Kor. J. Microbiol. Biotechnol.
Vol. 31, No. 4, 395-399 (2003)

Streptoalloteichus hindustanus 2SA| Nebramycin Factor 5' 237}
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The Effect of Oxygen Transfer Rate on the Nebramycin Factor 5' Activity and Component Ratio in
Streptoalloteichus hindustanus Fermentation. Kim, Jeong-Keun*, Byung-Kyu Lee, and Yong-Taik Rho.
Department of Chemical Engineering and Biotechnology, Korea Polytechnic University, 2121 Jungwang-dong, Shi-
hung-si, Kyunggi-do 429-793, Korea, Yuhan Research Institute, 27-3 Dangjeong-dong, Gunpo-si, Kyunggi-do 435-715,
Korea, “Faculty of Life Scinece and Engineering, Youngdong University, Chungbuk 370-701, Korea — Nebramycin
is a complex of aminocyclitol compounds that is produced by aerobic culture in fermentation process. The major
antibiotic factors produced by Streptoalloteichus hindustanus are nebramycin factor 2, 4, 5' and kanamycin A. A
mutant was selected, producing nebramycin factor 5' activity 16.4 times higher than parent strain by microbiological
assay using Pseudomonas aeruginosa CH-U34AF. The component ratio of nebramycin factor 5' was dramatically
increased from 34% to 70% by the optimization of fermentation condition. It was found that the component ratio of
nebramycin factor 5' in fermentation was especially affected by the oxygen transfer rate. Optimum oxygen transfer
rate for maximal nebramycin factor 5' productivity and ratio during S. hindustanus fermentation was elucidated to

0.50 mMOy/min.
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Nebramycin factor 5' 119§7}#0|Fe| MY

S. hindustanus ATCC 31218 ¥x8 =) (10” CFUMmM)E
UVE 127 2418 F, 35 %2] apramycin(2.0-10.0 mg/ml)yS
T3k 3 B 2w A (glucose 10 g/L, yeast extract 3 g/L,
malt extract 3 g/L, Bacto-peptone 5 g/L, agar 20 g/L)ell
Zbsled 4-647F 37°C| A A58 Wo|FE agar piece]
AE3Idet. g 7pHolFe] AHA] apramycing ARS-3E o]
= nebramycin factor 5'¢} apramycin FUZF TFol| A
A== 594 aminoglycosided] Ao B2 7}
3 Aol P2 o] oF5l nebramycin factor SETR= 2 1|2
= AA A8 AE71AE 2 e °"H]°] apramycing

o] &3le] A=A dEF WAdeo] & B:]o] Ageto =z
A nebramycin factor 5' AR o] & B:]"] g daz} s}
A}, Agar piece AlE wlA| & A fi glycerol 20 g, comn

gluten meal 10 g, cotten seed flour 10 g, ZnSO4 + TH,O
0.3 g, (NH4),SO, 1g, CaCO; 3 g, agar 20 g2 ZF5ol
o pH 642 & F 1 L7} 52 3lgict. 35°CelA] 9
o) wj ekl agar piecer nebramycin & 53] factor 5')| 7t
733 P aeruginosa CH-U34AFE IAFFE 3} 11y
7} ol FE Aailnt.

HiX| W e =A
Zalame) wrEx ek 93t AR wiAl=
10 g, soluble starch 10g, NZ-amine 2 g, yeast extract 1g,
KCl 1g, KH,PO, 0.5 g, MgSQy + 7TH,O 1 g, CaCO; 1 g%
7l 5 pH 682 3t F 1 U} HES: )] AME3}
9} Factor 5" A AR A]+= glycerol 30 g, com gluten meal
40 g, cotten seed flour 10g, ZnSO, + 7H,O 0.3 g, (NH,),SO,
1g, CaCO; 3 g, cotten seed oil 20 g, corn steep solid 5 g
S 59 pH 642 3% F 1 7} HEF sle 283}
Aot Eekaz wioke 500 ml A& ZekATe] wioFd 150
mliE ¥3 % F3s}e] 150~ 180 rpmeol|A] NBS 4330 shaker
= *}&3}@1 21077k wiefslodet, ke x Ag-2 7 Lo
BEXEEEEI)e) 4 Lo wiAE 92, 121°C, 308 549
Abtste] Wzgk F FiA] 400 mlE HEsHA o5
37°C, 1.0 vvin®] E7|3F 3}l 300~600 rpm] wHF &
E2 19047t wi<ksldet.

glucose

MAMEET(Oxygen Transfer Rate) 3

A GgLre] 232 Cooper S[112) el 2ls) &4
3193t} 0.5 N Na,SO; £94(0.001 M Cu™ A7HE wjekr)
o] Y1 57), wakshaA 44 Azkekeh 5 ml #H3led 0.5
N L £ 5 miE FA] #7islaL, 93 2A A& AAJeF
< 7K F 0.1 N NapSO;= HAsle] 48] miE 73 F
a7 e 2 HE ALAEEE(OTR, mMOy/min)E T8}t
o 2 OTR &A4-2 GHell 412 wiEe] = 500 ml %1
etZekazel A7 8 cm2] 671 bladeE zHe ©l2~= Eul

Y7} 3tow AR 7L WEZE A

HPLC 24
ETFE T S99 wiokd & 27 reaction vial(5 mi)ell
2508 @3l I M Tris 29 250 ule}d 4%(w/v) DNFB/

AcCN 49 1,000 uts #7138t F vpi g HEstar walst
tha, 60°C heating blockellA 4087t HE-AlAH F5l 7} vl
oFol 2] nebramycin factor5-2] amino group< dinitrophenyl -
A3} 3t o] uhglg- Aol uhygst F 4°CelA 30
¥ Bt wAEle 35 FelA7] v AcCONZE(3) 10l
£ Z7e|| Y3l Nebramycin factor £2] A&
$%= HPLC(Waters, USA)E AMg3led SAlslol.om ofnf) 2
A F2He UV -‘74-7“ 353 nm, Cig Nova pak Z#H(3.9 mm
x150 mm, 4 um), < 1.5 ml/min, ©]-54 AcCN: H,O: ACOH
(53.0:45.5:0.5)2] —?_;i} Lo =5 ARS-Slset £F EAEE
kanamycin A, factor 4, factor 5', apramycin 2 A}-8-3}o]
Aoz vl FA3Id e 13](Fig. 1).
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Fig. 1. Separation of the major components of nebramycin
complex from Streptoalloteichus hindustanus YHT-001 fermen-
tation broth.



THE EFFECT OF OXYGEN TRANSFER RATE ON THE NEBRAMYCIN FACTOR 5" ACTIVITY AND COMPONENT RATIO 397

Table 1. Effect of temperature on the production of nebramycin complexes.

Temperature (°C) Factor 5' Relative activity (%)

Nebramycin factor ratio (%)

Factor 5' Factor 2 Factor 4 Kanamycin A
30 58 28 39 14 19
32 64 28 38 16 18
35 75 30 40 15 15
37 100 34 38 14 14
40 78 25 39 13 23

*180 rpm, 210 hr, 50 ml/500 ml, 4 sides baffled flask.

nebramycin factor 5' 97} TAREE AES A, 37°C
oA factor 5' 97} F A&l 7 A eRdoh(Table
1). 37°C wj¢FA| 2] nebramycin factor 5’ 937}1:= 30°C wj %k
Al B} oF 1.7 942" nebramycin TAJH]E-S- v w3t
A3}, factor 5 6% E7FFAA9F kanamycin A2] FAdH]
82 oF 5% 7143}l 2, factor 29} factor 42] TFAIW] &2

Qe

HiX|H 20| B PMH|E WSt

Zekaze) vkl ekl w2 factor 5' 7 Y FAIHE
& ZEsE A7, 150 mie] wiekl gl 7 T2 o7ke}
FA9)8-% e gich(Table 2). Yrbg22 500 ml %
Zelazo) Z-eeko g okedzl 50 miel wix]e ek ¥ 3l
wh2 nebramycin factor 5" Q7fe} FAIR|E-S vl A}

150 mi wjRjed2F0 2 wjoFAl9] factor 5' 7l <oF 1.4ul,
factor 5'¢) FAB]EL 21% F7}8lg] o™ factor 2= 16%
18] kanamycin AL 5% 27t ZhAslsivt. o)k 2 A
ol whe} S hindustanus W EA] nebramycin factor 5' &
7hel FAREE BAAGEE B AANHGE T ¢
ARl RS Eelshn ankee) AN EE T ukE
factor 5' 7ke} FAJR]E-2] WIS ZARSIIC}

EajA30| mEkSEo| e FMu|E HHEt

Egpaze] wHkETo| wE factor 5 G7Fe} AR S
HAEZ A3}, 150 ppmAAEEE 0.5 mMO,y/minyell A&
300 rpmAHAAZEE 2,30 mMO,/min) B} factor 5' 97}
7} ¢F 49 A el O factor 59 TAR]EE 70%E
45% Z7}315iv(Table 3). Wl Fekazold S, hindustanus

Table 2. Effect of working volume on the production of nebramycin complexes in the flask culture.

Volume Factor 5' Relative activity Nebramycin factor ratio(%)
(ml) (%) Factor 5' Factor 2 Factor 4 Kanamycin A
50 69 45 20 25 10
75 76 48 16 20 16
100 92 56 8 21 15
150 100 66 5 24 5
200 76 63 5 19 13

*37°C, 180 rpm, 500 ml 4 sides baffled flask, 210 hr.

Table 3. Effect of agitation speed and oxygen transfer rate on the production of nebramycin complexes.

Agitation Oxygen transfer rate Factor 5' Relative activity Nebramycin factor ratio (%)
(rpm) (mMOy/min) (%) Factor 5'
130 0.35 74 48
150 0.50 100 70
180 0.90 89 60
210 1.20 57 45
250 1.70 36 37
300 2.30 24 25

*37°C, 150 ml/500 ml, 4 side baffled flask, 210 hr.
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Table 4. The relative activity and change of nebramycin complex produced with various agitiation in fermentor.

Agitation Oxygen transfer rate Factor 5' Nebramycin factor ratio(%)
(rpm) (mMO>/min) Relative activity(%) Factor 5' Factor 2 Factor4  Kanamycin A
300 0.35 64 52 9 10 29
350 0.50 100 60 13 12 20
400 0.90 50 42 26 12 18
500 1.20 38 37 32 17 14
600 1.70 30 19 55 21 5

*37°C, 1 vvm, 4 L medium in 7 L Jar.

RFRA] nebramycin factor 5' 97} 3 T4 v]&-L W& E
o ofsl w2 dFFS WS ERIBI HAY LSS
< 0.5 mMOy/minZ vepdel. 212714 Stark £{10, 11}
st S, tenebrarius AW ) FFF AHE-3He] nebramycin
factor 5' TAIR]ES] WIS BIsh v} glon) AL AGEE
2] z}olel] wre} nebramycin TAIR]E2] HEFc= A=
A7} #Hzole

wexo| wikEzo e TMH|E ¥}

g xo] e R ulE AN EEEE SA3E F )
FA19] factor 5' 3718} PSS WISLE Sl A7, 350
pm & AAALALGET (.50 mMO,/minS-E wieFA] factor 5
o] o7} gl FAu|Ee] 7R A vebgeh(Table 4). 39
1.70 mMOy/min ¥}FA| = factor 59} kanamycin A2] %37}
o} FAJu| o] W3] 7hastelar kel factor 29} factor
40] o7} 9l AAdu)Eo] F7Is|9ict. ole} 2 Aol we}
S. hindustanus *XEA] nebramycin factor 5' 97}e} FAIH|
2 AGEE Ak gl vl wzks] Wsigke gels)
B FHA AaAGSERG 22 ARRE AEE A= factor
5'9} kanamycin A 97} @ FAu|Eo| 43S factor 29}
factor 49| 97} U T4 Wge] FUIEE HAde] lFg
o}, o|Ake] Azboll Q8] S, hindustanus LIEA] F5E AL
22 hydroxylZ| 9] A4 Foizxk2A F-ARE F329] factor
5', 4, kanamycin A 58] F2E AAs=Y Fo3F &S
e ot ope} o5 ohE FE2EFH-E 2H= apramycin

QPN 2 S Fa AeEde.

DRFEet 1247t Ho|Fe| H|w

Nebramycin®| o3t factorg FollA factor 5ell5h %17+
gt P aeruginosa CH-U34AFE- Z|AdTE 3l ool &
AW o] A ZHE factor 5' LY 7P o] FF AEEI . S
hindustanus ATCC 312182%-¥] 3|75l sle] & A
% gH-& vFel &= factor 5 3197} M o] ¢l YHT-0001,
YHT-0002E- AE3lsict. SellA] gelsl A48 2713}
A 3% S hindustanus wild typez} LG 7} Ho|FE2
factor 5' H7}e} FAINE2] W3S v|w &3} Ax}, 11
7} ¥e]F YHT-0001-2 Eg-Fo] v|8l factor 59 J7}=
16.492] v]eFAQl 715 319d 2} factor S, factor 22] T4
ul-g-2 ZF7F 1%, 2% S7FK3 0 factor 49F kanamycin A2
TARE2 ZH2F 4%, 9% AHAst 2 Hesth(Table 5).

[=] ok
pel =

B A M= S hindustanus ATCC 31218258 A
" Wl FE AM83te] miofFE7lo] nebramycin T8 AYAHE
¢l factor 2, factor 4, factor 5', kanamycin A 52 TAH|&4}
A7l X odgks ZARSIICE. A¥ A3, nebramycin®]
factorE®] FAIR &> = G wiR| B ey, wuks
= 5ol el 3A| s e AR velyit) weid £

gl o) MR T AlAEE TS 2bz; 27 8ke] factor 5

Table 5. The relative activity and ratio of nebramycin factors produced by wild and mutant strains under the optimal culture

condition.
Strains .Factor. 5‘v Nebramycin factor ratio(%)
Relative activity(%) Factor 5' Factor 2 Factor4  Kanamycin A

Str. hindustanus ATCC 31217 90 63 6 19 12

Str. hindustanus ATCC 31218 100 59 8 18 15

Str. hindustanus ATCC 31219 80 57 12 18 13

Str. hindustanus YHT-0001 1640 70 10 14 6

Str: hindustanus YHT-0002 1270 68 10 14

*37°C, 150 rpm, 150 m1/500 ml, 4 sides baffled flask.
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Ak FHA Al D z71S 7EF) A3, 0.50 mMO,/min
22 wjekA factor 59 Grpt MR EokeH FANIER
70% ©] A& eRigich & 0.9 mMOy/min o] ARSE. wl
FA & factor 59 H7ke} FAIu| o] HA T FHAagk v
factor 22] 719} FAIR]Eo] FAF] FrIsldc). gH £
AFell AFEH Wo|F S hindustanus YHT-00013% factor
59 Q7= 16.491, factor STAIRIE-S <F 11% 4= F
F72 g8}, S hindustanus HEA] FFEHE AL
2] hydroxyl7] ¢} ofv]er]e] EAlfi-Y-ol whel 727t A
Z == factor 5', factor 4, kanamycin A®] hydroxyl”] A
A& $I8E AT ARRR. AR wF ohe} widA] F2el 2}
o] & Mol apramycin B IA A6 33 A Fola
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