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PROTEASOME
* Proteasomes la phCI’C hO’p protein Kham phé ra proteasome
bén trong tat ca cac eukaryote va
¢ vi khuén, cling nhu trong mot sé « TS Aaron Ciechanover (57tudi) va TS
vi khudn Avram Hershko (67 tudi) thudc Vién Cong
) U . . nghé Israel va
* Chire nang chinh cua proteasome - TS Irwin Rose (78 tudi thuc DH California
la tiéu huy cac protein khéng can M)
thiét hoac bi hédng qua qua trinh
phan giai protein.

Il. C4u tric cua cac Proteasome

1.The 20S core particle

« Tiéu phan a |a 2 vong & phia ngoai.

« Tiéu phan B 14 hai vong bén trong.

+ M0i vong Ié,céu trdc clia 7 protein khac
nhau xep doi xirng.

+ 4 vong nay két dinh lai v&i nhau.




2. Chtrc nang cua khoang 20S

» Cac proteasome hién dién 1 type protease
duy nhat, doé la protease threonine. Bong vai
tro trung tdm phan giai protein.

» Khi co chét protein & dang thang di vao
trong khoang 20S, cac lién két peptide sé bi
cat dirt tao thanh cac doan 8-9 amino acid.

2.The regulatory particle
a)19S regulatory particle

+ C6 2 phan t& gibng nhau,két hop & 2 phia
cua I6i 20S tao thanh proteasome 26S .

+ Mbi phan t&r dwoc cAu tao tr 19 protein
khac nhau.

» Trong dé c6 6 phan tr la ATPases .

« M6t vai phan t& cé vj tri nhan biét cac phan
t&r ubiquitin.

« CAu tric nay con duoc goi la PA700.

1inm | &

b) Tiéu phan diéu hoa 11S

C6 2 phan ttr gibng nhau, két hop & 2 phia
cua I6i 20S tao thanh proteasome 20S.

M®i phan tr la mét vong cé cAu tric cua 7
protein khac nhau, nhung khéng c6 ATPase.
Proteasome 20S nay c6 thé phan cat cac
doan peptide ngan khoéng phai |a protein.
CAu tric nay con dwoc goi la PA28 hodc
REG.

4. Phan biét chirc nang 20S va 26S

* Proteasome 20S
— Phan cét cac doan
peptide ngan, khéng

* Proteasome 26S
— Phan cét cac protein.
— Céc protein két hop
phai la protein. v&i Ubiquitin (1a mot
— Cac doan peptide protein gdm 76 amino
khong gén véi acid).
Ubiquitin — CO phu thudc ATPase
— Khéng phu thuéc
ATPase
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c) Vai tro diéu hoa cta 20S do 198

« Céc 19S chiju trach nhiém diéu hoa sw phan

giai protein & 20s. Chtrc nang chinh cua 19S la
diéu hoa ATPAses dé khoa 16i vao 16i 20S, sau
do6 ngan chan sy di vao trong khoang 20S cula

cac co chét.

Tacidophilum Yeast Constitutive  Immuno-
DOS proteasome 208 proteasome proteasome  proteasome
a7f7B707) (o107, p§7,p1-p7, a1®  (inBrain)  (in Spleen)

Mammalian proteasome

7 different o subunit genes
and
10 different [ subunit genes

{in Liver)
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IV. Hé théng Proteasome-Ubiquitin

« O eukaryotes, hau hét qua trinh phan giai
protein xay ra théng qua hé théng
ubiquitin-proteasome.

« Céac chét nén dau tién sé& dwoc gan chudi
polyubiquitin va sau dé sé bj phan cat bdi
proteasome 26S.

« Protein nao can duwoc phan giai sé dwoc
bién d6i méat di mot Lysine, hay con goi la
qua trinh gén ubiquitin va doi héi sy phéi
hop phan trng clia ba enzym:E1, E2, E3.

+ Sau qua trinh nay cac protein muc tiéu sé
dwoc gan thém chudi poly-ubiquitin, tic 1a
né da dwoc danh dau cho qua trinh phan
cét (substrate-ubiquitin).

« O TV, qua trinh bién dbi protein dwoc didu
hda b&i ubiquitin/26S proteosome goép
phan quan trong cho sy phat sinh phdi,
phat tin hiéu hormon va s 1o suy.

VI. Qua trinh 1&p rap

« Viéc gan két cac proteasome la mot qua trinh phirc tap do sy két hop
cac tiéu phan. Cac tiéu phan B duoc tong hop tlr cac propeptlde dau N
va duoc bién doi sau qua trinh dich ma trong qua trinh 13p rap cta I5i
20s dé trinh dién vj tri hoat dong trong Proteolysic.

« Sy két ‘hop cla cac vong B tir hai niva proteasomes tao ra qua trinh tw
phan giai phu thudc vao threonine ctia cac pro eptldes dé trinh dién vi_
tri hoat dong. Cac phan Gng lap rap vong B chu yéu la cac lién két mubi
va ky nuwoc voi xoan a, néu b gian doan do dot bien co thé pha hdy
kha nang gan két proteasome

+ Viéc Iap rép cia mét nra-proteasomes, theg thur t, bat dau tir l&p rap
clia cac tiéu phan a tao vong 7, tao khudn tiép theo cho cac vong pro-p.
Qué trinh nay chwa duoc biét ré.

+ Noi chung, ngugi ta chua biét rd vé qua trinh Iap rép va tredng thanh
cua tiéu phan dieu hoa 19S. Nguoi ta tin rang co s rap lai cta hai tiéu
phan phu riéng biét: cac base cé chira ATPase va vj tri nhan dién
ubiquitin. Cac protein khac ATPase két vong lai tao thanh mét bo may
¢ vaj tro dieu hoa, ngan chan trinh dién cac vi tri hoat dong trwdc khi
viéc lap rap hoan thanh.




QUA TRINH THOAI BIEN
PROTEIN O PROTEASOME
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Thoai bién Protein
Chirc ning ciia qua trinh thoai bién hay thity phan protein la:
o loai bo céc protein khong cén thiét

eduy tri vén amino acid trong té bao

Ngoai protein tir thirc in, cic protein ni bao 1 ngudn cung
cap cac amino acid quan trong.
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=Thodi bién protein té bao 13 mét qua trinh gdm nhidu bude
% Bude 1: danh déu protein s& dugc pha hiy.
-Phé v& nhitng protein khong can thiét

-Tinh dac hiéu cao.
-Tiéu tén ning luong.
-Tac nhan danh dau: ubiquitin (76 aa)

Ubiquitin:
- Panh d4u cac cau tric can dwoc
thay phan

- Mét protein nhd, c6 dac, co tinh
bao ton cao

ubiquitin  PDB ITBE

«Mot sb proteins bi phan huy trong
proteasome ma khong can gan véi Ub

3 enzyme tham gia vao qua trinh nay la E1, E2 & E3.

+ E1: Ubiquitin-Activating Enzyme Khéi dau la nhém
terminal carboxyl ctia Ub dwoc gan vao cau ndi
thioester véi mot gbc cysteine trén E1. Day la budc
c6 tiéu tén nang lwgng ATP

¢ Ubiquitin-Conjugating Enzyme (E2). Ub sau do
dwoc chuyén cho mét nhém sulfuahydryl nam trén E2

+ Ubiquitin-Protein Ligase (E3) xuc tac cho viéc
chuyén ubiquitin tlr E2 t&i nhém e-amino clia mét gbe
Lys cla protein dwgc nhan dién béi E3, hinh thanh
mot lien két isopeptide (nhiéu loai)




Ubiquitin Ligases (E3) chu yéu chia lam hai ho:

+ Mot s6 E3 c6 mot HECT domain chira mot géc
Cys bao ton, tham gia vao viéc chuyén ubiquitin da
dwoc hoat hoa tir E2 t&i protein muc tiéu.

* Mot s6 E3 chira mot RING finger domain chira cac
goc Cys & His la phéi tlr v&i 2 ion Zn**

Hoat hoa E1

+ E1+ATP + Ub => E1.A MP-Ub + PPi
+ E1.A MP-Ub => E1-S-Ub + AMP

E1 - Ubicquitin = Activatimg Enryme
E2 - Ubiguitin - Carrier Protin e

Uhiquitin - Canjugating Ensyme (Uhe)
E3 « Ubiguitin - i

rulein Ligas

- In 5: - EZ
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02 1) Ubiquitin dugc hoat hoa tai
B3, 0 dau C-terminal boi ubiquitin
_ @ —» W _, activating enzyme, E1.

(phan (g nay cin niang lugng
& dang ATP)

Ub-COOH+ ATP + E1 >
Ub-CO-S-E1 +AMP+PPi
Mot té bao c6 thé chira mt hay
mot vai loai enzyme E1 khéc

nhau

o, @ - i 2) Ubiquitin két hop véi E2
; 1 LR " . )
o a2 E1 va E2 hinh thanh cAu ni
T e 3, g dong hoa tri voi ubiquitin.
. [ L)
s = Ub-CO-E1 +E2 -

Ub-CO-E2 +E1
Mot t& bio c6 chira khoang 10
loai enzyme E2.




S, @ - 7 _ 3) E3: x4c dinh protein muc
: 1 - e tiéu can dugc pha hiy. Bo
. w2 14 tinh dic higu cuia enzyme
"’ B3, [ E3 c¢6 thé xac dinh 10 protein
@ —» o trong t& bao can dugc danh
dau dé pha huy trong cac
o 4 » 5 proteasome
— g o oalll (bl , ; 2 L.
~. . E3 xtc tac chuyén ubiquitin
™ T . . A s L
Y £ a@ \ duoc danh dau tir E2 téi
£ W protein muc tiéu.

4) Polyubiquitin: thém cac

S "\; 25‘ don vi Ub dugc danh ddu
et vao Ub ¢ trude tao thanh
e 3, £ mdt chudi oligo-Ub
— Ve ? 7 W==f —  5) Chubi ubiquitin duge
4 5 nhén bdi proteasome
k-] o
— g o oalll (bl
YV s @ \ .
- 45.";! J Te bao pha huy 1én t6i 30% cua

@ c4c protein tong hop méi bing
| proteasomes do chung khéng vuot
@ o qua dugc cic tidu chuan kiém soat
6 nghiém ngit cua té bao

KHU UBIQUITIN

= Ubiquitin can dugc loai bo khoi protein dich trudc
khi chung di vao 16i phan giai protein cua proteasome

= Nhiing enzym khir ubiquitin (DUBs ) chi yéu thudc
hai ho :
- UBPs (ubiquitin processing ) .
- UCHs (ubiquitin carboxyl terminal hydrolases)
= Tiéu phin Rpnl1 ctia phirc hop 19s c6 vai tro khir
ubiquitin ( n6 1a enzym ATP — dependent
metalloprotease )

QUA TRINH DUOI THANG VA CHUYEN V]
PROTEIN PiCH

« Vi kénh trung tam cua 16i 20S rat hep va bi
dong béi dudi N — terminal cGa nhirng tiéu
don vi a nén co chéat phai bi dudi thang
trwde khi vao 16i .

» Phirc hop base ctia 19S lam nhiém vu
dudi thang protein dich bang hoat déng
ATP ase.

+ Sau d6 né chuyén vi vao trong 16i 20S

Proteins in the lid
af the 185 cap
Linvd po lyu biguitin
chain, linking
substrate to the
proteasome,

ATPases in the
base unrold and
push tha
substrate into
the central pare
af the z0s

The suhstrate is
degraded within
the proteclytic
cavity and at
“nme point rhe
polyubiquitin

N/ Chain is detachead
C S Proleulylic = from the

- cavity substrate

Path of a protein within the proteasome

HOAT DONG PHAN CAT PROTEIN O LOI 208

Trong 16i 20S co6 chira ba vung hoat dong peptidase
+Ving chymotrypsin-like activity (cit cac aa ki nudc).
+Ving trypsin-like activity (cit cic aa base).
+Ving caspase-like activity (cit cac aa acid).

-BrAAP: cit aa nhanh
-SNAAP cit aa trung tinh




= Nhiing ving nay hoat dong khi pre protein duoc
hoat héa bang qua trinh tu phan (cat tai dudi N —
terminal ) d¢ 16 ving threonine .

= Threonine dugc coi nhu thanh phan quyét dinh
cua vung hoat dong clia proteasome .

= Hoat dong nay xay ra trong sudt qua trinh ndi cta
hai ntra protesome .

= Qua trinh phan cét protein xay ra & khoang
trung tdm cuia proteasome do tiéu phan
(tiéu phan B1, B2, B5 & eukaryote ) cuia 16
20S thwc hién .

3D structure of the yeast proteasome

® 14 differsnt v and fj subunits
[ ] bunits call

The active sites of the yeast 20S proteasome

= O day protein s& bi cét thanh timg doan nho tir
4 dén 25 acid amin phu thudc vao timg loai va
co chat ngoai ra ngudi ta con gia dinh c6 su
lién quan gitra chiéu dai peptid va thoi gian co
chat hién dién trong khoang phén giai .

CON DUONG PHAN GIAI KHONG
PHU THUOQOC UBIQUITIN

» Mac du hau hét co chét clia proteasome
phai dwoc ubiquitin hoa truwdc khi phan
hdy nhwng cé moét sé ngoai 1€ véi quy luat
tdng quat nay.

= MGt vai protein dwgc cho la khdng on dinh
nhw protein dudi thang mot cach tw nhién
hay protein bi r6i loan do thiéu cau trdc
bac 3 on dinh thi dwoc phan giai theo con
dwong khdng phu thudc ubiquitin .




= Mot vi du pho bién nhét vé co chét ciia qua
trinh nay la omithine decarboxylase ( ODC ).

= ODC khong duoc danh dau boi qua trinh
ubiquitin héa nhung duoc gin véi AZ-mot
antizym( heterodimer ODC gin v&i AZ )

= ODC : AZ la co chét clia proteasome
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Proteasome tham gia vao nhiéu qua trinh
trong d&i song cua té bao

¢ Loai b’f) céc protein khong binh thuwdng va cudn sai
khoi té bao.

+ Lién quan dén dap (ng stress cla t& bao bang cach
phan hay céac protein dieu hoa.

+ La 1 thanh phan trong hé théng Ubiquitin, chiing
tham gia diéu hoa chu trinh té bao.

+ Lién quan dén su biét hoa té bao ( bang cach phan
hly cac nhan t6 dich ma va cac enzyme bién
dwdng).

« Co vai trd quan trong trong hé théng mién dich béng
céch tao ra céc peptid khang nguyén, dwoc trinh
dién b&i cac phan tir MHC 1&p .

Loai bé protein khéng binh thwérng va cudn sai khdi té bao

Protein cudn sai CPY

Cytosol

ER

dwoc nhan dién bdi hé
thébng kidm tra chét
lwgng trén mang lwéi
ndi chat nham, gi® lai
trén mang. B may
phan hdy cia ER van
chuyén protein  vao
cytosol. Sau khi dwoc
van chuyén, phan t&r co
chat dwoc ubitquitin
hoa, sau do6 protein sé

bi  proteasome phan
hay.

Vai trd clia Proteasome trong diéu hoa chu trinh té bao:
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CUA-cycin A

CUK-oyain D =y

Chk-oyn E

DCESA, SDCEST e [P s

KIF1

ACCEOEE

Cyclin Ia mét protein diéu hoa co doi séng ngan, bi
phan cat ngay sau khi r&i khdi chu trinh té bao.

C6 nhiéu loai cyclin hoat déng trong cac giai doan
khac nhau ctia chu trinh té& bao.

Phase G1 - Cyclin D va Cyclin E
Phase S - Cyclin E va Cyclin A
Mitosis = Cyclin A va Cyclin B

Tuy theo céac giai doan ma Cyclin gén vao cac
CDKs twong rng nhd vao qua trinh phosphoryl
hoa cla cac enzym thudéc ho CDC25 phosphatase.




Hoat dong cta cac CDC25, CDK, Cyclin dwgc
didu hoa bdi cac co ché feedback-loop va cac
chét &c ché hoat déng ciia CDK (WAF1, KIP1).

Proteasome c6 thé phan cét cac Cyclin, cac chét
&c ché hoat ddng CDK.

Proteasome ciing diéu hoa tinh &n dinh cac enzym
Phosphatase trong chu trinh té bao.

Sw &rc ché hoat dong clia proteasome c6 thé lam
cham hodac dirng s phat trién cla té bao.

Vai trd clia Proteasome trong sw phat trién ctia Thuc vat

Vi du: Trwdng hop S.cerevisiae
Gen ma hoa cho dang cyclin B la CLB5 va CLB6, hai gen nay méa hda cho cyclin

Clb5 va Clb6 va dwoc biéu hién & cudi G1.

Céc phtrc hé Cdc28-Clb5 va Cdc28-Clb6 dworc tich Ity & cudi G1 va bj bat hoat do

chuing lién két véi mot nhan tb trc ché 1a Sic1.

Sic1 c6 mét & cudi mitosis va dau G1. Sic1 déng vai trd 1a nhan t e ché giai

doan S, dac biét la trc ché phirc hé Cdc28-cyclin B.

Khi té bao vao giai doan S va khi nhan té (rc ché Sic1 bi phan giai thi phirc hé
Cdc28-Clb5 va Cdc28-Clb6 tré nén cé hoat tinh va phat dong sw tai ban ADN.

Nhan té (rc ché Sic1 bj phan giai bdi proteasome bang con dwéng ubiquitin héa
bdi cac enzym Cdc34 va SCF

l CTCLIN (pra 5)
:l Cde2t

| CYCLM (G1)
I oy

CYCLIN (pha 5) cocu oo EYEUM (pha )
P e ———
P~y skt caze SCF — Caeam
1 Pras
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Corck kifmatea Gl = S 38 soravisias

O dong vat co vu:

Ciing gibng nhw ndm men S. cerevsiae, té
bao déng vat co vu ciing st dung nhiéu
loai cyclin tham gia diéu chinh hoat tinh
Cdk, trong do6 cyclin A va B cé tac dong
trong giai doan S, G2 va mitosis som

CdcZ-cyclin B,
CdeZ-cychn A ™,

CekZ-eyclin
Cdkd-cyelin Dn
= CdikS-cyelinD

Cok? cyelinE

1
Ilod sind o abnde o 108 celinue 1me shea koo bodo déng wit oo v




+  Mitosis Promoting Factor - MPF
Hoat tinh MPF cla phirc hé Cdk1-cyclin A va Cdk2-cyclin B ctia dong vat c6 vu co
vai trd chuyén chu ky tir G2 vao M

+  Cyclin A va cyclin B s& bi phan huy trong proteasome bang con dwéng ubiquitin héa
nhé phirc hé APC (Anaphase Promoting Complex) dan téi giam hoat tinh clia MPF
cho phép té bao hoan thanh mitosis dé di vao chu ky méi.
Khi APC duoc photphorin héa nho phirc hé Cdk-cyclin, ching sé cé hoat tinh va sé
tac dong hwong dan theo con dudng ubiquitin hoa dé cac protein trc ché hau ky bj
phan giai bdi proteasome, do d6 cac nhiém séc tir tach khéi nhau va van dong vé hai
cuc nhd sy gidi tring ho'p céc vi éng cla soi thoi.
Khi céac cyclin chwa bj phan hdy thi phirc hé Cdk-cyclin sé tac dong dé tai tao lai
mang nhan, cling nhu tac déng gay co thét eo phan bao (do tac déng photphorin héa
protein miozin-actin) 1am cho té bao bj phan thanh hai.

+  Vao ky cudi , APC béng con dwdng ubiquitin héa sé tac dong Ién cyclin nhey
proteasome. Nong do cyclin giam, Cdk mét hoat tinh va té bao ra khéi mitosis.

Vai trd proteasome trong diéu hoa phét trién & thuc vat.

e Thuyc vat auxin qu)yet dinh hwong va tinh hwdng kich

thich ctia sw phat trién thue vat. Auxin gidp cdm (rng qua

trinh phan cét protein Aux/IAA (chat kim ham cac nhan

to phién ma).

Aux/IAA 1a nhan t6 kim ham sw phlen ma

+ Anh sang Jhgan chan sy phan cat HY5 béng COP1 tao
nén sw biéu hién gen ma héa protein AUX/TAA

« Auxin thuc d&y sy phan cét protein AUX/IAA béi SCF
tao nén giéi phéng sw &rc che biéu hién gen qua trung
gian AR ]

« Auxin va GA thic diy sw phan cit RGA bdi SCF. RGA
kim ham sw phien ma.

+ BTB diéu hoa sy san xuét ethylen bang céach tao didu
kién phan cat ACS5. Et Fylen ngan can s phan cat sw
phan cat EIN3 bang SCF, gitp sw biéu hién gen.

Vai tro trong dap rng stress cua té bao
Trong dap (rng stress té bao — bi nhiém, shock nhiét hay bj pha héng do oxi
hoa- cac protein shock nhiét dwoe hé théng proteasom nhan dién va phan
huy.

Mot s6 chaperone gilp ting hoat tinh proteasome nhwng khéng truc tiép
tham gia vao qua trinh. Mdt sé khac gin véi phan khong wa nwéc dwa ra
ngoai ctia protein c6 cau hinh cudn sai, thu hat E3 dé bat dau qua trinh phan
cét protein.

Cac proteasome trong nhan hoat dong trén protein histone khong dwec oxi
hoa chinh xac. Cac protein nay hinh thanh mét tap hop khong dinh hinh
trong té bao. Phan 16i 20S cla proteasome c6 thé phan huy truc tiép cac
protein nay ma khéng can sw trg giGp cla cap 19S, thuy giai ATP hay sw
ubiquitin hoa protein dich. Tuy nhién, khi té bao gia, xuat hién rat nhiéu
protein bj hw héng. Chuing lién két cac phan manh lai, tao tinh khang véi qua
trinh thuy phan protein cta proteasome.

Sw suy giam hoat tinh cta proteasome gay ra sw két cum va hinh thanh thé
Lewy & ngwoi bénh Parkinson.
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b ARF la nhan t6 tc ché khéi u, c6
[Belliarotress vai trd hoat hoa con dwérng p53
H Nhing té bao bi stress c6 hién
[F=d=E  twong tich luy ARF.

Ga) T “] MDM?2: I3 tiéu phn E3 cla

I f," \\\ proteasome, c6 co chét tac dong
[I\r‘ ]r.."a -—_J., f}ire zakn | la p53' .

H‘”“ } Trong diéu kién binh thwong

}‘Ut \ — l MDM2 sé hd tro mang p53 ra
ST ngoai té bao chét, va bj phan giai
b&i proteasome.
Khi proteasome bi bét hoat p53
sé dwoc hoat hoa, thuc hién
@ chtrc nang hé tro phién ma gen

J gay chét hoc I50 hoa.
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A ACT VATION OF ARDPTOZIE FROM QUTSIDE OF THE CELL (EXTRINSIC PATHWAY
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Apoptosis

+ Su co rat thé tich té bao
» Plasma membrane blebbing
+ C6 dic nhiém séc chat
* Sy tap hop I6i nhan
* Sw pha v& lamins nhan
- Té& bao bi béc vé hoan toan va gon nhe ma khong gay anh
huéng dén cac té bao xung quanh
+ Qua trinh apoptosis phu thudc rét I6n vao sy phan cat cac protein

Apoptosis

» Qua trinh nay phu thudc vao hoat déng cuia cac interleukin-1p-
converting enzyme (ICE): cysteine protease
+ ICE la mét thanh vién cla cac cysteine protease,goi tat la enzyme
caspase, dong vai trd l&'n trong cac s kién phan cét protein trong
qua trinh apoptosis.
+ Co chét clia enzyme caspase:
— Protein céu tric
— Protein truyén tin
— Cac chét diéu hoa dich ma

— Céc protein lién quan dén bién duéng DNA/RNA

Apoptosis

« Proteasome dong vai tro quan trong va da dang trong qua trinh
apoptosis. Trong qué trinh nay, proteasome c6 lién quan dén
— Swu gia tang protein dwgc ubiquitine héa, va cac enzyme E1, E2, E3
gitp tao thuan loi cho qua trinh apoptosis.
— Trong qua trinh apoptosis, proteasome ndm trén mang nhan sé chuyén
vao mang bleb phia ngoai clia apoptosis
+ Proteasome c6 kha nang x& ly sb lwong 1én protein véi sw didu hoa
cao - gilip thly giai hoan toan cac thanh phan protein trong té bao.

+ Proteasome khong can thiét cho qua trinh apoptosis

The Intrinsic Apoptosis Pathway

The intrinsic pathway is triggered by the p53 tumor-suppressor in
response to DNA damage and other types of severe cell stress

Conventional anticancer therapies, such as chemotherapy and
radiotherapy, activate this pathway via p53

p53 activates the intrinsic pathway through transcriptional
upregulation of pro-apoptotic members of the BCL2 family of
proteins such as PUMA and BAX

BAX causes the release of cytochrome ¢ from the mitochondria,
which together with the adaptor APAF1, activate the initiator
caspase 9

Caspase 9 activates the effector caspases 3, 6, and 7, which are
responsible for destroying critical components of the cell, and
inducing apoptosis

p53 is inactivated by mutations in more than half of human cancers
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The Extrinsic Apoptosis Pathway

* The extrinsic pathway triggers apoptosis in response to the
activation of pro-apoptotic receptors, such as DR4 and DR5,
by specific pro-apoptotic ligands, such as Apo2L/TRAIL

» This pathway stimulates apoptosis independently of p53

« Ligand-induced activation of DR4 and DRS leads to the rapid
assembly of the death-inducing signaling complex (DISC) and
the recruitment of initiator caspases 8 and 10 through the
adaptor Fas-associated death domain (FADD)

» Caspases 8 and 10 activate effector caspases 3, 6, and 7,
leading to apoptosis

p53
=+~ Apoptosisii—.. +
DA damagel
Adapted from Ashkenazi A. Nat Rev Can 2002;2:420-430.
/APAF1, apoptotic protease activating factor-1; BAK, BCL2 BAX, BCL: tted protein; BCL2,

B-cell chronic lymphocytic leukemiallymphoma 2; BCLX,, BCL2-like 1; BID, BH3-interacting domain death agonist; DR, death
receptor; FADD, Fas-associated death domain; FLIP, FLICE (FADD-like interleukin 1B-converting enzyme) inhibitory protein; IAP,
inhibitor of apoptosis protein; MCL1, myeloid cell leukemia sequence 1 (BCL2-related); PUMA, p53-upregulated modulator of
apoptosis; SMAC/DIABLO: second mitochondria-derived activator of caspase/direct IAP binding protein with low pl.

The Two Major Apoptosis Pathways

-~ Pro-apoptotic ligand

Cell-extrinsic Chemotherapy

pathway ﬁ ﬁ/DRS Radiotherapy
DR4~
—— DA e
\ m p53 Cell-intrinsic
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ADD I JOXA y
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O—i BAX. BAK e
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Mitochondria
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Sv lién quan gilra apoptosis va proteasome

Apoptotic Signal
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J— Proteasome Ui ché va thic day apoptosis.
Khi ti thé nhan tin hiéu apoptosis, ching gidi
phoéng cytochrome c va cac phan tr khac
(Smac/Diablo) @& hoat hoa phirc hop Apaf.
Trong giai doan té bao chuwa trwéng thanh,
Smac/Diablo dwoc gitr & mic thdp do bi
proteasome thuy phan

Cancvzmes K\,.,.Fm..m._ Khi t& bao can di vao chuong trinh chét,
l \'-H‘ l)]- Smac/Diablo hién dién & mirc do cao hon,

1 = mot vai phan ti thodt khdi hoat dong cla

rpaf _J)'_ proteasome va nhanh chéng hoat hoa

enzyme caspase khdi dau, caspase 9.

Caspase khi da duoc hoat hoa sé tan cong
va bét hoat proteasome bang cach phan cét
3 tiéu phan nhé clia don vi 19S. Mirc do cla
Smac/Diablo ting lén va hoat hoa nhidu

I\ by

feetenet

Effictur caspases caspase hon
Proteasome mét kha nang nhan dién cac
l protein da dwoc ubiquitin hod, dan dén sy
e i tich luy cac protein nay
S T

Vai tro cua proteasome trong hé théng mién dich

Proteasome git vai trd then chét trong hé théng mién dich dap tng.
Khang nguyén cé ban chét peptid hién dién trén cac protein MHC I&p
| trén bé mat clia cac té bao trinh dién khang nguyén & san pham
clia qua trinh thuy phan protein c6 nguén géc tir sinh vat gay bénh
xam nhap. Interferon gamma cam (ng sy biéu hién cla cac phic
hop protein chuyén biét san xuét cac doan peptid v&i kich thuwéc va
thanh phan phu hop gén véi MHC. Phuc hop nay gia téng trong qua
trinh dap &ng mién dich, gdm phan diéu hoa 11S- chirc nang chinh
la didu hoa sy san xuét cac ligand MHC va tidu phan p dic biét
chuyén biét co' chét. Phirc hop hinh thanh véi tidu phan p dwoc goi
14 proteasome mién dich.

PO manh cla lién két ligand v&i MHC nhém | phu thuéc vao thanh
phan dau C cua ligand. Dau C ky nwéc sé& co lién két chat hon va
phtrc hop proteasome mién dich thich tao dau C ky nwéc.

+ Proteasome cé thé téng hop cac doan peptid ngén dwoc

st dung nhw khang nguyén trong cac té bao lympho.

Nhirng khang nguyén nay dwoc trinh dién trén bé mit

clia cac té bao lympho (qua phirc hgp v&i MHC) va déng

vai tré quan trong trong kha ning gia tang dap (rng mién

dich dac hiéu.

Trong qua trinh viém nhiém, cac té bao sé thay thé cac

phan ciia proteasome dé thwc hién chirc ning hiéu qua

hon

— Thay cap 19S bang cap 11S. Proteasome v&i cap 118
sé gitp phtrc hop san xuét cac doan peptid hiéu qua
hon.

— Thay tiéu phan B bing chat twong déng dwoc cam
trng b&i Interferon gamma.
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Céc doan peptid duoc cit boi
proteasome dwoc chuyén ra ER nhd
qua trinh TAP ( transporter associated
with antigen processing). Trong ER,
cac phan tr MHC 16p | méi sinh duoc
mang doan peptid khang nguyén (in the
ER, nascent MHC class | molecules are
loaded with antigenic peptids with
signals the transport of the loaded class
I molecule to the cell surface.

M6t sb vi khudn ngan can qua trinh
trinh dién MHC 16p 1. Vi khuan EBV c6
d4u GA I3p, béo vé vi khun khoi sy
phan c&t. HSV ngan can qua trinh van
chuyén phy thugc TAP.
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Vai tro proteasome trong dap trng
sw xam nhiém cla virut

« Su trinh dién khang nguyén I&p | gdm cac buéc:
— Phan cét protein ndi sinh thanh tirng doan peptid
—Van chuyén peptid qua mang ER
— Thu nhéan phan t& van chuyén MHC I&p | trong ER
— Chuyén qua mang té bao

» Cac doan peptid dwoc tao bdi proteasome la
ngudn peptid chinh cho MHC 16p |

Proteasome Inhibitor

Chia lam 5 nhém I&n
1. Peptide Aldehyde
Lactacystin va Clasto-Lactacystin 3-Lactone

Peptide Vinyl Sulfone
Boronate Inhibitor
Cac Proteasome Inhibitor khac

o owbd

Peptide Aldehyde

+ La cac san phdm téng
hop, vao t& bao mét cach
dé dang vi ¢6 cAu tric
twong déng véi dang
peptide dwoc thdy phan
bdi hoat tinh
chymotrypsin cla
proteasome

« (c ché hiéu nghiém hoat
tinh chymotrypsin cltia
proteasome

Co ché &rc ché cla MG132
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Peptide aldehyde inhibitors and
advantage for their use in vivo

1. ¢4 tinh thuén nghich,khong Iam bién doi

hoat tinh phan cat

» 2. ¢c6 hiéu lwc cao

+ 3. khéng mac dé téng hop

* 4. sau khi tiép xUc V@i cac tac nhan nay ,
kha nang sdng va phat trién cla té bao noi
chung khéng bj anh hwéng

Lactacystin va B-lactone

«La san pham ty nhién, c6 ngudn gbc tir Streptomyces
+Th&m qua duoc mang té bao, khong thuan nghich,
«trc ché chon loc hon peptide aldehyde

Lactacystin

Behzstyhl-Cysieive, 32R 3SR Hpron-2 18} HHpdmny- - Oy M
2-Metryloropy--Methy-5-0uo-2-Pymalic necaroamyl i PN
{l1.10 7643)C H N0 S ww [ ™
Inititor for Frofeas me q/'-—h__v"-ﬂ(s A
Wicrabial Prozuct FC 2y

Co ché trc ché cua Lactacystin

ot Laztacystn B lareos

+ Tacdong e ché ca 3

+ % 7 hoattinh peptidase cua
proteasome

Uc ché chuyén biét cho
proteasome, khdng ¢
ché céac protease ndi bao
khac

Tinh chon loc cla
Lactacystin la do nhém
dimethyl twong tac chat
v6i Metd5 trong ving T1
ky nwéce cla tieu phan B5

« clasto-lactacystin B-lactone (rc ché tat ca
cac hoat tinh peptidase trong proteasome
nhanh hon 15-20 14n so v&i lactacystin
cung liéu lwong.

« lactacystin va B-lactone khé téng hop hon
mac hon so v&i chét trc ché peptide
aldehyde thuén nghich.

Peptide Vinyl Sulfone
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* Peptides chtra 1 dudi C vinyl sulfone, cé tinh chuyén biét
cao v&i proteasome ctia dong vat hiru nhu.

+ Tao lién két dong hoa tri véi N-terminal threonine trong
cac tieu phan B.

+ Cing twong tw nhw cac peptide aldehydes ki nuwéc
(MG132), chung ciing trc ché hoat tinh chymotrypsin cla
proteasome va it hiéu qua hon so v&i hoat tinh trypsin
va caspase.

+ Trong thvi ki G bénh kéo dai cla té bao lyphoma ngudi,
v&i chat rc ché vinyl sulfone & ham lwong thap cé sw
xuat hién enzyme tripeptidyl peptidase II(TPP II) dé thay
thé chirc nang cla protesome.

Boronate Inhibitor

. o

e I
T Y R

i) Oy

F T
) CarsoyIpnizyphenyialany eusingi-oranic acid (F5 31
Carbabergeyl-Easicyl-kuciny - suckayl-tononie arid
« C4c tac chat nay gén véi
e threonine ctia viing hoat tinh va

tao lién két boron-Thr1 Ov,‘ lién
két nay bén virng hon nhiéu so

— = e

F 8 J: v yoilien két carbon-Thr1Oy
Ru/' \s"‘" 'n/N\./B“OH trong hemiacetal dwoc tao bdi
5 : peptide aldehydes va

oo e proteasomes

Danayl-pheylalanyl-lessinyl-boronie acid (DELD)

+ C6 tinh chon loc rat cao vé&i proteasome. Vi du,
(Cbz-LLL-B(OH)2 c6 hiéu lwc chon lgc voi
protesome gan 200,000 |an so v&i cathepsin B.

» Dansyl-phe-leu-B(OH)2 (DFLB) va Morpholino-
naphtyl-ala-leu-B(OH)? (MNLB) duoc tdng hop
giup cho viéc nghién clru proteasome.

» Boronate inhibitors (nhw PS341) hién dang
dwoc st dung nhw cac tac nhan chéng ung thw
& ngwdi va cac bénh viém.

Velcade (FDA-approved proteasome
inhibitor as a therapy for multiple
myeloma = plasma cell myeloma)

o o
NTYOY Y N
N/ ° E;\‘CH/ s

Bortezomib lHa

(a dipeptidyl boronic acid)

Usninanbizien] iygure py 654
Bustnairy, Srlh ke
S e R SR

Velcade (FDA-approved proteasome
inhibitor as a therapy for multiple
myeloma = plasma cell myeloma)

Bortezomib
Velcade ™
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Sanchez-Serrano Nature Reviews Drug Discovery 5, 107114 (February 2006) | doi:10.1038/nrd1959
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Cac Proteasome Inhibitor khac

» HIV protease inhibitor khéa hoat tinh
chymotrypsin & proteasome 20S va trong in vitro
¢6 kha nang trc ché sy phan cét kB va s trinh
dién khang nguyén MHC I6p |

« Epoxomicin ¢ cAu tric epoxyketon,la chat tc
ché chon loc cao va khong thuan nghich v&i
hoat tinh chymotrypsin cla proteasome 20S &
dong vat hiru nha.

Epoxemicin
(2R -2 Aceatyl- N-Methyl-L-lscleuey )-L-sclaucy - J

—

Threaryk - -2 Met iyl i [P I o] T~
1 <Threaryl I‘Pliryl] 2-Methylnxirane [ T H )J P
(MW, 55¢.72 ) G, |::N‘0, R, N S AN \.N/‘\ /{\..0
Inhigitor for Frotezacme T H T|’ H T
Syrthatic Product O Y] o
{B]
-

+ Epoxomicin ¢6 cAu tric
epoxyketon,la chat (rc ché chon
loc cao va khong thuan nghich véi
hoat tinh chymotrypsin cla
proteasome 20S & dong vat htvu
nha.

+Gén ddng hoa tr voi B2 va B5

+ Khéng (rc ché cac protease
khac

1. Peptide Aldehydes
C6 tinh thuén nghichreversible transition state analogs
Kha nang rc ché hoat tinh chymotrypsin >> caspase-like (PGPH) > trypsin
Tham nhap té bao dé dang
Khéng chuyén biét, c6 thé (rc ché cathepsins va calpains
2. Lactacystin & B-lactone
Lién két déng héa tri khéng thuan nghich
trc ché hoat tinh chymotryptic >> tryptic > caspase-like (PGPH)
Tham Thép té bao dé dang ( trong nAm men, chi cé B-lactone m&i c6 thé
vao
Chuyén biét, nhwng ciing (rc ché cathepsin A
3. Peptide Vinyl Sulfones
Lién két déng héa tri khéng thuan nghich
e ché chymotryptic >> tryptic, caspase-like (PGPH)
Dé& dang xam nhap vao té bao dong vat hivu nha
Chuyén biét, nhwng ciing (rc ché cathepsin S
4. Boronate Inhibitors
Thuén nghich
e ché chymotryptic >> tryptic, caspase -like (PGPH)
Tham nhap té bao dé dang
Chuyén biét rat cao v&i proteasomes (tinh chon lon 200, 000 14n)
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