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The ubiquitin ligase

Introduction

Ubiquitination is a complex multistage system , mainly includes
ubiquitin-activating enzyme E1, ubiquitin-carrier enzyme E2 and
ubiquitin-ligase E3.In the human genome, only one gene encoding E1,
less than 60 genes encoding E2s, and more than 400 genes encoding
E3s.During most of ubiquitination, the substrate recognition and
ubiquitin linkage is achieved by specific E3 which thought to be the key
enzyme in the process of ubiquitination . Although there is a great
variety of ubiquitin ligases, all of them contain some conservative
structure domains to interact with ubiquitin-carrier enzyme E2.
According to the diversity of the interacting domains, ubiquitin ligases
can be divided into three categories: HECT, RING-FINGER and U-BOX.
Here we take some typical E3 ligases as examples to simply describe the
structure, function and regulation of ubiquitin ligase.

The structure of ubiquitin ligase

All three categories of their unique and conservative domain of E3
ligases play a role in combination with E2s (directly or indirectly),
indicates the E2s preference of E3s. Excepting HECT, RING and U — box,

E3s also contain different domains to identify their specific



substrates .Such as the binding domain of P53 on Mdm2 determines the
recognition of P53[1], the BIR domain of XIAP determines the
recognition of caspases[2].

There are about 50 HECT E3s in the human genome, HECT E3s are
monomer enzymes and only a few has been identified their biochemical
function. this kind of proteins are named because they contain a E3
ligase E6-AP HECT similar domain. HECT domain contains about 350
amino acids. In substrate-ubiquitin ligation catalysis, HECT E3s firstly
combine to ubiquitinated E2s through the HECT domain, formed the
covalently thioester bond between the HECT domain and ubiquitin, then
catalyze the ubiquitination on substrate.[3]

Another kind of E3s are known as the RING-FINGER E3s, the biggest
family in ubiquitin-ligases, up to now 270 genes are found coding
RING-FINGER proteins. RING-FINGER domain were first found in the
protein code by the really interesting new gene 1 in 1990s.like other
domain rich in cysteine, RING-FINGER domain combined with zinc ions
through its conservative cysteine and histidine, but it is not the same
with zinc finger or other similar structures as the two zinc ions combined
are staggered rows. In general, RING-FINGER E3s can be divided into two
categories: monomer and polymer.no matter which kind the
RING-FINGER E3 is, the basic scheme is employ ubiquitinated E2s

through the RING-FINGER domain.E3 is not directly connect to ubiquitin,



but to make E2 more close to substrate, E2 directly catalyzes ubiquitin
connect to the lys residues of substrate.[4]

The last category of E3s is U - box E3s, this kind of E3s contain
conformation similar to the RING finger domain, but no amino acids
impact with the zinc ions. The same as the RING finger E3s, this kind of
E3s do not form covalent bond with ubiquitin, E2s directly catalyze
ubiquitin to the substrate.[5]

The function of ubiquitin ligase

ubiquitination is one of the most important protein post-translation
modifications in consideration of its function and related signaling
pathway. Ubiquitin ligase plays a key role in this process, wherein E3
mediated K48 polyubiquitin chain mediated proteasome degradation
pathway is most important.

The first discovered member of HECT E3s family is E6-AP. Human
papilloma virus (HPV) E6 protein can express a E6 protein to combine the
central part of E6-AP, its amino terminal tied closely with the E6-AP HECT
domain, that makes the HECT domain be able to bond tumor suppressor
protein p53. Thus, HPV E6 protein hijacks E6 - AP, induces P53 ubiquitin
modification, and subsequent proteasome degradation.[6]
Anaphase-promoting complex/cyclosome (APC/C) is multi-subunit RING -
finger ubiquitin ligase which has a larger molecular weight. APC/C (cDc20)

mediates the ubiquitination of cyclin A in the prometaphase of cell



division and the degradation of cyclin B and securin in the metaphase to
make the smooth completion of mitosis. After the mitosis, cdc20
degraded by means depend on the APC/C, and replaced by another
related proteins Cdh1. In the S phase cells, APC/C (Cdh1) depolymerized
through the phosphorylation of Cdhl and rcal / emil combination,
APC/C will reassemble with cdc20 into activated E3.[7]

U - box E3s family has a ubiquitin ligase called CHIP, it is an crucial part of
quality control system of protein. CHIP can combines the carboxyl end of
Hsp70, Hsc70 and Hsp90 through its TPR domain and nearby charge
enrichment region to identify abnormal state of polypeptide for the
degradation through ubiquitin modification with the help of molecular
chaperone.[8]

The regulation of Ubiquitin ligase

All physiological processes are affected by the signal stimulation inside
and outside the cells to carry through complex control, and the
regulation of ubiquitination mainly aimed at ubiquitin ligase E3.
Including The regulation of E3 and E2 interaction, the post-translation
modification of E2, the combination of E3 and the ligands. The regulation
of the E3s and substrates combination, predominantly in post-translation
modification of the substrates. Finally, the modification of ubiquitin
ligase itself can also directly affect the ubiquitin ligase activity.

for instance, the tumor suppressor P53 is one of the typical



representative through ubiquitin proteasome pathway degradation. As
MDM?2 is the most important E3 ligase regulate the stability of P53, its
own transcription has also been regulated by P53. The Stability of MDM2
is regulated by its auto-ubiquitination, its E3 ligase activity and ability to
combine with substrate P53 is regulated by its phosphorylation induced
by the external cause. Such as AKT phosphorylate MDM2 to increase the
activity of ubiquitin ligase on P53, inhibiting auto-ubiquitination of itself
at the same time, enhance the stability of MDM2. The ARF can combine
MDM?2 and restrain the ubiquitin ligase activity on P53, thus increasing
the P53 accumulation in cell. When DNA damaged, P53 occur
phosphorylation on its N-terminal amino acid residues, the
phosphorylation of this region lower its affinity with MDM2, which
restrained the ubiquitination and degradation of P53.[9]

Discussion

A growing number of ubiquitin ligase has been identified, and constantly
updated research means deepen our understanding of the mechanism of
ubiquitin ligase functions at the molecular level, but still there are many
unanswered questions.

The first is if there is a specific selection mechanism when ubiquitin
ligase connecting ubiquitin on the Lys of substrates. Although many E3
enzymes did not exhibit strong specificity on the Lys of substrates, when

there are multiple lys can be connected by ubiquitin, some E3s select



only one of them for catalysis.[10]

In addition, polyubiquitin chains are necessary for the substrate
degradation. Which mechanism has Ubiquitin ligase to choose to process
the substrate - ubiquitin connection or ubiquitin - ubiquitin connection,
the answer to this question needs more evidence.

Many evidences indicate that the catalytic activity of RING finger E3s is
extremely high, even able to catalyze its auto-ubiquitination rely on the
RING-finger domain. This feature has been used to identify whether a
RING-finger protein is an E3 ligase in vitro, but the physiological
significance is not clear.

Focused on the problem of regulation of substrate ubiquitination by E3
ubiquitin, we believe that will be a future research focus over a period of

time.
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P ) B AR e AS (R AR B RN AR IR AY LDL (¥ UG B
ARG, 1) 5B 5 IR B IR B, BV AU A RIS B i o 1
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Young 25" IER] ox-LDL B LM BRI . LR JI I8 RS2 Ak, Bedk
Wi 4 RO IR, LG S R iy o TR AT A5 R IR, #46] NAD(P)H
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Z#% (Ubiquitin, Ub) s&—F 76 DRIEMRIIK, 707y 8.45ku, | iZAF(ETH
A 2 Y. gl — RO T S E AN G4, ZRUS R RESURIZ R
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fE, SUREARAE, WEEEM AR, FE ST N 1V 2 AR BT R

1.2 E1-77 HBOEES
72 Z 054 Cubiquitin-activating enzyme, E1) ALz 2 58 A R4S & BT 026

AN, BEKAR ATP, T AL R L L~ D R SRR AE 12 3R IR A i T Rl e e Bt
B Z E Y EL A AR LR R, RN EAEITAL T, A IR AR T

1.3 E2-77 KR ECER
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JRIEIIES AT (K 5 —AEE, 2 ZAR R T MR . A G 26 e2, R
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AR IR,
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gE IR E3.
1.5 FEAOER RN ST EWIEA

L FMAEH R R B . IR A ORI 2 R 2 R AL
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B ARG . XA F KN DUBs HEALH LSBT 2007, RIMABATTI — R 5k DA A
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EZFZNFE A &t , @id E1. B2, E3 =Rz 2405, S
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2 F - AR I FUTUK AR S — 2% M UK 8 I g A, REXE IR A 40 M
PRI, KR T P20 M0 P9 B B, 30T 4l 40 I 1 AR B REAT LB A G G A e
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SNl BR T AR VIR SEMBRIE DI BRI 540, 40 ks 23 IR sl i 0 5 5 B (translesion
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MsrAl 7] g HERARIY) MsTAL 43 WA TR ; [14]MsrA2 F77E T —LANB 3k, 78
3 4l L B P A R I MsrAS WUIZE A0 B A R s b R AR . [14]

(2) MsrB fEfs Sk M id JR 8 1 B0 1) MetSO, X 28 8 1) MetSO i JR 0% 5
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SRR B s MsTB2 S —ZE LU R IR i P O R IR, 5 A T4 h0
R, HE M RIS, 24 PH=9 I, ZEEETEER, U0 B R ) 25
FAE R N DR, [16] MsrB3 & KILH—28 MsrB &,

(3) fRMsr J& 2007 S4B I Ms Bl it o fRMsr B4 7 0 i 29
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7K~ Je HAT Tl i R A 5 S A R s o FE D msrA @RI TR AE /N B, beta—
JEMFEUTRR, tau S BRI AE I S IX B 2538 0 synaptophysin RiAMD>; K
H msrA FE PR N BRI A i A S iU, RS B N RE (19] . 7
PRI MsrA 26T,  mT B8 Ingi it S840 B AR, $2 gl i o [20] .
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1] PR T <5 AR s FRABL ) A e ARG 1 2 TR J Y ) 33 [22]

MsrA | FFIREE & & 4k T 0I5 rotenone BURAMFEMZENR (a
—synuclein) Fr5| K12 ENEARE TOIIBET S g 4h , (H 2N 8 H 7K A/ MAHD
I MG132 BTl R a2 [ N %A 5 o 55/ T HUAAL 7 N- S e 2 R Fi
Ye g B LG, MsrA = B0 I A& 52 B 2 R S AR T AN e sk AR Ry PR A e 4
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W MsrA WM VRTINS AR TOW I — N vl 4T 7 £ (23] 76 N ECET4E40 g WI-38
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FOKF, R EAE S SR T O R A p21 BRI, PR A A b
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BRILE RN, NG MR 10%, 1 HAE 6 FER IR ER R, (HE
FERFAERDUNR BT IX PR, 8 PC12 400, MRIRFEIT NS bmsrA JEDHEE
SJG, B /A A IS AR P TR S AT I R AR R
JESE A, AL RN A B AE T, YW msrA AT 8 Ay o I RH KB B I 1A 505 1RV o R
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1 A 5 A ) — KA. IR IS OL T, Bk ROS 1177 2k 5 B Ak T h 25 ¥ i
Z T R X P AT AT B . CAIE S 2 AN AN DR 5 22 4% A R B 1)
AL ECT ROS MHREE 2 7= A o FE I i 3 1y X R 2 2R 1z m R 1) e 8 Y T Ay
10-3 M [ 10, B, izt v T A PR 10-7 M -10-6 M. ROS [ H#E 2 —
T IR R RR R o L rR G PR 0N B 114 TP A 2 IR S8l A0 4 T A UK, B4R
1 I = R 8 AL o 1 H AR 2 IR A I8 )5 (Methionine sulfoxide
reductases, MSR) BEIMLIX—IdHE, 25 RN FE. KEFRIA MSRA 1] £
UL T4 A NBOIRS S I 2 Fh i iy, $Eom HOM A s RIT i RE. [30]
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W RS UUA . H T g R D98 DRURN A HL R Ao B . N MsTA JEERE A
TENG R 8p22~p23 XA WEFTR I, AEFLME . e M B Kld .
HI A e 55 22 P IR Al i HR AP AE R R 1 8p v a PRk, R EER AN
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WAL AR BEAR S K b, MstA SR n] SO I 4E ThRE R 1% 7640
IKF b, MsTA SR AT S0 NI ML e 4g DhRE T % MR Ca2+k B B e L X
S R BB R 1 = o MsrA—/— ROV VLA B ks 44 B 1 A K19 5 o Taurine
AL I U AE AT O LA ML e e DhREFN 2R Ca” IR BEXS BT MsTA 2k
SIE RO NER » Taurine fff MsrA—/—FCo LA MO 48 D g sE 0T T WT Bl 24K
DEDhReFebr 5 WT SROCE# 2= . RN Taurine HAA PO Z AT =) 2L
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AN A FE N RSO H . [32] Bk, 5 [R)E A0 B2 )
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RIE o A7 K B Z IR LRI Ji 8 (10 25 ) B HEAE LA, I I o PP 2R WL B
I J BEAE DU E AN PTAAL T A, BT IR Al LB AT ML (R A AR AN o
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JE AR IO o R e I, wRoE T R 2 R A A L Pl A ) 40 M i iy ik
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MRS TEANL , R SRR O AN AT IR RN, ) B RO AR 20 1 i A
AR o IXAE e B e T B AT BB AR AN L R R A I R . S 4 i
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FIBRE A B 28 — 1 5K T



2. 5HRXRWTRA RN 75 5HER
2.1 Wnt/B - EHRE R THEE

KEFFEYNnt/B —IEIRE A T 55 T R IX L5 H AR AT 3
FYNNIBER, [FIWnt/B - 15 50 & R Re O 1 R R e I G R 3R
B —EMEH (B —catenin) & MWntfF T IMER KA > 1, BT T A0
M TR A% e B —E R A 2 IRE, 2 IR A K 130 ML,
S ZANGSK-3B  FIBSZ R R B MEPTK  FRIBER AL AL 1, 4507 s 0 20 2 T LAl
M E B AR, TRILI AT 100N 2R, HA VS AHMN FWnt #E%E
R TRE . Z8Wnt/B —ERE A S0 AR T JH s Fint R A
EMRAERB — B 4, HAhd o RACE R R 2 AAAH G 15/6. 45
e s A BRI A 3. #ELE E (Dvl, Dsh) ZLEF/TCF [A+-45

Wnt 52 Wnt/B —IEPNE G SR K S R 1o 46 DWnt 8 A ) K7
R, B —&EI A H5Axin, APC, GSK3ZFIBE &k, BLINP —HEMEEAM
CK1 ANGSK3 WMtk 4o iir BARAS IR — &M s H D, iz i
Wnt $ESLREESERANE] . APt B ARSI HTE S NI, Wnt &1
HEihEAFz KRN S S, s mbsila e (Ovl, Dsh), 51k%hE
1. GSK3. APC KB —HEMEHEAE G . EEEIILME, B —EHET 5K
MIGSK3 Z M BRI 2%, PIMB — & s /e e b SR ARG 22, Bt AK5E
IRFERRREARAL, BEANGMIZ ST MR/ bk G o K A sk R T 4 4, 51k
Wnt FEEEPRIFRIFEAE, SEMAH OGN M i S {24k, I 4m I o T AN AR

[ AN EE AR R E BB AR OSBRI 4R 1E, Wnt/B -
ERE O SIS ST HRERE . WA AT A B R .
Wnt/B —IEIE FE S 58 K RAHCCR MBI 2 B b T8 5 2 I
Jilfii. Nakamura 257 SRFHSEINPCR S AT ARBEFORIN, 6 T 9 (17 4141
HAALE R Wt b Fa,  3E— 20 R U7 W G v 0 e 8 20 A 2 R R IR J G 1
RN RFEARFWNLTh AR TR A . Nicholas 25 ZEWFSUH R I
R R HE P AT KRB —IEMEAMCOX-2 AL, JF HIRHB —&EH
HEAMRACE T, ATREfEsE T COX-2 ek, 4RI M R OPG/RANKL/ RANKAE:
fH il bAh, ERZH T D EARINEWnt-16 FIp —IEREARE
IRV T, ABAE R OG5 A I rh B LB O R ECE T, Wnt-16 FIB —



HEINEE A E T, i HARRAR R AR A IR TSR BB — R R IS £
IR, AR R OCTT RO, WA Wnt KRB A2, wREEd (S
IR, SRR — IR PRI SR, dkifism H R K, 51k R
RSP AR, BB A 2R AEMMPs 39, RANKL/OPG HLfE BT, &5y
M 9 24 A o
2.2 Zinc—ZIP8-MTF1 %}

IR AR LA At 2 5 42 i I 26 40 P PN 8 25 - 7K1 PR —
& TR SRR TS . — P Z TIPS IR 8 1 b 18 1 A e 18 1 6 40 i Py A%
BEEEES T, ISR —EH r T F R T 3T /N RURCE SV . G
TR PP R AR, 5 AR EEERE, 2 380 RO AL SR 459 21
ARAY,, I SIS e O B AR T A TS L, AT AR A AR R,
S04 M S T A () T . TN DA HERE R A M AR I KA T BEAE
R R PRAIER

BFFN IR T >k B B OG5 98 5 DA S 51 98/ BRUBE B 1 3y o /R IRZ1P8
W R E T, ZIPSIRNTE R 4 M ) B, B 40 i A R B RS i s B
XLen o 3L ZTPSEE & 1 A AN MO 1 — AU EMTF LI 8, MTF LA T4
O A P R TR AR AT D RS RRES, FRN IE ST IX —
Zinc—Z1P8-MTF U 5 18 B 718 Ji i OG5 98 AH DG IR B O ke OB H

ZIPSAL (R Zn2+ NI 1 B 4 v i) 5 o P i il (MMP3 . MMP9.. MMP12.
MMP13FHADAMTS5) 31K o 75/ B 2L 2R P I ZTP8 St i Ak 5 [k T OARR B AR
[FIIZIP8 iR 2 b AN AROA I BEERE , HATZn2+ it JE 0 B At g 1) £
BT . SR ERER, A S Zn2\ZIPSEE A RAR S R Tk, MTFL
S AN BN T, JF /N UM E T RS U 5 e 7 0 0A YT B AR
MTHE— 2P UESE T ZIP8AF (K Zn2+ P JAL3d b I siMTE L% s ik ok b 1/ i o B4 it
BIE o
2. 3 PSR RENEAWEEE SH FEK

P38 L2 R4 JRUIE AN B (UG {5 45 e M It e T 22 R T A B e SR
WORAGHE WO, A AME S T DR AN AR N S N Rl 2, B R W
FEF S I IR P e 5 T B ™ o B DT 48 IR s 1 I 1y 6 o 4 s 2
B, IR AP WA TS B E 13, AP TR R 3= B R, i 7Tk



P38 2 G ER (IS B4 SRS 5 TiX— ", p38 LR FiE LR
IR A TE TR 2R (Thrl 80) AR 2R (Tyr 182) XU wit [ I B B R AL I A4 HA
AT . XA RBIE AL U B — 2R 73 TT, B “Thr—Xaa-Tyr” =ik
BEGEHE o "R R WS PRI G A b, JLAC 38 22 R0 Ak i N
YrkE e, JEER AL A EeERA LR EEER

ST H A AR AR T B L A 0 TR R JRURN B (1 SRAT G, IR 24K
SN, Z AR T A AR B AT DA A0 R T RS 5, iR
W)t ELREE N AT, WO p38 R AL RE I R 1T AL JsURT £ 1 SR B IR 45 1k,
WA R R R AL, TiRobbins 25" R Pip38 I¥LIE 1] LLFHWTCOL2AT
mRNA K ZE3E , AT PELT TT 7R 52 J50 1K) il o PR G2 JER 0 6 99 v im0 Ay 2 4 i
RRAT W IR, RRERTRE MR ET T, R FEOT YT A,
KTHCE N EARCRRE . BRI RN AR TR - A s FAK
FHOGHESR I Rl o S A p38 SR XA IR i3RI o R 40 M 1T e i vk
KATRIE B EEL R R, p38 A5 5l B2 O R A ML T i) Biiefs Sl —,
—HEAE. AR FIB BT LUl p38 ks TR A K T

e o4 Je B T AR S BN A A0 S5 10 £ K, P TR R R A
Mt LR < Jem i I 13000 o R e ok 1 SRR T R, AR AN TR o
RBEMAER o & G R EIRHLEI KL 8 2 g, JF H O &EsEp38 222
AN B T R A5 O A A 2 A I A i S < e o A g P R AR T o T
PRIP IR = AR IR TR, G 3 1 R IR D 1 SRS e 4 M 3
LG R B A, IX — 1 PR 2Ep38 4 R EE IS 5 R W, p38
JNE PRI 5 0 YRS B 1 R D R T B R AR g Rk, AT
SN SRR G LT
3. 5HERITRARNEER KM MBE T
3.1 & EEHEE (natrix metalloproteinases, MMPs)

RSB R RARMIMGR T, B 2 Y B 54 8 AR I BEMMPs, S SROAMTY)
WRARE A, AL A AR B, HS Ak, 22 FIMMP s 0] OG5 3 4i o
BT AR AE ], AT ORI, OO IER R 1%, & S EOCT O 24T 1%
TR o 50715 00 H A M AP RE ot 2 22 R oy O 11 R D, JLO0hy B 1 2RO - MMP—1 . MMP—8
MMP—13. MMP—10. MMP—745 v] {5 IT YK Jst AL 240, Ak AMMP—2 MIMMP-9 33— 20



Bfidt o JTAFAR T, OATR BRI B 40 M A4 v 2 2k FMMP— LMIMMP—3, 171y T IMP % £
b, SEIIMMPs/TIMPs R P47, AT BUHCE BB, LA B AR 1) e s e
JZ 5MMPs/ TIMPs )R 2 L S IEAH SR o H - MMP—35% i 1 SR AT o B2 () 2R MRS 12k
Ik, "EAEOAKR IR B L B LTy iR 22 AEPHB. SRS N Be &bk
WAL, FERTIMPS I/ IR N B, T in xS 8 1 2B i P . MMP—7
75 NOABEAE F 288 1 S B I R AR AT 1, X R L SRBE AT AR, "1 AE FROA ST K
HHH ERIE. $E/RMMP-7FIMMP—8 7] BE7EOA K 9 Hh L S 1 1
3. 25 B XRTRAXRNABHT
3. 2. I R R IRA ZUh BB S I T —a o A A R AR KR i ik

HIF-la. VEGFYE g &5 IR ZArh SRIA B iy T 2R G PRI 5 41, AT
TEM B M IR A 2 rh Rk HATAH O, SRR E B OG5 2R 7RSI8, U
RATHBFINE . e IS XA 4 07 A T . 1 AT R 21360
i, N UL BRI THIF-1a < VEGFYL(t, 2387 S AT IE SLLIw il v (1 2%
KR MM R GIRHTF-1a MVEGRLE IEH AW LR WL RL, &
PG5 T8 I 98 20 26 15 43 A 60 % « 48% , 1 e R AL eIk 43 1 H186. 7%
80% , B KT R FIE B AT I 5 4k v, 225 AAT 2 1 (P<O. 05) ,
HIF-la 5VEGFLEGPEGQIMI TR IE 2 o B T A AEAHDS, AR R E 7 70
0.666. 0.678.
3.2.2 IL-1B FITIMP-1

WA —LEFIR W] , <6 £ 1 i A AR 00 R0 A0 B B0 DG R e A
IVER, 7R G RORHLI R oA Y AR RSSO, IL-1B « TIMP-1
HERT P00 AR 0 2 0 5 D e 23 T, SR 2R 2 AR SPAAT ) A A A S B
AR o B ST AR ST M IR AL R R IE S OGBS R S AE AR TL- 18 A
TIMP-1, {HH S35 R B E I IR S0 P IL-18 AITIMP-1/K F-H] S 1= (P<0.01) o
TIAN, ORISR T OGP I T KA E

PAREW A TR, QR AR, SRS B O R MK
TS I o LB AT R ERCE N AFAETIMP I B 4 B 11 40 MR RS 2k 2 TR AN P-4
SRR Ko TL-18 SGINEE B IR, < e 2 11 40 A Tl R i R 32 i B8
WA o DRV FSEEAH L 536 1) 4 R DT M 8 4 AR R DK A (1 B R o A )
RANERLSY, UnTL-1 Ik L D 45380 R R i 25 I b B 11 0 A I ) s P



TL- 1 ] Y45 F A M (R BE R ik, A2 5 e Bt LA & p e I AN i
PEOC R R T E T R B E I HCE M DGV A R A 2R3 e A th
BEACEIIIL-18 ™ BRI RN], TL-1B 7E4CH I MR B AL R
AL B I LN AR o TL-1B 2B UM B G 8 R R A, Rl A Ak
I e B A A T R T S R A TR PRV A T ko TIMP Ay B 6 )
B R R e PSR R -, e L AR S PR R . AR B RO N
VE S TL -1 AT 51 5 25 22 B P AR R 2 A0 M OB, T 0 21 4 i 45 e L AT 388
Y AR AR P R T SRR T R, AT 40 A0 AR P, 5 R R B R
(¥ B 2 s

3.2.3 HIF-la A4 P B2 2B K BRI 7 VEGE

AL, B R RIHIFRIAR GO sy, HAREAET R, Al
WWAHIFFEGR R AT N R BOI R /T Re 2 5 7RG R, & R %
T et VEGE P 3 L4 1 AR O T KR, X S Murata S AR UAH 80, fbAiE
0 OG5 AU TR I JVEGF 3 o A3t B G795 I (R 4L I e vk A0 M DG4 98 A I,
FEGRA SN, g AE TR, VEGFRIA I 5 e BATAH QI R AL o
DR PR P B K e 3 B, VBRI N, S T T A L S L L e, X
DR R AR, (R ATHIF- 1o mRNAZRIANY =7, T BUVEGR 45 PR 1~ R IA 1 w1,
PR BIBIR, AR R AT K
3. 2. 4KE AN B AT AE R 71 (stromal cell-derived factor 1, SDF-1)

SDF-1 XM R 1, &/ TAlER T, & T8 E 5. SDF-1
(K152 A ECXCR4 o 28 G B 2 SN A RGN 3R B 1 DG4 98 ER 8 IR O 1 i 3R 2 SR 2
WA CXCRAAFAE . SDF- 145 55301 41 M 2 T I CXCRASZ AR 4 &, 3t RIS 4l M AN
U il S A OGN (p38 MAP kinase) M5 il %o SEEG IS I TE AL 2L (1)
SDF—14IE 5 SDF-1 R 5 SDF -1/ CXCRAE 5t e, - A 1115 3 401 4 J R JSOMMP—3
MMP-9. MMP-13, 3XU6[R B feifs 3 O BB AR A 1T B J i it o s S 58 ]
LA HH AN SDF-1 93507 B S A i M OG5 98 S8 7 A B IR SDF -1, gk — AP IE Si
TSDF-1 23 ik 5 4 H 40 i 2% 111 (1) CXCRASZ A 45 45 17 8 SDF — 1/ CXCRAAE 5 JE %, M
75 5 0B 40 MR JEOMMP—3 . MMP—-9 SOMMP-13, 386X 1 ES e 15 5 S T B R o
DS BELIKTSDF—1/CXCRAA 5 il e, R/ DMMPs TR, B 41l 11 289 Je Jid e, A7 22
SR ST HE VAT



4. FRTR G

OA J2& FH MU A= 1k R 2 3L [RIVE DT S BUR T R i e i o bk o
BRI B UM A BN A R A T B A DG o MUY, ) A1 AR 5k PR 22 71 0A
(KR AR Fe i R ke SRR R P ot A 5% o it P e 4 A S 2 o 5 ik 24
FCBENE R ZTEEAE T - BlagojevicZ ™ AEINLES 136 5 SClRAIMeta > #r b & 31
JIAT (RIS 0 57 M T 8 T 2 I G 15 OA 14 1 6 DR 25 o TP i S B0 6 3
B N RSN, 5EMIRESECNZ ) eE Carar e, o AR
), HBUCR T OB HZN T, BATE TN FIRA, BRTCHEIAR
AEOAR LR 3. S, kD) ]y AR IR0, SRS
R KRB S, T B 4 P EROAR AR, %A AR T I PPt ol 6 1 )
(K152 7 5 2 3M0A Bl I A WEFUAR HE, IEJRERR 7 2G0T ) 58 2 304 (R A,
] BE S HR AR B VIR OC . B A WFER I, OARR 2 IV 1 e % R ik 1 5 4k
FENAHEC I R B, 3R T IR ER (AR AT REZEOA. BUmAMLHI ke T HZ AR .

FEOABUR LT, S ARCE Tl T EZEMIER, Wi N AT RE
AR S) Rrh G R AERE AT R . AEONFBI p s 30 B LA Ak
FEVEA . RPN IEESUR . AR, B R AR U ) 5 R 3R il
IR B HEAT VRSB AR o SR R I ORTT RABIHCE  Br— R A 5 T A G B R 3
BB, X R I IR A A DGR R O, R TR R e R A G BR T 1 (Lrep D)
HEAREUE T, Ay B CEFESEEFApoc2. Apol3. Gpihbpl. Lpl. Tfpi.
Vidir) o i, FIARE2. 404, —FRIFEEF (0FApoas. Apol3. Lrpl. Lrpb.
Lrpapl. RGD13098087iAY Tl IXEEHEPRFRIE B ¢ R UERE R e, I
T WA 7R O AR B R, B R XSS gt SR AR
N TR IR AR DGR R IR R T e S B N B N ARA,  BETT R
Wi 55 R T AR AR R A AR, BT R S R R R IR A
MG A LA G 5y, el A i B e i . T
W LA R 5 1 S SR A 1 A B SR T 52 AR 4 45 25 A« il A 28 T A
FUIRAR 51 DT 9 2 IR IR 2R o LIS RS P AT 270 v 2 AR i G I ] e ey
RS EBERGOCR, RIVEEDU S R R E R T =R T s B ARG,
PR T MRS R AT AR 20N HRESCE BN 2, WETTIRIN R R AR Ve T v
BEAZ B VA B DT R —Fh 7700 JBAT 28 W T B bR AR R IR AR 5 At B o e
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MicroRNA 5i& ML= R H 5MERI X &R

wmE:
EMEEMNAEREMEINEER D EMSREAXSEKE FMER

HFERNEZEME AR  eilaxNREEMEAIEHE BT REDTHEM
B DL Z. THRRRBEMAIRAIEE —FK /DD FRNAEImicroRNA | #HEE R

RIEMEHTE  NRE T ARNGE | 2HEENSENENRFESIRAE

4 I 7R A
ALGRER 7T EMEE R EENERFEE | microRNARAE Y 4 R & a5

s

BE&EmiEE , B4 7 &IEWRFP RN —LE5E&MREE %M EHEImicroRNA

RESEBREMNRETIEBNABINERAXNBRENSHHER , A 0N
microRNAR R ERZWJLNEERE |, 12K TmiRNAs 4 —MET AR FEE D
i, ST RFEN TR , FHREEMAXNMIRNAs , #—F N5 FKF LER
BOREX-EXNLERE  FEXNENTHEMBRERFENRERR , NEDE

MBI IZ AT R EIE X,
KHEIA: microRNA; EMAEM; EMARGEIEMIE; miRNA ST

1. BIMIRELAE

M I 36 O PR R 47 2B A T Sl 1 Ty, 3 I AR G S AN W A Jl B (1 1t 4
B LA S L5 22 IR AR I AL, DLAERFAA AIECE 1 A B i, it DRk ZE i
) AR B L2075 2, By LI A & — R RR S AR A el R o i
J 2B B I I A M e P S B S 0 ALK A5 R o AEIXAN R AN IS B, i
11 24 -5 ) J5 240 -2 TR et 52 -5 PO AR PR A B R, AR A0 B DA 5 s af 40 e 32
PR IAIFH LA I, I AN R (045 5 e 3 % R Bl O P 2R B ) D] A 1 i B



I L0 AR oA SR T A

PRI IS 2 feat 400 (HSCs) FREEAWT A0 o1k, TR/ 8 Fhlify
FNTHBE S S 10 B R AN PR o T R FESZ 8] T MR RS B 4%, i
WA H, HSCs B E BRI F—iE i 4n 2 iy 5 FIsa i, Ho, i
A1 /A8 B G o] 234 R —F LA B AT A H A B e, T UG 2K 4%
AL, PR 4 .

e 3 R P Ak 2 A R DR AN S DR AL B RS e B R KRR
A M PRI, T DU T AE A0 R A . ML RO B T, A7 AR A I
A0 MR ST B, AT 1) PR LA R ke T 3 I 42 PR B 2 o S I AR 356
FEAREE M. AL RS T (EOD. 4IRS 2T (CAD & FhIE
E LSRR 11 K €7 i iR R i OB DT RS S a2 T e i e 9P = 2
SENL, S RHAMME T 04 5 ) B T4y MR E

UbAh, RTIIREUR ], M ISR AE 2R KL 217 24nt (/M ESRTS RNAs
(ncRNA) FJ R I e 53 5 BE DRI DO BR B B Rl . RMBAR B . et T 1)
A o R A I o DB IS R P R s R
2+ MicroRNA R4 K AES5T)RE

MiRNA & —Ff 217250t K/NRIBEEN 7 RNA, [ A7 R T B D, 2
— 2Rkt RNA (non—coding) 43, AEEHEWERIIEK. /b R E S,
5 IEW R B RS R AT B IER « H miRNA /SRR — b 2
R F AR, T DAEAE KRR 22 IR RIE 9 i T b s, P AU 41—
SRR ZR A fiw BB (1B T

MiRNAs [FIAEYIE T U6 T4 (R gn g SE N sl 1) () 4 s AR ™ . miRNA J&
DR T DT T B BRE PRL 1) P 5 1 v o B B B 2%, AR LU R LA A : RNA
KAWL (Pol 1) 5E/ miRNA FIAIIH, K™ SRIG4: RNaselll-Drasha By Y)Y AL
pre-miRNA, SRJFIELMKM Ran-GTP [R14¥5i2 1 Exportin-5 K miRNA [¥JHT{A
pre—miRNA HiZ WA 2 i 5o o 41 i 5t &) — b RNaselll-Dicer )% pre-miRNA
TE U] miRNA; miRNA L5 20 g 5 o i) —LEFE 2L HE 40 Argonaute JEAY RISC
(RNA LRG3 E A4, 1 RISC 415 miRNA X 4EEEDS] mRNA (14 4 At o i 13 £ 410
il MiRNA RAEH G RN )7 5 RS mRNA (W EAMEREAIC: (1) miRNA



L0 mRNA L AMEEE A ST mRNA (R AR (2) ELAME BE RN S mRNA
i NE NG i

MiRNA A RELES MG IR IR IEAE N S ST, st 3950
AT B g i R A R e S R RV H I miRNA Y45 AR dr i R A DI BL I
EAET R, (HZECAHRIBIGTE Y miRNA E40 A KA T, 48 th. [
Wi T BRI | TR 20 KA T8 ORI G I 1A LA S AR 5 IR 1
TR P S R A HE AR . B0, miR-181 il FLAh 4 ik ifi. 141
SrAkch B 4IM™ s miR-375 VTR FLAh R K A0 M R B R S 5 0 A K
3. MicroRNA it 4%

MicroRNA JEilid miRNA i3t 2 AT s Jo U BN #1 KR D] R e S AN 30 AT R
Ve o At ECBEL 1 E B R R AT R SE I AR ) 25 D e IR . AT A B 2 A T A
miRNA #H A2 R, BT LAA D ZER AT miRNA S el R AR 4 T —
ANER AN R ) 43 ALK SE LIS M ). Bl4n, miR-142s. miR-223 [3KIA
AEHE T WA A A . miR-221. miR-222 HIFRIEIK T kit S M5,
miR-221.miR-222 F1k ¥ FEAR A A R BRont it ARl i 2 g 21 &R 3 1M, miR-130,
miR-10a Fl miR-181a W] 45 EAZAHLAN M 246"

Diamantina Vasilatou &5 A" B4 T I KM H R I IA) -5 15 3 1l ok 2

FHOC miRNA RIS TEGL CnE 1),



MPP

Mir-181a and mir-128a ‘

Mir-155, 24,
17

562
N
[
Pre-Bc e" ‘% ' s J - ]
Mir-10b. Ry —
l 10a,126, Mir-223

Mature B-cell
Mir-150"4

GC-B cell
[ e

MAC

K1 255 MR 1) miRNA,

FBMAR TR, A8 R, o« FENRPIETIT; MPP, ZREMH4N; CLP, YRk AH4m ), GC-B
cell, YRZLM LTy B 40l ABC, 03525 B 410 ; CMP, di e RAHZ M ; MEP, %40 RANMAH4N I ; GuP,
WA, ECRMLAIN; DN, RIPE; DP, OURYE: BP, ACANNURTE: MEG, EMAAUMIATIR4NNL; RBC, 414N
M3:PTLs, /MR MP, PAiZE WS ZR40MATHR: MON, MAZZNNE: MAC, EMEZNf: GP, Figuffupiik; MPm—
PR A R4,

4. MicroRNA S5l R 4t pip

O A B2 5 R miRNA JL T2 5 0k BT fs AR (1015 5 16 S ik 47,
AR VE 2 MR OCHE R (M 08 . DFFUE W], miRNA Rk R 5 e R A= 2]
M, ENEILT B m vk g v #8472 78 miRNA A IE R0 . i,
miR-15a/16 FEPRIFRAEAE TG (AR 1314 X3, 7EMSPE B bk i i 1 ot b
TEAFAEIX D R Bl 2 T 30 miR-15a F1 miR-16 (A R, Fazi 2"
NARIE T 50 55 ) AML1/ETO A3 (1 miR-223 IR BHE 22T ER, Kl I
Ar PP AT AML/ETO Fili 5L DR R AML J8#% th miR-233 1R IA B AIK, 1fif AML1/ETO
A PAE K miR-223 [ 5 Y i B, (HE miR-233 HVmJ LY E 40 A 0 A
Landais % A" [®F 5% W, 1 miR-106a, miR-18b, miR-20b, miR-19b-2,
miR-92-2 M1 miR-363 75N> miRNA 41Hf) miR-106-363 #%&AE 46%H) T 41/ H I
P ARIE, JF Rl BEE A SRR SE R AR



A, BEF miRNA DFARERAN, BORERZ B miRNA BERFR#H RIS T
AR 0 B o0 Ak B . 2004 ARFRT S AR I T 5 A DS —Fh miRNA:
miR-181, miR-223, miR-142. .7 miR-142 7E B #kEAFEE RN M b =R 15, 1M
miR-181 7€ B Wk R A HACFFRIE; miR-223 N R ERIEL, WdE T
WRELFT B bk (40 i 2R LA 2T & LA AS B0k o 78R A i 40 i
miRNA-181 (1455 REARATIN 2, (H 2 an Fax Lo i i m) B bk 0 R 404, HKiEmies
A i 1) A R A ARSI AS B IA IR AR A o 3R SE A AR 7R, X = Ff miRNA
PR A G M R, n] A8 LT 40 MR IR A DG . Zhou BMTAR AU HIL
miR-150 7EJk LS5 FIBRAT T 40 MR B 40 i) o fb ok Rt o 3 0A i, 76 3 if -4
M 3 miR-150 ik 22 JG AT BEAS FE A LZ L XS CD8 R CDA'T 41 il A4
i B 5055 40 (0 s s AT SR KIS0, L2 B 40 P 240 HH UL T B o Xiao €T
SENHE PRI miR-150 P54 — M ST c-Myb 335, I
c-Myb DR IR 4 MK R & B vF 2 LR . BbAh, MiR-15a""{BA7%
5 miR-150 AN LIAE, BN HFE c-Myb [0 5 | 9k 0 40 i 1% 201 24

LRGSR VE 2 BCSPE IR, L8k B bkt R 40 i 1 1
P93 A TN FP i L G T R, 1T HL5 V22 miRNA ) 55 R IEAHSC . Van Den
Berg % W51 KRB miR-155 & Hodgkin kAL R . 4124 B kU0 o LL K 5k ig
PRI B kIR 40 i (Diffuse Large B-cell Lymphoma, DLBCL) H#B4 ik
SIFL . GRS B ILRY B 4h itk 89 (G0 DLBCL) Y, miR-155 ¥k &
HIEH A AT A 10730 5. Ak, miR-143 Al miR-145 75 K2 401 B 41
L bR 2R 0A N, BE— PR R B miR-143 ¥ A RE LR & MAPK SR )
—ANBT 51 ERKS . MiR-143 1 miR-145 nJ fe<s B FH AR X 738k B 40 /i 5 16 40 i
(A= 4rhric ™ Rosa Visone ZFHURFFLERIN™, JEDH )R 13931, 3 AR 51 JLAN
IR R DA R SRR ) R AE MG, T miR-17-92 I 1 IE U7 A7 F3% — X 4k
miR-17-92 SR ML c-mye FLAEEMS, 110 c-myc A& PPLEAR 22 s 40 i vh 46 i
BRI, e SRR 1 3 3l XA B
5+ MicroRNA F#RIEM FH

MicroRNA s RIXIM IR K 248, Rafiik 1 EAH:
(1) JetofRkimmias: X227 A5 S FLIRE A 8 30 1w o R 5 %



ASLE R R™ s miRNA [ RIA S DR 85 DUBOH G, miRNA fEQ a0k 1147
AJE—ANBEHLFAE:, B R TR T miRNA FE R A e A B i) 25 K B4 A4
AT H B AR S 1 0 e o

(2) FWIRALAISAE: KA miRNA FEK_A7AE CpG, AL AR
JERTRE S E R A AR DG o ) 25 FBEAL A7) 5-AZA-CdR Ab PN G 59 41 i 3
OVCAR3, &5 JLAar il F45 LA miRNA (R IEKF BT b i =Ff miR-21, miR-203
A1 miR-205 7E G0 S AT mkih . IXH8 miRNA PR ) PRI A T g 5 4L
358 240 it Hh s o 1) R O

(3) A R PRZAT IR Z A1k (SNP): R AETE G BRI 14 miRNA B ILHE DR 5%
ST PRZ AT IR 2 Ak, AT Re 2l ORI N L 52 M miRNA 1) 1E 5 ik .

(4) miRNA 2B LIRS R A7 SO0 40 M 1 238 miRNA [RTAA, (HEA)

BEAT UL UK miRNA 731, S22 H i A4 3 e oy 7 L AR R B e o Xn]
&Ly RNase IIT Drosha FJBRRAT R . EHEZM AR/ NI o Dicer AR NI 1
FIE R BT let7 FBM M, JERIIARGAAE TR . Dicer HXIRMEAE i
(¥ /N BUAT B2k 70 T miRNA BTARIRE ST, R & M R aE 25
6. MiRNA FIRFH
(1) miRNAs FERFERES T R P i) T -

AT AT X miRNA 7298 o 1R A el 7 miRNA J& — Rl H T2 Wi A [l b
Jed B Y (AR AT (0 4 Fhmac, JF BT Re s H T IR L Pl i (k47 ol i
AT P I 2 40 1 A S PR A A B, TP AR mi RNA 315 D0 RE RS 1 1)
S EREAN [ 60 % AE AL . 4D miRNAs 38 55 40 i 2L B s 6. T2
YE TR S HL-60 [ rh M RLAH I 2048, TS % miRNA (12238 REACH I 5 5 W
miRNAs 55 40 B i) 7 A B B ok
(2) miRNAs 1ERIBITFBL

miRNAs AE R i85 T Bl 55 #0 f 204 1 miRNAs B R 1 BRI
miRNA 5 EEARIAE RS . T02&4E microRNA Rk e ¥ 40 i o E1 4 miRNA
(V) 1E 8 I8 K AT RE IS — R BT B BIR 16T T B, [RIN e R IV 2
microRNA Siiif 25 PEAT ™. LA LG R R IF LRI AMZ 1% miRNA [ ARIA R,
—FPRE RS i miRNA R IR 77 B INAT BL N 63K miRNA Fi4A 1K) DNA 24k,



FCHUHIE T miRNA X #E m RNA B miAEPLIE R, J a3 I DR
7. G

miRNA ¥ I35 FE PRI 21 W 4 1) P47, AT GE T A BRI anig . 78 A28
miRNA FEIK IR SR A5 B IRT L 71X PP, DR S5 988 (¥ R R R e 3 DI O
TR L8 miRNAs FEMBER R AIE,  FEMa g e IR A2 215645 1) 0
HUERAE DI B A%, R ITTE 75 B2 22 A ATF U UE SOk S8 R IR o T A o ki i 1
ST (1 P97 1 B 5O P ) miRNA 5330 (/N BRUBEZY , BB Bh 3RAT 1% 58 miRNA 4%
(RO AR DG IR % o B8 b, AT LA 43 A0 RS s 9 1) VR T8 1 12 B
T 357, 100 I A F I FH U2 4 JE8 A1 16 miRNA BB, 7T RESS S S Al 9% S VA 97
) — KK ot o
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[K#E=F]. BRRfE: #ibs: PBER: FS%S: LMERR

[ =]l EFR, TAFEMERER T XRENARIE ART-EHENTARR,
SRR, FER=AFE: (1) BREMNEHAE, RBREZBENEPHRER
REARMEXE, FERHERE. BERERREARMAR. (2) EREMEAR: FS5%ES. &
RIANR . ERRFERMEEMARANZES. (3 BRESKRAE: BRENES
AL BB, CIERRF. ERTRERMBSHEHEEEVINXR. 2
Z, EREMEXMTRARS, EET2EREREMNEEREERBEFABERNER
TR KHERE.

HAM 1972 & Nicolson 2 H RSN ERAIREILIK, ZESBRE X THEEMRIRE, LW
EhEESEEEREENNEX, ITXEERE B, 3 KEARNSIE, B2 1988 £ Simon
FIERIBHAELZIR. 2001 F, EEMF BT TEMARRITS, S EX“WEX.BEZL(lipid
raft) ROE” ETEENITE. THAEENBREEREA CONELRIEIPEER.

1 BREREH

FEREEEENENSEREREEARMMX, MXAMBAIEKRER, ITFADEER
NEETRR, TAESREREL. BEROVNEEFRMER: INENHMXEERHEE.
FEEIEE K GPI-$HEIER, EAMHESEKEEERE, mEEKS, MEE, mMAMK
T, SBILEEAE X HIBERARS & A08F0, TmiRERIR, FTAHIIS 8 RAMBERMHE,
55MIBIBERATEHE, FERARXBIFSZHMUMNERR, 32 ESHESER. 87
AENANBEE, EEN2BEN, BARIESFESTIREE, FUEMEL GPI-f#E
TR, TEWZEESTHEHKREL. B—# PI-#HEEANMEKNSHEERREE, 5
LEEIRT Sre RIEHIER RER MBS RIS . WIEATEEERE RN, B RIMENIKR, Pl &R
R ¥ESEBEERTEAE T RESMU. Src BERBRIMBEZERS M, X RS ENIMEZ B2 BB EN Y .

AARRMESTIS LT ABAIEE, TB2NNEREEBRMEES, HIAMHEE
THBEEFAEER, BEAGEE=Z: W&, ESRBHEEX. E2sBBRANBIREX. &
R EEREMNESRER, FETFRMEE".

BEANERR, AHRLEEEREBNE, BEEZHWERRERK, AEtE8IER
BRI NS . ZachariasMISRIERAR, AKBEAMANTRASMMAIERALERD (CFP)
BEZWRK (YEP) BH, ARAERBEZRE LS ANKERCNSFRRREFY. ARtgEH
WREEFZMESIEA, AIMIFHEEIL RS EHREHERREREINNEX, MFXZHLAY
EARFEEZBER, FENERX, MEEEAHE, At RS- LMER. R BARMNBEER
AR ERIBEE.

2 BERIRRITNRE

FERAMNHE: o WEEARREERERA, EBTHEIER. b ERININEEH T
EAREAAMMAS, MUEAGFSEE".

2.1 25F5&%



HTREEHNESEESH T, EAUSETSESHSER. EEM " MRAEXFEIE
RIS I R A B ERE E™, Ll Caveol in HESRELA DM SIREM™, XTNR S
Caveol in 7ERfR £ B HFERIZHIEIL. L5 R TP, NeR A EL FHE ThERIAIAERE L,
XEAEFRAERM NeR SHEAS FREERMETE. i7" A s BRI
BE#EFE 22N MC3T3 4MARIAT-, FHiR 7R TNFR1 ZEARERE RS EAIEAE R N B X T Tt ES
BERMYMES BEMMMERERM. XE EIESE tnTNF- o ZEBEEE M A ERIKE T
-47 RARHABK L AL, B tmINF- o IR EE SKBRE, RAREMNARY tmINF- o A REGE
NF-KB, {& # AT & E cIAP1 BIFRIE, HIHI{E A TEE Bax BIFRIE, 5142 sTNF-a #E#;
tmINF- o RBEREAF S EHREIES S F TRAFT. IKK- o F1NF-KBp52 EEEMA;
tmTNF- o BES|R2EBLAA0 TNFRI MAEESNEIBERE MBS, WAL AR A S 45 H{FE H 3T tmTNF-
a RMG1ERRRIFEE.

2.2 S5REMEYEHANGAa

2.2.1 fEEEMEHEEEH
XMEEERARIEANAE: (DBSS5EMTFREEMMEEREZA (0 GPI-#E

EH. BEESHEEEANEANE, IMUSETEARRNBAFTEETIEE;: (2
MEEISREX—FRELNESEHSTAEEER, BLEEZMBEBENESESREKRN,
SIEEMBRTEL, FEEEYIFENMN . MEXTE EMET4E LR M A EAERKRE T s MFn
THEERYSEEE IS . Malaviva Z A, KIHATE AT LIRS H Rk TS EE R E EHMHE
FimH 5403 CD48 HF45&. (D48 {EA—FhGPI- $HEER, AN H TR
M. F i m H AT3XEE CD48, M| EEEmMEREMBEENERER=Rirc EREAN
EMEELTIENL, RESIRIEAMIENL, REFR". FREN, REANBNAEAEE
ETREMEERS", BENSHEENASTERSABERS, Bit, REANBNFEREER
BEERMRREEEN" . HPRITEELHMMKNESEE, Gatfield Z "1 Peyron Z" B R
K, R REIRAS LT LAPEMT Myco. bovis F1 Myco. kansasii #X/|\iR B IEZHAEFA
PN:ULTES e ) al: POk SR
2.2.2 [BESHESZ

EELNE (Vibrio cholerae) FFEBIANEFE EELE3= (cholera toxin, CT)@&EiTH B
TERMSMERERN M 2FIESMES, 2o TEEEBTEMERY . RS LR
AR, CTB 5 GM1 &5 fF, SEZHRESMHAE, HEEAXESREFREEZINXSR
BN, RRFBAER . fE ER A, ATPBMIAIERM, MERIME CT FEMHE. R
L FRMAEAE E RS, NIRRT AR EMRISEE M, | CT S MAY CTB I B ASHE
RENE FE, Mt R ImEE R,
2.2.3 BBEESHmEENN

AEHFHFBEIEBL “EHER” WARNAE, ATRHANZANAETR- AEKE
Z. BERIAENMRBEZME R, —LRFLALFARBRREMBEENSHATRERK
FPHFERAEEEE, RUFESEEALE, KN EEEEHIAL, REATHEEFIRH.

SV40 2—HMEIERITEHE DNA R, £ MMtz P EH]. SV40 BESHAMETER
MHC-| XN FHEE, BERREH LI TRIERELS D, U AMHHESHNEANN, B Sv40 5
MHC-1 EHFEER, TUBERENMERMNEERERSEABRE, FH—FNEREAN
ENE"". DIEIERR, SVA0 ZFRIEMESL R RHSMMABRERLEN" . MNREH
H EE, SV40 S5iREZEREER, ALUELEASREMERKANESREKEL, FS
BEHEARSBRYIBHIRY. FL, FH—TSIERMNNELRER, R UNEEIAN




EAMPNE 2 BIBEEZEFRESPNESHRENERS, FERBERESTKAMERS
Bk, RAERZRENESHMRENNFEETRESSHRE".
2.2.4 BBESENSHEENEEMEE

A B RRSMERDMUAEERERE, FESPEANEEREEE— RBRSIER
(hemagg lutinin, HA) FRHZR R ELES (neuraminidase, NA) R IEMERM S HELESBIINE
EREB M1 . TEAREW, EREFRHET, AESFHIHERBREREMBEEF,
HA 0 NA 4331419 % F DRMs 1, IRRXAMFEENKREEAEEREMIEE™,
3 BRI S MR

BEEMO N ERREXRNAREZER TN RABRFACINPZENTZHES.
DARRE E RS ERR R AR PR B 1A P RIMT, 6 EABHIERRABIBEE. ©
BERRYERIEIEKv |, Kv2 FIKv4 5 FBIEHFFER BN, MEHIA e ME, stimfni hx
8, ENIBEA S caveofae AT 5SS caveol in MIAEHEIEEIER . FEE A HRH cavcolae
A A RES SHRHEUY N ARERE, R ENLENTRAAFER CIEERFHNEE
BEE, BFE 2% B EES RS IKE W E A AR &k TR E R
B TS AR SA MR FE R BE A A I AE R BR, AT BBk S BRI AN O RUAETE ™, ZE R AR AERE
e, dHRESN T % BRE EIEZ X B E N SR MR Z EREER B EE S S IR EEIALA P .
ElEMpmpEMELHENRZEERED sV EREEREEANEBRNREERE

VEE5 D36 FHES, HEEEMTFREEY . REEREAARAETERTSEERT

EIEAE ™. STEEREARNMEEES GEEAA) NSNS EREERES
B ElfE & &K E A iR BN AE E1ES, & e /A MR . BBEEH A S5ERMRNEE
YER " FnAB EEE M EBELRBR SN R 1 RIS L, FERTREL MR A BE S AOMIRL " . XK
MEKREEESS T LONERFHNEAE.
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