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50 mL, R 3%, B5FRAtE] 13 h, RJE 38.5°C., H434 145 r/min, PR & #(50.5340.37) pg/mL, 7EBLAAF
YU AR AN BARS 15.97 mmo HEFXS 9 FE R B AR IS R R W], HUR OO R B 2 AT I A
HIAER TR 9 MIC Sl 3.45 pg/mL, RIGFE . FIHE | ERESERITE MIC i 6.90 png/mL, RAHRME . #hHE .
R 22BeEE MIC Sy 55.20 ug/mL, ZLEERE MIC o 110.40 pg/mL, 453 KBEINHE] | 55 M e B 52 i o ik
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Optimization of fermentation conditions and antibacterial activity of
antimicrobial peptides from Bacillus amylolytica HRH317 strain
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ABSTRACT: Objective To optimize the fermentation conditions of antibacterial peptide produced by Bacillus
amylolytica HRH317 and study its antimicrobial activity. Methods The fermentation conditions for the production
of antimicrobial peptides by Bacillus amylolytica HRH317 strain with the diameter of the inhibition zone as an
indicator were optimized by the single factor experiment and response surface method. The antimicrobial activity of
the peptide was determined by Oxford Cup method and its minimum inhibitory concentration (MIC) was studied by
biuret method. Results The optimal fermentation conditions for producing antimicrobial peptides by Bacillus

amylolytica HRH317 were as follows: pH was 7.5, the filling volume was 50 mL, the inoculation was 3%, the culture
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time was 13 h, the temperature was 38.5°C, the rotation speed was 145 r/min, and the antimicrobial peptide content

was (50.53 +0.37) pg/mL. Under this condition, the inhibition zone diameter of the antimicrobial peptide was

15.97 mm. The results of antibacterial spectrum against 9 kinds of indicator bacteria showed that the MIC of

antimicrobial peptides against Bacillus subtilis and Staphylococcus aureus was 3.45 pg/mL, against Escherichia coli,

Geotrichum and Acetobacter pasteurella was 6.90 pg/mL, against Fusarium graminearum, Aspergillus flavus and

Candida was 55.20 pg/mL, and the MIC of Rhodotorula was 110.40 pg/mL. Conclusion Fermentation time,

rotation speed and inoculum amount were the main factors affecting the yield of antimicrobial peptides. Moreover,

the antimicrobial peptide has broad-spectrum antibacterial activity, especially for Bacillus subtilis and

Staphylococcus aureus, followed by mold and yeast.
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LB Ik (antimicrobial peptides, AMPs) 1 A= ¥4 N G5
B R 72k, R — 2 B HEHU A IR TR TR 1 22 RS
PR BRI AP RE K A S BT R R 32, R
BAT 1% @b iE vk A0 R TR 5 A i 2 v S
S, — AP R AR Sk A B
A3 WA R0 DA IR I T A 3k 40 ] 48 O T TR e B, AR AT
ik BAE B, BT LUR A W) & B A 7B 1d B
B KA 7R A RGEAR

AT (Bacillus spp.) 2475 970 40 1 FP 1Y 58 5 05 58 %
G HAKRE, Aot AETE B E . ARSI A RUL
oy, RPN EE, R mAss Y, ABDALLAH %
R, FAEFTE 32a BT AE I RRE AU . BUERHT LS
il 99 5 T A5 T M, R 8 TR R A R R AR AR R
AMBRICO %V 15 55 2E AT ET-1 "R & iturin A JG2H
L F 3% (cell free supernatant, CFS)%# %% & SEATHE IR
PEM, A3 iturin A B R AR M (minimum - inhibitory
concentration, MIC)y 6.60 mg/L. 5K #x & BIXI Al 5L 2E FUAF
P4 BLO006 4t b Ik freids & e T2 UEAT TAF9%, RSN
FAF IR A PN e o IR IR B bR S62-9 7
UK R BRI T TS, 25 RIS FRIE IR pH H ol
7.0, B AR 40 mL/300 mL, LA 3%AYEERIET 37 °C,
250 r/min FEPRFFR 22 ho ZEAOFFGE AR s 1]
RS BRI AT U IR AE DRI, R b B T Atk | 5 )5
Wl iH B AR LA 0 T B R R A5 A58 TR
FHIRES TR TN 2FF0FF I HRH317 F ST OK
By @ik /S8, HrPIxT =T By e . 8 DG A
HAME ML S A FIRABE N, 2L FORFE 5 8 AR f
IR, PUmtERM S RIFRER .

R J G A S s 1 P b A 3 R R R A R A
VIR, AkSE R L BRI o0 KA OGIE M, A5 DL AR
TEM ZEMUFT I HRH317 S R bR, TR BRI R

pH. $EFEE | Fedl S5 A R AT B0 N K8, IRl
ZE 43 T M HR R R e ) D] A N s, A
T AR AT T B8 K P die A K B 25 AR, RIS T 9 R ERTIY
B K A SC R BT IR MIC, Sy )5 91 Colk Ak A 7
IO A AR A B AR

1 RS

1.1 M5

% VE R ZE FLHF 7 HRH317 T4 #k (Bacillus amylolig
uefaciens HRH317, %i*5: CGMCC No.7314). A ZEAufT
[ (Bacillus subtilis) . 4 #% 4 3 45 Bk 1 (Staphylococcus
aureus) . KX % ¥F 7 (Escherichia coli) . [ [G Bt /g
(Acetobacter pasteurianus) . K 4 #f i B (Fusarium
graminearum). [-#1%5 #(Geotrichum). # %5 (Aspergillus
flavu), %22l (Candida), 1/ (Rhodotorula) (11174
EARFEHBEYIKKRE) HCl, B % iR
(phosphate buffer saline, PBS). 4. 4WE . EAMK.
R BRI, e R R ERHCEIRARD), EREBUR
(nutrient agar, NA)#: 3 . & 7 A ¥ (nutrient broth, NB)3%
Fedk | A A HEEUIR (potato dextrose agar, PDA); i Jik
(HEEEEEYRHARAH).

DHP-500 %Y rig R i 55 77 4 (AL 5OE B BRI ALER ) );
YXQ-LS-75SII 7. 30 17875 K i 4% . BSP-250 A= fb B 40
(RIS A PR W BRI 45T ); BS210S B RP-(dt
T Z I KA RSl ); BSD-WX2280 Fib 205 REAE 2 7
FEIR( g R B 7 2R A I 4 A FR A ] ); DL-6MS 1
BOHLORHR T A BHUE A TR A R
12 7%

12,1 KB EdFRe R &

NB AR FR3E, 5555 24 hG, KRB IR 3%M)
R AR BEIE SR A, MR E R 50 mL, 7F
37 °C. 160 r/min &% 5555 24 h, B0 10 min LB AL
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i, SRJE A BT I8 #%(0.22 pm)id g, 153 & R 0 o
VB, X LR T IIBE E E A
122 HBTH B BRGNS

FHEZFD IR BRE— PG B ZE AT B B2 ABEAT S mL I
KB, R B 107 A5 il AL He BE Ry 1.0 10° A4~/mL 1
B, &

1.2.3  4UH Bkeg 1 &

TEVKI 26 FHL 10 mL 9 % BT, b Bidiil % 2% n)
B TR 6 mol/L HCL, 4% pH %% 2.0, 7 4 °C F#E:
. PTTERIER I AE 10000 r/min 5.0 10 min, JTHEM 5
R C B, HER ) R AR a0, U RIS, K
BT E.E T DUTE I RIFE HLE R PRG3R, B
DBRETE, AFF 2 WO, 8 XU P XA LI 5
Ja, BRI AR . 15 20 W4 Y P 5 2 BEAR R R R
20 mmol/L pH=7.0 PBS ¥, SR 5 e 0w 36t o
1.2.4 HRH317 HARILHE KG9 37 5 75 M 2

SR AR EEARE 2
1.2.5 HRH317 BHRITHE KA B At 69040

(DA HE R

AR BUR R R . R RS (] . pH. %3
RERT N EIR, SAMYERFEE, %K 1.2.3
Bk B 50 pg/mL AT A RK 100 mL 3547 300 B 1 1 A6 U,
TSR TE P BARAE e bR . AR A I3 1

(2)m o7 TR e 15

EFHrRNFXRBRSER, AP LAHAEGRAE

Box-Behnken B3 58, RHMEETE MEZ M i 0 21 3 MR
ReFRETl(h) . e i(vmin) . BEFRIREECCC), A0H XL Xa.
Xy KR, JELHL, 0. -1 S 5MRERAS SRR, PUIE AR
MR EAR Y FoRm i (E, H4UAeEE 3k, Wk 2,
1.2.6 IS E

BUR B VR BE 50 pg/mL MBTRA AR 100 mL, #5208 1.2.4
D5, SR B ZEAAT B S O R TR A I BT T
A 3K, MEIFC AR RN, SO .
127 F/ IRV B i o

(BRI e J3E Fry ) 22

KA Gly-Gly-Tyr-Arg PUKARHE S 2 hilbnii 26, W
2 R 5 e L1

(2) 35 /N TRV B 1 72

A O 0 BRI MR B2 1 R VS WO PBS YA TRIEAT A%
ke, W9 R, IR R 12, 1:4, 1:8, 1:16.
1:32, 1:64. 1:128. 1:256. PBS W N2 AN IR, 435
W I 200 pL #% AR A1 46 75 BB 2R HERR AN T VR
BE3AEE . BF-4°CPHL12 h, 37 °CE53% 24 h, &
TV R ELAR, LARE H B4 P R 1 e AUV B A Oy i /N B
W REL,
1.3 BUESR

K FH] Origin 8.5 {22 il B R 22 5 0 D AT 187 SR A00 7
IEPERY K], SR Design-Expert (version 8.0.6)4t 1514
AT W R TS5 A

F1 AR HRIERRKFE

Table 1 Factors and levels of experiment design

K 7K HAt 2%
e =/% 1. 15,2, 25, 3,35, 4 24 h, 37°C. pH=7. 160 r/min
7 /(1/min) 120, 140, 160, 180, 200, 220 24h, 37°C, pH=7. 3%
pH 4.0, 5.0, 6.0, 7.0, 8.0, 9.0 24h, 37°C, 3%, 160 t/min
A 8] /h 0.6, 12, 18, 24, 30 37°C. pH=7. 3%. 160 r/min

TR /°C

17, 22, 27, 32, 37, 42

24h, pH=7, 3%. 160 r/min

F2 MREEERKERLR

Table 2 Factors and levels in response surface analysis

i 7K (X;)
%
-1 0 1
B A] X,/h 12 18 24
B X,/ (r/min) 120 140 160
HE X5/°C 32 37 42

2 HER5SH

21 BERRAELER
2.1.1 R A 3T HARILE KITH E TR

O TR V55 P I e 0 B 5 R e R A 1
A, 3% BT T A B A R B K AE(17.19+0.35) mm,
XATRERE TR R AR, R BERT IR b= B A0, 4E
T IR 7 % R R =, B AR R SR
it 2, FEGTEIEFERFRIETE SR, AR T R
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Wy R U] A ] 2 A ik T S T 7 T K A R S
(P>0.05), A%k AR & 3% M .
2.1.2 KRR A A B ARG E BRI E e a

BL T JURAD A 05 e i T B ) S A S 8 R S 0 S, R
Pz 18 h Bt s KA B B iR B 05 K (13.94£0.41) mm, B2F4)
DA R A K08, B3O B B A AR FH 5 7 Sl s
R KA, A BUE R AR IR & SRR 5,
FROGE W W B B, R A E R | W
BD, A KIS T RE 7 R AR DT 3 5030 T 0 1 i
T o TR IS [) %o L B T 25 (P<0.01) 0 PRI LR R R T
FA] 18 h 9B,
2.1.3 R pH *t AR E RITE F G h

REERIGR pH R3S, DU AN RS T 2 I 21 1
SRIF IS B RS, 18 pH=7.5 IR R UK 1A P ik ) ok
(13.8+0.23) mm. & Bl R4 5 sl A IR pH 35 240 v 1R
MEK, A AR, REKE TR, S BHiE
= BEREAR o R DN AT BE R R B R M A £ M AR R
JR A SR AR Az BT W df pH B2 A (2 (P>0.05) .
Rk pH=7.5 N'H .
2.1.4 AR ST HARILE R E R 0R

AN [7) 2 SR TR R A 400 A1 T P LA i 2 S A (P<0.05),
Wl S T R, R B A DA S TR T R, R Gk
F| 140 t/min B, G E 2R ] B KA (14.38£0.11) mm,
Z G, WA 0 N R R . DR A A Ak
HRH317 & JHT v K B Fe i 75 30 140 r/min NEL .
2.1.5 RERES HMRIE KRITE E MR R

AN [ 855 35 18 BE X B BR K 0% 3 M 00 5 Aol B 3
(P<0.05) o e T Bk ) 400 T 1 BB B ) P TR BTG 5, 24
TR 3K 37 °CI, 15 Bl AR A B R K AH (17.8+0.6) mm,
TR kST = R M R B T Rk, R R R =
ANEFIZERAE R EE S R R R . B L
TR 37 °CHE,
2.2 MR ES
221 h L ERER IS R

W 3 i, 17 MRS 12 MR, s A REE
B, PR SR AR REUEAE XL Xo Xs FTH B = ZETH A,
FEFRRI L s, KhEEEARE 5 ), AU
222 WEEERGES 55 E NN

FIH] Design Expert 8.0.6.1 # {4 & ¥idls #1720
WEHLE, 520 70 2R M A HRH317 BHARPL I IR
P AR (VX EE SR (X)) B3R (K,) . BRI EE (OG) I 2
T [ Iy

Y=15.74-0.066X;+0.48X,+1.24X5+1.07X;X,+0.76X X5+
0.16X,X3-1.21X,%-1.84X,2-2.49X42,

M Za 3R 4 PRMER F 24 76.18, XN
P<0.0001, iXE|EEKN, KA P=0.3214>0.05 F &,

Ul RIS R AT, IR 25 /0N, T LU e AR A T
WA V8 A ZEAAT T HRH3 17 HU TR K & WA XM i i M 1y
. DR R E AR R Xy, Xy AY—IKIIAR
BEP<0.01), X\ Xp. X5 “IRIFH B E (P<0.01), 2 HIR
XiXa . Xi X3 A2 3 (P<0.01), HALWHA G i F S H
T 25 R 2 X B I MRS A 9 SR IR R Xa>Xo>X, Bl
T P> HE >

AR A A Ty A 2 skl o TG L, DL 1 o R g i
1843 IR 2 A A TR E O ACHE) T, S35k 24l
SRR A EAE R

& 1a AL, FEREEUKOT- 0 B, BEFRAF ] SR A X0
P EARI S 5 B35 (P<0.01). 7E 32~37 °C. 6~12 h
B, B EA RS ES, 2R, BERENER, ¥
FEBFRI A, PR EARREZ TR M 1o Al A, 7E8s
FREFIR] A O B, A o5 10 o T P B AR A LSS RS i
F(P>0.05), 1 32~37 °C, 120~140 r/min I}, MR ERLLE
WY, 2R, WOE IR AR SR, e B
TF. BB 1c FIAL ZERBEAKEN 0 B, $55Ra A SEEH
T EAR 28 H R MR i 35 (P<0.01). 7£ 120~140 r/min,
6~12 h B}, M ARG, ZJ5ME BN,
KRBt A, IR B TR

#3 FEASRKEARRER
Table 3 Scheme and result of central composite tests

ik

T i B T P B /mm
X Xz X3
1 -1 -1 0 13.23
2 +1 -1 0 10.92
3 -1 +1 0 12.31
4 +1 +1 0 14.27
5 -1 0 -1 11.23
6 +1 0 -1 10.16
7 -1 0 +1 12.41
8 +1 0 +1 14.36
9 0 -1 -1 10.08
10 0 +1 -1 10.47
11 0 -1 +1 12.03
12 0 +1 +1 13.06
13 0 0 0 15.89
14 0 0 0 15.23
15 0 0 0 15.92
16 0 0 0 15.78
17 0 0 0 15.88
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Table 4 Analysis of variance for each item of developed quadratic regression model

g3 - J5 A B Y15 F{E P f& S
i 72.58 9 8.06 76.18 <0.0001 o
X, 0.035 1 0.035 0.33 0.5827
X, 1.85 1 1.85 17.50 0.0041 o
Xs 12.30 1 12.30 116.20 <0.0001 o
XiX, 4.56 1 4.56 43.06 0.0003 o
XiXs 2.28 1 2.28 21.54 0.0024 o
XoXs 0.10 1 0.10 0.97 0.3581
X2 6.20 1 6.20 58.59 0.0001 o
Xo? 14.31 1 14.31 135.21 <0.0001 %
X3? 26.03 1 26.03 245.86 <0.0001 o
Flx 0.74 7 0.11
A 0.40 3 0.13 1.61 0.3214
AR 0.34 4 0.084

R?=0.9899 R*,4=0.9769

TE: ¥P<0.05, FIR 2 RE; **P<0.01 FRZERM B .

16 6
g 15 15
£ 14 E 1
H

™ 3 ¢ 13

@

12 o 12
B 1
8 £

A: B5FREF R/ 732,00 120.0 B: #58/(t/min)

Bsor—0r 12,
5 dminy 25980067500 °%0 A: EFHER

P TR ER S ELAE TG TR ) AR B 5 )

Fig.1 Influence of interaction of two factors on the diameter of bacteriostatic zone

223 FIEMAIREE TR BN 15.95 mm, {H%5 SRRV E SRR 0 fal i,

i85 Design Expert 8.0.6 2T AN, SRAFMIE i@ i 1AV AP 5, B A BBk BEFEITIR] 13 h,
Y2 IFT R HRH317 RMRPTR ARA LG R 550 h . B BEk 145 v/min, JBJE 38.5 °C, TERGELM THATT 3 4HE
P 12.74 h., %53 144.89 r/min. JREF 38.49 °C, TEIA EHAE, MEERESEA R 1597 mm, SHNEMZ
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0.02 mm, EE R, TCEEWEZEF(P>0.05), R
FE RS 0T LU F W0 S b, 5 R ST 4

PR IRE T2 4 S PR B T P He R, A 2.
WE 2 fos, SRS B B0 K 0 R R B T
35%.

TE: A T Al HURIK CK ERK.
P12 HRH317 BB IR 540 IR 1 LAk
Fig.2 Comparison of bacterial fluid and activity of antimicrobial
peptides of HRH317 strain

2.3 HRH317 EHIERKINETE

T BT 1 94 /N Bz e M U R TR T BT TR B I AR R
B AR EEUS M B T 2 0 T P 4 SR ) o o
PR B EHAE> 20 mm WU, 7 15~20 mm 3B FH A
= BERURR, 10~15 mm U, 7~9 mm R AfIKJE AORR,
INF 7 mm I B E A ARUE 0 ks e, 5
PR AH B, PUBARXT O FhER A MBEACR, MR 2
FFURT . 4 B (00 2 BR A 22 3 B RS, bR . AT
KIHFPEE . L EC T R T 1 2 2 BH S o B ARk R A4S e 1
W B ERE | 20 RE S IR BUR, WP U
BRELA T B Pk
24 FMIERERNE
241 JKIBHEE

FE 540 nm BT, 380 DR IR A AS R R BE VR
Gly-Gly-Tyr-Arg U4 Bk A% i &, [ 3 5 B b
Y=0.0043X+0.019, HiPH AR EELY 4 (441.56+1.24) pg/mL.
Ze b5 LU AR RIS I RO BE AR YR - 1:2 (220,78 pg/mL)., 1:4
(110.40 pg/mL). 1:6 (55.20 pg/mL). 1:8 (27.60 pg/mL). 1:16
(13.80 pg/mL). 1:32 (6.90 pg/mL). 1:64 (3.45 ug/mL). 1:128

(1.73 pg/mL) ., 1:256 (0.86 pg/mL).
242 F/NMIHERE

R 6 RIHL, PP KA BB, 325 DA B il 3%
SRANBIRES o P U RO A R AT R . e
BERTE Y MIC Sy 3.45 pg/mL, KIGFFE . AHZE . EKRER
IR MIC 7 6.9 pg/mL, RAHAME . HHE . L
MIC 4 55.20 pg/mL, ZLER: MIC & 110.40 pg/mL. %
Ui B, BB R 20 B R RE AL T B TR R L
MOLINOS 'R F i BRI B Ik Enterocin AS-48 12 Jikb
PP AR, AU MR BT 25 pg/mL B W] B RN A
SR 3 1] R A 3 A 2 R TR Y B (P<0.05); 1y B JHE
55 PR 9 A 55 2F 46T B BT I IR RP-07 LR R
0.5 mg/mL I, XFRIGHIE . S EMAERE . VT IR
TSSO RAF . FFRBRAE D — RS A T, Al i
2 TCPHMETA, FeR X A2 Bk A . AR RAT A R il Ve .,
XA 2L FRBAME R . BRI — i AR 2,

3 HFi5ifie

FFEE KA PR Rk R 2 0 A F 2 AT i s o AT IR AR
i1 o N R e ) o O 2 s g P S 1/ P R
RSN BRI E TR SR 2 AR AL 2 5 e 256
FFRR AR =2 B2, LB B =05 ik
M BRI OGS R A R . kR W 2 PO b A ZE AT T
R & B L2567 T Ak, 805 $fh i
9%, %% 200 r/min, KBEREE 37 °C. pH A 7, 434 25 h
RIS K 5E(783.5147.34) U/mL., 35T T FI %%
S EERE GSCADS =L IRIF 9T, il & e A A e i
3%, %3 200 r/min, K BERE 30 °C. pH K 6.5, BFE] 72 h,
AR5 SR FH B DR 2R 5 7 T 3 A AR DE S ZEAUAT T HRH317
FEHURE K & AT T oI T e, W oT s SRR K R
Bp i) | sl R e i R B T R R E R, ik
TR IA] S5 4k, & RS IR] 5 I A A B B I se AR - A
FEEAE N fEWItR pH 4 7.5 B9 NB B3R, Wi N
50 mL/250 mL, #FlE 3%, $53# 145 t/min, 38.5 °C TR
i35 13 h, LR (50.53+0.37) ng/mL, TEIAMF FHIE
JRAPIER R B4R K 15.97 mm -5 HAWA AT ELER, IXF
RS ) JE BA G J, AR SE B A e i R R X AR A
B RS SRR AR Dk P o i R R 2 A R
BL0006. B. licheniformis =i bRk & B304 T T A5, JE
W pH 43l 7.5, 7.4, HEER5AMREAH—E

x5 ZHIAEMRINEREERZ@mn, n=3)

Table 5 Bacteriostatic circle diameter of the antimicrobial peptide to tested strains (mm, n=3)

WA KIBFE CIRESRE SR OWARRE MR RO R

8 ik RZZmEby  ZLBER):

e

. 14.87£0.35  12.05+0.22 16.29+0.42
Hi%

17.32+0.29

9.17+0.26 13.13£0.41  10.08+0.16 ~ 8.12+0.13 7.95+0.24




515 Z M, SF: MRTER ZFAAT I HRH3 17 TR MR T R 1 2% R0 A S A B I PR 6175
6 TEIEMES/NMIERENEMN=3)
Table 6 Determination of the minimum inhibitory concentration of different strains (n=3)
HU TR BV /(ug/mL)
fHRTH
220.78 110.40 55.20 27.60 13.80 6.90 3.45 1.73 0.86

PN 7L - - - - . B + + n
© IR AR T - - - . - B ¥ + +
B OAEIRTE - - - - . - - ¥ +
i B 2 FAT - - - - . - - n +
AW - - - + + + + + +
H it 2 - - - . - B ¥ + +
g - - - + + + ¥ + +
(%24 353 - - - + + + + + +
EANUANS - - + + + + + + +

Bl 3 WEE RNV, +FR K, -RR R,

AU BRI R TS R R, PR R AT
TEHUPETE o TR B SR AT IR . 4 o (o A B AT A
HRIpchp, HORETE . BERED . X PR SE Hh 40 1A 14 F1
THBRZW AT, MIEZhE . BERERRS, T
B VR R AT S A A R R ) R A A B, DA A
g5iG M EAMAREH . S SHEAHRAER, S5H
BEFHUA MR APEBERE A T2, B S A
W E BRI L, P AR R I R AR, fig
BHL 11 25 P AR B0 BT R 78 38 0E A BAZ AN e S/ N TR
WE G, a5 1:128 M4 HARHHIET, 4 0 (0 4 BR 1A |
il B 2 AT VATV 3 0 0T AR AR AT W, B B DA R L 4
INE 164, A-HARFLBE AT PO R O, BRI, BUrE
JRRT 4 B oA AT PR . 2 AL B ) SR (I B VR
3.45 pg/mL, [RIEXFEABTE R 4T T MIC W&, Kiak
B, A, DREERRITE MIC 24 6.90 pg/mL, AASHR
B RNE . LBEE MIC S 55.20 pg/mL, £07EE MIC
7 110.40 pg/mL. ZEEMETE S MIC ME S5 R AL, Hik
ZEFOURT TR X0 TR IR 32 07 38 T LA TR A, 3 AT B2 T
FF DA RN 52 B 7 BROR AT A MR, JL B BT PT RE R A 3R R Y
FFRRA RE 7100, R — 28 Xt B Ik3E 1 DEAE-E IS bl
HEME FF (DEAE Sepharose FF)., JZAH R SR ik ik 24
RSN 40 18 Sl Ak S A TR AL HEA TR AR BIFSE o

SE 3
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