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Abstract: To study the polypeptide effective components included in the skin of Bufo japonicus formosus
(Japanese toad) and their secretions, the full length cDNAs were screened from the plasmid ¢cDNA library of
adult Japanese toad skin using colony polymerase chain reaction with a pair of primers, SP6 (the upstream primer
of the vector) and poly(T) (a self-designed primer recognizing the area connecting polyA tail of ¢cDNA and the
vector). Results showed that a prothymosin-a (ProTar) ¢cDNA was obtained from 1 344 colonies checked, whose
transcript was 1 480 bp in length consisting of 125 bp in the 5 prime untranslated region (5" UTR) and 1 016
bp 3" UTR with a complete open reading frame (ORF) of 339 bp encoding a polypeptide of 112 amino acid residues.
The homologous analysis indicated a similarity between B. japonicus formosus and Rana esculenta of up to
82% , but for other species it was 54%—-73%. Previous studies have shown significant anti-tumor effects of
ProTa; therefore, this study could contribute to further studies on ProTa. [Ch, 4 fig. 17 ref. ]
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58 B TIT i ] 32 4E (open reading frame, ORF)fY4> K ¢cDNA () TAE, ARBFFI LS H AW ProTa 4K
cDNA 51, iz B 2 M5 Hogm 9 0 & B R AT T A5 B2t , WE RFE IR, hit—L0F
5% H AR WE I ProTo 25 [ A T RE S L 25 Wy F % B8 g Skl

1 AR5 77

1.1 EEHRFRF

H AR Wi K2 ik cDNA SR SR 2 PR LR, HAS AR B4 W58 it (AIST, Tsu-kuba, Japan)
BERCH T AR A (FE B Al e H A AIST 5 TAE IR 45 ) o 3% SR8 Y 2k 14l pSD64TR
R W R 4 RN EcoR T H1 Xho 1, ZRAK F e H T 2514 SP6 (5’ -ATTTAGGTGACACTATA-
GAA-3") 1 S.D.A.(5'-TTATGTAGCTTAGAGACTC-3"), ¢DNA [ £ /+F 500~2 000 bp.

K IG5 75 Escherichia coli B 540 DH5a, PCR Jz ik &1, 2xPCR JE 5157 (master mix ) Z¢
W 8 RAAEFHCA R W, DNA BRI B (ladder ) F1BRL /N 5 il 52 12800 & B 28 = KA HOR B
FFT o SIWA S DNA T Z 46 LA TAEY AR A R A Rl 8 iR e A YR A BRA .
12 Ak
1.2.1 B K3k cDNA Fid L EH#44 Ff cDNA JR SO 0.2 wL &7 516 5 E. coli DH5a JE% 75
b (40.0 pL), RJEEREMA 37 CHAAR 160.0 wL LB 378, 37 CHEEIRE & 75 45 min,
2.0 pL#ALRI S IRAT T LB A (& Amp'100 mg- L), JFf1E 37 CAHIEIE IR 12~15 h,
122 4K cDNA ffit  MOF-Ar b REAL PR TR 3% R0+ 10.0 wL 9 LB R KR g2 2 ep, DL B A
M STt 147 7% R A B e X R N o (R 51 W2 2k ik i S1  SPe Fi A 173 & ploy (T) %) ¢DNA R i3]
Y (5"-AGATCTCTCGAGTTTTTTTTTTTT-3"), JWiARUW T : B 0.5 pL, 2xPCR master mix 5.0 pL, SP6
A ploy(T) 514 (2 pmol - L) 45 1.0 wL, #MIMK B #E47K 2 10.0 pLo oA T B 1k 5 4 Bl % 2 s 0z 39 18] 1) 7K
YIRS, ARV ZTAMING B 10.0 wL, N &R 94 °C/5 min, (94 °C/30's, 50 °C/30 s, 72 °C/
120 )x30 JE3F, 72 C/8 min, 4 Cloo, B4R MM, B 5.0 L PCR =#14 10.0 g-kg™' B
BHEE I LUK AT, P3G A F 500~2 000 bp 54 6 =X 5 N 7= 9 19 B8 9% 9 25 1 e R BE I o
123 JFaw ke DNA 5 08 5 0 75 23R 6 Il 4 =X R B 90 28 1 hy B PE S B A TR TR 0.2 L 35 T
3.5 mL LB }5 5% (4% Amp* 100 mg-L™), 7£ 37 CER R 85 5% 12~15 h, SR 5 i F 0] & 0 47 o0k o]
WOF X H 4T DNA BRGIPE N DG (EcoR T A1 Xho 1) AL OBUBEYT ), i — 20 PR se b S RV B2 o 1
FEZHE LN FLRE B S R BORL A8 24K E 519 (SP6) X ¢DNA 47 1E 16 Jy5 o I ) 245 R K F§ DN Astar/
EditSeq 7t #& cDNA ) 76 8 JF JC e (2 HE , M 2 B M7 40, X HoA A B3 50 38 1 il ) e A 1) v e Ak 2 % 4T
oy w8 T U5 14 (S.DALD ST I I o
124 5354 FIH DNAstar/EditSeq -8 5¢ 8 7 Bl 32 4E , 5 Ho g 10 28 (1 1) & 3K R 7 9 9% o0 i H:
AL E T, iz F NCBI f Blast T BE7E GenBank rfv 25 $8 3 F 4 Ath 4 B [7] U 2 (1 9 & SE R 79, 12 H
MegAlign 7.1 A #EAT R P51 LA, FFAHE R G

2 #XR

2.1 cDNA Hyfi ik

¥ H AR UE I J2 B cDNA FURLSCE AL E. coli B3z 25 A1l DHS5o 3R A3 I 7%, LA SP6 1 ploy (T) A5
Y, SO A SR A e U N o 10 g-kg BIRMEEE RS UK 3 BT B . #E 1 500 bp A2 B — R R MR G
it 55 2 S 2%t (8 TA, ik iz ), 78 500 bp Ze 47 0 BE— 3R 45 5 1 3R 5 Wl =X S0 0 25007 o 4 Jt T T o
9 R B S MO [0k, FE X% FOR AT EcoR 11 Xho 1 XU Y1 AN 10 g-kg™ 350N 4 BRI o JKAG N, 2%
BRI A 1500 bp 7247 1 cDNA (B 1B, ik iR ), 5% R G X b g L& . it
JRLZEHE DNA 724 /A7 T 0E . SO o
22 FIHH
221 MBLERSWALBAEGHEAWRE  f ] DNAstar/EditSeq % 7 45 5 #4740 07, F2913%
¢DNA 4 1480 bp, ORF 7 339 bp, 5’ it 125 bp % 3’ 3 1 016 bp (LB IX . 58 % FF il b A v =
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o R W I S A% W A% 0 = Tl P M i s e M |
AN (A+T) 53 B 53.10%, =R
9y SR A I A AR A T R = WO R L s I I A

3000 bp

T (G+C) i1 FR B 49 500 46.90% , FE44 1% 112 Dot 1000 bp

AEIERR (1 2), JEf R PRI (D+E)SS 4, g 00ep

K5 RS P T H0 R, Bl SR (R+K)

134, g IERN, C, Q, S, T, Y)16 M. DNA ladder; A: 1. %%%ﬁﬂ@‘%ﬁ

AL BKPERIERR 18 4, BLZ 35 B A LR P L LS
TSR . HAF A (P B (E Ol 3.554, K B 1 pSD64TR-ProTa ¥ % & 4 85 4k X A & = 4
LR H 12345 KD, 2 S ERRAER (Ao &40 H5 EooR | 4 Xho 1 sk 59(B)
SRAKPEZ IR RITRME B & B, 1% ¢cDNA % i X Y L SR

(2 115 HAB PRI Y ProTor BA7 8 14 [l P44 Figure 1 Agarose gel electrophoresis of colony PCR product (A)
e 44 o H AR WS i ProTa, and enzyme digestion product of recombinant plasmid of

pSD64TR-ProTa

AAARAAGCCATCTTTGCATTGTTCCCGCACCAGCCTGCCCGCTCCTCCGCGTCCCCGGATCTACCTGCACGTTTCTTTTT 80
TATTTTCCCCATCTCTAGGCTAGGTTCTCTCTTCTTCCATTCACCRTGITCAGACACCGCAGTGGACGCCAGTGTGGAGAR 160
M 5 D T A V DA 5 VY E K
GACCACCAAGGACCTGGTGAAGGCAARAGARAAGGAAGTTGTTGAAGARACAGAARATGGGARGGAGAAGCCCGCCRAATE 240
T @ 26 W1 A I @ =SC B O KGE MS A GE BT B NG K B e s N
GRAATGCAGAGAATGAAGAGAACGGAGATGATGCAGGAGACAATGATGAAGAGGAAGAGGTTGATGAGGARGATGAGGAG 320
G N & CE, N EE ® G B B G D SN D CE: E E.CE M B CECE I CE E
GATGAAGTAGAAGGAGATGATGATGAGGGTGATGAAGATGAAGAAGCAGATGGCGCCACTGGGRAARAGAGCAGCAGRARGRE 400
OF B AR SE G B Wl E B &, 0 GE D EC R Gie I oGl e TGRSR e Sl BB
CGACGATGACGACGATGAAGATGACGTTGAAACAARGAAGCAGRARARAAGGATGAAGATGACTAGRGEGEECCATTCCCTGT 4 80
R I T i | £ S DI b TR RO b el S R TR SR R [T S| 1A I 2
CTCAAAATAAATTCTATATATAATCCTTCTCCACAGCCTCCCCACCCTTTTCACGCTCAGARCATGGTCACCGAAAGTGA 560
TGCATCCGTCCCCCCTCcCCCCCTCACACAGGCTCCCATGACCCTTTTCTCCGTCCTCGCACGTTACTGCGTCTGAGGCE 640
CRAAGTTGATGTGCCCTTGETGCATTCTTTTTAAGCAGCCCCTGGTCCTCTTTARAGTTGAGTGGGCCAACCCTTTCACTGC 720
CAGTTTGGGTTGCATTTACTTGCTGTCCTCCCCAGTCGTGAGAGGGGARRRRAGGGGCGAGATTCATAACGGCARRRRRAR 800
AAGTTTAGCTTTTCCTTTTTAAATTTCTGAATGGGATACGAAGRAAACACCTTTGGATGGGGTTCCTATGTTTGTATTTTT 880
TATTTACATTTTATATTTTTGTACATATTGGTATACAGCTGTCCTTTTTcTGTACCGGGAATCcCGGCTGACAGGGTGTGG 960
GGCTTTTAAATTACaCATTTTACGTTATTTTATTTTAAAAAATTGCaCCTGTAGATTTcTGCCAATGAAACCCTGATGTA 1040
TTTTGTTCAGTTTTTTTTTTTGTTTTTTTTTTTTcTTCTGGGCGGGGTGGCGGGCAGGGTGGAGTAAGACCAGGGCTGTT 1120
TcGTCTCCAAGGGGAGCARAATGGAGARAATCTTTACARARARAAAGARARARAGTTGTTACRARARARAACCTARATARATARGA (1200
CARAAATTCCCATATAAGAAARAATATTCTGATCATTCCAGTAACTTTTTACTTTTTTTTTTGAGCATATTTTTAGCTGTA 1280
CTTTAGATGGGTTTGGATGAGT TARATGGCCARAAGATATAATTTTTTTTTTTGTTTTGTCTGRAAGTTGCTGTTTACTTTG 1360
TCATTTCTTGGCCTGGCTGGATGTGTGCGGCAGTATTGTCAATARAACTGCAATTTTAATTTGCAGGCTTTCTTTTTTGT 1440
TCTRRARARAGRARARAARARRARARARALAARRARARARARRDARD 1480

CO:REHN T IEET T poly(ARNME S: Bi: poly(A)E

B2 BASESR ProlTa &K cDNA 7] & 3 ORF % 24 ¢ 2K B3 5 /7 51
Figure 2 Full length ¢cDNA of ProTa and its deduced amino acid sequence of Bufo japonicus formosus

222 RABFI)FRAESH A R B K HAYERR ProTo 5 FR P 51 A 56 [ 16 R A= Wy R A7
KAt (NCBI) R il b iy Al P i) ProToc 25612 e 91 #EAT R P Lo . 4R o, 5 & sk Rana escu-
lenta [R]JEVEE ik 82%, 54+ Bos taurus, M Callithrix jacchus, % N\ Homo sapiens, 1B 5 Macaca
mulatta, /N Mus musculus , 79 Oryctolagus cuniculus, TARSE Pan troglodytes , EHEME Macaca fascicu-
laris , ¥ B Rattus norvegicus, KV EEE: Salmo salar, AENIIE Xenopus laevis 55 11 Fh s ¥y 0 [R] JE 4% K
54%~T73% (18 3), idid MegAlign 7.1 B{F 48 He kR A7 A [6] ) 11 2 5L 19 ) 1) o xok DA K M) o R e it AR A
O P FLE S YI )R 1 50, HAWSERFN G M SE 2R 20| 1 50, RPUveeksrJm 1 30 (8 4), Akl
MR . ProTo (1) 3E Ak s A 1% G sh Wy ik AL FLAHE

3 itk
ARSI ) S B H AWE IR ProTa Y41 cDNA (K 1~2), 4id 112 A s S AL iy & 1, I

IR PE R LR (D+E)SS A, AR (U (PDBIE(E Jy 3.554, EE= A pH (973 WP do s A KB 7
A 2 AL AW P R P B SiR  R 2 2 — o il T O R R R T B R AR A R, 4G Pro-
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Figure 3 Multiple alignment of ProTo amino acid sequences among different species
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Figure 4 Phylogenetic tree of ProTa among different species
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TNF-ou, TL-2 SF4H AR 9 Az, 28 1T 484 o 200 0 R0 4RV S 8 2287, DA 2 A= e g A Y 53 4 ProTa
VER e AR, e/ B P BB 62 AR5 4 e M PTG B, JE R S e QR AP g B ) P IR A HfGE, CD8+ T
A rh Y ProTo fE %5 ZUA ] HIV-11,
ProTo T4 Ry — BT B BLIRE 25 ik N B0 R ET B B B BRI, A G538 1 ProTa & K JF
JHCRIEEHE (ORF) (I 3RIA iR, KA ProTa 851, X4 )5 ProTa ALY UIRE M #E— R B A S % 1 L

S 30k
[1] #eiE, R4, REWH. MR o BTt [T]. AW ARE M, 2006, 17 (3): 443 - 446.



%

30 &4 30 R AE . HASEER B IR IR SR o B cDNA 19 5a B K7 51 53 #r 405

YANG Xiaozheng, WU Jun, XIONG Lingshuang. Advances in research on prothymosin alpha [J]. Lett Biotech, 2006, 17
(3): 443 — 446.

[2] GOYA R G, BOLOGNANI F. Homeostasis, thymic hormones and aging [J]. Gerontology, 1999, 45 (2). 174 — 178.

[3

[}

(4]

[10]

MOODY T, FAGARASAN M, ZIA F, et al. Thymosin alpha 1 down regulates the growth of human non-small cell
lung cancer cells in vitro and in vivo [J]. Cancer Res, 1993, 53 (21). 5214 - 5218.

KRER, AN, R e, S WETR £ BRI BT R R R AN O R SRR ST L) ). R E 25, 2011, 20 (16):
23 - 24.
ZHANG Feichun, SUN Wenge, GAO Xiaoling, et al. Experimental studies of the relationship between dose-depen-
dency of ethanol extract of toad venom and antitumor effects [J]. J Chin Pharm, 2011, 20 (16). 23 - 24.

Bk, KA, BN, A WELHT MR KR e ROV TS [T ], R g gk, 2010, 25 (2): 211 - 214.
MIAO Zhulei, ZHANG Kang, YANG Mingze, et al. Studies on anti-tumor and enhancing immunity activity of toad
coat [J]. Chin J Chin Mater Med, 2010, 25 (2).: 211 - 214.

XIBRH, sk&t, SIS, S WETR L JO0E PR o DU R VR AT SE R e (], R Br 24758 2 ik, 2009, 36 (2):
115 - 120.

LIU Junshan, ZHANG Dongmei, KURIHARA Hiroshi, et al. Antitumor effects of venenum bufonis and its active
components [J]. J Int Pharm Res, 2009, 36 (2). 115 — 120.

GAST K, DAMASCHUN H, ECKERT K, et al. Prothymosin alpha: a biologically active protein with random coil
conformation [J]. Biochem, 1995, 34 (40): 13211 — 13218.

COVELO G, SARANDESES C S, DiAZ-JULLIEN C, et al. Prothymosin alpha interacts with free core histones in the
nucleus of dividing cells [J]. J Biochem, 2006, 140 (5). 627 — 637.

WILSON C L., MONTEITH W B, DANELL A S, et al. Purification and characterization of the central segment of
prothymosin alpha: methodology for handling highly acidic peptides [J]. Pept Sci, 2006, 12 (11). 721 - 725.

WU C G, HABIB N A, MITRY R R, et al. Overexpression of hepatic prothymosin alpha, a novel marker for human
hepatocellular carcinoma [J]. Br J Cancer, 1997, 76 (9): 1199 - 1204.

[11] MAGDALENA C, DOMINGUEZ F, LOIDI L, et al. Tumour prothymosin alpha content, a potential prognostic

[12]

[13]

[16

[

[17]

marker for primary breast cancer [J]. Br J Cancer, 2000, 82 (3): 584 - 590.

SHIWA M, NISHIMURA Y, WAKATABE R, et al. Rapid discovery and identification of a tissue-specific tumor
biomarker from 39 human cancer cell lines using the SELDI ProteinChip platform [J]. Biochem Biophys Res Commun,
2003, 309 (1): 18 - 25.

T, WEH, LAE WIRR o R CERF R B A RG] R A EERE, 2009, 9
(11): 2051 - 2054.

WANG Mei, PAN Jiyong, AN Lijia. Effect of prothymosin alpaha antisense oligodeoxynucleotide on human gastric
cancer in vitro [J]. Prog Mod Biomed, 2009, 9 (11). 2051 — 2054.

WU Chaoliang, SHIAU Aili, LIN Cheinsheng. Prothymosin o promotes cell proliferation in NIH3T3 cells [J]. Life
Sci, 1997, 61 (21): 2091 - 2101.

BESC, WRig, 27, 5. MIRER o J5AER BT R R IR 7R R E 58 )], A BORGE IR, 2008, 19 (4):
497 - 499.

JIN Yanwen, CHEN Ting, LI Ping, et al. Study of prothymosin alpha as adjuvant to HbsAg [J]. Lett Biotechnol,
2008, 19 (4): 497 - 499.

MOSOIAN A, TEIXEIRA A, BURNS C S, et al. Prothymosin-a inhibits HIV-1 via Toll-like receptor 4 mediated
type I interferon induction [J]. PNAS, 2010, 107 (22). 10178 - 10183.

ECKERT K, GRUNBERG E, GARBIN F, et al. Preclinical studies with prothymosin alpha 1 on mononuclear cells
from tumor patients [J]. J Immunopharmacol, 1997, 19 (9-10). 493 - 500.



