Behs AR SEP 20, 2010, 37(9): 1347-1355

Microbiology China © 2010 by Institute of Microbiology, CAS

tongbao@im.ac.cn

HRESEP FRIFEENRTHTERM
SRR

DA kg xEY? RdEY” BEY OBAEY Bz kN
A AT
(1. PUNERFA Rk B Pl AR 610064)
2. WNR%AYHRGAESHEHEMESATLEE W EH  610064)
(3. TUmlE JEA YRR T PEA BB 850001)

B B AHEEFSADTREEARTY FRHFERRERGL, KERTHEL O REMR.
AR BMRAACEHF, A EE AR, sHECEBEREAT S HORAD G, AR T RRLE
Bt # B R0, SRR, RIWIKE. KM HFmiTE. B Hmr X, 48, ZHREE
B B R, ROR. pH. SBEXNH B EHIEA RERAEGH R, AL R S
ITHAKERZI, HRE 4 T BT BT Bk, FEEMENHAH b h F—5 5,
KR EA B RRATRIFE 4 NI T o B A oA M E AR, R 4 MESAT 2R A E
K Ao £ H AR L TOAT B AREA 9 BE I, | ARGt K & R KB JR B B R 0G4 ) E

KW WEE, AL, BRFL, FTRETH, BT RBEN, WHES

Biotransformation of Neomycin by Mutational Strain of
Streptomyces fradiae Mutagenized with Neutron Radiation
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Abstract: A mutant of neomycin-producer Streptomyces fradiae was obtained from cultures mutagenized
with neutron radiation. Utilizing the mutational strain which can not produce neomycin in normal culture,
the biotransformation of neomycin was studied at different conversion conditions. The analysis results of
fermentation broth by high performance liquid chromatography showed that the culture conditions such as
the concentration of substrate, adding time of substrate, adding method of substrate, inoculation amount,
the volume of medium, transformation time, carbon sources, nitrogen sources, pH of media and tempera-
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ture had different influence on neomycin transformation. The transformation products of neomycin were

isolated from a large scale fermentation broth by ion exchange chromatography and identified by thin

layer chromatography. The antibacterial activity of four purified samples against Staphylococcus aureus,

Erwinia carotovora and Pseudomonas solanacarum were tested by bioautographic analysis. All four sam-

ples showed obvious inhibitory activity against Staphylococcus aureus and Pseudomonas solanacarum,

but only one sample had inhibitory effect against Erwinia carotovora.

Keywords: Neomycin, Biotransformation, Irradiation mutagenesis, Streptomyces fradiae, lon exchange

chromatography, Antibacterial activity
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T2hEINAF R, AR pH, = IARIRIRG 5%,
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B3 LL 600 mg/L WHTEE KIS RAEXT I, A —il50
IR TR A B 3 N EE . DUHT R R g o 8
Z B AL T AR X fk % . SR DPS 7.05
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SR 60 mg, B 6N ALHE, Rl A) $EAP 48 h SN
A 30 mg, £FF 72 h J5 FIILA 30 mg; B) 48 h )5
B 20 mg, 4%8 72 h 5 INA 40 mg; C) #%£F1 72 h

Ja—WKMEMA 60 mg; D) 8 72 hJ5 A 30 mg, %
Fh 96 h J5 FHINA 30 mg; E) #Fh 72 h J5 LA 20 mg,
M 96 h S5 FHANA 40 mg; F) 20 BIAERERD 48 72 F1I
96 h J5 4 MA 20 mg; (4) A[RIBRIEFE L5 K
[CHEFREE ATV PR VE R I 3R 15 g/, [R50
AR . RS OB CRIUBE . HERREAH R
B, IMAREHN 5 g/L, HARMIAZ, AR 15
REFR N X R (e R 2 20 g/L). (5) AR IEF L
I BRASERE X HRAN, DI aFaE N 1Y 5 Fhadim
OB (H AR . #iEm . AR . REARM
A& R 1000 mL ¥ 5= FL =408 0.743 . 0.723
1.792, 1.317 1 1.455 g), HAMD A, (6) Al
P A R s AL S Y R R R
Bi R ERG 9% 48 h, WIRZ KW SUZZ A uE bR 25
Bk FARRE IR AN S HIER 0.5, 1.0, 1.5,
2.0 f1 2.5 mL(7) A5 w0 5%
FeBEEE 6 NALFE, B 25, 50, 75, 100, 125 Al
150 mL. (8) ANFHEAumtmiss: & 6 N bBE, 43
EMATEZIEYIG 12, 24, 48, 72, 96 f1 120 h
SR, (9) HEFRIARF pH By &% 5 A4k
B, 504 6.5, 6.8, 7.1, 7.4 fil 7.7, (10) AN[EE
JEREARIRES: % 3 AN AbEE, R 32°C, 36°C F1 40°C,
1.5 FHAEF RN SIRAE B IZEN

151 HUBEFEMAE: LBRLELE
(10000 r/min, 10°C, 10 min), F-ZUJEHIE, &
THIEE RS 100 mL (3577 355 i 00 E 245 B A1
IVEZNA0

1.5.2 HPLC#&l: S5 220E5 14617 OPA A
AERT AR R Y g A5 AR Cog #1(S pm Az,
150 mm x 4.6 mm ID), i shAH A H B /K i (R B -
K =65:35), tEiE 30°C, #ERER 10 ul,
1 mL/min, fM3E 4K 280 nm,
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1.6.1 HFMEBZHUXEEF: R\ RS
BT R FR, AR A 3 L, e ibpiss
ZIEYEN 1.8 g Bl 500 mL =A% A 200 mL
AL FREEGHIC 1 %), WARARRES 48 h )5, %
2. 5% LUK B T AL SR B, dRSEESR 72 h
JE 1% 600 mg/L VEFENNABRRFT 2 R, PSR 120 h
Ja AU
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WHEAT 8 73S At E Ay s alide . (1) 55IRTERH S
FA MR FPC3500 (J&& Amberlite IRC50)4)446
Ak FERLAE 3.5 cm x 40 cm; B4 ALVR 20 550 Fe R il
JE, WA pH & 7.5, AR 500 mL, AR EHE
1 B.V/h, Fidsi BRI R BRI, P 0.25-2 mol/L
FUKBBEEVERL, Zr AR UEI L, 45 20 mL, W%
WSV 2 /MARL, TLC R, JRIF5 R S A -H
B -2 K (2:3:2), DL 2.5%El =i & B W W55, TE
110°C T W, SIFEHA T, 2) BlEFse
et s FPAQOCT it K5 e Ak 7= 1 1) 73 2 W fin 2%
B KRR RS, WUEAMIERR XA, T pH 2rh
P, DRSS KRR MR, WA E T, 3) St
FHES A2 et R Amberlite CG50 HAEafifh: ALk
A2 em x 30 cm, KMt JE U LE Y 25 B 1K
fi#, W5 pH & 7.5, LFERF 200 mL, b FF
1 B.V/h; Lk 0.05-0.5 mol/L Z/KH6EEVENL, 33
SEVENI, M4 10 mL, WUEWRAE Ve 2 /MR,
TLC #ail, FEIFH Rk m (). (4) 59MRM:
B iE Amberlite CG50 /MEFFR 4lifk: A3
¥ 1 em x 30 em, K50 B B S AL =D
WAL A B oK/, A pH & 7.5, BAEA
1100 mL, EAEFEE 0.5 B.V/h; L 0.01-0.2 mol/L
FUKBREEVERL, SR VENR, B4 6 mL, WU
W Je #E AT HPTLC Rl I3 22 8 77 15 W) (1)
1.7  FAFPEE N

K2 AW H 5 (TLCB) Jy 32 i % 1k =
VIR IE T, 2% Salisbury 25 (1905 8 Ak gkt
BRE 20 B Al A S T B 500 mg/L VR BE,
SRR SR TS LA - T -2 K (2:3:2) R TF, Fer 4%
TR T B E AR E T ) ECA 9 em BLARBE SR L,
SEHMNK 15 min, BIAGRS T B0 (6 B A 4
BRI . KEFSEPEIRTE . 2275 AR AT 3 R Y
AN E F R IR AL 15-20 mL, i 3R e e
A Z AT B RS A, 35 5 B [ 5 5 SR 1L
SRS 3740, 1F 36°C 1 Ei3%. H 0.2% TTC
X HER A ZS, MAREFRA R 30 min J5
T FRAH

2 5RE58W

2.1 FFIES BT RRAYTHIE
WP EE M T RIRE 400 Gy iS5
TRARE R 2 S IR SR i, BRI AP RES A K,
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FIE 1E MR E as R, SR ERH5 N 7 Bk
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AN, 4R R 9. 17, 18 1 20 BB R =4 T 5878
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1 BREFEEPFEIFERTE

Fig. 1 Screening of mutants from Streptomyces fradiae
mutagenized by neutron radiation

A B LIRWITHESSSE; B 5 3 KWL SR; C. D, E: #ERE
fgE R CK: R T BROW HR); 7-10, 17-20: 454k AL B P
Sk 48 S T 1 2 AL R

Note: A: The first primary screening test; B: The third primary
screening; C, D and E: Repeated screening by shaking culture; CK:
Original strain (the control); 7-10 and 17-20: The mutants. The
arrows in A and B show the possible mutants in primary screening.

22 HUEFRSEHERFUHEN

221 AEKMREMMERZLNNZIE: AH
JEE W T B B e AR I 0 L] 20 F#E 150 mg/L ARk
FE, B R WA (ISR ) s, 300, 450 i
600 mg/L 2 [A] 22 5 AR 5 i 37K, 7F 900 mg/L A4
o T A R (R AL SR I B R BRIV B I T
AR T He b, (0% 3K &5 5 ALK Y B 5
K380, L 600 mg/L B Wk B R4 T 55 A5y
HEH

222 HEZEAREFRME EAFEENEFM: EME
72 h % 96 h WIEMAH 5 R R B A H T HAL,
TEFRITE 60%LA b, HER 1A R 195613 B
%(21.4%), WH 3.
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B2 AREEMRENHERELNOZNG

Fig. 2 Effect of different concentration of substrate on
neomycin transformation

TE: /NG PR R AR R A [ R BE AL B 22 S A 3 (n = 3,
P <0.05).

Note: Values with same letter at different concentration were not
significantly different (LSD test, n =3, P < 0.05).
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1 (h)

B3 RGN E R E R LR

Fig. 3 Effect of adding time of substrate on neomycin
transformation

W NG TR AR R A 8O s AR WAL BEE] 2 R B (n = 3,
P <0.05).

Note: Values with same letter at different time were not significant
different (LSD test, n =3, P < 0.05).

223 HMEBEARFMARNSHELHZME: KFK
WA Ts KA —E (& 1), B. C. E X
F 4 RO AT i 88 R B IR Y, KL
& 255, AR D AT R AL RIS, Rtk Hefh
72 h J5—WHEMAJRY Or 2 OB IE L.

224 AREBBEXEELBFIE: X8 T 7 Pl
R R AL, (HDLH SRR, LA
A AR5 ARG 380 53 A A= A 3] 0 DA A i) HL Al i, 4
D 5 B m] RE XAV AR A A — 2 52 o HAy 6 il Y
R R AT OO 4, DL FURERR TR A 3 L R o
151(84.4%), VATEMEAERG U5 1 % AL 3 B 1 (52.4%), €
¥y T BRSO AR A Y, R R

Conversion percentage of neomycin (%)

(=]

F1 HEBHRELRRMA XN EURE N

Table 1 Effect of adding method of substrate on
neomycin transformation

g OTRER AL RIA RS [H) W R R

Method Quantity and time of added Conversion percentage of

neomycin neomycin (%)
A 30 mg (48 h*) + 30 mg (72 h) 59.8+0.5b
B 20 mg (48 h) + 40 mg (72 h) 64.1+09a
C 60 mg (72 h) 643+1.6a
D 30 mg (72 h)+ 30 mg (96 h) 54.6+2.4c
E 20 mg (72 h) + 40 mg (96 h) 63.3+0.7a
F 20 mg (48 h) + 20 mg (72 h) + 649408 a

20 mg (96 h)
TE: 3R BTN RN S i B FR ) BRI NE T REAR R
FRAL B 2 F AR (n =3, P<0.05).
Note: Data in parenthesis indicate the time after inoculation.

Conversion percentages of neomycin with same letter were not
significant different (LSD test, n = 3, P < 0.05).
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2 d
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5]

>

=l

8 40 1 | 1 | ] J

A 2 2 2 o
g,\“"o \\\90 &@e §°% N f,,c'»‘&
3 ¥ @ K

Carbon sources

B4 BEFEFEKEREMNFERELNZIG

Fig. 4 Effect of different carbon sources in medium on
neomycin transformation

T /NG PR ] BB R AN R b BE ) 22 e AN W E (n = 3,
P <0.05).

Note: Values with same letter at different column were not
significant different (LSD test, n = 3, P < 0.05).

225 AREGBEMEMREZME: AREERAES
KNO; X BAH L, X355 R AL 158 A — 2 1 22
S(E 5). BARS KNO; MM L EH 2R, HA
fiR . i 2R AN R A A BB BT 5 R e iR o o
FER, MAARRIERIER, FHIREMG1.7%).
22.6 TEEMHEMERHEZm: K 6 Z5REH,
PR VR o i B R R A B W 52 . 0.5-2.0 mL
R I AR AR, AR 2.5 mL B, H 1k
R T

227 ARIEFEES I BRI
] S W R T AR AR RE ), R 7 g AT I,
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250 mL =A% E 100 mL 3535 5L R B,
5 H Ath A B 1% 25 S 38936 B 1 25K

2.2.8 AR EIFELEIRZM: & 8 45 R KM,
B & e A IS TR) (R 3G, e Al 3 i B T kA

TG K 96 h JE A, B ZAXTHE LR A
60.8%, 120 h J& kil (9 A X 4k %R 67.7%, B4k
KiFREt R LUIMA RSG5 d Atk

229 EFEALRE pH MiELayEm: E 9o g5 %
B, pH N 7.4 WAL R 55 (69.9%), HN pH 7.1

(HE AL A SR pH), BraE RARXT LA 68.1%, X 2

S 80

K . a

2 [ 1 b L

WL

< 60 [ 1 =

()

ot

o

e

2 40 + .

S

g |

&

O 20 :

SLI R TS A

@ @ox \ﬁ%\ &§\°® Y3Q$ 6\&

Nitrogen sources

B 5 BEFAERRREMHERELMZIN

Fig. 5 Effect of different nitrogen sources in medium on
neomycin transformation

e /NG SR AR TR BOHE 375 A T A B8] 22 57 AN 3 (n =

P <0.05).

Note: Values with same letter at different column were not
significant different (LSD test, n = 3, P < 0.05).

50

40 F

30 -

Conversion percentage (%)

0.0 0.5 1.0 1.5 2.0 2.5
Inoculation volume (mL)

E6 AREEMEMNHERRLNEZIG

Fig. 6 Effect of different inoculation volume on neomycin
transformation

T NG R AR R B RoR AR AR 2R AR E0n = 3,
P <0.05).

Note: Values with same letter at different inoculation volume were
not significant different (LSD test, n =3, P < 0.05).
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80 a
70 b

60 bc

Conversion percentage of neomycin (%)

n
(=]

1 I 1 Il 1 Il 1 I 1 I 1

25 50 75 100 125 150
Volume of medium (mL)

7 AREFEEENFHSRELEZN
Fig. 7 Effect of different medium volume on neomycin
transformation

ANE FRE AR (R  BOE RN AN R AL ] 22 A B E (n = 3,
P <0.05).
Note: Values with same letter at different volume of medium were
not significant different (LSD test, n = 3, P < 0.05).

70 a

60 c

50

Conversion percentage of neomycin (%)

IS
(=]

12 24 48 72 9% 120
t (h)
B8 HFEMNHBERELNTN

Fig. 8 Effect of cultural time on neomycin transformation
/NG R ) B RO R AR A BE ) 25 R N B (n = 3,

P <0.05).

Note: Values with same letter at different column were not

significant different (LSD test, n = 3, P < 0.05).

S

£ a

S 70 - a

£ b

8

=

Gt

=}

[ C

en

60 -

g d

8

5

(=

=

e

2 50 |

o

>

=

o

U 1 1 1 1 1
6.5 6.8 7.1 7.4 7.7

pH

B9 EFEpHMHERHUHEM

Fig. 9 Effect of medium pH on neomycin transformation
TE: /NG SRR [R] 0 B0 378 AN 7] Ab 2 E) 22 5 R B3 (n = 3,
P <0.05).

Note: Values with same letter at different pH were not significant
different (LSD test, n =3, P <0.05).
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AR B 2 8] ) 22 5 A A8 B K, WO AT R R R
FrFRmE, SRS REE IR0 A48 pH. HiAlh pH 4b2E
() 3 Ak R AR AR T AR

2210 ARIBEMZEHEZm: B 10 25780,
36°C MEEALEE RN E IR E, & REEN
62.9%, % FE T A R T 1R BRI AR R0 IS B AR
WAk, 78 32°C 1 40°C T T35 3R I i b %
HREAR

S0
= a
Q
2
2 [
Q
g L
b 60
8 b
£ |
§ b
s so0f T
(=]
]
2
2
g 1 1 ]
O 40
32 36 40

Temperature (°C)

10 BEXNHEBRELHZT

Fig. 10 Effect of temperature on neomycin transformation
TE: /NG PR R BB R m AR R A R 22 R AR B (n = 3,
P <0.05).

Note: Values with same letter at different tempreture were not
significant different (LSD test, n =3, P < 0.05).
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7

c —>

b —

al —

B 11

Fig. 11
WA B TR Mg Amberlite FPC3500 ZH7(3.5 cm x 30 em)4> B4 f; B & PHE 732 g Amberlite CG50 FAE(2.0 cm x
30 co) 2 HTAFBS AL s C: 22 PHES 735 #e it i Amberlite CGS50 /MEE(1.0 cm x 30 cm) R BT 4N B ARE i CK: BRERHTES 2% IR 1-5: L2
Sr;al. a2, a3: WRFRHTEE 2% IS b—i: MTREAVHELLT W) 5.

23 BTXBENSBHERFZN"YH TLC
M &5 R

BB R A 2 B A R AT A B S B RE
TLC Z5H WL 11, 2855 0 1 BH B F 52 e A4 R
Amberlite FPC3500 ] 553 25, TLC a0 % BB 1954
A=Y BE 20 (B 11A FRBES by ¢ Fl d), 15
AEHERIRYE 2D E . 4 Amberlite CG50 14
YR, R A E I, BT R 5 4 dlifh
(B 1B B e, A1 g) & Amberlite CG50 /)
B, SR, 5B 8wk,
B R RBIRR) TR AR (B 11C TP BEA h
i),
24 FEZRHWUYRNEENE

SWZEY A RN, R ERE ™
Y4 AR O 4 003 2 E K TR R 22 7 A 1R B A
FA# B W, B 2 SRR K SR8
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Thin layer chromatography of transformed products of neomycin

Note: A: Samples isolated from cation exchange chromatograph with Amberlite FPC3500 (3.5 cm x 30 cm); B: Samples isolated from cation
exchange chromatograph with Amberlite CG50 (2.0 cm x 30 cm); C: Samples isolated from cation exchange chromatograph with Amberlite
CG50 (1.0 cm x 30 cm); CK: Neomycin sulfate; 1-5: Fractions from chromatography; al, a2 and a3: Showed the spots of neomycin suflate;

b—i: Represented the possible spots of transformation products.
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Fig. 12 Bioautography of inhibitory activity against three bacteria by transformed neomycin

A EEOWERRE; B RAKPIENE; C: 2T CK: BiRRHT R XTI (500 mg/L); 1-4: ZUALJ5 IR & R L™ 1)

(500 mg/L); a. b: FEAL 7= Yy B

Note: A: Staphyloccocus aureus; B: Erwinia carotovora; C: Pseudomonas solanacarum; CK: Neomycin sulfate (500 mg/L); 1-4: Purified
samples of transformed neomycin (500 mg/L); a,b: Spots of transformed neomycin.
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