inhibitor)
SMV: virus kham ¢ dau tuong (soybean mosaic virus)

SPI: chat kim hiam protease loai serine (serine proteinase inhibitor)

STI: chat kim ham trypsin tir ddu tuong (Kunitz)

TAP: peptide chong dong mau cia ve (tick anticoagulant peptide)

TEP: peptide chong dong mau cia ve (tick anticoagulant peptide)

TEV: tobacco etch virus

TIMP: chat kim ham metalloprotease trong md (tissue inhibitors of metalloprotease)

TTI: chat kim ham trypsin tir thudc 14 (tobacco trypsin inhibitor)

XIAP: X-linked IAP

o-1PI: chat kim him protease o-1 (protease inhibitor)

02-M: o2-macroglobulin
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1. GIOI THIEU CHUNG

Enzyme thuy phan protem (protease) c6 tam quan trong séng con dbi véi toan bo
sinh gidi, x4p xi 2% tong sb gene ma héa cho no [1]. Mac du vay, cac enzyme nay co
thé gay nguy hiém cho co thé sng, nén hoat tinh cua chung can duoc diéu khién chat
ché. Trai qua qua trinh tién hoa lau dai da xuat hién mot s6 co ché kiém soat protease bao
g6m diéu hoa biéu hién, bai tiét, hoat hoa, phan huy protease hodc kim ham hoat tinh
thity phan protein cta ching [2]. Trong d6 quan trong nhat la twong tac ciia enzyme
v&i cac protein kim ham.

Protein kim ham protease hay con goi 1a chat kim hdm protease co ban chat
protein (PPI) da duoc nghién ciru tur rt 1au. Nghién ctru vé PPI xuét hién dong thoi véi
cac nghién ctru vé protease. TGi nay di xac dinh duoc hang trim PPI va chung 1a ddi
turong cua hang ngan cong dong nghién ciru [3].

Vao nim 1947, 1an dau tién ngudi ta da chimg minh dugc vai tro bao vé thuc vat
cua PPI khi Mickel va Standish quan sat thay au trung ctia mot sd loai con trung khong
thé phét trién binh thudng trong cac san pham dau twong. Sau d6 cac chat kim him
trypsin trong dau duong cho thdy doc tinh véi au triung cta bo canh cimg (flour beetle),
Tribolium confusum [4]. Hién tai ngdy cang nhiéu canh ddng bién ddi gene duoc phat
trién dé chdng lai sau hai, con trung, ndm...[5-9] va cho thdy nhiing thanh cong rd rét

Khong chi trong thuc vat, PPI hién con ngay cang cho thy nhing ng dung to lon
trong y hoc nhu chdng ung thu, tri bénh tim...[10-13]. Hién tai cac chién luoc liéu phap
gene lo1 dung PPI dang dugc nghién ctru rong rai [13].

Nho dau ma PPI c6 phd tng dung rong nhu vay? Pé 1y giai duoc diéu nay can
hiéu dugc cac dac trung cAu tric, phan b0, co ché kim him protease va dwong hwdng
sinh tong hop ciia chiing. Trong bai viét nay t6i cd gang trinh bay mot cach tom luoc
nhat nhimg van dé trén.
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2. PHAN LOAI VA DANH PHAP
2.1 Cach phan loai cii

Trude ndm 1980, danh phép va hé théng phan loai PPI 1a mt m¢ hon don. Sau do,
vao nam 1980, trong mdt bai hét strc mau muc va co y nghia, trén co s& céc tai licu vé
PPI truéc @6, Laskowski va Kato di dua ra hé thong phan loai va danh phap PPI cua
minh trén tap chi danh tiéng Annual review of Biochemistry [14]. Laskowski va Kato
d3 dua ra hé théng danh phap méi, & d6 tén ciia PPI dwoc dit sau ngudn sinh vét hay
moé chira né nhu ‘Streptomyces subtilisin inhibitor’ hodc ‘pancreatic trypsin inhibitor’.
Ho chia PPI thanh hai nhém chinh dya trén phd hoat tinh cta ching 1a PPI khong dic
hiéu va PPI dac hiéu nhom [14].

PPI khong dac hi¢u

PPI khong dac hi¢u co thé kim ham céc thanh vién cia ca bén nhém protease.
Nhom chat kim hidm nay chi c6 mot ho duy nhdt 1a o-macroglobulin, bao gém a,-
macroglobulin (0,-M) cua ngudi. a-macroglobulin 1a protein c6 hoat tinh kim ham
protease 16n nhét, chiém toi 8-10% téng sd protein trong huyét twong. Ching doc nhat vo
nhi trong kha ning kim ham ca bén nhoém protease chinh (aspartic, cysteine, serine, va
metalloprotease). a,-M cua nguoi la mot glycoprotein gdm bdn dudi don vi dong nhat,
moi cai co trong luong phan tu xap xi 185.000. 0,-M dugc tao ra dau tién trong gan, mic
dit mot s6 co quan khéc ciing c6 thé tao ra né [15].

PPI dac hi¢u

Céc ho PPI con lai diic hiéu cho mét trong bon nhoém protease co ban va dua
trén axit amin tai trung tdm phan tng dugc chia thanh chat kim ham protease loai serine
(SPI), cysteine (CPI), aspartic (API) va metallo-protease (MPI). Chung c6 trong luong
phan tir thap hon, tinh dic hiéu v6i cac enzyme dich cao hon so véi a- macroglobulin va
chi c6 kha ning kim him m{t trong 4 nhém protease [14].

2.1 Cach phan loai maéi

Mic du duoc dung rat phd bién (hau hét cac bai bao vé PPI déu trich din cong
trinh ndm 1980 cua Laskowski va Kato) cach phan loai trén ciing c6 nhuoc diém 13 né
khong thé hién méi lién hé giira cac chat kim ham va khé ma biét dwoc co ché hoat
dong ctia mdt chat kim ham nay c6 ding véi chit kim him khac khong.

Pé khic phuc nhugc diém nay, ndm 2004, dya trén trinh ty axit amin cua cac PPI
d3 biét Rawlings va cong sy di tién hanh tim kiém, sip xép va so sanh voi tit ca cac trinh
tu axit amin khac trén ngan hang gene. Qua dé ho da tim ra dugc 25.000 trinh tu axit
amin twong ddng voi cic PPI da biét. Trén co sé d6 chia PPI thanh 48 ho (bang 1) va
1ap nén co s& dir liéu PPI tai http://merops.sanger.ac.uk [3].

D61 khi tuy khac xa nhau vé trinh tyr axit amin nhung cau tric bac ba cia mot s6 ho
lai kh4 gidng nhau, nén nhém ctia Rawlings chia tlep 31 ho ra thanh 26 nhom (clan). Cac
thanh vién trong ho 11, I5, I8 va 120 c6 kiéu gap nép protein twong dong dang ké nén dugc
g0p lai thanh nhom IA (bang 1). Tuong tu, ho 12 va 152 tao thanh nhom IB, 17 va 137 thanh
nhoém [E. 23 ho khéac khong co cAu tric bac ba giéng nhau nén mdi ho dugc chia thanh mot
nhém riéng biét. 15 ho con lai khong co cau tric bac ba nén khong duge phan nhom.


http://merops.sanger.ac.uk
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Bang 1: Cac ho PPI theo cach phan loai cua Rawlings va cong su (2004)

2005

Ho Tén Pai dién (nguon)
11 Kazal ovomucoid unit 3 (Meleagris gallopavo)
12 Kunitz (dong vat) | aprotinin (Bos taurus)
I3A | Kunitz (thyc vat) | STI (Glycine max) proteinase inhibitor B (Sagittaria sagittifolia)
14 serpin o,-proteinase inhibitor (Homo sapiens)
15 ascidian ATI (Halocynthia roretzi)
16 cereal ragi seed trypsin/a-amylase inhibitor (Eleusine coracana)
17 squash trypsin inhibitor MCTI-1 (Momordica charantia)
18 Ascaris nematode anticoagulant inhibitor (4Ascaris suum)
19 YIB protease B inhibitor (Saccharomyces cerevisiae)
110 marinostatin marinostatin (Alteromonas sp.)
111 ecotin ecotin (Escherichia coli)
112 Bowman-Birk Bowman-Birk plant trypsin inhibitor (Glycine max) unit 1
113 pot 1 eglin C (Hirudo medicinalis)
114 hirudin hirudin (Hirudo medicinalis)
115 antistasin antistasin unit 1 (Haementeria officinalis)
116 SSI subtilisin inhibitor (Streptomyces albogriseolus)
117 elafin mucus proteinase inhibitor unit 2 (Homo sapiens)
118 mustard mustard trypsin inhibitor (Sinapis alba)
119 pacifastin proteinase inhibitor LCMI I (Locusta migratoria)
120 pot 2 proteinase inhibitor Il (Solanum tuberosum)
121 7B2 secretogranin V (Homo sapiens)
124 pinA pinA endopeptidase La inhibitor (bacteriophage T4)
I125A | cystatin 1 cystatin A (Homo sapiens)
125B | cystatin 2 ovocystatin (Gallus gallus)
125C | cystatin 3 MPI (Bothrops jararaca)
127 calpastatin calpastatin unit 1 (Homo sapiens)
129 CTLA cytotoxic T-lymphocyte antigen
131 thyropin equistatin (Actinia equina)
132 IAP BIRC-5 protein (Homo sapiens)
133 ascaris PI3 ascaris pepsin inhibitor PI-3 (4scaris suum)
134 1A3 saccharopepsin inhibitor (Saccharomyces cerevisiae)
135 timp timp-1 (Homo sapiens)
136 SMI SMPI (Streptomyces nigrescens)
137 PCI PCI (Solanum tuberosum)
138 aprin MPI (Erwinia chrysanthemi)
139 0-2M ax-M (Homo sapiens)
140 bombyx Bombyxsubtilisin inhibitor (Bombyx mori)
142 chagasin chagasin (Leishmania major)
143 oprin oprin (Didelphis marsupialis)
144 - carboxypeptidase A inhibitor (4scaris suum)
146 LCI LCI (Hirudo medicinalis)
147 latexin latexin (Homo sapiens)
148 clitocypin clitocypin (Lepista nebularis)
149 proSAAS proSAAS (Homo sapiens)
150 p35 baculovirus p35 caspase inhibitor (Spodoptera litura nucleopolyhedrovirus)
151 IC carboxypeptidase Y inhibitor (Saccharomyces cerevisiae)
152 TAP tick anticoagulant peptide (Ornithodorus moubata)
157 - staphostatin B (Staphylococcus aureus)
158 - staphostatin A (Staphylococcus aureus)
159 triabin triabin (Triatoma pallidipennis)
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Céch phan loai ctia Rawlings va cong su cho thiy ho ¢6 sb trinh tw 16n nhat 1a
serpin (ho 14) voi gén 500 trinh tu. Cac ho I1, 12 va 125 g6m trén 200 trinh tu va cac ho
c6 trén 100 trinh tu 1 13, 112, 139 va 143. Mai ho 15, 124, 134, 136, 140, 144, 146 va I58 chi
c6 duy nhat mot trinh ty dai dién.

Mbt s6 don vi kim hdm rat nho, trong d6 formarinostatin va chit kim hdm dang
vong ¢ hoa hudng duong (sunflower cyclic inhibitor) chi c¢6 14 axit amin. Cac don vi co
it hon 50 axit amin dugc tim thay trong cac ho 17, 119, 131, I37 va 145.

Tuy nhién, cach phan loai ciia Rawlings va cong su ciing c6 nhwoe diém & chd
mot sd don vi kim hdm gia dinh trong mot vai ho cé thé khong c6 chirc nang kim ham.
Chung chi trong déng vé mat trinh ty axit amin véi cac PPI da xac dinh [3]. Hon nita khi
doc tén mot ho hodc mot nhom nguoi ta khong hinh dung ra dugc nd c6 kha nang kim
ham protease nao, c6 ngudn gdc tir dau.

C6 thé noi, cong trinh cua Rawlings va cong su la mot khdi lugng cong viéc
khong 10 va dic biét co ¥ nghia. Trén co so dur liéu vé PPI ¢ tén la MEROPS
(http://merops.sanger.ac.uk) c6 thé tim thdy toan b trinh tur, cdu trac, tén, ngudn gdc xac
dinh, tai liéu tham khao... cta cac loai PPI ciing nhu méi quan hé vé mit trinh ty (ciy
phan loai) giita chung. Hon nita n6 con dugc lién két v6i cac co s dir lidu khac nhu
NCBI, ExPASy va dugc cap nhat thuong xuyén.

Ca hai hé théng phan loai déu c6 wu, nhuge diém riéng nhung theo t61 cach phan
loai ciia Rawlings va cong sy uu viét hon. Boi trong bdi canh ngay cang nhiéu PPI duoc
xac dinh, ngay cang nhiéu bo gene dugc giai trinh tu va thi cach phan loai nay rat thuan
tién cho viéc cap nhat, tra ctru va lién két cac co s& dir liéu v6i nhau cling nhu thuan tién
cho viéc dinh hudng nghién ctru.


http://merops.sanger.ac.uk
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3. PHAN BO TRONG SINH GIOI

Nguoi ta co thé tach dugc PPI trong rat nhiéu loai tir virus, vi khuan dén dong,
thuc vat. Hién tai (tinh dén thang 6-2005) tong s sinh vat tir d6 nguoi ta co thé xac dinh
dugc PPI d3 1én dén con sb 787 (http://merops.sanger.ac.uk/) va con sd nay van tiép tuc
tang. Thong thuong PPI tich luy vo1 lugng 16n trong hat thuc vat, tring chim va dich thé
(body fluid). PPI tich Ity mét lugng 16n trong huyét twong dong vat co vii va dong vat
blen (chiém t&i 10% protein tong s6) hodc trong hat thuc vat (nhu cac loai dau) cho thay
tAm quan trong clia cac tuong tic protease/PPI trong tu nhién.

Hinh 1 cho thdy phan bé ctia cac ho PPI trong sinh gidi. Mic du c¢6 trong tat ca cac
loai sinh vat nhung cho téi nay cac ho dugc biét dén chu yéu thudc eukaryote. Chi co ba
ho da biét thudc khuan cd, hai trong s6 d6 c6 trong ca ba gidi. Ho 14 phan bd réng rii
nhit, dugc tim thiy trong ca virus. Khong prokaryote ndo chira trén 6 gene ma hoa PPI
trong khi b gene cua tit ca cac eukaryote chira tir hang chuc dén hang trim gene md hoa
cho no.

Eukarya

13, 15, 18, I7, 18, 112, 113, 114,
115, 117, 118, 119, 120, 121, 125,
127, 129, 130, I31, 132, 133, 134,
135, 137, 139, 140, 143, 144, 146,
147, 148, 149, 152

Viruses

1,12, 18, I 151

110, 118, [22, 123, 136, |
138, 157

Bacteria Archaea

AHinh 1: Phan b cac ho PPI trong sinh gigi (Chu ¥, ho 14, serpin-a;-proteinase inhibitor
(Homo sapiens)) ¢ mat trong ca bon nhom nhung tién cho viéc v€ hinh, ho virus dugc tach biét
hoan toan.)


http://merops.sanger.ac.uk/
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4. CAU TRUC

Co s& dir lidu MEROPS cho thiy hién c6 rat nhiéu loai PPI khac nhau, tir nhiéu
ngudn khac nhau, da duoc xac dinh bang thuc nghiém ciing nhu tién doan nho tinh twong
dong trinh tw. DA ¢ rat nhiéu nghién ctru x4c dinh cdu trac tinh thé cua PPI va phirc hé
PP/ protease dich. Nhitng nghién ctru nay cho thdy PPI c6 mirc d6 da dang vé ciu tric
dang kinh ngac. Rawlings va cong su dua trén mic do twong dong cu trac di tap hop
cac PPI thanh t&i 26 nhém khac nhau. Vi vdy, trong khuon kho bai viét nay t6i khé co thé
néu ra dic trung cau trac cia timg nhom. Vi vy, t6i chi di siu vao hai dic trung ciu
tric chung, chu chdt cia cac loai PPI 13 trung tdm phan &ng va ciu disulphide.

3.1 Trung tam phan wng

bic trung chung n01 bat ctia hau hét cac loai PPI 13 ving trung tam phan tmg dong
vai trd sdng con, truc tiép tao lién két voi protease dich khong cé ciu tric (xodn o hoic
phién B). Vung trung tdm phan ung ndy c6 dang vong va duoc goi 1a vong chuin
(canonical loop, CL) dé phan biét véi cac vong khac trong PPL. Bode va Huber (1992)
dinh nghia CL Ia vung giéng co chit dac trung, gf)m 6 géc P3-P2-P1-P1 -P,’-P5’ theo
dung danh phap do Schechter va Berger dé ra (1967), & @6 lién ket peptide P;-P;’ 1a vi tri
bi protein cat [16]. Bang 2 thé hién trung tim phan tmg cia mot s6 PPL

Lién két peptide tai trung tim phan tGng (nhu trong chat kim ham da bién doi) can
mot géc dau C got 1a Py va mot géc dau N goi la Py, Goc vi tri phan ung P, thuong tuong
ung voi tinh dac hi¢u cua enzyme dich. Do do, PPI véi Py 1a Lys va Arg c6 khuynh
hudng kim ham cac enzyme trypsin va gia trypsin, trong khi cac PPI véoi Py 1a Tyr, Phe,
Trp, Leu, va Met kim ham cac enzyme chymotrypsin va gia chymotrypsin, con cac PPI
v6i1 Py Ala va Ser kim ham cac enzyme gia elastase (bang 2) [6].
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Bang 2: Cac gbc axit amin tai ving trung tim phan tmg ctia mot sb PPI

P, P, P, P[P, P, Py P, Ps Ps P, Py
Pancreatic Trypsin Inhibitor G P Cc kla rR 1 1 R Y F Y
(Kunitz) Family
L L|]G A L P Q F Y F
R Y|R S F L S W A
N M|Q Y T R A 1 H
L K Vv Q L
- F S
H
M
P
Pancreatic Secretory Trypsin
Inhibitor (Kazal) Family -G Co PR NP v C
v N K|D L R L I
A T E|JE P H F L
L A D|J]A F Q L H
D M A|JL H S E
M L L|Q D M
F S SN Q K
M M D
v I
Q E
Y
Streptomvces Subtilisin
Inhibitor Family ~MoCo P M Y P v L
A T K|Q F v
Bowman-Birk Inhibitor Family ..A°C T K|S N P P Q C...
M A R M G K
A% A I A T
L L Q
I F Y
S Y
Soybean Trypsin Inhibitor
(Kunitz) Family .S Y R|I R F 1 A E
Potato Inhibitor I Family .pV T L|ID Y R C N
M F
L
Potato Inhibitor II Family A S Y K|S VvV C E G E
al1-Protein Inhibitor Family AT P M|T P P E V
S

3.2 M hinh cau disulphide

Mbt sb PPI ¢6 cau disulphide va mdt s6 ho ¢o cac vong vi tri phan Gng 6n dinh
(stabilize reactive-site loop), 1am d& dang viéc tai tong hop lién két tai vi tri phan ng
sau khi né bi enzyme dich cat. Trudc day, cac cau disulphide nay dugc dung dé phéan chia
cac ho khi tinh tuong dong trinh ty thap va dé xac dinh cac don vi kim ham trung lap
trong chat kim ham nhiéu dau. Hinh 2 mé ta su sip xép cua cac ciu disulphide trong cac
nhom va ho khac nhau.
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GLAN IN {111} =
CLAN IK (138) ra
CLAN IC (13A) "
— [ —
(138) P
CLAN 1Y (116) .

CLAN IH (125B) s
CLAN IU (136} .
(143) s

CLAN IM {114)
CLAN IR (123) I

CLAM IB (12) | '—c'—|—| |
CLAN IE (I7) ﬁ
e .
CLAN W (119) |_||——.|—|—|
CLAN [Z (129) ——
GLAN 14 {I1) #T';‘
) 1 .—.5—| |
Wl o1 1 ]
20 s 1]
S | r— 1 —F— — 1 | |

AHinh 2: M6 hinh cau disulphide trong cac ho PPI ti€u biéu. Hinh tron biéu thi vi tri
phan ung.
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5. CO CHE KIM HAM

Céac mo hinh kim ham, dong hoc, tham s6 nhiét dong va phtrc hé enzyme-chét kim
ham ty nhién khac nhau mot cach dang ngac nhién. Mot cach khéc, trong mot sd truong
hop, sy phan ky ctua cAu trac va/hodc chuc nang cé thé dugc quan sat, chi ra sy that 1a co
mot s gidi han cac mo hinh kim ham [17].

5.1 Vi PPI khong dac hi¢u

Co ché nay phu thudc truc tiép vao hoat tinh protease cta enzyme dich glong nhu
mdt chiéc “bAy”. Loai phan tng nay dac hiéu cho endoprotease vi no cit lién két peptide
bén trong, lam bién ddi hinh dang chat kim ham.

Khi a,-M (ho 139) két hop vdi protease, chi hoat tinh thuy phan protein 16n bi
giam hodc mat. Pang chi ¥ 1a phirc hé a,-M-proteinase vin bi ciac PPI nhé (PTI,
PSTI) kim ham, nhung khong boi cac PPI 1on hon (STI) [14]. V6i a,-M, hinh dang cua
chat kim ham bi bién ddi khi “ving mdi” (bait region) nhay cam cta nd bi cat, qua d6
enzyme dich bi bat giit (hinh 3) [18].

Phtic hé enzyme-chit kim hdm duoc 6n dinh chi yéu do cac hiéu wng khéong
gian, mic du cic nhom thiolester hoat hoa ciing c6 thé tao thanh nhiing lién két cong hoa
trj [19]. Enzyme dich phai 1a mot loai endopeptidase dé cit ving mdi cua chat kim hdm
va khong qua lon dé duoc bao goi trong macroglobulm Kha nang kim ham ca bbn loai
protease phan nao 1a do cac lién két trong viing moi ciia a,-M cé thé bi cit theo cac
cach khac nhau, twong rng tao ra cac loai “bay” khac
nhau phu hgp vo61 protease dich [20]. Mot nguyén nhan
khac 13 do phan doan peptide chinh yéu dai hon, chira cac
lién két bét cip vai tinh dic hidu dbi v6i cac protease khac
nhau [14].

<«Hinh 3: M6 hinh phttc h¢ plasmin-0,-M. Plasmin hinh que
(mau d6) nam trong khong gian ctia a,-M (khung diy mau
vang) v&i mién dau N nho ra tir mt dau cila cau trac. Mién thuy
phan protein dau C cua plasmin bi vili sdu trong khong gian ciia
a-M [21].

5.2 Vai PPI dac hiéu
5.2.1 Kim hiam thong qua phirc hé enzyme-co chit (co ché ES)

Theo co ché nay, PPI gan phi dong héa tri véi protease, rat giébng voi trong tac
enzyme-co chat, con goi la phirc h¢ Michaelis.

Vi du d3 duoc nghién ctru sau sic nhit cla twong tac gidng co chét 1a cac chat kim
ham serine protease theo co ché chuan (CI) (hinh 4). Phan 16n ching 1a protein c6 cau
trac chat, 6n dinh, gdm toan phién B hay hdn hop a/B, nhung ciing c6 thé c6 dang xodn o
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hoic bat quy tic nhung giau lién két disulfide. Mot diéu hap dan 1a trong tit ca cac ho
nay, phin vong (loop) rat giong nhau, c6 ciu hinh chuan (goi 1a vong chuan, CL), mic
du trinh ty axit amin & phan doan P;-P;’ gifta cac ho va gitra cac thanh vién trong cung
mot ho hoan toan khac nhau.

- Irﬁé:ﬁ'“h <Hinh 4: Phirc hé serine protease-chat kim hidm: canonical
NI

JONa Y B trypsin/CMTL
v H)"/Hﬁ v

(e A\ : f.f Céu trac lap thé ciia protease c6 dang ruybing mau vang v4i bé mit
3 *‘i:ﬁf_;" ngoai mau xanh 14 cdy mo. Céc thanh phan cau tric bac hai cua chat
=T kim hdm c¢6 mau xanh da troi (phién B), d6 (xoan a) va do tuoi
cudn, coil).
Trypsin :CMTI ( ’ )

{mechanism/ES)

Phin vong trong mé hinh twong tic giira serine proteinase va CI thwong c6
dong lwe hoc cao hon khi chwra tao phirc va tré nén chit dang ké khi tao phirc véi
protease. Co mot s6 lién két hydro ndi phan tir hing dinh tao thanh giita CL va trung
tam hoat dong cta enzyme. Chiing bao gdm mét phién p ngin d6i song song giira P5-P,
va phan doan 214-216 (trong ho chymotrypsin); hai lién két H giita O ctia nhém carbonyl
trén P, va cac amide ctia anion oxy gin 16 va mot tiép xtic gin gitra C cia nhom carbonyl
trén P, va serine xuc tac.

Mac du CI tao thanh phtic h¢ 6n dinh véi enzyme dich, lién két peptide P-P,’ tai
trung tim CL c6 thé bi enzyme thuy phan. Hinh dang PPI c6 trung tim phan ng bi
cit hiu nhw van nguyén ven, trir cac bién ddi cdu trac cuc bo tai vung gén lién két
peptide P;-P,’. Khi tron PPI ¢6 trung tdm phan tng bi cat v6i enzyme, lién két peptide tai
day dugc tai 1ap, tao phirc voi enzyme giong y nhu phirc h¢ gitra enzyme va PPI chua bi
cit [22]. Tuy nhién cac phan ung cit va tai tong hop xay ra rat chdm va hang s can bang
thity phan gan nhu khong ddi tai pH trung tinh. Diéu ndy c6 nghia 1a cac chat kim him
nguyén ven va bi cat ¢6 do 6n dinh nhiét dong nhu nhau. Mot diéu
tht vi 1a mdc du phan @ng tao thanh acyl-enzyme giira enzyme
va chit kim him dién ra nhanh, thi phan vng deacyl duong
nhu bi kim him va xiy ra chim, thién vé s tai tong hop lai
lién két peptide P,-P,’ [23].

Co ché thuy phan/tai tong hop lién két peptide, dic trung
ndi troi cua CI, ciing xdy ra v6i chat kim hdm Streptomyces
metalloproteinase (SMPL, ho 136) [24]. Vong vi tri hoat dong cua
no chat khi khong co chat kim him va rat giéng v6i cac chat kim
ham theo co ché chuan, khép véi trung tim hoat dong ctia enzyme.

Mt-MMP-1: TIMP-2 <«Hinh 5: Phic hé metalloprotease-chdt kim hdm: membrane-type
(mechanismy/ES) MMP-1/TIMP-2. Chti thich mau nhu hinh 4

Céc chat kim him metalloprotease trong mo (TIMP) ciing twong tac véi phirc hé
dich la metalloprotease trong chat nén (MMP) theo m6 hinh ES. Ching ngin ngua sy
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phan cit bang cach tach phan to nudc khoi trung tam hoat dong cua enzyme. Cac chat
kim hdm nay gdm hai mién: mlen dau N voi 125 gdc axit amin va mién dau C linh dong
hon gom khoang 65 goc. M3di mién duge 6n dinh hoa bai ba cau disulfide, cung nhau tao
thanh canh dai (elongated edge) [25]. Canh ndy gin véi rinh trung tim hoat dong cua
MMP dich [26] (hinh 5). Khoang 75% tiép xtc tao thanh do ddu N, con goi 1a vong lién
két (connector loop). Cac mién dau N tach ra kha 6n dinh va khéa hoat tinh cua cac MMP
khac nhau [27]. Pau N (Cys1-Pro5) gan véi trung tam hoat
dong MMP theo hudng gidng nhu co chat. Mot sd twong tac
ctia phirc hé nay 1am dich chuyén phan tir nudc xtc tac nén
bd may xuc tac khong bi bién dang khi cit.

Tuong tic manh gita nhoém serralysin cua
metalloprotease va cac chat kim hdm cua vi khuin
Pseudomonas aeruginosa [28] va Erwinia chrysanthemi
[29] tuong tu v&i phue hé TIMP-MMP (hinh 6).

<Hinh 6: Phic hé metalloprotease-chit kim him: Serratia

S. marcescens metalloprotease: ), co5cons  metalloprotease/chat  kim  him  t  Erwinia
E. chrysanthemi inhibitor

(mechanism/ES) chrysanthemi. Chu thich mau nhu hinh 4

Mic du TIMP va hai chat kim ham vi khuan c6 ciu tric khac nhau, ca hai nhom
nay tao thanh cac twong tac c6 cau trac giéng nhau va cac lién két cung phdi hop véi Zn
xuc tac st dung gbc dau N. Chiéu dai cua phan dau N cho phép ion kém va gbc dau N
tuong tac chit ché, chinh xac. Cac tiép xuc gan bi ngin can boi tam phiém B d6i song
song dang vong cua chat kim ham [28].

5.2.2 Kim him thong qua phirc hé enzyme-sian pham (co ché EP)

Chat kim ham carboxypeptidase A cua khoai tiy (PCIA) va dia (LCI) kim him
protease bang cich tao phtic hé enzyme-san pham 6n dinh (hinh 7). Tuy céu trac khac
nhau nhung chiing nhan dang carboxypeptidase theo ciing mét cach, v4i gbe dau C (Gly

va Glu, twong rng) bi cit bé nhung vin nam trong phirc hé [17].

Yo Trong cu trac tinh thé cia ca hai phirc hé, twong tac chii chét
b = " tao thanh boi gbe Val (tai P,”). Tuong tu voi CI cua serine protease,
l", : lién két peptide P;-Py’ bi cit chim, san phim cta phan tng thiuy
TS - phan co6 hoat tinh nhu chat kim ham va nhom amin bi khoa tach ra

‘%:.":'w [17].
A

Coborypeptiass -t @HInh  7: Phitc  hé metalloprotease- chat kim hiam: human
{mechanism/EF) carboxypeptidase A2/LCI. Chu thich mau nhu hinh 4

Chét kim ham pepsin 3 (PI-3) trong rudt sau Ascaris suum cing co thé tao phuc
enzyme-san phiam 6n dmh N6 thudc 10a1 khong dac hleu vi cling gan vl mot soO
aspartyl protease. PI-3 gdm hai dudi mién, mdi dudi mién chira cic phién B d6i song
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song, hai bén 1a mot xoan o [30] (hinh 8). Phién B
dau N cua PI-3 can cho hoat tinh kim ham: GInl ndm
gan hai aspartate xuc tac va duong nhu nhom a-amin
cua nd du gan voi mot trong cac aspartate nay dé
ngadn phan tir nude xuc tac. Glnl cung Phe2 va Leu3
chiém gitr cac hdc S,’-S;’ ctia enzyme.

<Hinh 8: Phitc hé aspartic protease- chit kim him:
Pepsin A:PI-3 porcine pepsin—PI-3. Chu thich mau nhu hinh 4
(mechanism/EP)

5.2.3 Trung gian acyl-enzyme

Néu nhu co ché Michaelis ¢6 tinh 6n dinh nhiét dong hoc thi co ché kim ham béng
cach tao acyl-enzyme 13 mot qua trinh bat thuan nghich va ddng. Chi protease serine va
cysteine tuan theo co ché kim ham nay. Cac chat kim hdm tao thanh phirc hé acyl-
enzyme 6n dinh, enzyme dich trai qua sy chuyén vi hop tac cao, pha hiy trung tim
hoat ddng ciia protease trwée khi deacyl héa. Trong nhom chit kim him nay, vong
trung tdm phan tmg (RCL) linh dong, dai va nho ra thanh mét co chat tét [17].

Vi du kinh dién ctia co ché kim him nay 14 ho serpin (I4), cac protein 45-55 kDa
chi c6 mot mién gdm ba phién B va 8 hodc 9 xoan a [31]. Khong giéng nhu cac protein
thuong gdp, serpin ban 6n dinh (metastable) ¢ trang thai hoat dong. Hinh dang cua né
thay ddi 16n, tao thanh dang on dinh khi két hop véi protease dich. Pau tién, Sy nhan biét
RCL nho ra giéng trudng hop CI va protease tin cong lién két P,-P,” nhu khi no déi xur
Vi co chat.

Tai giai doan nay, protease hodc serpin van giit nguyén hinh dang, va RCL c6
dang chuan [32]. Sau d6, gdc Ser xtic tac tan cong lién két peptide mdi P;-P,’ cta serpin
lam bién hinh manh PPI nay, tao thanh trung gian acyl-enzyme. Bién d6i nay nhanh dén
mirc qua trinh xic tac chi véi hinh dang ciia mdt enzyme acyl va gidi phéng phan
diu C ciia vong trung tAim phan vng [33]. Phén dau N ciia vong gan véi phién B, mang
phan tir enzyme van gan nhu mot acyl enzyme t6i cuc d6i cua
phan tir kim him. Ap luc nay pha v& cau triic cia phan tir
enzyme va trung tdim hoat dong cua n6 nén acyl enzyme khong
bi thity phan va phirc hé cong héa tri van ton tai (hinh 9).

Ngugc voi CI, nhom amin méi tao thanh bay gio dé
dang tach khoi trung tdm hoat dong va sau d6 RCL hoan toan
khong bi nén duoc gian véi phién B A. Do d6, co ché kim him
serpin hoan toan phu thudc vao sy mé rong nhanh chong cua
phién B A chinh va sau d6 két hop v6i RCL trudc khi acyl-
enzyme bi thily phan. Cac nghién ciru hoa sinh va ciu tric cho
thdy toc do gan ctia vong rat quan trong khi kim ham [17].

Trypsin: - 1- antitrypsin <(Hinh 9: Phirc hé serine protease-chat kim ham: serpin: trypsin/a-
(mechanism/acyl-enzyme) 1-antitrypsin. Chu thich mau nhu hinh 4
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Do d6, chiéu dai RCL bi gin c6 thé khac nhau phu thudc vio protease bi kim ham.
Tham chi ddng ngac nhién hon, mdt serpin duy nhét c6 thé cé hoat tinh ciia nhom hai
co ché (dual mechanistic class reactivity) bao gdm serine va cysteine protease, sir
dung cac trung tim phan tng khac nhau [34]. Diéu nay trai nguoc hoan toan véi vi tri
trung tAm phan tng bét bién, dugc tao thanh boi chidu dai va hinh dang khong doi cia
CL va 1a vi tri nhan biét duy nhat cta cac CL

Trén mot sb khia canh, CI va serpin c6 cac dac trung trai nguoc. Voi CI, trung tdm
hoat dong khi phan cit khong 1am bién d6i hinh dang. Vong gan tuong dbi ngan va qua
trinh cac nhom amin, carboxyl mdi giai phong tai gan vo1 enzyme c6 logi vé mat dong
hoc. Ning luong tu do cia dang nguyén ven va dang bj cit gan bang nhau. Nguoc lai,
RCL cua serpin it bi ¢p budc va dai, gitta cac axit amin 14 va 19 [31]. Chiéu dai RCL anh
huéng manh mé dén tinh 6n dinh cta phtc hé protease-serpin: néu qua dai, ap luc keo
trén trung tdm hoat dong cuia protease it hon, nhung néu qua ngan thi canh tranh khong
gian gitta enzyme va phién B A ngin kha ning truy cap vong.

Co ché kim ham caspase bdi protein p35 cta baculovirus (ho 150) tuong tu voi co
ché cua serpin. Co ché bét hoat thong qua sy tao thanh thiol ester cong hoa trj [36]. Tuy
nhién, khi di sau vao chi tiét thi khi lién két peptide bi cat 1am phan tir chat kim ham it bi
bién d6i hon (hinh 10). Sy cét cua lién két peptide
P,-P,’ ndm trén vong 10 ra 1am phan doan amin cua
vong bi cit di chuyén va che vui. Két qua tt yéu 1a
mach dau N cua p35 (chua géc Cys2) dugc giai

Ny phong. Trong phirc h¢, Cys2 gan voi trung tam hoat
"o g dong lam mat kha nang truy cap khong gian cua

phén tr nudc thuy phan. Tuy nhién, so voi serpin,
chat kim ham it bji bién ddi hinh dang hon va cau
trac protease khong thay doi.

£ €
Caspaso-:pis <Hinh 10: Phtiic hé cysteine protease-chét kim ham:
(mechanism/acyl-enzyme) caspase-8—p35. Chu thich mau nhu hinh 4

5.3 Khoa khong gian trung tam hoat dong cua protease

Trong mot s6 truong hop khong lién quan vé mit tién hoa, chudi polypeptide ctia
chat kim hiam c6 kha ning khéa trung tim hoat dong ciia protease. Do viy, lién két
peptide tai trung tim phan tng ctia PPI ctia né khéng can tiép xac tryc tiép voi cac nhom
xUc tac tai trung tm hoat dong ctia enzyme.

Mo hinh ¢6 dién 1a sy kim ham cysteine protease gidng papain bdi cac chat kim
ham thudc siéu ho cystatin (gdm cystatin, stefin va kininogen) [38]. Tuy nhién md hinh
twrong tac cua thyroglobulin loai 1 [39] v6i enzyme cysteine cling rit gidng cystatin.
Trung tam gan protease cua cystatin va stefin gom hai vong kep toc (hairpin loop) va mot
phan doan dau N. Chiing tao thanh ném ky nwée vira khit véi trung tim hoat dong cua
cysteine protease va nhanh chong kim ham enzyme nay (hinh 10, 11, 12). Phan Gng kim
hiam khong tic dong dén Cys25 xic tic nim xa phan doan dau N. Mot diéu thd vi 1a
cystatin cling khong c6 kha ning tao thanh phtrc hé cho du yéu vdi cysteine exopeptidase,
nhu dugce kham pha ra bai cdu trac tinh thé cua phirc hé stefin A-cathepsin H [40] (hinh
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11). Trong truong hop nay, chi cép mdt s6 bién ddi hinh dang tai phan
doan dau N dé¢ tao thanh phtc h¢ 6n dinh.

<«Hinh 11: Phirc hé cysteine protease-chat kim ham: cathepsin H-stefin A.
Chu thich mau nhu hinh 4

Mot trong cac vi du dién hinh ciia co ché nay 1a cac chat kim
ham khéng chuan (NCI) cua serine protease. Chung gin dudi dau N
vao trung tim hoat ddng cia enzyme tao thanh mot mach B ngin,
song song voi cac gbe 214-216 cua enzyme. Tuong tac nay nguoc voi CIL, & d6 cac tuong
tac thong qua vong gin phoi bay va tao thanh mach B d6i song song. NCI thudng c6 &
dong vat dn mau (hematophagous) nhu mot chat chdng dong tu dé kim ham thrombin
hodc yéu t6 Xa. Ving bé mit cya ca hai protease c6 chtic ning quan trong va dugc nhan
ra boi cac phan doan phu trg: dudi dau C cé tinh axit hoac mot mién tuong dong. Cac
tuong tac bac hai mo rong nay tang dang ké ving tiép xtac va gop phan vao téc do, dong
luc va dic biét 13 sy nhan biét cao dén bat ngo.

Cathepsin H: stafin A
{steric blockage)

Mot trong cac vi du la nhan biét thrombin béi chat kim him

e .1 hirudin cta dia. Pau N cta mién hinh ciu cua hirudin tiép xuc véi

‘“ﬂ_“ Q(/' ¢ trung tam hoat dong theo m6 hinh phién B song song de cap O trén

o , _.,,i: ' %\ trong khi dudi dau N dugc nhan ra béi vi tri ngoai mién nhan biét

s ANy fibrinogen. Vi haemedin ctia dia déng rudng (land-living leech), su

57 mr tuong tac thong qua dau N 1a tuong ty, nhung phan doan dau C co
'E"‘ (] tinh axit tuong tic véi bé mat gin ving kep toc (hinh 12) [41].

(t=Thrombin : haemedin

. <Hinh 12: Phirc hé¢ serine protease-chit kim hdm: noncanonical: o-
(steric blockage)

thrombin/haemedin. Chua thich mau nhu hinh 4

Trong trudng hop ornithodorin hai mién, ddu N gin véi trung tim hoat dong theo
md hinh khong chuan trong khi mién dau C dwoc nhan ra béi vi tri ngoai mién nhan biét
fibrinogen (fibrinogen recognition exosite). Ca hai mlen
ornithodorin giong BPTI (mét CI) nhung cac vong gan

Db N theo co ché chuan cua ching bi bién dang va khong tlep
> LA, L"d xtc v6i enzyme. Chi c6 duy nhat mot NCI tac dong dén
= R

~ o ) Xa 1a peptide chéng dong mau cua ve (TAP), nguoc lai
& ’*"_f

- ﬁ\-ﬁ"" tuong dong cau triuc voi BPTI. Mot protein nam men 1A3

"{\* f Ja ,--?“f —~, nho gom 68 axit amin co thé khoa trung tdm hoat dong

\-.- 3;; i~ clia aspartic protease A tir cing mot sinh vét theo cach rat

Protzinase A:lA3

(steric blockage)
<«Hinh 13: Phirc hé aspartic
protease- chit kim him:
proteinase A-IA3. Chu thich
mau nhu hinh 4

dic biét. N6 khong c6 cdu tric bac hai trong dung dich
va c6 thé bi cit béi mdt so6 aspartic protease tuong tu
vé mit ciu trac bao g6m pepsin. Tuy nhién, khi tao phirc
vOi protease A, cac goc 2-32 cua IA3 gin nhu tao thanh
kiéu gap nép xoan a, cho thay phan than protease co vai
trd nhu mot khuén gap nép [42] (hinh 13). Phan tir nudc
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a1 nhan chiém gittr vi tri xtc tac, nhung khong lién két peptide ctia chat kim ham nao du
gan dé bi tan cong.

Vi ngay cang nhiéu dir liéu cau trac, ching ta ngdy nay co thé bit dau hiéu t6t
hon vé cac co ché phéan tir co s& dam bao cho viée tao thanh phire hé kim hdm. Cac co
ché nay da dugc phan loai thanh mdt s6 loai. Chung ta co thé tim ra mot s6 loai méi cta
cac phiic hé protease trong nhitng nim tiép theo? Cau tra 1di chic chan 1a c6 khi ma céac
protease moi dugc kham oha khong ngimg va cac PPI thudng tién héa cing voi cac

enzyme thuly phan protein.

Bang 3: Cac dic trung co ché kim him caa PPI

Loai
protease

Chét kim
ham

Pai dién

Pic trung kim ham chinh

Trong
lugng

Serine

CI

BPTI,
OMTKY3, eglin
c, CMTI 1

- Thuong rat nhanh va chat, giong tuwong tac khong
cong hoa tri.

- Phtrc hé Michaelis tryc tiép khoa vi tri phan tmg,
khong 1am bién ddi hinh dang.

- Phién B ddi song song giita enzyme va chat kim
ham, mo hinh twong tyr tuong tac théng qua vong gin
protease chudn trong 18 chit kim ham khac

- Kich thudc giao dién vira phai, vai tro cyc han ctua
gbc Py, ¢6 hidu g phu do ning lugng két hop.

3-21 kDa
mdi mién

NCI

Hirudin, TAP,
ornithodorin

- Cyc ky manh, nhanh va tuong tac dac biét chi tao
thanh vé6i yéu t6 Xa va thrombin, dong hoc bac hai,
kim ham vi tri phan tmg thong qua dau N cuta chat
kim ham tao thanh phién p song song véi trung tim
hoat dong cua enzyme

- Giao dién 16n gdm hai viing twong tac.

6-§ kDe}
moOi mién

Serpin

a-1-Antitrypsin,
antithrombin

- Phirc hé acyl-enzyme cOng hoa tri bat thuan nghich,
co ché bay, chit kim ham bién d6i hinh dang manh
m¢, vi tri Py ¢6 vai tro quan trong.

- Su kim ham gay chét, pha v trung tdm hoat dong
cua protease.

45-55 kDa

Cysteine

Cystatin

Chicken cystatin,

cystatin C, stefin
B, kininogen

- V0 cung chat nhung khong dac hiéu, kim ham thuédn
nghich va khong cong hoa tri, tuong tac thong qua
ném (wedge) tao thanh do hai vong kep toc (hairpin
loop) va dau N, c6 thé truy cap Cys25 xuc tac trong
phure hé, cac twong tac quan trong thong qua vi tri P,.

11-13
kDa, up to
60-120
kDa
(kininoge

n)

Thyropin

p41, equistatin

- Kim ham rat chat, co ché twong tu cystatin nhung
thuong dac hiéu hon, sy kim ham la thuong cia
cysteine va aspartic protease tai cac mién khac nhau
cua equistatin.

7 kDa mdi
mién

Bromelain
inhibitor

BI-VI

- S kim hdm manh vira phai tai pH thap va khong
kim ham tai pH trung tinh, cau truc twong tu CI thudc
ho Bowman-Birk.

6-8 kDa

Staphostatin

Staphostatin B

- Su kim ham chat vira phai, co ché kim hdm giong
CI, cau triic chat kim him khéc véi cystatin, hinh
dang la thuong cua Gly dugc bao ton tai Py, chiéu
huéng gidng co chét cua chat kim him

-Vung tuong tac 16n, quan trong voi vi tri Py,

11 kDa

IAP

XIAP, cIAP1

- Sy kim h@m dac hi¢u cao, dong hoc gan chat thuan
nghich

- Sy kim ham ciing théng qua vang lién két linh dong
trong mién nhu sy gan khong quay vong
(nonproductive) theo chiéu ngugc voi co chat.

9 kDa mdi
mién BIR

CrmA, PI-9

- Kim ham c6 tinh dac hiéu cao, tuong ty véi sy bat

38 kDa
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hoat theo co ché serpin.

p35

- Sy kim ham khong dac hi¢u, acyl-enzyme bat thuan
nghich, bién dang trung tim hoat dong, dau N p35
che Cys360 xuc tac khoi phén tir nudc

- Toan bd hinh dang khi c6 chét kim ham thay doi.

35 kDa

Metallo

PCI, LCI

- Phirc h¢ enzyme-san pham cht, kim ham thong qua
phan doan déau C, vai tro quan trong cua Val38 (Py)
- Khong biét d6i hinh dang khi chat kim ham gan vao.

4 kDa

SMPI

- Chat kim ham déc hi€u vira phai, co ché kim ham
giong vai co che chuan cua cac CI cua serine protease
- Kim ham nhat thoi, vong gan protease khit.

11 kDa

P. aeruginosa
inhibitor,

E.chrysanthemi

inhibitor

- C6 ca sy kim hdm y€u va manh, cdc twong tac quan
trong théng qua cac goc dau N, nhom axit amin dau N
tao thanh lién két phdi tri véi Zn xuc tac.

15 kDa

TIMP1-4

- Tuong tac khong cong hoa tri chat nhung khong
may déc hiéu, dau N va 5 vong kim ham tao thanh
ném tiép xuc véi trung tam hoat dong, phdi tri hoa tri
hai clia Zn xuc tac thong qua dau N

- Cac tuong tac chi yéu théng qua gbc P1°, bién doi
hinh dang vira phai khi tao phtrc v&i chat kim ham.

20-22 kDa

Aspartic

IA3

- Su kim ham theo kiéu ddc nhat vo nhi, dac hiéu cao,
mét su gép nép hoan toan trong trang thai tu do, tao
thanh xodn dai trong phirc hé chira chi nira dau N ctia
chat kim him, khong cong hoa tri.

8 kDa

PI-3

- Manh nhung khong may dac hiéu.
- Phién B d6i song song tao thanh gilta enzyme va
chat kim ham, khong bién doi hinh dang.

17 kDa
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6. SINH TONG HOP

Cho dén thoi diém hién nay, con dudng sinh tong hop PPI thu:ong dugc nghién
ciru ky ¢ thuc vat. Thuc vat tao ra PPI khi bi c6n trung tan cong hoic khi bi ton
thwong. PPI ciing thuong duoc diéu hoa theo nhip d phat trién & cai bip va khoai tay
ngot (sweet potato). O d6 d6, ham luong PPI cao nhét trong 14 non va thip nhat trong 14

gia [6].

Lawrence va Koundal (2002) chi ra bang chung rang PPI dwgc tong hop theo
con dwong octadecanoid (OD), xic tic phan huy axit linolenic va tao thanh axit

jasmonic (JA), cam tng biéu hién gene ma hoa PPI (hinh 15) [4].

| Jari, Jinl,
‘ Jind, Colt -

| e

Cac yéu tn phién

Ethylene

=

‘ Hoat ]ma gene
Lox 1 \
Systemin
Cac phin i
tin hiéu khac

Chat Higt & migng siu 5 i 4 Ohgnsm:chandes
p-glucosidase
Dian xuat lipid Tin thwong co hoc
>

Ming t& bio chit
ABA

MAPFP kinase

Phin hiy lipid ming

Hop chit giong LA

OD pathway

Hop chit
giing JA

4

A — Me-SA
Terpencids
Volatiles

A Hinh 15: So d6 con duong tin hiéu can thiét dé tong hop PPI & thuc vat khi bi sdu an.

Chuyén héa tin hiéu tén thuong & thuc vat tir sau. Ton thuong co hoc lam hoéa chét
va enzyme trong cac chat tie¢t & miéng con trung dé dang loai bé dap ting phong vé cua
thuc vat. B-glucosidase gidi thoat cac oligosaccharide ctia thanh t€ bao dong vat. Cac
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oligosaccharide nay gin véi GEBP (glucan elicitor binding protein) va gy ra sy phan
huy lipid mang.

Cac k¥ thuat dinh vi mién dich (immunolocalization technique) da kham pha rang
prosystemin (tién chat trong thyc vat cua systemin) ndm trén té bao nhu m6 cua bo mach,
systemin va oxylipin dé dang van chuyen dugc cam Gng khi té bao ngoai bién bi tén
thuong. Systemin tuong tac voi thy thé vé mit té bao 160 kDa (SR160), hoat héa MAPK,
kiém hoéa nhanh méi trudng ngoai bao, hoat hoa phospholipase va giai phong axit
linolenic (LA) [6]. LA va cac dan xuat c6 gudn gbc tir con trung chuyén héa thanh cac
oxylipin (axit phytodienoic va axit jasmonic (JA)) theo con dudng octadecanoid (OD).

Trong céac té bao bi ton thwong, JA dwoc tao ra nhiéu hon, hoat hoa su biéu
hién cua cac gene mé hoa lipoxygenase (LOX) va systemin. Cac gene nay truyen tin hi¢u
héi bién trd lai con duong OD lam JA d& dang sinh tong hop ca ¢ cuc b 14n toan co thé.
Churc ndng cua systemin lién quan dén mot tuong tac voi protein gan systemin cua mang
té bao (SBP50). JA 1a mdt trung gian chii chot trong con duong tin hiéu diéu hoa san
sinh cac protein phong vé (PPI) va cac chat hap din con trung (carnivore attractant).
Mot s6 JA dugce chuyén hoa thanh Me-JA, hodc co thé cac lién hop axit amin (JA-AA).
Céc chét nay ciing c6 chiic nang truyén tin hiéu phong vé [43].

Céc canh dong khoai tiy chuyén gene siéu biéu hién gene prosystemin da cho thay
diéu hoa sy tong hop va tich tu PPI trong 1a. Paralogous vdi su cam tng va tong hop
tomato inhibitor-II trong 14 dap Gmg véi ton thuong, 14 cua thudc 14 tong hop chat tobacco
trypsin inhibitor (TTI), chi ra sy twong tu gitta cac hé théng tin hiéu ton thuong cta hai
thuc vat [6].
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7. UNG DUNG
7.1 Trong nong nghié¢p
7.1.1 Chong siu hai va con trung

Trong nong nghiép, cai thién va md rong sirc dé khang di truyén ciia canh dong
hién dugc coi la bién phap chdng that thu tir nguyén nhan siu bénh va con triung hiéu qua
nhat. Bgi vay, tir rat lau di c6 nhiéu nghién ciru chuyén gene ma hoa PPI vao thyc vat.

Sau quan sat dau tién Mickel va Standish vé vai trd bao vé mia mang ctia cac san
pham dau twong, mot sé nghién ctru di chimg minh ddc tinh céia cic chat kim him
trypsin trong diu twong véi au tring bo canh cing (flour beetle), Tribolium confusum
[6].

Hon ntra, khi cac gene ma hoa PPI biéu hién thanh protein, chung tré thanh tmg ctr
vién xuit sic giup cay trong khang sau bénh. Piéu nay duoc Hilder va cong sy ching
minh bang cach chyen gene kim hdm trypsin tu Vigna unguiculata vao thudc 14 gitp
chdng lai mét dai rong cac loai siu hai gdm bo canh vay (Heliothis va Spodoptera), bo

canh cing (Diabrotica va Anthonomnous), va bd canh thiang (Locusts) [6]. Cac gene
khéc nhau tr nhitng nguén thuc vat khac nhau 1a mot wu diém khi ma hai hodc nhiéu
gene hon co thé dugc chuyén két hop (voi cac muc tiéu sinh 1y khac nhau) [44].

PPI ciing c6 hoat tinh chong lai giun tron, virus, vi khuin, cic loai nAim giy
bénh; do d6 ching c6 thé co hiéu ung bao v¢ tich liy ¢ thuc vat. Hon nira, khong cé
bang chimg vé hiéu ing doc hay giy chét ciia PPI di véi cac loai dong vat c6 vi. Cac uu
diém nay lam PPI 14 sy lya chon Iy tudng trong viée tao ra cac canh dong bién do6i gene
khang sau bénh[6].

Mot sb cach tiép can chién luoc dé tang cuong nang lyc khang giun tron cua canh
dong da dugc tién hanh [5]. Hién tai, chién lugc biéu hién cic gene ma hoa PPI mang lai
cach tiép can nhiéu wu diém nhét trong kiém soat giun tron. CPI (cystatins) 1a chat hiéu
qua nhat, chong lai giai doan ky sinh cta Rotylenchulus reniformis [7]. Cystatin ciia gao
bién d6i gene (Oc-IDD86) giam kha ning sinh san va mat dd con cai khi duoc biéu
hién trong Arabidopsis. Biéu hién SPI tai cac mirc tuong tu trén dau diia (CpTI) lam giam
mat do con cai it hon va khong giam kha nang sinh san. Tuong tu, cystatin ciia gao bién
d6i gene, Oc-I delta D86, khi biéu hién trong Arabidopsis thaliana tac dong dén kich
thudc va kha nang sinh san cia con céai cua chung Heterodera schachtii (giun tron ky
sinh nang cu cai) va Meloidogyne incognita (giun tron ky sinh ndt san) [8]. Hoat tinh
cysteine proteinase trong rudt giun tron bi mit nén khong con cai ciia loai nao dat
dwge kich thwérce toi thi¢u dé dé trimg.

Oryzacystatin I va II tao phirc voi cysteine proteinase tir dich chiét tho cua ve nhén
hai chAm (two spotted spider mite), mQt loai sdu hai thuc vat [45]. biéu nay cho théy
oryzacystatin I va II c¢6 kha ning chdng lai ve (mite). Cac canh dong chuyén gene biéu
hién phytocystatin ciing c6 thé kim him cac quin thé sén (slug) phat trién. Cac nghién
cru trén mo 1a Arabidopsis chuyén gene biéu hién oryzacystatin da tao ra canh dong
khang sén Deroceras reticulatum [46].
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7.1.2 Chong nam, virus

PPI ciing gop phan vao kha ning phong chong nhiém nam ty nhién cia thuc vat
[9]. Cystatin ciia thwe vat c6 hoat tinh khang virus. Biéu hién gene mi hoa CPI gitp
cac canh dong thude 1a chuyén gene khang lai virus gdy hai thudc 14 (tobacco etch virus,
TEV) va virus gdy hai khoai tdy (potato virus Y, PVY). Mot sé loai dau twong ciing
khéng virus kham (soybean mosaic virus, SMV) khi c6 gene ma hoa PPI [47].

Bang 4 thé hién mot sb thuc vat chuyén gene da duoc bién ddi di truyén dé dua
cac gene ma hoa PPI va hi¢u luc khang sau hai ty nhién, giun tron va cac vat gay hai dén
cay chu [6].

Bang 4: Cac thuc vt chuén gene mang cic gene ma hoa PPI chdng lai siu va con tring
gay hai.

Ngudn gene | Thue vét chuyén gene | Chong lai

Cac gene ma hoa PPI

Cowpea trypsin inhibitor (CpTI) Thudc 1a Au triung Heliothis virescens
Thuoc la Spodoptera litura
Bong Helicoverpa armigera
Sau an goc gao (rice stem borers):
Gao Chilo suppressalis
va Sesamia inferens
Khoai tay Budém célchua (tomato moth):
Lacanobia oleracae
Déu tay Mgt nho (vine weevil):
Otiorynchus sulcatus F.
Cai bap P.rapae
Pau thiéu (Pigeon pea) | Helicoverpa armigera
CpTi va snowdrop lectin Khoai tay ngot Cyclas formicarius
Khoai tay ngot quy Mot khoai t'?ly (West Indian sweet
(‘Jewel’ sweet potato) potato ueevil):
Euscepes postfaciatus
Soybean serine-proteinase inhibitor Khoai tay/Thuéc 14 Cénh ctmg/canh vay

(C-I1)

Soybean (Kunitz) trypsin inhibitor

Thuoc 14

Au trung Spodoptera litura

Gao

Bo nhay nau ¢ thyc vat:
Nilaparavata lugens Stal

Soybean Kunitz trypsin inhibitor
(SKTI-4)

Khoai tay ngot

Cyclas spp.

Soybean Kunitz, C-II va PI-IV
inhibitor

Khoai tay/Thudc 1a

Spodoptera littoralis

Heliothis
Chat kim him trypsin cta Vigna Y Sp.OdOP tera
unguiculata Thuoc 1a Diabrotica
Anthonomnous
Chau chiu
Tomato proteinase inhibitors [ and II | Thuoc 1a Au tring Manduca sexta
Tomato proteinase inhibitor [ Cay ca (cay lu lu) -
Thuoc 14 -
Co linh liang -
Proteinase inhibitor SaPIN2a Rau diép -
Potato inhibitor II gene Thuoc 14 Chrysodeisus eriosoma
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Sau an goc (pink stem borer):

Gao Sesamia inferens
. Sau an mia (sugarcane grubs):
Mia . .
Antitrogus consanguineus
tsr‘;peseitnpicr)lt}?itl?it(gr? omea batatas) Thubc 14 Spodoptera litura
Trypsin inhibitor from barley (CMe) | Gao An D¢ va Nhat g?gp%ﬁ?ugnoc;zlzewn'
Ltia mach Agrotis ipsilon
Thuoc la B0 canh vay
Lia my Spodoptera lituralis
Mustard trypsin inhibitor-2 - Au trung Spodoptera littoralis
Mustard trypsin inhibitor (MTI-2) Thuoc 1a Plutella xylostella (L.)
Arabidopsis Mamestra brassicae (L.)
Cai dau (Oilseed rape) | Spodoptera littoralis (Boisduval)
Oryzacystatin [ Cay duong (Poplar) g?; S;nnlzeéﬁ;gnéﬁ?esomeli dac)
Khoai tay Rép khoai tay: Myzus persicae
A Au trung bo canh ctirng khoai tay:
Khoai tay Leptino%ars'a decemlifeata ’
Cai diu Cabbage seed weevil o
(B0 canh cing: Curculionidae)
Cai dau Myzus persicae
Corn cystatin Gao Mot hgt ngo (rnai;e grain weevil):
Sitophilus zeamais
PPI clia Nicotiana alata Thuoc 1a Helicoverpa punctigera
bau Ha Lan i Plutella xylostella
, . . . Céay duong tran; Bo méi vang (Chrysomelid beetle):
CPI cta Arabidopsis thaliana ( Po};m lus c%lba L%’) C}zrysomelaggv(opu Z}zl )
Gene PPI khang lai cdc vat gay bénh khac (virus/giun tron/...) .
. . M6 la Arabidopsis Sén dong (Field Slug):
Modified oryzacystatin thaliana "’ Deroceris( reticulatfzc
Giun tron ky sinh nang cu cai:
Arabidopsis Hgterodera sc{zacht{i .
Giun tron ky sinh not san:
Meloidogyne incognita
CPI Thuoc 1a Potyviruses
Oryzacystatin Transgenic hairy roots | Globodera pallida
Oryzacystatin I va Il Co linh lang Giun tron ky sinh ving ré ton thuong
Nematode resistance
Oryzacystatin I delta D86 Gao Meloidogyne incognita

Rotylenchulus reniformis

PPI tir cic sinh vat khic dwoc biéu hién trong thwre vét trong thure vit
PPI ctia Manduca sexta Bong
Thuoc 1a Bemesia tabaci
Bovine spleen trypsin inhibitor Thuoc 1a Helicoverpa armigera larvae
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7.1 Trong y hoc
7.1.2 Ung thw

Ngoai hoat tinh kim ham protease, hoat tinh chéng ung thw va chong phéng xa
clia cac chat kim ham Bowman-Birk (BBI) tir cac loai cay ho dau ciing da dugc nghién
ctru rong rai. Nguy co mic ung thu tién liét tuyén, ung thu rudt két, ung thu va va ung
thu da cua nhing quan thé an nhiéu cay ho dau tuwong d6i thap [10]. Nguoi ta tin rang
hoat tinh chdng ung thu 14 do hoat tinh thity phan protein ciia té bao bi kim him [48].

Hién c6 mot s6 nghién cru chimg minh rang siéu biéu hién cua TIMP gitp ngin
chan sy phat trién va/hodc m¢ rong ctia ung thu cling nhu bao vé cac mod binh thuong,
khong bi ung thu do di can [49].

Celiker va cong su da chyén mot DNA plasmid ma hoa TIMP-4 vao chudt co cac
khdi u bang cach tiém vao co trong. Ho quan sit thdy toc do phat trién cta khdi u suy
giam dang ké di doi véi lugng TIMP-4 luu thong ting 1én va su hap thu ciia gene duoc
chuyén vao céc té bao khdi u [50].

A <» Hinh 16: Co ché tac dong
FXknceir Mt o cua liéu phap gene sir dung
TIMP-3. Chuyén vector
- adenovirus (da bién doi dé biéu

i W irhibi'-mn\ hién TIMP-3 va giam manh kha
0 AI [ / Reduced invasion néng tél bén) vao té bélO théng

Anti-angicgenssis

: Death recepiors qua thyc bao (endocytosis) nho

R \ \U el FrTPeRRs thu thé. Vector nay chuyen dén

B gy " ‘ ; nhén, phién ma va tiét ra TIMP-

et ~ 3. TIMP-3 tii t& hop gin voi
‘ .= A A ECM, bit dau tac dong dén kidu

R i hinh céia té bao (hinh tron xanh 14

’/ ; Vireehenera  cay danh s6 tur 1-3). Su si€u bi€u
£ A hién cua TIMP-3’ dugc két hop
@4—-@ véi hoat tinh chong hinh thanh

N @ mach (anti-angiogenic) (1), giém

su di dong va lan rong cua t€ bao
(2) va khoi dau apoptosis (3). Su
cam ng apoptosis xay ra do hoat tinh cia phdi tir/thu thé gay chét tai bé mat té bao bi diéu bién
boi hoat hoa caspase (mau xanh da tro1). Apoptosis dugc trung gian thong qua con duong phu
thudc loai 2 gdm caspase-8, -9 va -3 ciing nhu cac thanh phan cta ty thé. Cudi ciing sy phan cit
trung gian caspase-3 clia cac co chat gy chét dan tdi apoptosis.

Death subsiraies m—je Apoptosis

Céc dic trung sinh hoc cia TIMP-3 duoc lgi dung trong liéu phap gene chong ung
thu (hinh 16). Cac nghién ctru trude day cho thdy TIMP-3 kim ham té bao ung thu lay
lan, kich thich apoptosis, kim ham sy hinh thanh mach (angiogenesis). Khi TIMP-3 siéu
biéu hién trong cac khdi u (melanomaderived subcutaneous tumours) ctia chudt rung 16ng
lam giam mat d6 mach mau, kich thich apoptosis va giam dang ké su phat trién cta khoi
u[ll].
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Mot s nghién ctru y hoc cho thiy rang cathepsin va/hodc cystatin c6 gid tri chuan
doan hodc chuan doan sém nhiéu loai ung thu khac nhau [13].

7.1.2 Bénh tim

Pi c6 mot sb clru vé vai tro cua MPI vo1 cac bénh tim mach cap tinh. Sy siéu biéu
hién cia TIMP ngan can cac te bao co tron di ddng. Ldi ciy ghép tinh mach thuong
lién quan dén su di dong cua té bao co tron. O In vivo, biéu hién ting ctia TIMP-3 kim
ham dang ké sy phat trién ctia bénh thong qua kha ning kich thich apoptosis ctia n6 [11].

7.1.3 Bénh sot xuat huyét

Sét xuat huyét do Dengue virus giy nguy hiém cho gin 2,4 ty nguoi song tai cac
vung nhiét doi. Hién chua co liéu phap hay vaccine hi¢u qua. Gan day, Murthy va cong
su cho thay NS3 (mot loai protease dong vai tro thiét yéu trong su tai ban cua virus
Dengue trong cac té bao chu) co thé bi kim ham béi BBI cia mung bean, cdu trac tinh
thé cua phiic hé protease véi chat kim him ciia mung bean ciing duoc xac dinh [12]. Két
qua nay cho thay BBI nay c6 thé trd' thanh mot loai thudc hitu hiéu chong lai bénh sot
xuat huyét.
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