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Structure-antibiotic Activity Relationships of Brevinin-1 and Thanatin Containing Rana Box. Shin,
Song Yub, Joo Hyun Kang, Dong Gun Lee, So Youn Jang, Moo Yeol Seo, and Kyung-Soo Hahm®. Pep-
tide Engineering Research Unit, Korea Research Institute of Bioscience and Biotechnology, R O. Box 115, Yusong,
Taejon 305-600, Korea — In order to investigate structure-antibiotic activity relationships of brevinin-1 and tha-
natin containing Rana box composed of basic loop formed by disulfide bridge in their carboxy lerminus, tha-
natin, brevinin 1 and their analogues (T-B1, T-B2 and B-T) in which their Rana box sequence exchanged was
designed and synthesized by the solid phase method using Fmoc-chemistry. The basic sequence of Rana box
of thanatin had more significant effect on both antibacterial and antifungal activity than that of brevinin 1. The
tail sequence (QRM) of thanatin was found o be important in its antibacterial and antifungal activity. Rana
box sequence of brevinin-1 did not have a significant effect on its antitumor and phospholipid vesicle-aggre-
gating activities. Brevinin-1 showed stronger o-helical structure in the membrane-mimicking environment
such as SDS micelle than thanatin. A remarkable increase in a-helicity of T-B1 and T-B2 caused a significant
reduction on antibacterial and antifungal activitics. In contrast, a little decrease in a-helicity of B-T caused 4-
[old reduction on antibacterial activity. These results suggested that the o-helicity of bervinin-1 plays more
important role in antibiotic activity than that of thanatin. Furthermore, antibacicrial activity of thanatin against
E. coli resulted from the disruptive effect against the outer cell membrane of E. coli.
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Brevinin-1-= Bonbina X=X Xenopus® =% 772 ¥ ). =3t brevinio-1 & thanatin®] 7h2E-Aldeto]l 27ye]
Z(frog skin) e &F WelelTQl pombinin T AAEQF])E o] Fe]F] -CKITKKC 9 -CNRRTGKC-£]
magaining = 722 ANFA] (structural homology)s- %13 basic loop A 9S Rana boxe}3l BT ol H4,

422 9lA) ek} |1, 2, 8, 11}, Brevinin-1-2 1% °oFAd =38} previmin-1 Y thanatin *] 2l Rana boxE EFE

thanatind brevinin-13} 2] basic loop2] FZell QRME]
olm) 102 o)Bo)% ild EEIAL v} (Table

I o 23 disle] Zhal SpEAdg Vel R 27
o WskdME T EAdS VeRlR] 9} Brevinin-1
2 hombinin =¥ magainin?= G 72EA whdo] 2
Mol Alzlal #7)el 23 A% disulfide linkageol] 2l
sted loop7t #AIE] 91T loop?] ¢FE<ll= KITKKS} 2+
£ o] 97)Ad ofm|:ARE FERSLAL glT) (Table 1).
Thanatin2- hemipleran insect Podisus maculiventrisZ
Ve BajE s dele]=2a] a8t oRAT 1 27 24
Foll dlsle] HFLHE bl BT ohlzh Aol Hhat
A= FATYE Vbl A2 YA oHA
Thapating 217§2] ol@]xAkSE o]Folx ¢]2m. brevinin-
15 whlA s 2R e 248 A
disulfide linkageell 2|3} loopZ A3l lvi[4]. =3t
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B Hele]|=2A)= =AY TR (Rana rugosa)®] F)E
2 BRE 6279 gaegurins (gacgurin 1~6) 2} fEHAL 7H

F2) (Rana esculenta)e] = 2o =z2¥y Be|% brevinin-1E,
b1evmm—2L 3 eseulentin 2 £ 5 ot [12, 16]. ¢l
£ St Sl B 7284 duke] o] AlxEl A
71E o] Fo1al basic loopE #HAsAL glet [12, 161

E Tl A= brevinin-t 2 thanatin®] 224 Ltle)

Table 1. Amino acid sequences of thanatin, brevinin-1 and
their analogues

Peptides Sequences

thanatin GSKKPVPILYCNRRTGKCQRM
T-B1 GSKKPVPILYC---KITKKCQRM
T-B2 GSKKPVPITYC---KITKKC

brevinin-1 FLPVLAGIAAKVVPALFC---KITKKC
B-T FLPVLAGIAAKVVPALFCNRRTGKC




Rana box2] ol =At A @l thapating] 7HE2E2] wiclhe]
tail sequence?]l QRMe] &, &zl aF@Ae] mlA=
o35k e ZAlsleint, @A brevinin-12] Rana box $1#el

thanatin®] 492 =217 F-AH slele]|= (T-B1 ¥ T-
B2)el do= (hanatin®] Rana box $IA | brevinin-19]
Mg =YAg) A Aetel =(B-TYE FAdste] =%
AN AR Aoled ZASIES BV Rana
boxg EF 3 sefol=al guegurin 69 FIEEAIET
o] 27Re] AlElel A6l 93 disulfide linkage= 1%
Aol edgk m|xA) ehsvhe Aol e 17 wiet
A B odTol AMgsh sele] B HHE g 4AZ e}
oj=e] Haz] ul AAskT 3 disulfide linkageZ BAJA]
717 ke Aeje] Helo] =8 ARSI

ME o
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Table 1o VeRd vhel zFe) brevinin-12) Rana box%
Zef] thanatin®] 414l KITKKE EUAIZ AR 2lele]
9] T-Bl & T-BlelA thanatin®] Al QRME
AAg T-B22 AASIT, =3 o= thanatin®] Rana
box ¢] 2o brevinin-12] A€ NRRTGKE %=A]7]
B-T2 AA skt

BEL|= B

B g-ellA] ARgat 4 Hefe]=E2 Fome-Chemistry
2 o] 83} T4 (solid phase method)E FHA331H 10].
Thanatin 2 ©]5<] f=4 (T-B1 2 T-B2)®] < 4
3 =gzl 2= Fmoc-Meat-Wang-Resin (Nova Biochem.
USAYS AH88152, brevipin-1 9 A4 (B-T)¢] $4&
913} 2LEAZE Fmoc-Cys(Trt)-Wang-Resin (Nova Bio-
chem. USA)S AHgsldict #5718 712l ofu| Ak
triffuoroacetic acid (TFA)R. | A7l H37)7} &
Fmoc-oPa) Ak Al2aledel (rerrbutyl: Ser, Thr, writyl: Asn,
rert-butyloxycarbonyl: Lys, proc: Arg). Fmoc-o}| =42 cou-

pling<- dicyclohexylcarbodiimide (DCC) W I-hydroxybenzo-
izole (HOBUE °o]43ldc}. Felol= Al&e] A4E £8
@ ¥, 0E7)9] A 9 A2 RE dejol=e] 22lE
5ol ny Aetol = AL SuEg (24 8%
trifluoroacetic acid, 2.5% phenol, 2.5% thioanisole, 2.5%
H,0, 2.5 % 1, 2-ethanedithiol, 2% trisopropylsilane, v/v)
o= Ajsigct. o|FA dojal dEFHD PAZHE
2]% crude peplideES AAHL Cy columng AR
HPLCE AAlslgde}. AAE Aelo]=ge] &5 ¥4 o
Aa#etEae]e] (analylical RP-HPLC)E E-A1se] el
fagg st w5 AA Pelel=d] »ERAYE
2]sle] Hete] =2 dAT 6N-PALLE 110°CAM 22
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A7E s g F, £ ARPeEsl] Al sk A4t
E 0.02 N 94 239 F8e] %9l ., ofn)=Al 34
7] (HITACHI 8500A, JAPAN)| -8-5kd A7 selo]=
9] opmleAl 24 9 k& EA3G

smey 5%

B ATl B el FFBREAe AT Esche-
richia coli KCTC 1682, Salmonella typhimurium KCTC
1926, Pseudomonas aeruginosa KCTC 1637, Bacillus
subtilis KCTC 1918, Streprococcus pyogenes KCTC
3096 2 Staphylococcus aurens KCTC 1621%= A3}
4 Korean Collection for Type CultureZHFE] F-ohit
ok}, ulelz]el= LBoAl mid-log phase7bA] wioFstaicy.
Hefo] == 1% Bacto-peptonec]] 3Aste] 0.22 um HE|=2
B Fale] AREstein). 96€ microtiter plate (Nunc) o &
ARz M3 sefe)= Gol-g 7+ 43 100w 93,
oJ7)ell E. coli7t EFE wiAE 100 «14 7hek
sl SR el Seldh (@9 e ok
2% 10° CFU/Mml). 620 nmellA] 2352 2431y, §34%
7} vEhdA] o= =52 HAAA] AT (MIC: minimal
inhibitory concentration)® ZA3t9ic}.

grags =5

sriol =) PAF BASA) A8 TR §A
el Aspergillus flavus KCTC 1375, Aspergillus fumi-
gatus KCTC 6145 9 Aspergillus niger KCTC 2025%
Araslg ek A5 969 microtiter plaed] 7 29
2x10° cely B AT Tk YMHA 100 pl 25
g &, s ez S Hetol= Sl 7 A7 10
A ogm 30°C wekrlelA 24X 7F WER|El Ty, 2elal
E10we] MTT [3-4,5-dimethyl-2-thiazolyl)-2,5-diphenyl
H tetrazolium  bromide] £9B[Smg of MITT/ml of PBS
(pPH 740 ZHzhe] el a1 37°C wief7]el A 442k
o} wjjekslodvl. MTTel 2]8ted A= Formazan crystal
52 &35l7] s 0.02N HCle] %¥g 20% SDSF
30 WE W F, 37°CAA i6A7E kR slet Z- ] B
52 ELISA reader (Molecular Devices Epue USA)E
570 nmel| A 243t}

olX|&at S=&HM(phospholipid-aggregating activity)
3

Helol =0) olxj AT g&HFAHE A3 98t
HEPES %&£ (10mM HEPES, 150 mM NaCl, pH
74)e ety #HEFE7F 50mMe]  phosphatidylcholine
(PC)/phosphatidylserine(PS) (4:1, wiw)e] elx]& e sonica-
tion process®. A|lFBIITH6, 9] YA ko] 2ARE Hefollo
Yo s FME el = falg E3lR, A7 7
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Table 2. Antibacterial activities of thanatin, brevinin-1, and their analogues

Bacterial cells: MIC (uM)

Peplides
E. coli S. typhimurium P aeruginosa B. subtilis S. pyogenes S. aureus
thanatin 12.5 0.78 0.78 25 25 25
T-B1 12.5 6.25-12.5 6.25 12.5-6.25 12.5 25.0
T-B2 50 50 50 50 30 > 50
brevinin- [ 3.125 3125 -3.125 1.56-3.125 1.56 1.56
B-T 6.25 12.5 6.25-12.5 6.25-12.5 6.25 6.25-12.5

Table 3. Antifungal activities of thanatin, brevinin-1, and their
analogues

Pathogenic fungi: MIC (UM)

Peptides
A. niger A. fumigatus A. flavas
thanatin 6.25 3.125 6.25
T-B1 12.5 12.5 125
T-B2 50 50 50
brevinin-1 12.5 25 125
B-T 12.5 25 230

BEF, 400 nmellA] FRE2 E2Rs)eic). Helo]=e) st
e Alsre] AE HFPNE (human small cell lung
cancer cells)ell =& 50% AAQA5E (50% growth
inhibition concentration)® }ehy 41},

Circular Dichroism (CD)} =5

selo] =] CD ¥ &2 ] 720 spectropolarimeter
(Jasco, JapanyE AME8te] Z4sl9dct, 28 Helol= AF
= EBHEe B¢ 25°CE A AlEY 1mm®) path-
length cell& AMgstder, 3% 01lmm EHL=
190~-250 nmef| 4] P& o3 49 A sl M FahLe-
“m‘%]"; 7oA 2ATEE &3] HFle] 10mM <l

Ard $FEgd(pH 7.0y Z33 30 mM SDSeA &8}
‘33‘:]'. CD =" &3] &4 93 Helo] =9 %5‘—%
100 pg/ml= s}k Mean residue ellipticity (9)= deg -
cm? + dmol = vrelA™, [0]=(0]w, (MRW/10 I0)E. vl
o}t [0lup, = millidegree® S =+ ellipticityE 2)v] s}
=, MRWE #HEle]=29] mean residue molecular weight
T ulgie ¢ B AES FxmgmhE VeI, 1 cell
2] optical pathlength(cm)S WePAT3, 13-15).

Brevinin-1 ¥ thanatin®ll 2|8t £ cor2 MY Tl
:’ "_-ig

Brevinin-1 2 thanatin®| E. coliel THEt S84 o
E. coli®] N ZEe] =)o °]ﬂ74<ﬂ AE 2AREE7] f3te]
Helo] 5o Fodo] 2jgled ¥M}EEE Blactamase?] S
=5, 71. E colis ampmlhn (100 pg/miye =3t
3t LBel log phase® wj<¥sl & ANEZ #HFsi

phosphate-buffered saline (PBS; 35mM phosphate buffer,
0.15M NaCl, pH 70022 e HF AxF=rt 600
nmell A FHE 1.00] HX% PBSZ resuspensiontZ) -
slelo]| =F 7F8}a 37°Ce)| incubationt]Z) -, Fof mlEle)
=9] =Y 5= FoJrzhdd] wE cellfree supernatant
of &A= BlactamaseAdS ampicillin®]  decomposition

ol 2}sle] AAspict,
da o o

St EnlE

Table 2 3 Table 3¢ 43 Helo|=e] 4 o F2
e HApAAGA) exE YehRv)k. Thanatin® Rana
box¢Xlell B2 MYel KITKKS =471 T-BIFAHE
sT9) AT W 339l 94 AT Hekd HE L Al
&4 A Bk 53], 2% AT S ophi-
murium @ P geruginosedl] lelA= §~16uie] dtEA
ol AskE vtelf e} Brevinin-12] Rana box 93] e
redae]l NRRTGKS =34417) B-THAKH = tha-
natin® o} 2~4uje} a5t 9 AgEAde) A5 vehigd
ok wEbA FEEehd ko] Aol 9iR|uE hA|HLE
st 2 akalgEAdel ¢le]ME brevinin-1E25} thanatin?]
Rana boxell #33h= G7149Age] Bl v Fagt 33
S Foes AMS ootk

T-BifAlAllell me]A{€de]l QRME A A3 T-B2HAR =
T-BIfARA B} 28 Al 2 3ol disle] v 248
e, odels thanatin?] Zg] Adel QRME- g4
9 97 B do T AL FRBCR AL
& 93k

thanatin®)

glekakd

Table 4ol AFhe] AAE A ESol] Tk Sy
ICspzke 2 viefligdel. Thanatin®] 3kebdhAde #ele)
100 pMell M= A3 stEAd S vieplz] ke, T-B1
< 100 Vel ICstS Wl ofzte] ZXje] 2918
2oiel, =8 brevinin-1E 1Cse@e] 1.0~3.0uMoZE &2
st e el e, brevinin-12) Rana boxAdE
A 7leEiE dlgiidAdels HE A delch wepA

Lrt mlo



Table 4. Antitumor activity of thanatin, brevinin-1 and their
analogues against human small cell lung cancer cells

Human SCLC cells : ICsy (HM)

Peptides
NCI-H69 NCI-H128 NCI-H146
thanatin > 100 > 100 > 100
T-B1 100 100 100
T-B2 = 100 > 100 > 100
brevinin-1 1.5 2.0 3.0
B-T 2.0 2.0 3.0

brevinin-1¢] #et@A ol Rang boxAGRvE= A4
2717} o] FFE 21 opn|r-mbcte] A{doe] F@s AL

4 Bkt

QIX|&nt SFEY

Fig. 1¢]| phosphatidylcholine (PC) 3 phosphatidylserine
(PS)e] 4 1(ww)E TR Sl axA o gk =
elo|=o] fEEE JART 2EEHS Vet Bt
Aol X9} 7R 2. brevinin-1 W B-THAH= 79 2
L A% =2 L25h40 1lehd ¥hHol| thanatin, T-Bl
9 T-B2x AY 5L A st o Ze
gatale] Azt FEAEL 7}AT 9ih. brevinin-1<-
thanatingls @] opn|iwlet Zol| 444 ofm]ieAbS ol
-85t 9) .= 2 hydrophobicity”} 2w, Fig. 2¢i
viehdl wpel Ze] SDSEHelA] brevinin-1°] thanatin}
= Asd#lel g-helical structure® 2H= FEle| =9l 7S
oF 2= gladcth. o|efzte] brevinin-1-2 A& e]A  a-helix
F2E 59, =5t Aduzle] d2) Bl Fe8 qEe

Sohgl 44A] obn|mAlo] brevinin-1-2 thanatin® ot

Absorbance at 400nm

00 = T T 1
0 1 2 3 a

Peptide Concentration (uM)

Fig. 1. Monitoring the phospholipid vesicle (PC/PS, 4:1) aggre-
gation induced by thanatin (O), T-B1(), T-B2 (), brevinin-1
(0), and B-T (1).
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Fig. 2. CD spectra of thanatin, brevinin-1 and iis analogues in
30 mM SDS containing 10mM sodium phosphate buffer, pH
7.2.
(A): thanatin (—), T-B1(——- ), T-B2 (-——--- ),
(B): brevinin-1 (——), B-T (--—-- ).

]

ofulxEel] Hel BASE TR 540 I3
o g gopzel Abde] ELRHL Uehie A=
Az,

SDS micelle0ilM2] ElEO|= 1%

A Ezare 2ubst= 279l sodium dodecyl sulfate
(SDS) £MeA 7+ Aeto]=e] D ~AEZRE Fig. 20l
vehfiglel. Thanating @F&F o-helix 722 #3}™ Tha-
nating] Rana box®l] brevinin 1£] AJgel KITKKE =%
3t BT q-helicity’t 271t B-TIfARo| A tha-
nating &ML AAF B-T2= o]&w a-helicity’} 5
7}sleic}, Brevinin-12 CD2HE=ZHe|A 222nm E 208
nmell A #A7He 7k AL o-helical structures “FE}
Uigde}h, =3 brevinin-12] Rana boxel thanatin®] A1)
NRRTGKZ =38 B-THAHE= 9F7ke] orhelicity 7+ %4
28he Rk wekd B-T1 9 B-T2elM2] @ -helicity®]
Zrle S, gl 2 akEAe] of3E nlHA] edhe
W, B-Tol| M) o-helicity] 744y shpabide] il %k
¢ oot mebd o] 2= brevinin-1o] $lelME] o
helicity7} B EA el F93 A8g gl AME 2nld

o}

Brevinin-1 3 thanatin Ol 218t £ cofi2] M=H uf2]
s &%

Brevinin-13}F thanatin®] E. coli o gt drahAde] 2
£7)2k2 ZA}El7) $18be] brevinin-13} thanatinel gk
E coli®) AEE #F5g FAsH} Blactamases
E. coli®] periplasmic spaced] EAE = EAFEA E coli
o} MEse] s ge] AellA indicacor® F2 AHEE
o}, wehd Helel=E wEE Foigt F dAHAL B
oA ape] HElo] TS Fofit & A7l wlel wEEHE
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Fig. 3. Eftect of thanatin (1) and brevinin-1(()) in the disrup-
tion of outer membrane of E coli. (A) B-lactamase activity
depending on peptide concentration. (B) fB-lactamase activity
depending on incubation time at 150 pM of the peptide.

A -lactamase §A48A4-8 SAsIgTh (Fig. o oAg),
brevinin-1¢ll B]3}ed thanatine] E. coli] *]]Et"" s &
7F =55 45 etk 82 vEE Blactamase EAE
42 Ae)sl= W7 9 Hele| = wxelw A 7t
EZaslact. vy brevinin-12F 2] thanatin®] E. colidl]
a2 Al EEel digt Tz Bl oo o
A1e},

[ of
[ .

Brevinin-1 % thanatin®] ZFEE-ATwe] Rana bhox2)
olu| Al A4 2l thanatin®] A ] Huol ojuwAl Age]
QA wXe A3 2ARSl] 9sked, thanatin
brevinin-1 2] Rana box$Z|el] olu]xAt MYHIE F=
g sefo| T2 TAMel oJdled Sh3lE o] Ee] I,
T, B B Sl AR SEEAE FA%
o3}, Brevinin-1¥v} thanatin®] Rana box2) ‘%i/]"‘cl/\ﬂc‘,ﬂ_ o)
g7 1l E=FEAle] o 208l od8ke 9] O thanatin
o] mE] Adg] QRME 3 9l 3zl Aol BF He
g gL P AMIE L9t} Brevinin-19] et
A A AR FEBAIRE Rana boxAde] MdRv:E
254 A717F Do) TIH 7)) opulinwdthe] Ade) FHa
sl AMS dsiet. AlERRS TakElE 2719 30 mM
SDSEMeN A thanatin®] Rana boxel] brevinin-18] A]4&
X3 (T-B1)s} T-BIfF-ARAISIA thanating] He]A gL 4]
AEHT-B2)2. 2 g-helicity?} Z71e-2& Bt} Brevinin-
2 7F2 Z70\M A&AHe o-helical structures VFERA%)
2™ brevinin-12] Rana box®l thanatin®] A9-& =4(B-
THAEDEEC.2A  o-helicity?} 74432 Rl & B-TI
2 B-T2o| 42 a-helicityd] $71= 3o, akxlg 2 3t
Fagell dakg wRA] dgkert, B-TolMe] orhelicity?]
A EEAe] e AFE v|XE A2ER He}

bervinin-12] o-helicityl= HAEAIel] 203 Ja-g i
AR adglv} EF)E thanatine] brevinin-1of] ®|she] =&
B-lactamase WEEFAES Uehf= 7102 Ho}l thanatin®]
E cot] T HTRAE ABHR O AL 25
RO A7,

HALe] 2
2 dre 199d% Aer)es S QTR
(NB 0810) ¥ %3428 =771 (AG 620M)2)
ATalel] 2sle] pafgt Aue] dFen, o]ef ZRAl=F]
=3
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