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Cystatin & —R5PAREORFRE LS. ATRARINHIR . KoY IX
Bep SR R TN AEAE TN AR, IS 52 MAw:. W% dR, Bl
cystatin XJIXLEt ARG DR T JCHE 2L, fE i R, cystatin AJ 1541
SUR ARG MEAPUS IR, S TNFafl TIL-10 & B I FLRB IRN- v B0E
B RN L7 A2 NOo FRATAERTIAIRT T, fS2 T —A> poLyl: C ¥ R H fME
Smart cDNA SCFE, M RILT PN AN [R] 28 o TG I AR EST sel,
ZE0 5 L G A 2 A KB stefin A cystatin 284, [JBT cystatin K k.

ASCESETEE T 1 AN KH M cystatin 43K cDNA. SRR M4 BERT, K
ffii cystatin 4K cDNA f13% 688 ML, il —A 118 P2 R EH, 707
i 13kDa, HEMEA —ANH 21 NEIERALIE ST A 502, ma%
BHES AL TS 27.1-45.9 %, 30.0-31. 7 %A1 16. 3-30. 6% (1751 — b,
Horph b pufferfish P —8ME e, A 45.9 %. 5 A cystatin C45 30. 8%
(IR —3E, SXSEEE cystatin £ 31, ThHFH—8ibk. K#fh cystatin B
A cystatin FKRMESFE5 IR GLy-GLy (25, 26), QLVAG (69-73) il PW
(106-107) PUASPBRE IR IRIE, 435k C°\ Cy C ORI C™™ vl fETE B X i ik,
YEp R IR 23 () 25 o AFR B At (R DUAS P e 2R AR o AT 3 AN 2 5 e
AL E S8 B AR IRIEEE (C°) 1) N-imfwts, X4 0] A5 m L2 )
SRR A, KIEfO cystatin RARAERFHIT G SN HRIE, mHE
JEHNH Legumain [PV PEAL o JEIA TR, Kt cystatin R 3 _E4b
BFRM2AWEFAR, 5. DNRAMBED @ cystatin JERA LA,
RT-PCR AT WA e i . L 0oy UL T R IFN'E b g i Rk, 7
JERIS TP R SE R oK S, AEBE S JULATRI L ARG o 43 i P — A% 40 i
HEk poly (1: C) HI¥JE, ZFET mRNA 7KL BRI A L, e R,
H N RIEBEA K. T pCEX-4T-2 JoR RIB BRI T K3l cystatin (GST)
W RIRAR, FIEIFAML T EA Lyceys (GST) A& EM. UREAANEY,
W T ZRE HE E R papain B0 S ) 40 S0 D AL FIRAR G S ebn
BRI T KA cystatin BRAZER  MEALZUN A0 A R E AL Ol 2040
WEW], A EE A s, IR TR A BTN (eERD, 7R IR
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Sk Chnp R B RD WAL, AR N BT R, AR e 8980 PCR
R B 2H K3 fh ey statin X o S B AH ST Al TNF— a 2 71 TL-10 fR e 7K1 i
TAYEH . i RJE Rt cystatin RERIHOC T f ORI th TNF-a 2 T IL-10 mRNA
AT B RIIA Y K3 cystatin A fE HAT S FLEIY cystatin ABLIK %
e T fg .

I, AT 1 A KRE stefin 2K cDNA, 7 556 AMETIR, %
= 99 NMEFERA MM EH, 7 T8 11kDa. 73l 58, 4= WK, JE . T
RN BE 1) stefin BRI 47. 5%, 47. 5%, 46. 1%, 42. 7%, 38. 0%, 38. 0%[¥) /541 [7]
Pk 5 AT stefin A F1 B 820 H 43. 0%A1 38. 0%,  38. 4%A11 32. 0%[1)
—Hk. SR T HAT stefin MRS ML, BI N>R 14 GLy-GLy 7EH]
A7 R ER5F ) QLVAG (48-51) motif. JERLISHT RN, K3 stefin FEF
3AHNE TR 2 WAL, S NRABE S stefin IR 4 M3EA—EL
RT-PCR AT WA N AE i o L 0oy UL L RS AN B rh 38 Rk, e
LS o 5 PRI 2 s 7K S B i, R M o R o 0 ) FH =166 K3 40 14792 1 B poLy (1
C) R, 1ZAEK ) mRNA A2 SR B, AEifh i ) pGEX-4T-2 Ji
BRIEFMAMIEE T Kol stefin (GST) (Lycstefin (GST)) AU FKIEH K, £k
Hatifl AR Lyestefin (GST) Bl&E . LABSHEL 0 IRA), Kol T iZmh
WX papain FRIFIEILGTT 52 42 ANIHERE ) A7 A € fE5¢t PCR A I
YR stefin X ol A IR Rl TNF- a 2 F1 TL-10 [ /KRR 5 7R o 45 3
A KB stefin ¥y 5T U 1 INF- a 2 A1 TL-10 mRNA 7K~ [#1384K
F G BT R AR 7T T K3 stefin B8 (4R B IRALEA A0 i 9 16 e A 1 Ol o 48
RO AR, 2R B E AT, R AN TR A ST (rERD, 7E41
P2 A ARG Cn AR B A D AT /D R0

FKEkiE. K,  stefinJE[K;  cystatin FE[N; Papain; TNF-a 2 JE[H;
IL-10 KEPR: 40 P s A7



Abstract

Abstract

Cystatins are natual tight-binding reversibLe inhibitors of cysteine proteases.
Because these cysteine proteases exist in aLL Living organisms and because they are
invoLved in various bioLogical. and pathoLogicalL processes, the controL of these
protease functions by cystatins is of cardinalL importance. In the immune system,
cystatins moduLate cathepsin activities and antigen presentation. They also induce
tumor necrosis factor o and interLeukin 10 synthesis, and they stimuLate nitric oxide
production by interferon y-activated murine macrophages. A spLeen cDNA Library of
Large yeLLow croaker was constructed by induction with poLyl:C. There were two
reLative cysteine proteases inhibitors found in tow cLones respectivLy, which were
characterized to the members of the cystatin superfamily, after being sequenced and
bLasted. Three immune reLative gene homoLogues of Large yeLLow croaker were
cLoned from the spLeen of Large yeLLow croaker, which were tumor necrosis factor
al(TNF-al), tumor necrosis factor a2(TNF-02) and interLeukin 10(IL-10) homoLogue
respectiveLy.

In the present study, it was reported that a cLoning from the spLeen cDNA
Library from the Large yeLLLow croaker is a cystatin homoLogue(Lyccys), with 688
nucLeotides (nt) encoding a protein of 118 amino acids (aa) with a 21aa signal peptide,
13kDa. The deduced protein shared 27.1-45.9 % , 30.0-31.7 %A1 16.3-30.6% sequence
identity to the sequences found in other fishes, some high vertebrates and some
nematodes. The highest sequence identity of 45.9% was achieved by Lyccys and a
cystatin from pufferfish. It shared 30.8%, 31.7% sequence identity to the sequences of
human cystatin C and chicken egg white cystatin. The Lyccys contains typical
conserved motifs of cystatin superfamiLy, a N-terminal. GLy-GLy (25, 26), QLVAG

(69-73) and a C-terminalL PW (106-107) known to interact with the active site of
famiLy Cl cysteine peptidases. There was a conserved SN which may be the
reactive site of Legumain, a cysteine endopeptidase causing Limited proteoLysis of
precursor proteins and protein spLicing. It had the structuralL arrangement of four

conserved cysteine residues (C°, C*”, C*® and C""®*) with two disuLphide bonds



Abstract

towards the carboxyL terminusas found in Large known cystatins, however there is a
cysteine residue (C*°) in the different Location from the others, which was removed to
N-terminus. This maybe affected the space structure and its bioLogical functions. The
genomic DNA sequence of Lyccys was cLoned and sequenced, constituting of three
exons and two introns, sharing the simiLar genomic structure with human cystatin C,
mouse cystatin C and zebrafish cystatin. Tissue expression profiLe analysis with
reverse transcription-PCR showed that Lyccys gene was constitutiveLy expressed in
aLLL eight tissues (intestine, giLL, heart, muscLe, spLeen, Liver, bLood and kidney)
examined, al.though at a different LeveL. The highest LeveL of Lycstefin mRNA was
detected in spLeen and kidney, and the Lowest in giLL, muscLe and bLood. The
transcript LeveL of Lyccys was increased in kidney and spLeen, but decreased in
bLood after induction with poLyl:C or inactivated trivalent bacterial vaccine,
analysis by reLative quantitative realL-time PCR. The recombinant Lyccys(GST)
(rLyccys(GST)) was expressed in E.coLi BL-21, and purified. The inhibitory specific
activity of rLyccys(GST) against papain with the substrate casein was detected to be 40
U/mg. The intraceLLuLar LocaLization of Lyccys in kidney and spLeen ceLLs with
immune coL.Loidal goLd eLectron microscopy was suggested that Lyccys was onLy
distributed in cytopLasm, mainLy attached to rough endopLasmic reticuLum(rER),
Large in vesicLes (endosome or Lysosome), not found in nucLeues. The transcript
LeveLs of TNF-a2 and IL-10 were increased in kidney and spLeen of Large yeLLow
croaker by injection with rLyccys(GST) through reLative quantitative reaL-time PCR.
It 1s speculated that the cystatin homoLogue of Large yeLLow croaker probabLy pLay
a cardinal immunomoduLatory roLe simiLar to that of mammalLs.

On the other hand, we reported the cLoning of a stefin gene homoLogue from the
spLeen cDNA Library of Large yeLLow croaker (Pseudosciana crocea), an
economicalLLy important marine fish (Lycstefin). The fuLL Length cDNA of Lycstefin
is 556 nucLeotides (nt) encoding a protein of 99 amino acids (aa0, with a putative
moLeculLar weight of 11 kDa. The deduced protein shares 47.5%,47.5%,46.1%,
42.7%,38.0%,38.0% sequence identity to the sequences found in pufferfish, cattLe,
takifugu, pig, rainbow trout and zebrafish, respectiveLy; and 43.0%, 38.0%, 38.4% and

vi
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32.0% sequence identity to the sequences of human stefin A, human stefin B, mouse
stefin A and mouse stefin B respectiveLy. The deduced Lycstefin contains conserved
activation LocaLization of N-terminaL GLy°-GLy’ ,a conserved QLVAG (48-51)motif,
which were found in aLL stefins. The Lycstefin genomic DNA sequence was cLoned
and sequenced, constituting of three exons and two introns, sharing the similar
genomic structure with human stefin A, mouse stefin A and zebrafish cystatin B. Tissue
expression profilLe analLysis with reverse transcription-PCR (RT-PCR) showed that
Lycstefin gene was constitutiveLy expressed in aLL eight tissues (intestine, giLL, heart,
muscLe, spLeen, Liver, bLood and kidney) examined, al.though at a different LeveL.
The highest LeveL of Lycstefin mRNA was detected in bLood and kidney, and the
Lowest in intestine. The transcript LeveL of Lycstefin was increased in kidney and
spLeen , but decreased in bLood after induction with poLyl:C or inactivated trivaLent
bacterialL vaccine, anaLysis by reLative quantitative real-time PCR. The recombinant
Lycstefin(GST) (rLycstefin(GST)) was expressed in E.coLi BL-21, and purified. The
inhibitory specific activity of rLycstefin(GST) against papain with the substrate caseins
was detected to be 42 U/mg. The intraceLLuLar LocaLization of Lycstefin in kidney
and spLeen with immune colLoidaL goLd eLectron microscopy was suggested that
Lycstefin was mainLy distributed diffuseLy throughout the cytopLasm, and not
attached to rough endopLasmic reticuLum(rER). LittLe was found in nucLeues and
vesicLes (endosome or Lysosome). The transcript LeveLs of TNF-a2 and IL-10 were
not changed in kidney and spLeen of Large yeLLow croaker by injection with
rLyccys(GST) through reLative quantitative real.-time PCR. So it is suggested that the
stefin homoLogue of Large yeLLow croaker couldn’t modulate The transcript
LeveLs of TNF-a2 and IL-10.

Key words: Large yeLLow croaker (Lyc); Large yeLLow croaker stefin
(Lycstefin); Large yeLLow croaker cystatin (Lyccys); papain; Large yeLLow
croaker tumor necrosis factor o (TNF-a); Large yeLLow croaker interLeukin 10

(IL-10); intrceLLuLar LocaLization.
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1. KE&E N

Kl Pseudosciaena crocea (Richardson) , JE#EH, £ Ak, B4
WA, e, O SRR O, R EAREE I R, )iz
AT TACR B0 R, ARG VSIS, R R E MR R LR BT R A
JRANG . WRIEEESE, 5320 o, R ER EENKEFaRe - T
T2, AR TAEFR AW HFERR N, a7 REm N LEE
A FRIE MG, KT N TR A B i, FRIE A=A T K, K
AR U RAy 8 RTA 7K IO)  577 E  de K A) 0  o SR T  5 DR A0 FR B RASE ) K
FRHH A PEIRE s FRAAIAIEE NS B DA S IR FE A BRATDRE J 03 55 1] A s AR 4%
B, LB 2 R B A TR R AR AR I R I - DR 3 . R % 0 SR I )
SRR RIEEAL OO NR T BIH AL, FRER S ) B 2 2R . 4
RORAR TR . BT REAPUE SR, KR B EHPUERE R T 2k
i 245 PESG N V5 e R 45— RAUAS B R (1] pr UMK B8 B SRS UR e AT
AT B e AT B B G2 ) SRARAE IS R A ) 42 280 — MR LF & AR, AR sC
T P38 Tk 234 46 5 P el e e e £ 11 W 0 (R0 B R IR T ThRe, AR
PN RN R R A A & A E AR P2
2. ¥ MR E RS

P I S E A — ALK AR R T, T R AT AT 9 1 2 IO 0 A
(2, 31 A3 P9 KR TR P 28 o BIF 543 B e 1) P ORI A2 4 1 R IR 1 il
(papain). HEAHOCHIBGH R AR B REB. HAIL, ‘BATI7E A 8 A e s
R EAER], PRI B R (i SRR R e R AR TR TS HE oK o
PR INIKEG A A2 AREC, WRITEE AT ORI . — M, P ER A
B K PN 22 IORVER (1A [4] B SRR A A R in T 05, 6] i I I 1 B it
(7D 5T B (8] o BT WT REAE SR v ] 1 A % S 4 i (9 ] AR e v ) Ak
A L10] 5 RS (K L Z35 3 MR Fb R VE R o 1 Db 2R o 1 g 1) A K i i
L2 V2R R R AR (11, 12], WHIV-1% R [13] . ST ImrsT 2,
eSS 5V BB A RIS, iR 4], BT, EE BN L15], M
FOURR AR a4 i e (16] . AR [1T]FIMB 1T HEAR (18] o XLl FE I 2R

1
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I 9 P A A 1 3R IR KT 32 B v FEE R T, A A s 0 1 DL A R A R 1)
ISR PRI Dt 2 IR A 2R B A B ) R ARFHIf T cystatiny thyrophins #l
— U0 2% S R B A B ) serpins [19-21]

3. Cystatins

e 2 Rt R IR PRS2 EARAAAE AR R A a 2-EBREE M cystatin
o IX LA A PRI B Sk BAE EANE AN R 1 e AR
A A BRI A A (221 o 38— AN ez B 1 i o 772 A 2 13 202 D
LARAA R . R WA e ficin, papain[23, 24] AN ZUEE F1 B, C[25]
‘cystatin’ X—ZHIFUEH TIXME26]. ICOEKY, ZEAEARRE AN
AR E AR (AR AR H. LD AR (271, BEE,
Bt s AT i LR i (28, 291 MAEA (7K RE 301 AR [31]) w4y
B3| cystatin . Cystatin 5RNadMRE (AN BRI B9 455 1 45 i
IRIISL AR IR BCHREAEME N TR SR HUJEAL papain SREAENTIE S B4k
cystatine

Cystatint Z 0 8 AR HE HE Ar . K/INRIT 2 JICRE (9 52 2 P 43 ol = AN Kk
Family 1 (Histefin) FZEEAIMEN, HISNAAL IR (CK/N1kDaZkiti), #
A Fikt, BEEPEEANEE, ANfcystatin A BRI fcystatinA, BREX—%
AR . Family 2 (X FRAcystatin) FEAERBEF, HBAFETHAL . —
A 120 A4 B 56 CR/MELAkDaZe A7), HWRAMEEN Bk, JFA—7EMsh e
PEFIAE Sk [32] .« cystatin C. Dy E/M. F. S. SN. SAFIRZEE Fcystatindl)d T
BRI, A1 Meystatin (C. E/MFIF) & GEFN I FL 3 () Legumain[33],
Legumainit—F R AWM IKEE (asparaginyl. endopeptidase, AEP), cystatin
X AE AL SR TR K %CL. A WU R WIAEPZ: 5MHC IT A R W BT i 2 .
FamiLy 3 (Blkininogen) A& BT LA FLE WK 30 b o — 1 =/ cystatin
RGEMIRAL, XE HIE R R HIE R NS H BN, IR,
3.1 cystatin Z5#a3:

A Keystatin g P I 7 ORI 45 6 & il L AR RS B [ ey statin ) ) B4
FURIHERL o FEcystatinB SR, ON AT s 3l i A AN B 455 1 BHL T 2 1
TR R, A 3RS Z R 5 O DR 2R ol AR ME AT G, 20t 1D
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N- K Wiy () GLy—GLy 8% GLy—-ALa , 2 ) v [H] 3 48 B9 A7 T — B — & K ¥ [ QXVXG

(GLu=X-VaL-X-GLy) X3 (8L RQXXXGIFH), 3) {7 T-C-Aui I 5 AR FIR
WIIPW (Pro-Trp) WkJE. MK Hcystatin 3845, = geas 0 45k 43 2
W034]. —HPRZAR R B KR cystatingy T EEA A EIEMSNES H o —i2
i, —ANBIBRIAPAT I B T B RIRIEIRI G o —i8TE, LAy a —#8 LA
AR bR oK B [35]

M Feystatin X—4 4 d R S5 K papaintile SRR 7R AR EAEHI I A] e
(34, 36]. fEZMEAIT, cystatinfl =G5 (N-RIRMPIAD A EER (hairpin
Loop)) 7% 18] EAHHFELT, TR R BB LZk, SEipapainfffE AL,
HHHH AN JGRAHE M stefinB (B —KeystatinWllF)D ShAREH), EH0THIH)
R PEAIARNE A8 (papain) JERIE GRS, GESE T iZAMHIR— B,
IRt T EZHE R, XGRS S O R A 2 1 R R A0
[37],

3.2 AHYyCystatin C

Cystatin C @A M SO0 I~ DE 2 R R g G LR 2 A 1 BLHL L.
S FHLLIREEIR caspases W1 Legumain FISRIMFEIF, HAEAKAE A 2R L1 b
M. Cystatin C EANRIILHZUERA V2 5040, [N AE ML AMAM b A7 E . T
b5 H bt 1 i AH 510 25 2% Ty BE I A5 A8 B ZK A 50 B AR 2 1 R o 0 22 AR
HI, e T RE AL SR ThBE M FERN [38] « Cystatin C 78 N AR A BRI
e IO RV N D 2 R B AR R, i R Bk e A P AT A R A KT
G M P R EI 5 Ao R AT R R I A A B 5 HAM B R AR A %
Cystatin C fEABRIFEH Pkl (RF pRAE ] CAGIE R AR IR . [RIRES, e HED
Cystatin C 7EH PRI BINKEBEM I, S0 K05 S 10 eh 2 4h M T 1
TR (381 EARR LA, Cystatin C ZENR A LARTAA B BOEAL T AR
IRZHZA T, EREE b B A b (& Sy, I n] e I A A A I A4 o 110
FERE., ERMIIIRT, Cystatin C FZL MM (025 B S k. 75
mRNA ZK~FFIEE K B AR 45, H LA I A Bt i) 73 [39] 40 R
3 B Cystatin C {EARIMNEBIRAL /K, X UiW] Cystatin C fEHCFNR
(Bruch’ s membrane, BM) P =l i [ %2 /DA 73 40 B b D BE 39 .

J A Cystatin CREM I = 4EL5 I 1K) —> B ~hairpin LoopsACH#e/E i —
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i3

N ﬁﬁ‘

SRARBSESR AR, IAEIL R AW . TR, 2 2 E A N i e
I, XM AR AR NG RS, AEARMERT A XM LS . Cystatin CIY
FERANAT BT A i FE RS (T By R 4T 4, S LBy Wy 2T 4 = SEUUR T I 3 ik,
522 NI 2 Mo BEAT G JU I ST B R R R 1R 9 A o ) 3E g B B
(amyLoid pLaques) ] B FEVER AR . ERM D, BARTIHILESQS
ARy BEIE B Cystatin CIIERMARTE S, 1M1 HLAR 845 R U 4 B A8 P95 11D i 1
ML PR 86 G (AR R AR (R D] o B 25X R A AR OG5, Cystatin CFEILE AKX
MG RGBT FE (i 42k KParkinson” s disease) , MAT LA SO IE
L 0 PR A E R ) PR 0 A P R U DR R ek R A Ak, g R AR 3L
5 HARL L A 4 Ll A3 8 381 Cystatin CH RIS BL 2= (K AR R B 7R
—FhCystatin CZ5RMHLIFIFHLEI[40]
3. SAHUIEBHIZTIRHAE (FDC) HEfstefin A

MONE R SRR, FERIRE T 2 20 A stefin Al41-44]. JERFRIA
RIS (SAGE) KB, 7EZ4ifurh, ZLPSHIstefin ARG N [45].
18N MR AR (1) 4 & ot (germinal. centres, GC) [RIFDCHH il A7 4 stefin Ao
3 2 HUE BT R PUR LR QAR FDCIHA At 0 TR 54 2 5 FIMHC
1T b, T4 5 e Ry R 20 e A 140 M R 1T [46, 471 GOFE itk EL 88 B TRk EL 98
HOB G, h T4 AR A G B 2 S Al — AN SR AR TR 55 (48, 491 7EGCH,
PSR BN ML iR RO 22 g B s e 19 L RIS Al . ARSRAR RIS R s, Bm
77 AR SR A 2 i i [50-52] o AT H AT e S R )B4 L 2 A& (B celL
receptor, BCR) [WBAHMIAE S5 S FDCER I I 5E#EHU L, JFAMFDCIRAFAAIEE 5, 1M
FAGRSE A BCRIGIBAN B AN 15 5 S N P BAH A o 44 28 3k 99 T2 4483 ik (51« GC B-
R T E AR T R AR TS R, it caspase-87ECDISIIET I FH S R A
& (death-inducing signaling compLex, DISC) 7K Py [53-55]. GC B-
AP T AU B caspas el AT N VIR [56 | FIZH 2N S FI8[57] . Van Nierop
N ANIIGC B-4H B i) o S5 AR I £ A8 e A O, IX M caspase—8IIR %
fill. CDAOMIZ £ REHRPUIA B VR e b, AT 454 T ok A1 (19 B-41 R Y FDC AE FHL
1SR IR AIGC B-4 et T2 [58] « [Rlitk, AdATTHEMIBR 2 caspase—8 14l
4b, TEBEEE T GOMBIk 40 i Py B A7 75 73 AMHLHIM A B 1 £ B8 ek IE WVan
Eijk& P2t stefin AEFDCHY ik, W] RefEHHIME T Lk [57, 591,
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