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NREMA STOM] MALHY Pseudomonas aeruginosa
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£ 978 B3l YRS T8 M3l Pseudomonas aeruginosa® o183 A7 543 AE AR Sle]
8] IO Fxo] FPoll Y FA4E o4, HsAelA] $-84E 2 sigd. 2 A4, £ F2 DO FEY I}
o] wjebd M X 42 149 A ZAEE o2 e, B3 AE 282 A =9 Sl Q§ Ae] ok
g DO Fx9| F7Ml 2ft oz Jepgel. ol2jgt AMIL uigle g Y4 DO FEME A X £-80) FARIAE
7H 4 Sl HolFE Wol¥ NTG 5% 100 ug/mi, 30°C, 127t XE|gje] AL IF- D-cycloserinesl] 2] 53l
F& B8 B HolFE A% o] B4 Wo|Fol Uigt M X 82 DO 9] SVl e} i AYE e}
ysien] 1 82 DO 5 36 ppneilA oGl w2 W, oF 55%2] ZHAEE vehllE 722 Ko} o] F
71 g A48 AT SHAGE 383 FAAAL £ 9 ALE JgEc
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Z4& 2 A ¥ (Activated Sludge Method)E o]t H5A
A oA SRS AR AL At A s
Uz AAREH T olfd FS AAg G 2ZH ICIHE
Deep ShaftE ©]83F 4EZ 71 (Deep Aeration System) L] A]
= w247 (Pure Oxygen Aeration System)© 2 #4232
S INA RS AT de g g3EA 4
, @A) 25 FlexE el A de] o] &H A5l k. 31A
13E 7o ME jhE-x 8pe] gtEo] qto g Qlsf 5~
13tel 23le A 9o, &2 2k4(dissolved oxygen;
DO) T ¥Hg-E29] 4ol HlEste 50~60 ppmoll E3l=
AeolH, wehr] olafst pE&-ZM Y PAE AEe 1Y, I
DO &% oA A a1, AR oj#g A
et Akl nigshks Aex Bt} ey, dA7HA
38h, AIDO FX 3ol JojAe] vAES] AFEAS AES
ATE E3A EARKY, 2, 3), A, EE, AVHEE B3 AL
DO Fk dollxe] WFELE AR & 23, IDO T =
AN ME MFE FE(cellular yield)o] 23] Doz 7o)
UATh= AME o]n] BilE]olA] Uthd, 5, 6, 7).

olgigh AMHE vl e E B Ayt AR ede 84E
Y= Fo F8 AT s Pseudomonas aeruginosa® .
%, DO T 3PlAe] AASA 2 #HpAEe -84l
i3l ekztel g A& v} Afstast gt
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AMSTEF U WX=y

de] ¥3X ¥ 4F combinart?] #H5AE)E E4E2 AT
B3 Pseudomonas aeruginosas B AE o AESIHTH ALE-
Hi |2 A= bl A AR R A], HEE AR i %]ofl vl g
299 F=r @A o]AL A E e g k=, A
Hae] 2439 Aol dAshe wiAEN T 0.5%, 2
271959 v1%9] beef extract® T4 E o] UTH Table 1).

B QF e

FTHG: B2 540l 7Hed 7hAl Y 500 k" Eebs
Fof FE wiA] 50 mioll APHMAZRE d& HES H,
30°C, 125 rpm, 7 cm-stroke®) ZZ1oA) e XS 3141},
Auhif g vl Fg=19] ek Fig. 1o YehiQlt draza A
working volume 1.3 /2] A& 7FX31 &7), 44 s F7)-
b, F7)-AA EJTIAE Taxd) FH319 6 atm(abs.)7t

Aol e 714 ke W b RSl e Fsisch 3

Table 1. C(;mposition of culture medium

.

-

Component Content
Glucose 50g
KH,PO, 15¢g
Na,HPO,-12H,0 30g
MgSO,7H,0 03g
(NH,),HPO, 30¢g
CaCl,2H,0 50 mg
Meat extract 10 mg
Distilled water 1,000 ml
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F7k0] fEe Agshe Rog A3 AjFo| wMslghom of
WE FEzANME REAEE 851 1 vwme] HEE A
o3t

Wiz Ac 2 $A4 working volume 13/°] HEFE
(OD660 nm)= 0.10] FEE [Ed 30°C, 1,000 rpm, pH
738 RS 2 AbasEol A skt

Ho|F ME™A1.3)

NTGO &% WolAE]: WolXz s At MEnjde WY
I FAzANA PR} ojef @A FEE 0.10] HAS o )
UA 5 mie 022 um HTo R oG H AAHE Z2oh
2AZ FAE Trs bufferpH 7.0)E2 33 T F, NTGNN-
methy!-N'njtro-N-nitrosoguanidine)& 100 pg/im! F=2 &34
7] Tris bufferol] AE3LT 30°Col M cOETF M o)X & st

D-cycloserine®)] 2]@ =% He|X 2§ THEHE T
oA}, A ¥ Tris buffer® F-2 T, Sa|d= T3 9y
o2 U5FA7|(0D=0.1y}4] F2ste HoldaAugs ot
o] wru] ol & A2 wjAlol HF3L(0D=0.05) AT
el g Y% HeE AXE TRt 01857 A
H9-8 o), D-cycloserine(HFFE 250-300 pg/mlyE H7Fstd
TAZE A A BH o g Holhs B 5
vjoke st 5 &, sl 30 mis SAE(10,000
rpm, 10 min)3t] Vol MEE FHEFE 33 AHT ths,
30 ml F7ol gt AN H, FAAG T FE
0.5% L H71e vk oA 48A17Y il akdet. =&
g+ ol Meth WS HEo)she 23l EEYgE s 2%
B dE st

Replica®y: 1, 23]9] F58)%S 3 FojAloA Lol &
2Y FolM e Z2UE JTH &3 FHE agar B2 2
Aol 3l o)E BRE F7] B LT Z2} 48~72
A1ZE, 30°Col| Al Fsl .

WOl BRIY: Hou oA F2Y FATAY FAA &7
FoME wx Fade A e FRUE 45t
2 2 AP fUFE B1 olE FEYE HAIAMA
tgot. frddelae Bde & Sekad &4
gt [Eete] TS s es g
&S SAAH

o}
—_

B

M ofv
& ff
£
e
of

-

o4
o}l
<
e

pus]
==
3
S
2
=
K

=AM

ATFE] &4 el A v 3% S48
71x) gd ZepAmsE B335 AHiranuma EPO-B Type, 660
nm)el N FHEE SASAT vldA o AE 2T 239
Az QAEL 9,000 rpm, 10 min)d FHF AHELE Z2A
105°C, 12817 A2A171L &, diAAlelHo] BastdA 3ol
g A ZAskact 99, dExdAe) A v FYL
vt s st s Aujsel ot NS 5, EFFEA
(Hitachi Model 100-10, 660 nm)|lx F3=E =343}y, T uf
S zel] met A Alv|e} WjdER Ald AixTRE 53
Epit=a
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8. Fermentor
Fig. 1. Schematic diagram of the cell growth fermentor.

FeFere] 24 vjddg A4EeEaL FE5dd thal W
¥ Somogy-NelsonH (9)ell 28l I =5 AT

a3 ¥ g

Pseudomonas aeruginosa2| &S0 O0iXl= DO =2 A
&

MESE: Pseudomonas aeruginosas TEZ(Fig. 1OllA] uf
Fsl AE FEoll vXlE ZHE 88440 JEoEH oy
714 DO Tx ¥ ZH39] ShEA v, AESATH(Fig 2).
$4 F2E T, Akl vl 10A1200) 2FEAE WY
AHEGL HE BEE 22 oo B3 oldf DO F2E A
AN F7E T A7) WE DO FEEE 7.5 ppmBAE
olAwt A E2] Lo wWE DO F=9 AHd3k= oF | ppm F=
of AR geth 3, F7IE THEI 67149 7z
A wlorsl ALFig. 3), MY 11N HE FEv 1.8 g/l
23l Fig. 20 A7}l wiwabd o 20%8 % AE F&o] i
gk oo ©E DO FEE 6719] 7ol sl
45 ppm AEHo}, AX ] 4kA4ule] WE DO FE A3
= AA FAE § de Bxe AT o g Ad
2ol 2bn-Frle] E7IAE TFEY FE 28 vE 24
9] DO FEAAE AT AkA Ao @2 DO FEY A3}
T EFOE F ppm AR AR Fe RASE 7T v
AelM e DO T 74 TPAA 9 ZIDO FEAA ik
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Fig. 2. Time course of growth of P. aeruginosa under the supply of air

the normal pressure.
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Fig. 3. Time course of growth of P. aeruginosa under the supply.

Aog 7439t Fig. 29t Fig. 39lA &< nke} o] 4
EE DO B9 F7ld ©E AE 89 AP A

2L ke 23 A2t DO F=Y F7Hl g3 AWEE
peteted Fig. 49 YeRA]YE 1 E¥, DO % 7.5 ppm9
Ao HE 58L& 043, 36 ppmCALOlN TALE FHT A
$9} B8 FFIA SVIYSE JIFE A9 §Y DO F
)9 A% 03989019, DO FE7} Z7isel Wt M a8
#HA8) 7143kl 90 ppm(Fig. 49A F71 3%, 24 27%9]
EF7LA B8 671902 7R A9} Aol 006714
73kt A 7igte] AxE vin bl kA oA
o] H|ZA AE 8] ZAEths Aol FRIFHAG. o]z
AR RE 71F &9 sjolA dzte] T A EHAE F
o] ol AE &l the A=} DO =4 STt o
& 31 Laatolel] BEsh] 7A4dka e BROE Hol A
¥ 480 7iAE oy 1 2 93 Zol ol DO FEY
Z71ol <3t Rolzt £t

Z| | ZA|& T (Maximum specific growth rate: u )

Pseudomonas aeruginosa ¥°15 M-102] A5 285
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Celiular yield(-)
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Fig. 4. Effect of dissolved oxygen concentration on cellular yield.

Symbols

Pressure (atm) Composition of upplied gas

@ 1.0 Air

* 5.0 Air
L 6.0 Air

0 1.0 Air+0, (37%)
+ 1.0 Air+0, (78%)
| 1.0 0,

A 6.0 Air+0, (5%)
A 6.0 Air+0, (9%)
& 6.0 Air+0, (12%)
4 6.0 Air+0, (16%)
X 6.0 Air+0, (27%)

Fig. Sl AES) Houl FA%E(,, )00 He DO FEo]
Jee Uephich AZ 589 %95t FYsPI DO FE
2ol Wk p,, = dashe Ao vl 4Rl DO
S} e HAE Roe ok

HolFe| R

QoA A mjYARERE DO FEUF & AFEMN
Ao} aba HpA] mE BASHAYL EeiAFY]
Agfs HolA §853% wHo R delx Ur] diol At 3l
Aol DO T HE F8o] Fe WolF f2rt Jhsdt
thd EARE ARREHAAT e F7HoME iAo

F23) 72Ad & Aoele B wh o BHo) Basks W
ol59) =S WS

NTGY B%: 94, HoldoZE AMEEA &= NTG §
A FEM NIGEHE F AXo MEZo] v £
NTG =oM% 83| Holrt dojuls 538 7HA31 vk
3 AEL0] F%olE U F Y& NTG FZolA BlolF
2 953 A Aol MIEE 1o FgE Holrl oA
Tk AEgo] vy o] Ag = e WolF= 1 U He
g AZHo T dogy = Wo|Re LxlElE FHoA
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Fig. 5. Effect of dissolved oxygen concentration on maximum specific
growth rate, . Symbols are referred as in Fig. 4.
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Azt u, JEEO] 10~20% BE E F A=F ke woldd
o) FEzAo] Al HolzAolh & woldd A8Z
o, pHE A& 5 e WojFe] AR & 9%2 v
24 ok 941 NTG He] 22& g-isr] st 25

[e]
2 A Agd NTGE 59 A, o5 789 &oAe= =
7] o1& H-g ko] Tris-maleic acid(pH 7.00& & ol

o]
S S o, B FFe J8ARE 9, AEEE HEH
olen AIYE F& Ayt £F HAE vl NIG 555
30~150 ug/mie] HelA 30°C, 123 HolXF S 3l 4
25 AEsIATh 1 A NTGEET} 100 ug/ml B3olA A4
FEEL 10~20% F =2 JERN Atk (Fig. 6).

F3ug: NTG AP E 3 AEe gA S48 AZE b,
Hol7t Hd Ve 7ML itk 2eu drEu kel A] v
WHol R Al F4517] wWiite] HolF g Mdyos 4
T £ fith qr)olA] dEluG F rielFe eAdom F4
1o Wol 3= FekA] @ 28I %S sl £ F

of

Table 2. Cell yields of P aeruginosa mutants
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Fig. 6. Effect of NTG concentration on cell survival rate.

Aot 2L AEE APEAT = FAEEE ARSI
HolF= 22 82 g/ € Aot} Wl o]9} 2 ujek
271 9 FAERe] M 5HoE 3= HolFE 7] A
W9 F8§ Fedoldh Byt 4 widExHeg e £ALE ¥
FoZ 8] A EFAE AAA7) 3, SHEARE AEY F
4 As] ALS ZEE penicillin(100 pg/mi), bacitracin(50 ug/
ml), D-cycloserin(250 ug/ml) % TAFEA A3 2He-8 2=
dihydrostreptomycing AH8-81 Z4zhe] F&of tidle &%
£ 3. 2 2, 4% FAEEDS X w5 gl A
8,0004970¢] FEUE 3t o1FA st Gzl F=Y
A Replicatell 23] £H o2 3= o5 Hdsigrt. ¢
3 IDO FxENA A FEo] WojRe F2UE 2l
Aol st el e EAE A €o2 37 ¥
Tk Foll A v HadellA 7] FlXs RS AT
Ak oM ARSI v EZUE B3 WHol|Fz MY
stHL) ol#d 2HE WEE 4 e FZEYE D-cycloserine
£ A& RAA 10742] 2 Tlo] AojFth(Table 2).
HolFe] l: Lol 107 WHolFe tia] HE 88

Replica(1st) Replica(2nd) Cellular yield
No. Ist 2nd 3rd
Air 0, Air 0, Air 0, Air 0, Air O,
Control + + + + 0.30 0.25 0.29 0.24 0.30 0.25
1. + _ + - 0.24 0.29 0.22 0.20 0.28 0.28
2. + _ + - 0.24 0.18 0.27 0.24 - -
3. + _ + - 0.26 027 0.23 0.26 - -
4. + B + - 024 0.24 0.29 0.27 - -
5. + _ + - 0.19 0.21 0.25 0.25 - -
6. + _ + - 0.26 0.27 0.22 0.22 0.30 0.29
7. + _ + - 0.25 0.28 - - -
8. + _ + - 0.28 0.28 - - -
9. + B + - 0.23 0.20 0.25 0.23 - -
10. + + - 0.21 0.15 0.23 0.15 0.19 0.16

+, Growth; —, No growth.
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248 2407 Fghilks 3 41 10719 Helgel o
8 WAL st F7] FolA ARFE EefiTe) $AE
FEIAA ARFE 3 FukaAe] HE &8 v HE
3 Z3KTable 2), No. I~No. 99] WolFe] AX F&& F
ZollA wjokdl 39 oFH T o7t ZEAFATE £AALE
F3 399} vlsushd 489 Ao|7} Ho|A] &g} o|efd
Aol ¥18 No. 10 HolFe] ME 82 37| v &ikh
FEE o A9 % oflFol Blast 1 8L e Ro
et oje) @2 A HE] No. 10 Ho|F(Pseudomonas
aerug-inosa M-10ye B ATe] 3o B3l wol:g w
dElo} Wa A 9] A AFol tha) BES AT

o Kl
N

> ol

i

—

Ho|F M-102] ME =40l 0jXl= DO T ¥E
WolF M-1089] AZ g9 YXE DO =9 F%: 2o
A WHoFEM-10= Zet2aueke] AxolA 36 ppmA =] DO
TR A EAAE FEE Aol 8ol HE 5
g8 R3] Tadhe A0E AZEY] B DO F=9] A
S 36 ppm7hA o] WA FAEAE HESHYAT HEH
2z 78 FFeL AYE FAMDO F= 7.5 ppm)Tt Wi
FAFE Fig. 79) YERARITE vl oAz ol B AL] 4]
Ha ) AT FEE 2 giol 23 o1Hd A= Fig. 2

Dried celi weight(O-0O ; g/t)

N
Residual sugar(A-2 ; g/D)

n A )
0 2 4 6 8 10
Time(hr}

Fig. 7. Time course of growth of P, aeruginosa M-10 under the supply
of air at the normal pressure.
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Fig. 8. Time course of growth of P, aeruginosa M-10 under.

Pseudomonas aeruginosa ¥°15 M-109] AAAE 287

Cell yieids(~)

0.2
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Fig. 9. Effect of dissolved oxygen concentration on cell yields of P,
aeruginosa M-10.

ol vehd oo wioF e} vlwshd FUI 2AE
Ehe gl @2 DO BEAAE #olFE Ao EAS 135}
Zihe Ao vehgth 39, 2y AYPo2A 36 ppm
DO F=olA ujdst BTE Fig. 8ol Vet wFE = 48
AlZbel Be AR AHFED Hd HE FET 085 g/Lollth
olgiZt AME F7] FolA ZAEAH vluElH ME FEE
oF 40% A= 7TAasld DO FE9 JFS wol HolFE A9
EAS A el gle AoE AeEgln) oo olg
£ EAGS Ad M-10 HolF2] AE &9 HX= DO &
o] 98FS Fig. 9o JERAUTE M-109] AE 482 DO F=
7} 7.5 ppmCdLel A F718 FFSH Aol ) AT =
04302 opjFel o] Hlsdle] Wolgo] BA4S dW B F
AURAG DO FE=7} 18 ppm(FlA F71akAhe] EFIIAE
TEE A-9Y "= 0345 el eH DO =7} 36 ppm(
Aol A sE FFT Aol U o, oRFY Ax
FE0] 042 AERH Hle] M-109] AE T8 023 AEE
Asleld ol 2ol EA-L FH-3] el

ol4te] A2 RE gzl HEAIE A M-108 Zo
DO T=7F 4 ppm AEANME AT 588 FH3] FiA
4 4 9l HolFE o83 AEFE A WA 7ishy

0.3

Hmax(hr™")

o —
0 10 20 30 40
0.0.(ppm)
Fig. 10. Effect of dissolved oxygen concentration on maximum spe-

cific growth rate, 4., of F. aeruginosa M-10.
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A8 af83A) s Felel FrlzdX A RS FAaAA
7FsE AARE Ao AZEn

M-10 ¥olF9] HgHl F4&Ew, ol VIXE DO TE
Y Fig. 109 WolF9 g o PIXE DO Tx9 e
Yehiglch o] ayeA BE uie} 2o] DO FE9] F7bl
wet p = Faske A el AR Do FxUt 36
ppm W, opAFe] u = 0.5mAFEL A vl M-109]
P = 0.15/me2A] THES] H Yo} EG opYF+= DO F=2
7ol met AE 2L AR Az B2 1A &
= Ao BFDO FE 60 ppmYd W, ME F& 029, viFA
2 12407h, M-102& A9 Z& HE 528 030] fojRt 19
Y} DO % 27 ppm® ¢, #ldAizle] 2047t 2 w9 A
A Ao veht, M-100] FIAE DO FE9] F3H ofy
) v]X= DO TEE vaEE AE O Ao E FAukHEn
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ABSTRACT : Characterization of Pseudomonas aeruginosa Growth under High Dissolved Oxygen Con-
centration : Selection of the High Dissolved Oxygen Resistant Mutant Pseudomonas aerug-

inosa M-10.

Hang Woo Lee(Department of Biology, College of Science, University of Yeung Nam,

Kyoungsan, Kyungpuk 712-749, Korea)

The effect of dissolved oxygen(DO) concentration on the growth of Pseudomonas aeruginosa and it's
mutant M-10 was studied the growth kinetics and the possibility of waste treatment for reducing the
amount of excess sludge. Different DO concnetrations on the growth of wild type Pseudomonas
aeruginosa affected to cellular yields, decreasing with increasing DO concentrations. Under these
conditions, the maximum 14 folds decrease of cellular yield was achieved at 90 ppm DO levels by
supplying air gas. From the reactor, high DO resistant mutants of Pseudomonas aeruginosa strain were
screened, being able to reduce their cellular yields under low DO concentration. The optimum mutation
conditions were obtained by the treatment of NTG mutagen at 30°C for 1 hr. The growth characteristics
of the selected mutant M-10 showed the same as the wild type growth kinetics. However, cellular yields
are significantly decreased to 55% compared with those of wild type under DO 36 ppm concentration.
The maximum specific growth rate of the mutant remarkbly decreased when DO concentrations increased.
We, therefore, expect the application of the mutants to waste treatment for reducing excess sludge.



