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activity
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Abstract: Amphibian skin antimicrobial peptides exhibit a broad spectrum of antimicrobial activity against Gram-positive and
Gram-negative bacterium and cytotoxic activity responsible for inhibiting the growth of cancer cells. In this present study, six cDNAs
encoding antimicrobial peptide precursors were cloned from the skin of Chinese brown frog, Rana chensinensis by RT-PCR and
3’-RACE procedure and identified as preprotemporin-1CEa, preprotemporin-1CEb, preprotemporin-1CEc, preprobrevinin-1CEa,

preprobrevinin-1CEDb, and preprochensinin-1, respectively. The nucleotide sequences of cDNA encoding 59—65 amino acid composed of
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289-315 bp. Preprotemporin-1CEa, preprotemporin-1CEb and preprotemporin-1CEc are members of temporin family, which usually
are short, hydrophobic, and C-terminally o-amidated antimicrobial peptides. Preprobrevinin-1CEa and preprobrevinin-1CEb were
identified as the members of the brevinin-1 family of antimicrobial peptides since both peptides contain “RANA box” that it’s
responsible for forming Cys-bridged cyclic heptapeptides at the C-terminal region of peptide. The nucleotide acid sequence and the
deduced amino acid Sequence of preprochensinin-1 were not found to be identity with any known amphibian skin defensive peptides,
so, preprochensinin-1 was identified as a novel peptide precursor. Four of bioactive peptides: temporin-1CEa, temporin-1CEDb,
brevinin-1CEa and chensinin-1 were synthesized to investigate their antimicrobial, anticancer and haemolysis activities. The results
showed that all of the synthesized antimicrobial peptides in this study inhibited the growth of the Gram-positive bacterium, and

exhibited the anticancer activity against the growth of MCF-7 cells and HeLa cells. Analysis of the R. chensinensis bioactive peptides

and their gene expression will be beneficial for preservation of this species.

Keywords: Rana chensinensis, cDNA cloning, sequence analysis, antimicrobial activity, anticancer activity
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Fig. 1  Agarose gel (3.0%) electrophoresis showing the
products of the RT-PCR and 3’'RACE. M: DL 2000 DNA marker;
1: product of outer PCR; 2: product of 3'RACE.
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EF¥FTLIXEXESLILILLFTFXFLGETINILSILILCEETEEREDUALDTETETE,

07 ACAAGAGATCATC COGAMGRARGEEC TETIG ARG TG ARMARC CATTTCTACATTTC ARAARGCATTCC ARATATTATC AKTTC TRTATTIGEARAKTAL 195
EEDDPEEEAYEYEIXIXERTYUY¥ DI XX & NI1IINSTITPFGEGETEK:*

196 CCCCAAMATICTARKAC TTTTCARKTCARATTCEARKTC ATC TCATCTECARTATC ATTTAGC TRAATCC ATATCAGATCTC TTAC ARARAATARAGAT 294

205 ATCACATGCARRAAKARARAR
preprotemporin-ICEb

315

I ATGCTICACCTICAAGCARATCCCTETIACTCCTTTICTICC TTICCEAC AATC ARC TTATC TCTC TETCAGC ARG AGAC ARATC TCCATC ARG ARAGA 96
ErFTLEIXESLLLLFrFLG&TIDNILSILICEETERNTYDTETEHTRE
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184 COARRARTTCTARRAC TTICCARKTCCRATTCEARATC ATC TCATCTOC AR TATC ATTCAGC TARATCC ACATCACATC TCATARARARTARKCAT 279
280 ATCCCATACAARAARRARRAL 300
preprotemporin-ICEc
1 ATETTCACC TTGCAAGAAKTCCC TG TTAC TCC TTTTC TICC TICECACCATC TCC TICTC TCTC TE TCAGG ARG AG ACARATGOC ACRACAAGARACA 96
EFTLIXIXSLLLLFFLETISLSLCEEEENALEETETE
97 ACACATCATCCCCAACAMCACATETICAACTCCARAARCCARTTATACCAC TICCAC TICCC TATTTICC AAARAARRC ATAR 180

EDDPEEEDYETVYEEIEIEREITIPILIPILILGCTT L XTIEKT =*

181 ARTTTCGAARATCCAATTCGCARKTCATC TEATCTCEARTATICTTTAGC TRAATCTIC AAC ACATCTCTTATTTARARARATARKTATCTICCATA 276

277 CHAAAAAAARAAA 289
preprobrevinin-ICEa
1 ATCTICACC TTGAAGARKTCCCTETTAC TOC TTTIC TTICE TICEGACE KT AAC TTATC TCTC TOTEAGGARGAGAGARATCC COATC ARG RAGAR 96

Er¥FITLIEKSLILLLFFrLETINLSILCEEEERDNULDTETETE
97 ACARGACATCATCCCCATCARRGEEC TETICAAE TECARARACCATTTTIGATICETATCAC GO AGCCATICATATC TITATARCCACERAATETICA 195
EEDDPDEEAYETYEIRTYFILIIGCXNT Q€I ICIITETELC®H*

196 ACTTICGAAGCTIGARTTCCARATC ATCCCATCTACARTATTATTTAGC TCARTCC ACATC AGATCTC TTATARARARTARKC ATCTCCC ARRRRRARARE 296

preprobrevinin-ICEb

| ATCTTICACCTICAAGARKTCCCTETTACTCCTITIC TICC TIGGGACCATC ARC TTATC T TCTCTCAGG ARG AGAGARKTCCCCATCARG ARG AR 96
EFTLIEXEESLLILLFFrFLGTIDNILSILCETETETLEREDNSUSLIDETETE
97 AGAACACATCATCCTEATCARAGCEC TETTCAAGTCE ARAAAC CATTTTICATTICC TATCACCCATCCATICATATC TTTARTATCCAGGARATETICH 195
EEDDPDEERESALAYETVYTETEIERTYIIGCETHTZSE®&TITITCTITISETET C :*

196 ACTTTCCAAGC TICARTTCEARATC ATCCCATCTAGARTATTATTTACC TEARTCC ACATCAGATCTC TTATAMARAATARRC ATCTCCC ARRARRRARRE 206

preprochensinin-1

| ATETICACCTICAAGAAATCCCTETTAC TCCTITIC TIC ATCCEEETCATC AR TTATC TC TC TE TEACCAACACAC AR TCC AGATCATCACGAR 96
EFTLIEKESILIIILIPFYFIGEYIIXILISILILCEETEEDNSLALDDTUDETE
97 AARGACATCATCC TEATEARKTECATE TICARGTECARARAC CATC TCC AGTAGG ARG AL ATCETAGGLGETTTCCTC TCACARRAC ACAGAR AR 192
EEDDPPDENDYEYEXES 4 ¥ cCEHCECEEYCIL EREIEHTETX
193 CATTAA 198
H *

199 ACTTTGARAATEGAKTTEG AARTE KTC TEATETEGARTATE ATTTAGC TRAATE TIC AR AGATETCC TATTTAARARKTARKTATETTC ATACAC 295

206 ARARAARA

303

2 REPERERKMBERITENZERFIRIESHOREERFT

Fig. 2 Nucleotide and deduced amino acid sequences of six antimicrobial peptide precursors from the skin of Chinese brown frog,

Rana chensinensin. In the nucleotide sequences, the polyadenylation signal is double underlined and

o

indicates the stop

codon(TAA/TGA). The nucleotide is numbered on the both sides. The deduced amino acid sequence is shown in capital letters under

the nucleotide sequence and the mature peptide is underlined.
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Fig. 3 The alignment of amino acid sequences of six antimicrobial peptide precursors from the skin of Chinese brown frog, Rana
chensinensin. Conserved residues are indicated with asterisks. "KR": indicates dibasic residues processing site for the releasing of the
mature peptide in the C-terminus. A: putative signal peptide; B: acidic intervening regions; C: hypervariable mature peptide.

iR 6 Sk gm it b [E MRl B RK T B KA Y
cDNA JF 4 4K (45 FF 5 32HE ORF il 3'UTR IX)
MK H: 315 bp. 300 bp, 289 bp. 296 bp. 296 bp.
303 bp, Zifth 59~64 PE MR o X SEHT TR IR FTIA A &
A 3G 22 NMEERBEEANRNESIK, 2
AR A TR R LA A T ) P 4 e R AR SR 1 AR
K H A 6 25 2 BRI A5 5 IKFK 43 Bk preprochensinin-
1t Leu™ H1 Gly' 23 918544 1le™ F1 Val'® Z 4h, H
RAFERRIF A AR, HL5 H A WA 3 H) K Ik Bt i ik
A5 5 IR DR 5 BE IR ST Y o (55 IR I 8446 st
J& Cys™. 6 2 Z KA ] P SR B T BE 1 ¥
SUARRIE . FERRYE By v [R] ¥ 41 5 BB IR 2Z 1] —
LA Lys-Arg(KR) " ok FEFFUIEIA &, B C
PR o 6 A~ B iy H B bR ek Bz JER 0 B KA 2
BWGRTE GenBank #1712 7 41 8040 i v, HOB S5
|| EU624139;

preprotemporin-1CEb: EU746505; preprotemporin-1CEc:
EU746504; preprobrevinin-1CEa: EU746501;

preprobrevinin-1CEb: EU746502; preprochensinin-1:

EU746503,

2.3 HEMKEE R R B AR AR 40 1 R R Th RE T

HR¥E http://us.expasy.org/tools/Fl anthewind.3 4
Yyo# 35 b, 6 ASPUR IR (B 23 -5 (MW) 7E
1406~2155 Z [i], FRIEAFHL S (p)7E 8.75~12.60 Z [H],
6 LG RS S BH S M DT A B IR — g 4
HJAT LA H:  temporin-1CEa . temporin-1CEb Al
temporin-1CEc fik % %, C-uiJE& mUMt iz 1k, Hh
temporin-1CEa # temporin-1CEb M\ 4 NS FE R T
WGBS 15 856 10 ML Z P o- 1R HEL5 1),
1M temporin-1CEc M 1 #| 13 N FERR 2 0] ¥ B JCEL
%:h; Brevinin-1CEa fll brevinin-1CEb &Ik 4>
HOA 17 AHEERR, TERREEM C-ui A RANA G145
1, WIHE 2 AP e s R SR BL R B —ff, B 7 Bk

preprotemporin-1CEa:

MK, brevinin-1CEa 1) 2~5 A~F1 10~14 2 HE R
& R AEfHi4%, brevinin-1CEb Y 9~14 MR BT M o-
2 ELEHE . B BUE MK chensinin-1 M 4~9 F1 12~14 4~
HIERIE N o- B2 TE S5 4 o 3 4> temporin-1 ZE BT H K
Fl chensinin-1 R AT LUE B 251 19 - BR e S5 A, B
JR A H B S K I R A K E IR, 40l Vi o- BB i
WOPATHY 2 AT, — SR AKERER AR R, WORAKE,
T — MK E R 2, WK PE . PR R 1 IR e
FMNTAT BT B T Bk, I 5 a-BREAE N S Al C
T B B H Ay (ER AR — A, %o e A RIS PR A DG EAE
HR A DAAE X BB AR AL AT, ATl 4 A
B AT L 2o T 2 P 1 o- B € 45 ) v B A L fer
£ PR 44H B R 2R 1T %) B e AH LR S 1 IR A G, AR
b K 2 BE R F s I - OE, 5 R 4 T A
Ea ) e OO | 4
24 HEMERBRNEMRMRE. EAsmE
14 ZE

H1#¢ 1 Al %0: brevinin-1CEa % #E % [C H 4 1 ]
PR A RIER, BAT iSRG, Kt
S WO ATER A A A I R, MIC {524 12.8 umol/L;
temporin -1CEa. temporin-1CEb I chensinin-1 ]
XA 2% [G P M A S /E A, temporin-1CEa X 4
FRIBRA . IR ZE A DR R 2L BR TR P oV A,
MIC B4 13.1 pmol/L; chensinin-1 X 5 IR ZEH1FT
BRI FLEE BR TR 1Y MIC {HY9h 11.6 umol/L, W] 5
TN 4 v A B P R A HIAE T, =X K A Y
MIC {E¥KF 100 umol/L, BPZEI M B Y5l N
FFY S ) A R AR o

i1 % 2 W/ 4: brevinin-1CEa, temporin-1CEa
temporin-1CEb % MCF-7 Fl HeLa il M 35745 A [A] F2
HIHIEIVE T o 7E LDso fHYE I, temporin-1CEa X 2
ol 240 B Y3 Y S A A 4 T, VR MCF-7 4H LY
ICso (HAX K 8 umol/L, #iilfE s T HeLa 4fi;
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x1 AILEMHH EWERBREK S/ NMIERE
Table 1
reference microorganisms

Minimum inhibitory concentrations (MICs) of synthetic peptides from the skin of Rana chensinensis against

MIC (umol/L)

Microorganisms

Brevinin-1CEa Temporin-1CEa Temporin-1CEb Chensinin-1
Staphylococcus aureus 12.8 13.1 31.2 58.0
Bacillus cereus 25.6 13.1 46.8 11.6
Streptococcus lactis 25.6 13.1 46.8 11.6
Escherichia coli 25.6 >100 >100 >100

F2 AT EMH T EMEE R BRI E KRR E 1% R A A 1

Inhibition concentrations (1Cso) of synthetic peptides from the skin of Rana chensinensis against two cancer cells and

Table 2
haemolysis LDso(umol/L)

lC50 (umol/L)

Cell lines

Brevinin-1CEa Temporin-1CEa Temporin-1CEb Chensinin-1
MCE-7 54 8 64 >200
HeLa cells 42 40 128 >200
LDs, 48 160 98 >500

brevinin-1CEa {4 HeLa 40 A7 i £ F1, 1Cso {12
T LDsofH; temporin-1CEb 1% MCF-7 4 fitd A5 411
YEH1; chensinin-1 WX MCE-7 F1 HeLa 2t it 24 JC 47 751
YEH, {HH LDso AT 500 pmol/L, RIRZ:xmizl
SR LLA N A v AR
3 Wi

ABF5EiE i RT-PCR Fl 3'RACE H R T 6
2 I Bl B IR BB KRR Y 42 K cDNA, 45
H i 8 4 R PP 51, Al A G 3l ) R Tk T T IR
SEDHEAT T A BR AN SE IR e 1) [ P HE B A
258 i 7R preprotemporin-1CEa, preprotemporin-1CEb
il preprotemporin-1CEc [)2 52751 5 temporin-1
TG B K B4 JRE TR 75 2[R U preprobrevinin-1CEa Fl
preprobrevinin-1CEb 5 brevinin-1 % & & [A] U 1M
preprochensinin-1 7£ & 1 2 Fp 8 15 h %A &7
S [RIIREIZ K, B4 B LR I

RIS PN €N IN T (R IR i
B, PR IR A PRI LA 2 DR 1)
BHES FHL s 2) AIE I TESr T25H P12, Him
JOK T A P o 3 e A B ity ) L A 5 4 7 3R T
A 7R i B R 5 R EL 3 i, ARl i i K SR TR P
RS RS T AE, SR AR, I R
MMFET= . HRHE ExPASy Mk Fll anthewind.3 4= 4%
BRI G A TN R R, A R e B R e
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B 6 BT I KT A ) B A IR S F BH B T I K,
A B 2 R ST A K R SR . PR MRS
ERE M TR A T KA, S o R BEAE N s Al
C Ui J& B A FEL Ao (AR — A2, X e AT O i e G A
M, BB 1EPmEEE
FET LI BB as R, A Ti%E#E temporin-1CEa.

temporin-1CEb , brevinin-1CEa fil chensinin-1 PUFpHT
FRKSEAT TN AR, R 96 fLAREEF MTT Lt
T TP . PuiiE s DA et os . S5
E LB 4 PP L, temporin-1CEa X} 3 Flif: >4
PG BH A 41 T A BE s PR, P s MR, 1Cso fHE
TCAR T W 7L 3l 0 21 40 i e A s i A T ) 25 ik
X UL FEA BN 2L s Dy i L e B E I 0, B
AT DU A 2= IR PR M R W A, I e A 0 4
i) L B e AN R SRR A LA, B AR S R R BT AR
RPN 259 (%) W FH AT 5% o brevinin-1CEa X 4 2%
PG BH P 20 1 N A 22 G BRIl L, JF A
oI G Ve, (RS R FERAIK, 1Cso fH3%IE T LDso
B, FAA SR N A 25 R A, ol I I 0 T R
BOHRJEA A #E— LN A fE. chensinin-1 Jj&—
FhBr A RIS Bz BR BT T RR, AT DL BH S 40 i o 2 [ B
WA, [BICHuR M MAEH . temporin-1CEb 5
temporin-1CEa 4R [F]J& temporin-1 KIEPLH K, H
I PR . YU O s 2 TR E. A
WS R: PRI b, 4 Bbo i IO B2 A 7R AR
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25, UHERF — %M temporin-1CEa 5
temporin-1CEb Z [a], #fEM 2 540 5 K1 451
A G B IR B A TR T A S R B o- 8 1Y) 25 A
S AR S K AR IR S A O, KA T
HH BT 7K 5% R 8 G v O R A I IR A AR A R0
TREER TN M B temporin-1CEa AKEEH A
9 KSR IL R, T s K M AR,
Sy A ERRBER AT 1 AMTE, TS 7 AR 2
2 B 5 IR A AR MR8 Al 1) O A — M, ok, BT
TE BRG0P SR PE TS H, o- MR E 45 R B
70.59%, B =T temporin-1CEb, [AIif, temporin-1CEa
F BT R AT 1 1 B 5% T temporin-1CEb. 734k,
temporin-1CEb  #i 7K 1 24 5t & 5%k & % £ T
temporin-1CEa, AR AR, WRRE T HAE A4
RAEBEL RN, A BEASHIE ST S AT 2 4T 1 IR 1Y
TR MM A T 2%,

Bigt AR AFE B AZE AW K& E) IR A Fe
RRAE K T, b daf!
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