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M ¥ FAFLEHHE DCC/HOB # & B Cecropin B.Shival 1,ABP 3. WHD 4 Miii# bk, &
WM RS CHi M. B8 HPLC B Ak, 32 4 MM KB E KD, HER
KEHF B 7SO B R 4 BB B R Y S R BOR K B 4 B 195 T B R4 T
BEWSM RGBS OFAR K S60. MMM A S H R FIER. HPRR
WHD RGBS HE, FAMKET I HETRFAVHENE SRFE LB A, i
Shiva 1 X 40 8 B fEFEBC L 3 FPAKER, 5508 CD Rt 4 HOUR RIS I R T 302698
.

XiE ERk EEA R, REES

Hultmark U HEATER KB T H B S. 8§ 098 & H KB (Hwlophora cecropi-
o, NEMMESDFEEFHAERS TRYEERR . BABRRAMBELN LI, Steiner
SRETENH—REHH LXK EH Cecropins?l. FAREH —MFH 33~39 D
RERBRE, 5T B 4000 3 REAh, HRTIVEE MEZKREMALAERES
REMAEIE .

Cecropin B & H 8 & M K RPLBE B P15 5 B3RA —FF. Shiva 1 B Jaynes 2L Ce-
cropin B A B & HH. WARTTHRE, KPR E 158 T Cecropin B, 7 AR ML R HE
FH, ABP3 2E=1)%URE COR ML Rt FEERLETEAEBYF AHE
RN AR ABAE S . WHD 2RI Kaiser Al Kezdys 1%+ Bl £ ki 5 ik
BREAW RS, NEFARERMBKE LR AEERVEERRE, RNBF
TEMHERMAEERT 4 FAEK, BT I REHEMHRE S RS,

H#E I &

1.1 F DCC/HOBt EF ITHEEE MK 4 ik

1.1.1 &R FEREEB—BRAH N3 Boc 9, Hb—toMist EHIERISANE
EMHAEMNERPE. FARNEEM, 1-5RX X F=w(HOBO A ~ RiFEZ R
(DIEA) 3K 8 Sigma 28], # ikt ABI 23] 4 7= i) mBHA #$ 85 (p-Methy! Benzhydry-
lamine Resin) ; W BEM (TFA) ¥ B F Merck 2+ 8], HEMIRF M. B — T i (DCC). =

« Wil
A% 863 BEAREEMH,
EXTF 1996 F 1 A 2 Hi#l,
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FHH (CH,Cly) N, N-2 i 3 B B (DMF ) 39 9 B 7 40 B
1.1.2 SREE. SRM A i REMN DCC/HB Y, §RGHHGLELaY
RS & TR
1.2 SEait 4 BeRphEk
1.2.1 Sephadex G-25 & (14mm X 100mm) Biih: ¥R 7% 8B T &, LR ERER
1mi/min T F R — T8 9 %, 280nm ), g 8858 — A%, ¥ 0 T8
1.2.2 EEM(Trp) & FEHE (Formyl) T BLRRT). HERIERT 0.03mol/L MEILE
B (NH,OH-HCD)IBS W (pH9.0)F, AW E KT pH, i 2 RFF1E 9.0, WIRTFHH 2~
3h, B &t A Beckman Du-7500 430 Y6 Y6 BEH M MU 144, 40 200~ 300nm. RN ER)G, M
70% BERRIS R W W pH I E 6.0, B0 EHR %W b Sephadex G-25 & (23mm X 500mm),
%G SHTHIF, 280nm & ¥, BEE N, %5 TR
1.2.3 BERMBGIHE(HPLC)M B4k, Cecropin BABE XA S E C 18K
(Delta Pak, 15um, 3.9mm X 300mm, Waters 2 7)), 287 Bl 5y H #i A €833 (X (Waters 490),
Bh25% ~30% 89 Z KK Z & & 0.05% TFA) 4% K 3 IR, Hi# 1ml/
min, WHREFT TR K,

ABP 3.Shiva 1 &t WHD 43 B3R H ¥4 & 8 C'* ) 34 (Ultrasphere ODS, Spm, 10mm
X 250mm, Beckman 2] ), fifl & B % H M AH 35 (L (Waters 990), L4 20% ~30% B 2 /i
KB KM ZBEREE 0.05% TFA)ERYERS IR, FE 3ml/ min, WHRFEEH G,
1.3 DiEBEMHAEETE
1.3.1 HPLC ¥&: KR4 C® KM (Ultrasphere ODS 5pm, 4.6mm X 150mm,
Beckman 23 @), 4347 %) & FE 8 A6, 38% {3 Waters 490), L 20 % ~ 50% 8 Z, B 7K 18 W (ZK 7
ZHEHPEE 0.05% TFA)ERYEBS B MR, 3 1ml/ min,
1.3.2 MG TERERK, B4 BKEER BDH HHE B L8 & F#1T. &5 Swank f
Munkers'® 18 & i B A4,
1.3.3 EEMARSH: KNHEH 0. 4mg/ml T 2500 i F, T 50p1 98% HCOOH
4CHRHF. MABEERH AT AR 100l i B—20T 2 4h, REEMA 1001 K, #5446

KA (110T 22k 1 Torr 0.02% f-6mol/L HCl) Beckman 6300 B 2% 0 4047, BILHH

Bt LA FTRIE

1.3.4 N-SEERITH 247 188 % Applied Biosysiems 477A Protein Sequencer & # #i
R, BRI LA LM E,

1.4 fERHRNEERRREREIE

1.4.1 HEBEREENEER. 8 Steine! "W LBEF 1mg/ml Cecropin B 7E 2. 5mol/L B
MR P pH(6.4) 1 ODggp = 1.3, BIHL I BKIR HE = ODyge/ 1. 3mg/ ml, 3 LUK E X TR
Rk BER T

1.4.2 PHEEHEMRE. ROTA TG VRN EREROAEE D (DEERILA
P EEIO G F X 8 B AR BT L (ODs0 = 0.3)30] SRS R E (AR
1%, W/ V)Tl TE4SCTEHRBR SIS, BEKTHKESFILS, HFHERRE 4CRE.
15 F B L P9 36 BE B 4T H.A2 8 2mm B9 /ML, BN 2~ 4pd B9 FF 80 RE 5, 37°C 18 3% 100, W&

© FERZERBEDHARFATKSHEL http ournals. im. ac

cn



13 RS2 A6 % T8 KA B & . 2 SR S R BT 37

WEEERS ERMRAGMAF AN, QRERBENERENR Mgt TE4E
K HAGY 40 B8 B IR (ODgso = 0. 3) 15! SHAIE T3 2851 1B &, MNA 20040 A [E #& B 69 45
Bk, 37CER B HIEFE 140min, F KA H, RIERE 650nm (R IEH, LIk EHY
ST B E X AR R RER A LI S0% @Ik T EMNIERKRE.

1.4.3 WEKAREGRANE. [FEI3-SIMRERETCHTR)BAK: #1.2
x10%/ml FFPAIME, BESF 12h BEHFFEHEFH, MERAKHIEFRE(ZOAMEFE), £
H 12h, #21EBE 3580 6h, i1 2pmol/L Ci/100p] *H-TdR, #lE & EHAKRPREA R,

1.5 HEENERADTHE

1.5.1 WESE EHECD)HMEC100pg FLB A tml 2. 5mol/L Na, PO, (pH6.4)
R, WY AR RAB(HFP)EE SRR 1%.5%.10%.15% .20% . F JASCO J—500
FEYCA Y EHHEE 25C LU F#IE CD ik,

1.5.2 4 MHRERSEKBEOEE. B HPLCHLEMN 4 MTERSRES, HoHM
HPLC 4%, e I TR AR R R EadE(R ), A Ro @R RTHEKEIAE.

2 % R

2.1 MEBRHFIEIBSK

BASEMBLERSEE, KABEMSERE AW ILHRK, 82 REEHMA
HOBt, REM AN ERNBRE N EEARBHE, A DOC/HOBt R &M N—BF 3~
4.

EIEHRM 4 HRERE - REBRT FEAT .

Cecropin B KWEKVFKKIEKMGRNIRNGIVKAGPAIAVLGEAKAL-NH, 3835D
Shiva 1 1K-MPRWRLFRRIDRVGKQIKQGILRAGPAIALVGDARAVG-NH; 4242D
ABP 3 KWKVFKKIEKMGRNLREGLVKAGPAIAVLGEAKAL-NH; 3850D
WHD KWRKLFKKLEKLGRNLRNGLLKAGPATAVLGEAKAL-NH, 3825D

2.2 ERNERSESL
& AT I 4 £ Sephadex G-25 ¥4 B, 4517 Formyl BB ER 2 Ri B, TEIR 1S A
254 nm 4F0 280nm A F R B g Bk, & L Sephadex G-25 £, B % HPLC 4 B4
. MEKHER . TEALEERLE
F1 s HRERs-SHFR
Table 1  Yield of four antibacterial peptides for each step

Cecropin B Shiva 1 ARBF 3 WHD
mBHA resin/mmoi 0.0167 0.25 0.0867 0.04175
Theoretical amounts of product/mg 65 1061 33 160
Actual amounts of product mg 35.1 554.1 137 83.2
Chromatography on Sephadex G-25/mg 20.0 347.6 66.0 5.8
Deformylation/mg 14.5 267.1 48.6 26.8
Purification by HPLC/mg 2.61 54.6 6.7 3.2

© PERFRMEDHRAATIKSHEST http://journals. im. ac. cn



38 £ ¥ I

B ¥ #

13 %

2.3 HERKNGESE

2.3.1 HPLCEE4HMBRSBERLBWEE(EHD, M TFREREERKHNEEHNSR

— &,
5
C
Cecropin 8 Shiva t

ABP 3

A1 &RHERE HPLC T %

Fig.1 HPLC analysis of four synthetic cecropins

L4

2.3.2 N-REERFINSEERMAR V. ¥ ABP3 B WHD #ITEEBEENI Y

GRFY, WE N-FH 10 M EER TSN,

AP B ERARREP R LR AR, SR S EREEREZ R

MIREHEFREEEN.
2.4 PMERRAEELHNME

FABRETL/CT BOAM SE IR RE RS 14 BRATBT 9 R A5 S0 16 BT (3R 2) s IR M B 3K
FERZ PR 6 PR 7T FEH BB (% 3). HPRIBIFE K,.D;, By H 8l 5

¥: RERKHTEYEAHERGT
Table 2 Ishibitory effect of antibaterial peptides on Qifferent bacteria

Bacteria strain Diameter of antibactenal transparent cirele/mm*
Cecropio B Shival 1 ABP 3 WHD
Escherichia coli K'*D 31 12.5 8 11 12
E. coli{ wild 1ype) 10.5 8 10 10
Clostridium perfringens 9 4] 6.5 9
Bacillus subtilis - - - 5.5
Proteus vulgaris - - - -
Staphylococcus aurens - - - -
Pseudomonas solanacearum H 7.5 5.5 7 8.5
P. solanacearum Jing 1 9 4] 8 9
P. solanacearum 862427-1 7.5 5.5 6 8.5
P . solanacearum Japan 8 6 7 8.5
E. coli{ patho genic type) 9.5 7 8.5 9
Salmonella typhi 10 6 9.5 9.5
Pseudomonoas pyocyarea - - - 6
Nitrobacter uinogradskyi 11 7 9.5 9.5
“ = "Concentration of cecropins in each hole is 1ug/pl.
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1 HERES AHEROBEHESHR . BELSRARXEBHA 39

REE K2 Boman H MR AR KXBHFE.ZURE B P ERBFR LEHY EBHR
FrRAKEREMS  NRHEYRFETRER PERYBEEMERARAFRPLORL
yEME HAMEHAMRERN RN EREFEFHRIH T REERE,
¥ REMRHTEBSE 50% MR E
Table 3 50% inhibitory concentration of antibacterial pepides to different bacteria

rd
Bacteria strain 50% inhibitory concentration/umot-L ™!

Cecropin B Shiva 1 AEP 3 WHD
E. coli KD 0.12 0.91 0.30 0.18
E. coli (wild type) 0.14 4.3 0.98 0.38
C. perfringens 2.6 5.2 0.8 - 3.2
B. subtilis 70 7100 70 20
P. vulgaris - - - -
S. aureus -

2.5 FiARMSEELHHHE
O AR R AR R GEA(E O RIS EEREEEEZME
AT R, '

a4 TUMBKR (3 o S B B A S B i) 45 £ R
Table 4 Inhibitory effect of four antibacterial peptides

on *H-TdR incoporation into tumor cell lines

Celt line Inhibition of *H-TdR incoporationl %
Cecropin B Shiva ] ARBP 3 WHD
Leukemia cell K 562 48.27 45.90 43.28 57.34
Lung cancer cell A 549 88.5 85 82 89

# The concentration of cecropins is 1 mmol/L.
ML 5 AT LB Cecropin B. ABP 3, WHD %k 254+ i35 £ 8 i 40 60 1% F AR iz,
H A WHD # Cecropin B 31¥. Shival 1 F33X 3 R EMKIE B, 5 Jaynes BIR

EAR 3, XA RRH P S A I8 R 56 TE DU AR B 1 B TR, DA AT 0 Y 40 AR Bk R
F WHD 5 Cecropin BAFHENE H.

2.6 MEHRNAURINSHR
2.6.1 EESFCDMYNE. ABPI EAMBBRRNEDHPELHNEZM, WAERRN

BHFP)ESHEENBRASPRERT « BIERSD, ML LR EHREM, o« BIER S
WA, B 15S% ~20% HFP R EDRE.

BHEE AT E AR fo= (8] ~ 4000)/(33000 - 4000), i fo BIPEEERE
EHARBERERT S THRENGT S, B [0 BE N 208 goead M1y 5%
EESTHREME, REXSTORITEST 4 B KAEIERE, B Cecropin B 53% .
Shiva 1 65% ,ABP 3 84% \WHD 77% . ARP 3 MIH LK ENTMRERS CDRERE
F-B(HAXEE),

2.6.2 VUEBKOIEAKYE. ROVLLE T 4 MO R B HPLC BEIE %50, 18 BRI 1
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wHE( WK S)o dTRR, X 4 R BRAY B Kt RBI/MERIR Y
WHD > Shiva 1> ABP 3> Cecropin B
®s BRERGHFBEHE
Table 5 Retention time (Rt) in elution gradiants

Concentration

Program Antibaterial peptides Rt/ min .

of acetonitrile/ %
t/min Flow rate/ml-min~! Acetonitrile/ % Cecropin B 39.1 34.1
0.0 1.0 0 Shival 1 42.0 37.0
5.0 1.0 0 ABF 2 40.0 35.0
55.0 1.0 50 WHD 47.3 42.3

3 i #®

BHEREYEEEHOWIE Y Pam W8, T HF KR ESGEM A QR E, T
KAV RERERER LS, k23X B, LE A PR, BATUHER
BT EEERERYBE, SN OEXLER . S ERAO 0 SR EREL, B4
ST Ll B1TRE mBHA RHE, IR BRI 2 A —FEEE 2T
BB, BEASHPMEKE . KNSR, T B KERRERD RIS

4 P4 BK Cecropin B.Shiva 1.ABP 3. WHD =R EIEAMRAT —~ENELE, 755
% Cecropin B & WHD B/R 7 BBEAFLEIE N1 Cecropin B AR K AV EKFEH
R, T WHD #5522 Kaiser fl Kezdy RitP1 S %, 8337 Cecropin B i
FEMB SRR, EREKE LA KEER Y EE8, TREEEER
HHEE, MRERNE L TESEERS TS EENAEIENZRE WHD £E
LS WEFEEAEAEANEERE, Shiva 1 BT HYHELREEREAIRT Ce-
cropin BY, ER MW LR L REH, RAWE AT, THEMTHE 3 IR, X7
AR EN AR & X,

BT HEROAERAIR T, SRS AF AN EARMNES HE, ARRAE
MARNOREREREE NI, R L, BHERERE A AEYFUREEDS
PR, B HPHPRE TR — &K, HEREEBSMAL EBERKGF
& TR,

B O# FILERIEXKEREFEFVFRAVCELCENENAGE —EXFATLRE
BERAREMES, FH—IFEBW.
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Study on Solid-phase Synthesis, Purification and
the Relation Between Structure and Function of the
Antibacterial Peptides

Lu Yingjing Wang He Qu Xianming
{ Shanghai Research Centre of Biotechnology, Academia Sinica, Shanghai 200233)

Abstract Four antibacterial peptides Cecropin B, Shiva 1, ABP 3 and WHD were manually synthe-
sized by the stepwise solid-phase method following DCC/HOBt protocol. The C-terminal of each
peptide was in the form of amide. After being desalted on a Sephadex G-25, the formyl group of the
protected tryptophan was removed by 0.03mol/L hydroxylamide (pH9.0). The peptides were fi-
nally purified by HPLC and showed antibacterial activity against several Gram-positive and Gram-
negative bacteria. WHD is the best one in the four peptides in term of possesing relatively higher lyt-
ic ability. WHD also showed high inhibitoiry ability against some kinds of human cancer cells. In ad-

dition, the structures of the four antibacterial peptides were analyzed by CD spectrum.

Key woreds Antibacterial peptides, solid-phase synthesis, antibacterial activity
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