Kor. J. Appl. Microbiol. Btotechnol.
Vol. 22, No.5, 538-543 (1994)

Streptomyces coelicolor®] 91%5 B UA| Al 2ol UE
Hlo] g0 g H3
HEF - O|AHIE - =Hs*

MECHE L XIHECHS DIYZSnt EXI0|MES 1M

Effect of Partial Oxygen Pressure on the Growth and
Defense Enzyme Activities of Streptomyces coelicolor
in continuous culture system

Park, Yong-Doo, Kye-Joon Lee and Jung-Hye Roe*
Department of Microbiology, College of Natural Sciences.
and Research Center for Molecular Microbiology,

Seoul National University, Seoul 151-742 Korea

Abstract — Effect of partial oxygen pressure on the cell growth and the activities of oxidative
defense enzymes were measured in the continuous culture of Strepfomyces coelicolor. Both the
wild type and the mutant strain resistant to hydrogen peroxide were cultured and the dry cell
weight of the two cultures were measured at different oxygen tensions. Growth of the wild type
was inhibited by oxygen at above 0.5 vvm. Growth of the hydrogen peroxide resistant mutant
was stimulated by pure oxygen at 0.5 vvm but was inhibited by oxygen at 1.0 vvm. Therefore,
growth of the hydrogen peroxide resistant mutant was less affected by the deleterious oxidative
stress of oxygen. Activities of the several defense enzymes were also measured at different oxygen
tensions. Activities of catalase and glucose-6-phosphate dehydrogenase increased significantly as
oxygen pressure increased in the wild type culture. In the mutant, however, increase in those
enzyme activities was not obvious whereas the uninduced levels of the above enzymes were higher
than those of wild type. As judged by Western blotting, the amount of the major catalase increased
as the oxygen pressure increased. This indicates that the induction of the catalase activity by
oxygen pressure is mostly due to the increase in the expression level for the major catalase.
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4 wjeke Ex}E FHA wA|(Difco casamino
acids 5g, (NH).SO, 2 g MgSO,-7H,O 0.6 g, polye-
thylene glycol 50 g, trace elements solution 1 ml,
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t}. pHe 9354 FJZE o] 83l 7022 FHXAIH
3 AbA L.eleke I7I® (.25 yvm(volume/volume/
minute), 1.5 vwmeo.E FX3AHY, & ALR 0.5
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Superoxide dismutase (SOD)Q ¥4 &3 @ 84
22].2. Beauchamp$® Fridovich(7)el o&} ¥k-g ¥
FE2& 0.1mM xanthine, 25pM NBT, 0.1 mM
EDTA, 0.01% xanthine oxidase-S sodium carbonate
g2 f-oi(50 mM, pH 10.2)ol M E FFA4E Hr)3)
o HFE ¥Hr} 1m/e] HES Y}t SOD7F U=
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£% & 560 nmolld 245, Y $=F 50% W
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A o) 815 o}

Gultathione reductase N &8 | Smith 5(8) £
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(DTNB)7} g o 24 412 nmellAY FHE7F 5
7¥she AE &AL 4k E3EE 100 mM
olAl 9% LYPHT76)«! 1mM EDTA, 0.3mM
DTNB, 0.1 mM reduced nicotinamide adenine dinu-
cleotide phosphate(NADPH)7} #7F=|%lc) 1 unite
dE E<ql 1pumole] thiobis(2-nitrosobenzoic acid)
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Catalase2| Western blotting

SDS-polyacrylamide gel 2| Y& . Hames®}
Rickwood(10)¢] uPH-& w3l SDS-Ed<% k3
8-0 wpalo g Alc} AL 49, gt AL 7.5%F A}
£}t A8 32 298 F5 SDS sample buf-
fer(125 mM Tris(pH 6.8), 4% SDS, 23% glycerol,
0.002% bromophenol blue)¢} A E313taL 537 8
F A7) QdFck A A4S 9% B2 9
A2+ fructose-6-phosphate dehydrogenase(85,200
Da), glutamate dehyvdrogenase(55,400Da), %! aldo-
lase(39,200 Da) 52 AH&-3t%c}

Immunoblotting  Gershoni®} Palade(11)¢] wHj
£ AHE3lixt. SDS-PAGE A& FFT=2 4L F
ol2] transfer buffer(15.6 mM Tris, 120 mM glycin)
of 208 A% AHAl nitrocellulose filterol] 4T o} 4 170
mAE 90 <l electroblotting2 3}4it). 5 mig
blocking buffer(0.05% Tween 20, 0.1% BSA, 1 mM
NaN;, 1XTBS 5 m)Z filter& 1X]%} %<4k blocking
AlF ) Catalase® UAX3he (R AEA 73R
ArE 15009 34 vjEE o] FI AL
16~20A17F F4F ¥wh8-A1# o). Blocking buffer2 10
27+ 4 A% ¥ alkaline phosphatase®} <124% 23}
A E 1 10,0002] 314 v]EE H7IRE F, 24
A1 7F 29k w2213} FilterE t}A] blocking buf-
fer2 10%7}, alkaline phosphatase buffer(100 mM
Tris(pH 9.5), 0.01% MgCL)= F¥H e F3 U
3-8 A P3lgicl. 70% dimethylforamidesl] p-nit-
roblue tetrazolium chloride(NBT)& 50 mg/miZ =
¢l 89 66 Wt 100% dimethyl-foramideel| 5-bro-
mo-4-chloro-3-indolyl-phosphate(BCIP)E 50 mg/m/
3 =9l &8 33 W& alkaline phosphatase buffer 10
miof] Weo] 4L F filter7} ¢ U= £V F
vhS-Al el oF 3087 Eep4-& 9 bandr} el
W7Hx] ¥-sA1Z F, SRR AL filterE RSt
At
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AbA F-gte] MlE ARFe] M| g]le® A3l
A3 A e AR AE3E o & )it

FAR3 A A A Eed o] AlEL] AAFE oAl
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Fig. 1. Effect of oxygen on the growth of S. ceelicolor
in continuous culture.

The partial oxygen pressure was modulated either by
bubbling air at 0.25 vvm and 1.5 vvm or by bubbling
pure oxygen at 0.5 vwm and 1.0 vvm into the fermen-
tor. Cell growth was monitored by measuring dry cell
weights as described in the Material and Methods.
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Fig. 2. Effects of oxygen on the growth of hydrogen
peroxide resistant mutant N7 in continuous culture.
Cell growth was monitored as described in the legend
to Fig. L
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Aok 536, AEA 2EH AR 83ty AQrhEE
AbA 0.5 vwme] ¢ F7] L5vwvme] 9ol B3] <F
4uf, F7] 0.25 vwmel] vl A+= 2F 7ule] catalase
&4 Z718 B sdeloh =3, A4 L0 vwmell A e
Ab4a 0.5 vvmel Bls] &4 #AJe] #7131} Glu-
cose-6-phosphate dehydrogenasex £7] 0.25, 1.5
vvmel 4] &4-& A3 A7} F7] 025vwme] A%
B} $7] 1.5vwwme] 7§, &4 gAdo] o 6uf Z7}3
712 &8 4 919t Glutathione reductasev} supero-
xide dismutase—= Al fdede] wWHilo)| S g4
a4 e A&H Fobs #Ee 5 gledch Glutatione
reductase= Ala7b AR s8] Qglo g 283l
A 05 vvmell A F7] 15vwm f#9) wlel]l nlsf <
1.5v0 2] &4 &Ale] =715 B <= )%, superoxide
dismutasev 13809 F71E 2 4 ik ok
P S coelicolore] 77 Aba Eslo]l HA Fo
el w2} catalase?}l G6PDH 43 o2 Z7)3
HA AR A AEY A e @S Kol wbi,
superoxide dismutase®} glutathione reductase?] &
e B2 HIPL Q58 Reol Aty AEd e
3ol catalase®} G6PDH7} v 23 &g dh=
o g oA} E&|, catalase?t GSPDHS 7%
Azt A FA A3E vl F7HE7] 025~
1Lo5vvm)d| M= A3 S71%E Rol, AEHA AL
7} old A= o5 &4V FEEH AE A
g 2213 #89ld 4 il

HhH, e[| vlojil A8 s 2
At opdl ¥ T o E S B & 2K Table 1),
+7] 1hvwmes Aaid FYA7le A =4
oAl el catalase A2 ob ol wls of 1.5
=929, G6PDH+ <F 50%, glutathione reductase
= 7o g EAE B4k o]+ Lee F(5)°]

b

Table 1. Specific activities (U/mg protein) of defense enzymes in wild type and H;O;-resistant N7 mutant at

different oxygen partial pressures

Oxygen 1.0 vvm

WIlld Type enzyme Air 0.25 vvm Air 1.5 vvm Oxygen 0.5 vvm
Catalase 228 441 1615 1910
G6PDH 6.1X10°° 3.7X10°° NT NT
Glutathione reductase 21102 1.6X10 2 25X 1072 2.9%X10 2
SOD 38.1 42.1 56.1 425

Mutant N7 enzyme - Air 1.5 vwm Oxygen 0.5 vvm Oxygen 1.0 vvin
Catalase — 683 968 1110
G6PDH — 1.4X10°° 1.1X10°° 09Xx10°°
Glutathione Reductase — 20X 104 1.7X107¢ 1.5X10 ¢

The values are averages from more than three experiments. G6PDH: glucose-6-phosphate dehydrogenase, SOD:

superoxide dismutase, NT: not tested
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ofa o] ol ul A H]EE—J A} oA (growth
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2]&8Fod Western blotting-& <3) 3} cHFig. 3). S. coe-
h’cgzaroﬂ}; 3l ?]oﬂE,&] a]E ﬁ:-&:_;r}. t,].E.. iag_} ca-
talase7} A A== 7o 2 A48 FH=d(13), 1 F ¢
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= 342 o)a-3lgic)h. Western blot F3} AF&3F ca-
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Fig. 3. Changes in the amount of the major catalase at different oxygen partial pressure.

Western blotting was done as described in the text using antibody against the major catalase Cat 3~2. Protein
from cells cultured at air flow rate of 1.5 vvm (lanes 1~3), oxygen 0.5 vvm (lanes 4~6) and oxygen 1.0 vvm
(lanes 7~9) were locaded on each line. The total amount of protein was loaded 10 pg in lanes 1, 4, 7: 20 ug
in lanes 2, 5, 8; and 50 pg mn lanes 3, 6, 9. The positions of molecular size markers were indicated on the

talase®) &l BAef 57kDad <t siwWAS o
A4S Falstgy, gepa] B Agd ARERE AE
=2 Yol cross-reactivity S Ho|= tfE oW
2 FZAEA] oS #Flstgdch A Wb A
AN Ax = gkl A o) v PA & Hol L S+
gralslgcHlane 1~3, 4~6). L2{1}, lane?] Fo| &
T 79 vH A S #3377t o3 dokane
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(band intensity)E ¥|xgt A lane 37 49] #l=
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Al AL F A 50 pg e catalase fel Ak
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245 Z71Z3HTable 1), sh¥d o g FSAF &
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Az el chuial oke] Z7te] 7]]lem, f- =X cata-
lase A& o] gHH % catalaseq]l Cat 3-2¢

713148 A =itk

A4 wfekAl sfakstAE g2 RS FAas
Tl 2)]F catalase &4l o] F717) EEbk3 nloke]
Aol da]sle=x] ool watc) #Aksl4- 100 pM
2 haze) wokRe ek 30 F AMEE Lo
g2 A8ty Ay M) vlws] 2 A7 Ae] A
ofl4= 896 U/mg protein®] catalase®*do] Az Fol+=
1239 U/mg protein 8. & £7}3}9ic}. o]+ Lee 5(5)9]
Ay e} A= F7F Folrh o] 2A| ofA3FH 2
oA mfekAl FAksbpane) o3k FubAAd wigk
A1) oFAtat AL g8 o o it gk o Y 9

m& i —l“'
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