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A Study on Development of Fermentation Process
for the Production of New Biopolymer
(Polysaccharide) from Methanol
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ctg5 (polysaccharide):= W7tx|¢] geo] EAE o]F YF 4 biopolymer o]dl.
aHEE gy U HEI e S Aol o S5FLeEA, dUE, HFT4,
Ax, BFE, 4E 5 4F AUE $ES A% 9 HYgoA 1 $8E ¥E F
gElz o, o] E-l duift MAIZQ A4e]l :Es: Y. YL HoRA EET
& ©|83le xanthan gum o]y pullulanz 2 dF7e Y42 €A #F, LE,
A FollA mAE g &3t olFoiAx Ud. Y JEFHAA N A
7t Sl e A2 HA YRS M  uFE AART AU SE2AHE oA &
of 4 wiHog dAI= = Zold. o] o|FdlA methanol wle @4
AdezA 71E %84 Hx UAd. Methanole 4#3% Alde] C-5%Ee] 952
24, & ©aHd nis AR FFW, HHFA Fool UejA HEE £ ol
484 (water miscibility)e] ¥d= #AHE 7l . Methanolg #A3tsida] o3
FE At u|YyEL Pseuodmonas <, Methylomonas 4, 18]l Methylocystis 4
o] dejejo} FEY Eolul.

ojdolj4} & 4 URe| methanol o4 el P42 vlay HIo] LI 4
Aoln|, methanols HEHH o]§o] Sy IFI7XS YEHES 44 A
A45% T FAE zo)f W AYH & FHAA {3E £ ofve} methanol
ARMFE ol dFFid A2 TEAY YAL AYHeRE o FEdH.



£ dFoA methanolgd I YJEFREAQL gFFE HJARE 4 UE
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A1 Ae WwHFTAHY MY 9 HEIFAY FL IHE WRFTH HEX} X
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1. daxe] 33y

olde] Ao HAYI ddwe Y4HE WA A odFire A4l A LA

279 228 A4 LE, TUEE 4 713 $¢ 44T duF 4448 34

£ F3E W& AR (nitrogenfixer) olmz AA Ao Hojst: URE ZH
ol dFel 444 FAL ASU.

3. AAY ZHo] @ GPF A4
sk FaHUE degF A4S AHddosE FLEYS 9L oFoz A
27lshe] GREe HAde AN
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ojde Yoz HHH dFie 44 wiAoly dgF YA w2 Ay &
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°C R¥ 39°C 7t #ighA7|dY, 257k FAF4 2 d@dFe] 44 wae 4@
< A Ntk WFLEI} FME 48 HF FASEE F28dn, HE GUE
FEE 30°Cel4 4.48 g/lz Hugte dehdd. v FASEE 36°Col4 0.3 hrie
g2 Hdzgtg g3 wigddH PAEEE 30°Cold 0.064 gighr 22 AHuzke B Y
tt. A FA7IAE FAFA HH 2x9 36°Cz i A47dHE AHE 44
Y29 30°CE LEHZPE A 294 UAE $YP3%d. o A 30°Ce Y
A4S Ho A4S F7 deou AF d9dFe $EE HF MEFE A i
fick. FAFAY dF A4S 427 MUY FaGn ABPY 270y S =
MRS 7145 E OgF JAS MdNEE HE OuF SES 4 A7 S
A FEAEF FASE AN A aukEEe FI1%E FHAACG )

g #3& A& 2AF (nitrogenfixer) o]Emg HizIFo] 4PE F& Mo "9
Fe*t o]l&3 $&4 49 g ZA439c. Sodium molybdate (Na,MoO,2H,0)s}
SEE 64 png/lz FAANIIE FANFAE A o 2.4¢) FrlEidlen o oy FE
(6.4 mg/)7tA] e Mo™™ sEel FAIge] vIFA %7 LAY T FAFEE
6 /o] 4£Fo2 YFdNG. W Mot $E FA%RA = dgie 442 F
Heted 6.4 mglel Mo*tE MAR A% dF 5% 45 gl MottE MieA
obe AS-Yr < 6w F7Heelvl. Ferrous sulfate (FeSO,7H,0)9f Hrsle= FAFA
9 vlF4] $59 q3F 442 2F F7MIA 104 mg/l gxA AMUAEFE 7.8
gl, G2t FE 4.0 glz Auge Bley, 1 o4 FEdME FAF4 9 v
24 459 O3F $E7 ZAa%%d. BAFA molybdenum FMF AR i
F A4S FHA7IE 9482 39, irong dgdiF 44 Ko FAFT A AL Z
o] iron ¥ FNFAET FHANA ddF HA4E FHIRG. BL RRATA SE
A7t AEd MEFAo] Z4dn o A ddiF gAol FLHUd.
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l

WG HHA hFe A4S WA W RAfe] AW (nitrogen-limitation) =)
Qe olRo] Hom, Ud Wrye] AWl tyFel Mo A=W PAHE
A ARelE AEs] ggol NUsA ke Bu ol thEFe LT A
99l WA F¢ iron $EE FAAY F RAde]l AU F BAUS oA Wil
SASHE MEZAT G3F Yue] AAsRoU WAZS molybdenum FEE 3
AN ¥ Axe] AWH ¥ BAHES oA AAHRLSHE MEFHE kY A4
Rout SR A4S %N =@ (NH,),S08 712 444 §58 otopuy]
A 0.6 glola 42 gle] SEolN A¥E A% S FAEEE wFAEE, W7
2 ANISE, WOGE ANEES Yobde Mol Rk WAHel WAl 2B
7l Aol Bafol MASAG Wl ZA FHLS AN F4A Yolom, A
8 FEE UE 4£302 AWM F 30 gl (NH),SOE ol Zgigw 12.5
gle) dgHE AL 4 Yo

ol 42 A= ¥y Y4 polysacchande: £FozE A3 £ HEE HY
ogd A9 HE 224 502 ol$W 4 Y= AsHel W B ¢ & AN
G. EY GRFe LUEE Ustel MAIBPY LAHE wIS FA4Y EARS
%Y & At DHASS OUF A4E AELSI) sigsl Awel ATs



SUMMARY

For the production of polysaccharide with Methylobacterium organophilum from
methanol, the fermentation process influencing the production of exopolysaccharide,
nitrogen fixation-favored conditions and production by nitrogen regulation were
Investigated.

Fed-batch fermentations at various temperature ranging between 25°C to 39°
C were studied. The maximum cell density decreased as fermentation temperature
increased and the maximum product concentration was 4.48 g/l at 30°C. The specific
growth rate had a maximum value of 0.3 hr! at 36°C, whereas the specific
production rate had a maximum value of 0.064 g/g-hr at 30°C. A two stage

fermentation with temperature shift-down was carried out to optimize separatively,

at each stage, both cell growth (36°C) and polysaccharide formation (30°) and
then the polysaccharide productivity was increased compared to single stage
fermentation at 30°C, however, the maximum polysacchande concentration was
decreased because the final cell density was relatively low.

Cell growth and polysaccharide production were severely decreased by oxygen-
limitation and high speed of agitation or high rate of aeration at early production
phase might be negatively affect the polysaccharide formation. For the increase
of polysaccharide production, aeration rate and agitation speed must be gradually
increased to maintain the certain level of dissolved oxygen during the fermentations

Effects of the concentration of Mo'" and Fe™™ and the dissolved oxygen
level, were studied because these conditions might alter the nitrogen fixation activity

of the cells. When 6.4 mg/l sodium molybdate was added to the medium, cell



growth and product concentration were incrcased 2.4 and 5.7 fold, respectively,
compared with no Mo* ™" - contéining medium. The addition of FeSO, increased
both cell growth and product concentration with increasing concentration up to 10.8
mg/l, but repressed by higher Fe®* concentration. The increase of the molybdenum
concentration affected not cell growth but polysaccharide production, however, the
increase of the 1ron concentration increased cell growth which resulted in the
increase of polysaccharide production.

The polysaccharide production was significantly stimulated by depletion of
(NH,),SO, in fermentation medium. The toxic effect of (NH,),SO, on cell growth

was observed at concentration above 1.8 g/l, and the specific growth rate, the
specific production rate, and the substrate consumption rate were decreased as the
concentration of ammonium sulfate was increased. To overcome these phenomena,
by addition of ammonium sulfate before nitrogen depletion, the cell growth was
maintained actively and polysaccharide production was obtained to 12.5 g-

polysaccharide/l with 3.0 g/l of total (NH,),SO, under controlled nitrogen

concentration.



CONTENTS

[. INTRODUCTION (16)
1. Overview (16)

2. Literature Backgrounds (17)

1) Methanol-utilizing bacterium (17)

2) Application of methylotrophs (19)

3) Physiology of nitrogen fixation (19)

4) Production of extracellular polysaccharide (21)

II. MATERIALS AND METHODS (24)
1. Microorganism and Media (24)

1) Microorganism (24)

2) Chemicals (24)

3) Culture media (24)

2. Culture and Fermentation Conditions (26)

1) Preparation of inoculum (26)

2) Fed-batch culture operation (26)

3. Analytical Methods (27)

1) Determination of cell growth (27)

2) Determination of polysaccharde (27)

3) Determination of methanol (27)

4) Determination of ammonium sulfate (28)

5) Measurement of viscosity (28)

6) Determination of mass transfer coefficient (28)

III. RESULTS AND DISCUSSION (30)
1. Optimization of Fermentation Process (30)

1) Typical time course of polysaccharide fermentation (30)

2) Effect of temperature on cell growth and

polysaccharide production (35)
3) Effect of agitation speed on cell growth and

polysacchande production (44)
4) Effect of aeration rate on cell growth and

polysaccharide production (55)



2. Nitrogen Fixation-favored Conditions (60)

1) Effect of oxygen limitation on cell growth and

polysaccharide production (60)
2) Effect of oyxgen enrichment on cell growth and
polysaccharide production (60)
3) Effect of molybdenum on cell growth and
polysaccharide production (65)
4) Effect of iron on cell growth and polysacchande
production (65)
3. Nitrogen Regulation (70)
1) Time of ammonium addition and its effect on cell
growth and polysaccharide production (70)
2) Effect of initial concentration of ammonium sulfate
on cell growth and polysacchande production (77)
3) Mass production by nitrogen regulation (77}
IV. CONCLUSIONS AND RECOMMENDATIONS (84)
V. REFERENCES (85)



A 1 3.
A1 3.
A 2 A,

A 3 A

o e A3
S ARAFY 3§
Aid Qe Y] §4
ogte 44t

AE 2 el

| FE 9 A

v Y5

Al %

¥ wl =]

W g2

A5 2

714 el gY

4 Wy

ZAF] §4
g7 §%
gk &7
LYY §H

1Y 5%

R A9 A9 &%
A¥ 9 13

. AT HAHY
. o9 ¢A typical time course

ZATA U i PLdol viX= 259 @
ATA 4 dFF A vlas ks %
854 9 gd3F 4o vAs F713 9%
AL Y ¥4 =2

T4 4 dFiF il viXje 4Ly G
54 4 i Aol v LA GF

- 10 —

(16)
(16)
(17)
(17)
(19)
(19)
(21)
(24)
(24)
(24)
(24)
(24)
(26)
(26)
(26)
(27)
(27)
(27)
(27)
(28)
(28)
(28)
(30)
(30)
(30)
(35)
(44)
(55)
(60)
(60)
(60)



A 4 #F.
Al S A

3.

ZAF4 9 dgdF A4 mjx= 2
FAFA A 5 Yitd X A

dq4Y 24

. ZAFA 9 g bl mX =

254 9 i Yato] miA
BAEY 2E ¥ = ¥4

AE 9 Ak

ZEd

-11-

;é.l_
;&El

L=
o)

g
o)

4=
a

Bl %
o &

4 27147)9) I
H 55 o

(65)
(65)
(70)
(70)
(77)
(77)
(84)
(85)



LIST OF TABLES

Table
1. The properties of methylotropic bacterna (18)
2. Polysaccharide production from methane/methanol (22)
3. The composition of culture medium (25)
4. Changes of chemical compositions of purified polysaccharide

dunng the fermentation (37)
5. Effect of temperature on fermentation parameters (38)
6. Effect of agitation speed on fermentation parameters (52)
7. Effect of aeration rate on fermentation parameters (57)
8. Effect of the initial concentration of ammonium sulfate on

fermentation parameters (78)

mlzm



LIST OF FIGURES

Figure

1. Typical time course of polysacchande fermentation

2. Shear stress as a function of the shear rate at different
fermentation times

3. Dependence of the apparent viscosity on the shear rate at
different fermentation times

4. Time course of consistency index and flow behavior index
durning the fermentation

5. Rbheological properties of a polysaccharnide isolated at
different stages of fermentation

6. Effect of temperature on cell growth and polysaccharnide
production

7. Effect of temperature on specific production rate

8. Effect of temperature shift down on cell growth
and polysaccharide production

9. Effect of cell mass on viSCOSity of culture flud containing
polysaccharnde

10. Relationship of consistency index and polysacchande
concentration for the fermentations of various temperatures

11. Relationship of consistency index and flow behavior index
for fermentation broths

12. Vanation of pseudoplastic characteristics with the progress
of fermentation for the different temperature

13. Changes of the values of mass transfer coefficient by
changing aeration rate, agitation speed, viscosity and
polysacchande concentration

14. Effect of agitation speed on cell growth and polysaccharide
production

15. Effect of agitation speed on specific production rate

16. Relationship of consistency index and polysaccharide

concentration for the fermentations of various agitation

_13_.

(31)

(32)

(33)

(34)

(36)

(39)
(41)

(42)

(43)

(45)

(46)

(47)

(49)

(33)
(54)



17.

18.

19.

20.

21.

22.

23.

24.

235.

26.

27.

28.

29.

speeds

Effect of aeration rate on cell growth and polysacchande
production

Relationship of consistency index and polysaccharide
concentration for the fermentations of various aeration rate
Cultivation under nitrogen free medium but containing
molybdenum favoring nitrogen fixation

Effect of oxygen limitation on cell growth and polysaccahride
production

Effect oxygen ennchment on cell growth and polysacchande
production

Effect oxygen ennchment on cell growth yield and product
yield

Effect of molybdenum concentration on cell growth and
polysaccharide production

Effect of iron concentration on cell growth and
polysaccharide production

Effect of additional ammonium ion on cell growth and
polysaccharide production in medium containing the low
concentration of molybdenum and iron

Effect of additional ammonium ion on cell growth and
polysaccharide production in medium containing the high
concentration of molybdenum and the low concentration of iron
Effect of additional ammonium 1on on cell growth and
polysaccharide production in medium containing the low
concentration of molybdenum and the high concentration of iron
Effect of initial concentration of ammonium suifate on cell
growth and polysacchande production

Effect of the feed of ammonium sulfate on cell growth and

polysaccharide production (the total amount of added ammonium
sulfate is 3.0 g/)

Effect of the feed of ammonium sulfate on cell growth and

polysaccharide production (the total amount of added ammonium

— 14 -

(56)

(58)

(59)

(61)

(62)

(63)

(66)

(68)

(69)

(71)

(73)

(75)

(79)

(80)



sulfate 1s 4.2 g/l) (81)
31. Effect of the feed of ammonia water on cell growth and

polysaccharide production (83)

- 15 -



BT U AETYH Eokdl U € HBE2 HAMEEA WS FHo] sHxu
Rk 53] vllgE 2 dAHE R YA (1) £3 obdel §714 9 olwdte] Y4t
A HEFTH F dA¥eF AgEHT UAd. wigEd FHL AU, nex (>99.8%),
$A% FEAYR ATH vjYEdd ARt o8 H 4 UAds= Aol HIT ole-g
| Y Aol AU A4 FHo| Wolx wAE Fokolly ojehE AL§o] Wolxlxn 3
 (2).

gddie THHLE geld HAEFIA, AEAEA 9 QoFF 4o A&,
A5t BAAAE AHEHG. g P2 "2 AREER s gk A9 wissd
AR AFS FAYG AREE 82 Ad o 2 HAYYH SA4E Ad FH =
e e Ad F5HE F3 g,

& 43 gel vY4ES BHAT dIiE AT ¢ A7 HE e YE
& 8 I 7= 4 AFEE A dgFE & + AT 2 HEE g
& ¢ *Ug (3, 9).

2HER ogES dAHeE AEdo gdgiE 44addd ddxes 8.
Y A7 wighg A8MFQ Methylobacterium organophilumg o3kl chgiel 4
A4 F747 FHold. wigZzP (R, NKEE 9 F7]F)o] FAFAI} ddw 4
Aol mlxe S 4vjid. B £ FFE ALuHYFelnR ALY FHe ¥4
A7le 24 B3 A249 FE7 FAFAT 92F A4 vAEs ¥ ZA
2 gFFe 5715 i BaYe FEE U2 TR FAATIEA dFs Al
% 3.
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A 2 B, o] H w7

1. dlgs A3l

g2 AHFS 1906 d5o) AE ¢ sdew (5), @4 9 qUAPe A
C, 3PES ALE 4+ A3 dkZ S AAA COE HAYAUG. 9 F72 xR
@S A&sn MY Ex dEEs @4Y 2 duyRHdeE AZE £ As ¢4
22 d¥E HdFeld. &7 HeEE AFAMAS RF a8 54, A 24
(obligate aerabes) ojm o}}g =2 A}t (rods, vibrios, and cocci) (1, 6, 7,
8 9, 10, 11). '

Mgk ol Aehs MF intracytoplasmic =g o] ERPct. oY e W)
A3 C; HYE ol8e] At AZE vk ARAFL 44 Yoz EFY 4
ek (Type I3t Type II). Table 12 Colby (12)efl <& wighg AstuiFe] £FE
A3y SA4o oMM vlay Zleold. AHe RE oghE A3MFZ formaldehydes]
TR dE2E T3 AFHG. 4 PEE AYAF 2FF migkEely
formaldehyde® 4t#t:= NAD-independent dehydrogenase (M) =& oxidase (HZ)
o] oJajA] FZH. o AZAIFd UolA og £ o E FE o4 ga
2 SAdgss HEE oed A '

O, NADH+H' PQQ X NAD'
CH,OH HCHO L—X HCOOH L—i Co,

PQQH XH,

NADH+H’

CH,

NAD' H,O

Formaldehyde= rnibulose monophosphate 7 & (RuMP), serine 7 & 9 xylulose

monophosphate & (XuMP) & 3 A22 E£33d. XuMP 7=z o2 437

__17__



Table 1. The Properties of methylotropic bactena.

Microorganism

TCA cycle
Nitrogenase

Chain length of main
fatty acid in lipid

Type I Bacteria
(RuMP pathway)

Methylococcus
Methylomonas
Methylobacter

Incomplete

present in some
16 carbon atom

Type Il bacteria
(Serine pathway)

Methylosinus
Methylocystis
Methylobacterium

Complete
present at all
18 carbon atom

Glucose-6-phosphate present absent during growth
dehydrogenase (NADP-specific) on methane
6-phosphogluconate present absent
dehydrogenase (NADP-specific)
Pentose phosphate high-level low-level
isomerase

Methylococcus Methylomonas  All type bacteria

Methylobacter

Isocitrate NAD'-specific NAD' and NADP* NADP'-specific
dehydrogenase
Malate Low activity High activity High activity
dehydrogenase
Ribulose biphosphate + - -
carboxylase
Phosphoribulokinase + - -
Growth at 45 °C + some + -

— 1R -



Rojlgk vehutz, olghS AspAldolAE gL Y o]gwY (serine ZE29 RuMP 73=2)

of e} & Feg EFIHJ (13, 14, 15, 16).

2. e AAHFY &

fghE e +£843 LEEERE vY4E A HAERRA FHE AUz o oy
& ARAFE ol ¥ LANE YMo] Wol AEHT Yo (17, 18, 19). HjheE
o] &% dwighE AAFY TUH AL g9 ] FokE yoFi.

(1) L2 HE GHE GE (SCP)S) B4

(2) MEWMES] nEFe] P4+

(3) =lere AHAFe vAEe] A4

(4) dIgE ASAFS YE Fo) (biocatalyst)2 A&

olghE AR FS SCP 445 AT 2 MldoE ZFso] i (7) of Eeobol
Al e A=l g (20). ogE ARAFE B Fie A A4E, odF EH
obmj:e At (21, 22), wjelwl (23), ZH 4 (24, 25) §& FHUE Ho FAd. b
AsAFe] AS glycineg H7hsted serined AU W A= UMk Pink
MighE ZL3AFoll oA wlekwl By7b 44" (26, 27). B dE A3MaFS
M EW 2 AQl poly-B-hydroxybutyrate (PHB)E A%t (28, 29, 30, 31, 32). wj
&2 Aol oY ogF AL oigRSAF (33, 34)3 egE AP
(35, 36, 37, 38)ollA4] ®3 =)z Aot o2 AHMFQ Methylomonas mucosadl] €
¢ ddF A4 Ao B2 537 Xasxm A (39, 40, 41). AT P
= A3AFd g% ARH whgEo] WARIA U o|AS o]§d] HJEFrlZ A9
1SS MAA F2 Yok Y BE HLEHT YELHY FHo] wghg A3}
Aol 3%y FHS AREd sz Qg (42).
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3. BLEIAe] Yy 54

Be sRE ARMFTES F71F AAE AT & Yok BE BEDY x2S

A FEe] AiFEo] A B =H: @2 7o ATPE 87%d. o Ax A

k. RE #2 hydrogenaseE A4, old H#& XS YAz, WBEL A

9] capsuleg AU, ¥ do] PHBE 5333, BE A$ & ALsmdd w7

T4 AL3nA MAF2Z d2Yol &2A] nitrogenase ¥7irt JehbA] et
Azotobacter.-] A2 YA GRYolE HrlslH nitrogenase H7h7 A& fchs W
g0l Ad (43). 2y eov] &AF nitrogenase: ¢ 3 AMdl F P L
A3 g4roel F87F A dojndrd. WHAE WS =FoA = Azotobacter vinelandii

;£ Clostridium pasteurianum®] RA314 w<}A] etxi]ole] Mrlo)] 2o s A nitrogenase

A7t7F Mesx] deds Ae R FUG (44, 45).
. A &

Aae M7HA ez ALnAYS Wl 1A $EA = 44 nitrogenase
stA} o] repressionol] #-£%c} (46). E{ AL dinitrogenase reductases)] tj#A] v
HdHog &AM Uo7 olw dinitrogenase reductase: nitrogenase Mo}k Abd-oil
] wizbebcl. AbA&E nitrogenaseo] wis] sl Hog st (47). Nitrogenasc2] <
7he el Abko] o8] AssEln AAFEZ HoAW dA] H5Hd.
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o. Eelugiy A

Bortels (48)2 AAxAH3 Egud Alole HAE FPRdG. BAIHYA
Azotobacter vinelandii®) FA2 Zg]Bdl-S {78} Uxxyol wix|ojA] M AHAA]

ol L78A et W A ZEud AHRA FLIHe] dojubx] U E

il

r

BE

& nitrogenase ¥ 49 HHEEez Q3T HIY ¥4 A LE FATG. o4
LA eA EBA2 nitrogenease ¥AS FHGR (48, 49).

obri]o} EAJA] B} AA YA HL AA TAHF2 nitrogenases}t ferredoxine]
Al 8FHg. AFe ALY FHS o Wi 3¢ TR v g2
Beijerinckia indicay 200 ppme] Hol U&= wiA|o|A] HAIHS ¥ ¢ UXuE A

vinelandiiof} 21§ B4 A A= 200 ppmolA] IA RB4L:

ot
olf
Ji
D0,
b
o
rid
I

4. Mxe| oo a4t

MES dogfs FE2 Aol wf$ gstd (3). 1 HI mYEd os 44
H gt AFS A, F3A4 £ HE A3 s H45A3AA] HHA Es
AEA d7A Ad9Hd 34 F dIE HE dHE AKd (4). vH4E Mg
o] gdgies AZAIRZ FEEG; (1) oYy g4£d AZses MEY d9§,
(2) MEHe] HEo2 HME Fxo] RS T4} 72 g2, () MES gdF
(34, 35, 36, 37, 38, 42, 51, 52). oIk E RE oddi YAsE ojgEe CdE
Table 26} 2<F=jo] 2AUx.

MEe] ctgfFel 4L WAZHo) GHS Leg. UdHez e wgY @i
VAL UAA a3 44 F33d (53). =8 #A4zA (pH, 2=, §717, 2w
45, AL F)ol JHAE HEFA GFF A4de] d¥E vy (54). dgF @
HolA wixle HEE AEuEAY ZHoz 10° AL Zs8d. dUddF YA7|oA

AR



Table 2. Polysaccharide prodution from methane/methanol.

Methylocystis parvus Methanol D-Glucose, L-Rhamnose
strain OBBP

Methylomonas mucosa

D-Glucose, D-Mannose, D-Galactose, Pyruvate

Methanol
Methanol
Methanol

D-Allose, D-Mannose, D-Glucose,
D-Galactose, D-Glucoronic acid

Methylomonas methanolica

Pseudomonas vicogena

Glucose, Galactose, Mannose, Fucose, Rhamnose

Methane
Methanol
Methanol
Methanol

Psendomonas methanica
Glucose, Galactose, Xylose

Hyphmicrobivm sp. JTS-811

Pseudomonas olevorans Glucose, Galactose, Xylose

Pseudomonas S46B1 Glucose




r_o;+_.
o

N EZ7e) wa dF Aol FikEAuE o] A7|oAE HIPAESEI AE i

(55, 56). ol#dt HAol Wiy o2 el AHUAH KT

(2) HAFe] ME Fool MA3] PP o] AL JFELS S AT
A5 A (55, 57).

(3) A4S MPYe F mitsix g (58).

gz FNY o) uYEL Aol Angd §A4 & 7, lE 9 pHe
A 7)Ao S xS}, o] AL A FH ukg7] BB (effective reactor volume)e]

HaE ouddg. aHA w7l RHES F7HA7] & 7IEY ¥Eg7] (Dubble

column reactor) (59, 60) F+ZEF H¥AZ wAZE (61) Fol ALHUG

- 23 —



A2 A AE YUY

A1 2. v4E 9 7

1. vy

o] ¢jte] A}E¥ FFE= Technologie de Compiegne (France) wighe] J. M.
Lebeault w}alof] ola 4 w2 Methylobacterium organophilum (NCIB 11278) o]
t} (62, 63).

2. Al <%
MlghE2 Merck (Germany) 3Al AEolfxn A7 Kelco 24 A F ol
© AlYE B A &85 AR
3. wjgF WA

2] ¥ Table 3o yvelitc}. w]HFE BB -20°CoA FHALZ Haasd
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Table 3. The composition of culture medium.

ek 4 ) L L L 8 L ) 2 L R ¥ % 3% _ R _§ " ¥ "¢ 3§ _F¥ X ¥ _§ % 2 R __§ 1 1 R __&§ _}% ¢ ¢ ¢ L __J L '} ]

maintenance inoculum/growth fermentation
methanol 0.5 Z(v/v) 0.5 Z(v/v)
methylamine-HCl 6.75 g/1
(NH, ) SO, 1.0 g/l 0.3 g/l
KH,PO, 1.0 g/1 1.305 g/1 0.63 g/l
K, HPO, 2,12 g/1
Na,HPO, 2.13 g/1 1,06 g/1
MgS0, . 7H,0 100 mg/l 0.45 g/1 0.45 g/1
CaCl,,.2H,0 10 mg/1 3.3 mg/l 3.3 mg/l
FeSO, . 7H,0 10 mg/l 1.3 mg/l 1.3 mg/l
MnSO, . 4H.,0 500 pg/l 130 pg/1 130 pg/1
ZnS0, . 4H,0 130 pg/1 130 pg/1
CuS0,, . 5H,0 40 pg/l 40 pg/l
Na,MoO,.2H,0 500 pg/1 40 pg/l 40 pg/l
CoCL., . 6H,,0 40 pg/l 40 pg/l
H,BO, 30 pg/l 30 pg/l
agar 18 g/1 #*

----—--‘-"'_--“‘--—_-_—---“-__“—-“_—_.-.-_——_--_—-“--—__-. ——

¥ » pH 7.0, controlled with 5 N-KOH/NaOH.
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A 2 2. wgzA

1. &3] =4

dFE A7) A8l agar plate 99 @Y colonyE 50 mi/e] wjA]7} %5 250
mie] 47 flaske]l &z ¥, NBS g wg7)ola 30°C, 250 rpmez 20417 $¢
sHEFSt . ¥ wfgde] 1%E AMELE FAMA A A 1241 ¢ 2L 2hdes

Wi F3ted, o] YRS WHZ inoculumed AL

2. %7H4 #{Pg

w714 wgS 94 5 | home-made wAZE A-§ddc. A4l 3 - 5%
Ax2 wWIFH F= AT HAZALE 953 Asd. Working volume = 3.0
I, k&S = 300 - 1,200 rpm, E£7]% = 1 vwvm, €5 = 30°C, pH = 7. uj

2 DO-stat e g F3et. DO-stat W2 njgh&o] 7= Su &Y
E &AL SRR E Aol Zlxdte] SE4AAT) niE] AR FEHG EolAA
sl dAAIZE T HEZE AFA 7= wie)d.
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A3 EH 4 ¥

1. dAF 5S4

#x2] optical density:= Spectronic 21 (Bausch & Lomb)& A}g-3ted 570 nmoj
A FA3RY. A=A ZFE o5 WHeR SHGNRY; HFYe 5 mig 3,000 rpmo
A 1587 448 ¥, 4592 v HAEHE o8t FTRFE 23 MHE
Gk, S FaE aluminum foil dishof] o] 105°Coi]k1 24 A17F Eol AZRAZ ¥
FAE S8t Ax2AAF3 optical densityste] HHARAZ FE HAYYHoE FE
optical density§ ZAzFMFoz wWHIsto] A

DCW (g/l) = 0.28136 x OD (570 nm) - 0.00227

2. 47 §7%

gl 4% ¥ 10,000 rpmeA 3087 HAEE3 45942 Rol Phenol-
sulfuric Y] (61)eg2 FAHI}AHU, o] AFdel 2uje] absolute ethanold H7}s)od
5,000 rpmoil A 15% F<¢ H4E s d@did HHA|7] ethanolz FH MM A]Z

. AHE dgFc 105°Co4 24X F< A=AY F FH3AG-

3. vighEe] &A

ZHE HAHAT F A& oe-Z9 FX+= gas chromatography (Hewlett-Packard)E

AHEdtd SR, 3% OV-17/chromosorb 1012 XA+ stainless steel columng
Agssig. FE2AL 983 .
Sk gas 9 F + F

A4 gas ;A2
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Column : Chromosorb 101 80/100 mesh

Detector : Flame 1onization detector, 200°C
Injector &= : 150°C

Oven &% : 125°C

4. ALY 5 54

45 AAY ¥, d2yole ¥E+= Indo-phenol wWoz BAHs%c (64).

S. RS &7

Haake Rotovisco Rheometer, Model RV2E&E MV1 sensor ¥+ NV sensors
gt HEE SANAG. SEZHELE R o 2EZ2HVE Mo 25°C2
LASA FAKG. Dalg Ed ¥ 94 ol =2 F UIS5EY BESHE S
AR FRI] HEE Fod Aoz A4ssd.

6. B3 HY x99 §F

4 Mg &%, kjag polarographic probe (Ingold Electode, Swiss)E o]-§3}of
dynamic Weog FA3%ct. olu]l o & HIFuRE<9 AL Newton-Raphson
S i} 23] IBM-PC ATZ v}-23 7ol B A3

Qo Ao} HLFTHFEE

dC
dt = = kpa (Cy* - Cy) (1)

o], 4714 Cy 2 Azt tofA] wfaje] &AL FEE Uehlln Gy 2 57 =237

N H8 Aol EHsEol, kias ERALASIG. FEHEFEES 0 o4 100%
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oz el 4 U3, oi7]4 Cpr Ao o §EMLFER ks AT Aol

x7] 23] Cp = C = (g o] 34,

Z2Uehd £ 23, 4 (5)F A 249

CM* _ CP _ k Pe-kLat - kLae-th

Cv”™ - Co kp - kpa
Y, = Cvm™ - G
Cm™ - Co

olt}. Newton-Raphson W& A-&3sd o534 3.

f(kLa) - kLa ( YP - E“kpt) - kP (YP _ e“klﬁt)
f’(kLa) = YP - e'kpt - the-kLat

f(k; a)

kpa(2) = kya(l) - P(k.a)
L

BASIC o2 programs ZAstd ki agE F9).

_29__
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A3 & A7 9 23

A1 2 drFHe HHY

1. g5 i el typical time course

Ba¥e® 1.2 g/l ammonium sulfatez} EHH slx oA M. organophilumg |

3

74 wgR 3 Fig. 1ol RodFEe. FAHE 20417 Hxolx azsds Ax

>

Yo 27 dgw 4488 SAUMY. M. organophiluml 37152 RA4LE 2AHE
Roepg FALH AR Fox FAFAZ AE AR 72X i F AHF FAFS
6.8 g/l olx dgie B 4.9 gl oK.

g5 daAle] AGSESY HGgHe WA= Fg 204 RHodFd. wars =3
Holl ae} ddiF YAFgo] Wolxlng HAEH gES 7RG 7] 93w 4
A71olA = EAel Newtonian Ao 7p7istovt Ajzke] Ajdef wl#} non-Newtoian 4}
A % pscudoplasticity7} F7hatoit. E4%H ZAAE powerlaw 4 7 = Ky's 3
48 4 9. olm = MY, y:= AGEE K= consistency index, ng flow
behavior index o]t}

W GFAI o] wE AGEEd viAlEs ARV HE A¥s olF log FHEdl Y
W (Fig. 3). A¥As 4oz 2 deitewn ofw 49 77l wgds)
pscudoplaticity o]t} o] A2 wge] EAo] powerlaw dw®l p,, = Ky“'z @
EQY 4 A& duitd. eul p = AN Hseldh. wAAZe] el whe}
&% HH &, P 0 &l 78R

Fig. 4= t}3§ A Al consistency indexs} flow behavior indexe] #H3}:= i}
Wt d@i7t 44de Wl Wgde FAol wHd. ¢AI YRl W I

A o] non-Newtonian =7} #AA consistency indexy= F7}3t¢lx flow behavior index+

| § R



Cell Growth (g/1), Polysaccharide (g/1)

Ammonium Sulfate (g/1)

5[ @ Cell Growth (g/)

@ Polysaccharide(g/l)
A Ammonium Sulfate (g/})

o

0 20 ' 40 60 80

Time (hr)

Fig. 1. Typical time course of polysaccharide fermentation
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Shear Stress (dyne/cm?)

250

W 24hr
O 36hr
M S52hr
60 hr
150 ¢

100

0 300 600 900

Shear Rate (1/sec)

Fig. 2. Shear stress as a function of the shear rate at diffierent

fermentation times
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Apparent Viscosity (cP)

10 24 hr

36 hr

® (0 » O B

10 10 103

Shear Rate (1/sec)

Fig. 3. Dependence of the apparent viscosity on the shear rate at
different fermentation times
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Flow Behavior Index, n

1.0 3000

0.8
2000
0.6
0.4
1000
0.2
0.0 0
0 20 40 60

Time (hr)

Fig. 4. Time course of consistency index and flow behavior index

during the fermentation
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Zasich. 60X K g2 2,900 mPa o]z n gt 0.29 ]t

AT Zeo wiope] (MFAT 3447, 4TAZH, 60X, 2A)S A ¥
2 Od3H FEE gA 3o HEE S4Y AF Fig. 59 7o, ¢ast Ay
el 7e 59 gFoA consitency index: A A3 F719¢ %, flow behavior index:=
NAe Zagich o)A WAFol: R 4P4el A4 Lelum AXY fIH
o 4e4 $HL ohFHY PasY o 2 ARA: ¢ 4 Ao

i APBF FAYE ddFe] HgxzAgde]l #HRE Table 4o jelWic}. LA
F AlZte] 2ol we}l F¢, $YY, FWREe 42 Ao} acids (pyruvic acid,
uronic acid$} acetic acid)e] 42 F7H¥ich. EaAs AYH we GFFe AHAE F
acid Z49] F7lc AAE ddie FE F74E dess A A oY FEL
e pyruic acd 4ELS dgie HE F74E doedds R 7dd Aolx
(65).

2. IATA W o Yl v L9 4F

gt wHo] Ao T FAFA ¥ ol 4B YA %S F= A
2% 22 F o)} (66, 67). 25°Ca XE] 39°C Aoz 2% WHA7|HA &
7H4 wFs A=W (Table 5, Fig. 6).

. FAFA WA LE9 Gy

kAo MY FAEEE 257 25°Col4 39°CE EAE 48 A&,
ATH & (Yxo)2 439 deg $xXol B2 3748 FASES HEo e
¥ 71712 Y€ Fc. Table 5ol4] & 4 %ol FAF4A] 482 25°Ce 0.26
oANA 39°Ce 0.21 7x] Zassldg. B2 FEoAY B 48 52 259 &2
M AIHEEE FE 7|09 A Ad. uFHERE FAFEY ¢H A7+ semilog

._35_



Flow Behavior Index, n

0.0
0 4 8 12
20000
o~
=
o
o
A, @
E 15000
Y
"]
9
.s 10000
Y
=
Y
s 5000
'R
=
o
@
0
0 8 12

Polysaccharide (g/1)

Fig. 5. Rheological properties of a polysaccharide isolated at
different stages of fermentation. Culture times were
34hr(@), 47hr([1), 60hr (M), and 72hr(O).
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Table 4. Changes of Chemical Components of Purnfied Polysaccharnde
duning the Fermentation

\ Time (hr) w/w (%)
Components '

4 4 60 72
Total Sugar | 82.8 79.5 11.7 76.6
Reducing Sugar 71.8 172.0 68.1 68.1
Protein 6.95 6.01 5.26 4.70
Pyruvic Acid 2.17 4.86 5.14 5.90
Uronic Acid 1.86 9.72 11.1 11.1

Acetic Acid 0.31] 0.52 0.64 0.75
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Table 5. Effect of temperature on fermentation parameters.

(°C) (g/8) (8/g) (hr!) (g/g-hr) | (g/g-hr)| (&) (8 (8/1-hr)

36 0.2208 | 0.1081 | 0.3000 | 0.0460 | 1.3587 | 6.3565 | 2.226 0.0536
39 0.2138 | 0.0279 | 0.2023 | 0.0042 | 0.9926 | 5.0341 | 0.431 0.0109

36 — 30 0.2214 | 0.1708 | 0.2968 | 0.0469 1.3405 6.3283{ 3.920 0.1456



Cell Growth (g/1)

Polysaccharide (g/1)

Time (hr)

Fig. 6. Effect of temperature on cell growth and polysaccharide

production. 25°C (Q), 28°C(A), 30°C([]), 33°C(@®),
369C(A), 39°C ().
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=g Jebd ¥ 7]8718 BE Fod. n$AExE 36°ColA 0.3 hrleg 3o
e Mo FUd.

. g3a g mAs k9 9%

30°Coll Ml HF dFiF FES d3F 44 5 (Ypgol Uz XHudd. 30°C
B & 224 HF d3F =S dFF 44 80 &7 Fd o
wAY] LT ol 30°C o] X A= mgge] odiF YA Hg
maintenanceol] o] AFE¥ A .

Azl @& v g§ AY4EEE polynomial A Ag curve fitting o
s Tt Fig. 7oA BEX v Y4 = 30°CojA Ho ol WAy ZiYH
o]l W&} w|YEEE 7] o Y4A7dA HUAgS Jeld F A3 i EHEd
ol A2 g7t FHHA 9 HEV FUtn, HEFI/HE AALe vidZ e HES

EE 8ol =¥ doid AR}E Y7
o. FAFAFA dFF B wlX= 2E olFe I

FAFA HAHEEE 36°C olx gyt H449 HHZEE 30°C olx £ dw
7 UAE FASAY dgF 4470 FEld FEEEE FAFAVNAE 36°CR
s gsieirl dgF GA7IAE 30°CE ejgss oldA ¥HHES Axduid (Fig.
8). o] dAZ wWaAY i FANFAe 42 36°Ce wigd A%n HFdFHF YA
2 HF FNFET 30°Ce wigid Yo} AU 2y dFie] A4S o
A gie]l A9 0.146 g/l-hrg 30°Ce Wi 2¢ F7Heidd.

e. HEo] mA:= WIS ¥

ke FA A F gFF E99 HEL Xeol= m§ A (Fig. 9). oA
FA9 EMe ¢aYe HEA A9 9¥E vAA X Ae 4Udd. 4w F
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Specific Production Rate (g/g-hr)

0.08

Q 25°C
A 28°C
0.06
0.04
0.02
0.00

Time (hr)

Fig. 7. Effect of temperature on specific production rate



Cell Growth (g/1)

Polysaccharide (g/1)

40

Time (hr)

Fig. 8. Effect of temperature shift -down from 36 °C to 30°C on cell
growth and polysaccharide production. 30°C ([1), 36 °C (A)
36 °C — 30°C (20 hr) (@ ).
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10°

Apparent Viscosity (cP)

10}
10! 104 10°

Shear Rate (1/sec)

Fig.9. Effect of cell mass on viscosity of culture fluid

containing polysaccharide. Filtered broth(Q,]) and
unfiltered broth(® ).



Eofl w& consistency indexe] HAE EASH S A4S w2
K = APB InK = InA + B InP

o} 714 A} By A4olm, K& consistency index o], P g3#9 ¥%o. Fig.
1004 Ho FRo] 257} F71E 5 AZZ Z4dAg B e 2xo #AIglo]
Ao €A% ATG. o]AL A dgF FEA eI FAESE wge HE
7 ALEEHRSE BRAE Feld.

Nedonchelle®} Schults (68):= HEZYe] BEHATE XE 342 $=3%.
InK(t) = In(t,) - n(t) In(y,)

A7 T, % Yo Aeeld. odE wFEEANA AL HIAE AL HEsd Iz
(5, ZA4Lde &, SR, F71F)d 4Ugle] Ao 2 LA¥s Baqg (Fg. 11
Fig. 12= & sj¢2xlA= consistency index$} flow behavior indexe] 3}
§ Yeld Zojd. dgie FES HUEe LA [AIY AK: davl AN
a2} wiglie] pseudoplasticitys= F7tslld. 30°Coll4j= consistency index ghto]l Huj
A3t flow behavior index gh2 HAgc. o)A 30°ColA HF d9H =7t HY

da dgf Fx9 consistency indexste] B[Al= A4FH vjEFA wiFo|d.

3. FAEAT GBF 440 mAE 2GRS 9%

7t. oA7bA = HE oY WAxY R FE Ag

Fig. 132 og7tal =24 ($71%, EE, AR, d97F T5)s Wi 5
EX He Al (kpa)e HidE HAdgd. ER A Ags 7% ais:Es 5
Nees S d9F 59 =7 SMEsS Fasdd. @ibHeR %
Ag Ales duv 4 wWeEd-.
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Consistency Index, K(mPa-sh)

104

10°

102 O
A
Ll
@
JAN

10

10°

Polysaccharide (g/1)

25°C
28 °C
30 °C
33°C
36 °C

Fig. 10. Relationship of consistency index and polysaccharide

concentration for the fermentations of various temperatures



Consistency Index, K(mPa-sn)

. O 25°C
] 30°C
3
10 N\ 36°C
A
102
@
10
0.2 0.3 0.4 0.5 0.6

Flow Behavior Index, n

Fig.11. Relationship of consistency index and flow behavior index

for fermentation broths
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Consistency Index, K(mPa-sn)

O 25°C

]
6000 A 287°C
) 30°C
@ 33°C
A 36°C B
4000
~
2000
0
0

Time (hr)

Fig.12. Vanation of pseudoplastic characteristics with the progress

of fermentation for the different temperature
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Flow Behavior Index, n

0.0

20

— 48—~

40

Time (hr)

60



12
400
300
-
s 200
-
100
0 _
0 4 8 12

Polysaccharide (g/1)

Fig. 13. Depenglencce of mass transfer coefficient on a) aeration rate b)
agitation speed c) viscosity d) & e) polysaccharide concentration.
a) & b) polymer 0 g/l (@), polymer 1 g/1([]), polymer 2.5 g/l
(A), polymer 5g1(QO), polymer 10g/1(M) c) & d) 0.5 vvm
(@), 1.Ovwm(/A), 1.5vwvm (), 20vwm (QO) e) 300 rpm
(@), 500 rpm ([]), 700 rpm (4 ), 900 rpm (O ), 1200 rpm (I ).
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kia = K (PgV)® Vsb papp"*

A714 kjax ER AG A4 (hr')elm Pg/ViE @933 g gassed power o], Vsi
superficial ¥7] 4% (cm/min) o]3 Happis Y71 % (cP) o]lx, K& njellA4 o]
o}, AdAAE By OdgF 99 ZAHE7] Hx7 1,500 mPaS ¥ Hg o wax

o) 2R AT ASE 923 A

kja = K (Pgv)® V032 0088

i $49 ZE7] HEr 1,500 mPaS Hg Jaj: WiAxe 3 AL AlFs

s 4e Mo F

kLﬂ = K (Pg/v)a VSO"32 p"app-O‘BB

22 A Ass ¢EHYZ 92F/t 246 @ pagn wxs AYHe) o
AREEY E71Fe 37 ARezs BA A Adel RAE ojn PR B2 4
c}.

32

U, FAFAT ddi L mlx= abEESY %

e ZA52 YA}A x 300 - 1,200 rpme] HYolA] WMUEE I FF A
I gl A& vlalEe 4P A seld (Table 6, Fig. 14). k&< 300 rpmol]
A YT AS, BiLYo] nZEy] Heo E&£4445F AN G. o @AY FAFAH
o 44eo] A3 ZA&AY. AT AT SFELLe] Misd FA &4
o] T3} diel Yio] dA3] FL¥HS ¢ 4 U EE 400 rpm o]
BollAe §EFL ALEuA7] (FL¥ 27 F)d AT =AU o] FS FAFAL
SEAL sl AHAA FAFA S50 PFadd aNkEEs ARSLEE HF
dAFo] TR 2y ddi 442 £ Aolrt gl mukExE 900 rpme)

) B



Table 6. Effect of agitation speed on fermentation parameters.

. mea.x %max X P
(g/g-hr)| (g/g-hr)| (/) 7y

Agitation Yy Yps
Speed (rpm) | (g/g) (g/8)

300 0.2253 | 0.0424 ; 0.2290 | 0.0535 | 1.0608 | 2.9801 { 0.417

400 0.2245 | 0.1421 | 0.2297 | 0.0588 | 1.0231 | 5.6249 | 2.650

0.2126 | 0.2305 | 0.0727 6.6097 | 4.635 27.500

600 0.2269 1.0159

900 0.2259 | 0.1871 | 0.2326 | 0.0647 1.0297 | 7.0880 | 4.788 32.426

1200 | 0.2265 | 0.1700 | 0.2328 | 0.0609 1.0278 | 7.3131 4.324 33.207




Cell Growth (g/1)

5
4
c
3 3
E
L)
3 2
2
s
1
0
0

Fig. 14. Effect of agitation speed on cell growth and polysaccharide

production. 300 rpm (O ), 400 rpm (@), 600 rpm (A), 900 rpm
(@), 1200rpm ([]), (-- - -, pOy= 0).
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HPollAl 4.8 gl 2 Hughe Bl 2ok o)A 27] ogF 474 Fe @
2 FAY O9E Y453 A @Feln (Fig. 15). ZWEE 400 rpmol
4 RS A ouF 44 FldM gduF S5 3/ o o4 Yojux o
e AL BUAY MIds] ool 71U Aolt. 9= GgF LEe A4S (60, 69)
HFA RUEES FAEEE G9F 44S Fddon FAZAL AHHA. o
2|3k Aol M. organophilume] 79 s 447 (ALY A Ad) dAE F7)

F9 ALE 2L 4+ A& 54 WEold.
. HE mAE WY DUEES I

g RUEEER g Y o wjFYe] consistency indexs) g FESL WAE
o] log ®xo] el d A3 Fg. 1634 dd. 2 d3iF x4 ajFge H=E
= g 2R 28 5 SR, ol Aol mNkEEV ¥ 45 uW

%9 polymerization %7 #Z A2 Az

4. FAFTAY dFF Y4 vX= F7IFY Y

571%o] FAFAF ddF 4L "XE d¥S 4y HEd (Table 7, Fig.
17). 713 571% 5§ FAFAH} ddie 4ol FARRT 71Fe 7=
g@ie] 44 F7 2o FAZY Fobel d & 4¥FE FAG FAFE Yy
A&EE F71%e] Hstol didted ARy H wiggs YASs=E, Hd 7
HI&G 29 G357 A45E (Ype)2 §71%F0] F718 W % TosiRe. o

H]

P ol

:;g

log #Eo) vehd @t Fig. 183 %o A ogi FEold MFds] HEE o
o} Er|dol FAE4E FrRNL. oUW Aol AN FrFel FAYSE dPFe

polymerization =7t AX A}z H4H4.
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3
ﬁ 0.06
=
2
s 0.04
'g,
o
A
= 0.02
RS,
D
- ¥
7o
0.00
0

Fig.15. Effect of agitation speed on the specific production rate of
polysaccharide. The symbols are the same as Fig. 14.
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Consistency Index, K(mPa-sn)

10*

[} 600 rpm
® 900rpm
B 1200rpm

Polysaccharide (g/1)

Fig.16. Relationship of consistency index and polysaccharide

concentration for the fermentations of various agitation

speeds
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Table 7. Effect of aeration rate on fermentation parameters.

Aeration Yyss Yp/s
Rate (vvm) g/g) | (g/g)

Q max X P
(g/g-hr)| (gh) (g

0.5 0.2247 0.2024

0.2315

0.0722 | 1.0303 | 6.3283 | 4.426

1.0 0.2259 | 01871 0.2316

0.0647 1.0297 | 7.0880 | 4.788

1.0148 | 7.7850 | 4.979

2.0 0.2294 | 0.1704

0.2328 | 0.0597

(&M

30.042 |

32.425

33.824




Cell Growth (g/1)

Polysaccharide (g/1)

Time (hr)

Fig. 17. Effect of aeration rate on cell growth and polysaccharide
production. 0.5vvm (Q), 1.0vvm (@), 2.0vvm ([]), - -~

pO, = 0).
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Consistency Index, K(mPa-sn)

O 0.5 vvm
® ! Ovvm A
2.0 vvm
3
10
Bys
()
104
10° 10

Polysaccharide (g/1)

Fig. 18. Relationship of consistency index and polysaccharide

concentration for the fermentations of various aeration rate
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A3 R AL A sHe ¥4 =4

e DRFLS YitHoz we Fo dPHFE H4AUdE MIs U (70, 7).
W2 ugE AN, 53] serine F2E A type II HF2 LS 3HYE = o
o (72). Type I MF<Q M. organophilum E71%2 RAAE $U3F Aoz 3
AaEE 2P F A HFY F 7] FAFEE 2.6 gIZ do] Ri Yol glE Wi
Al Al F7HA eige & Z3 Fig. 196 JetWid. i nAe osix FAFAL
1S gl 7vtol QgHe FEE 6.5 gl 7A 8. 25X Fols dgF 44
457 F43) MWL Hol FUd. o|AL mighg sl YE 29lo] FAFARY o
T A4S AP A A

1. #4154 9 97 Ao vjX]= AdaAee G

Aao] 27 F HE $E4L FEF 20%2 FAse] I A $EL
2§ MPsted wfEF ASE Fig. 200] epid.

A A F SEALE 5 20%5 §A87) N %Y aukEEE 9oz
ARt &AL RO MEE AAY 327 AFH REH FFI aEEE A
7 EEALE FEE 4% ¥R FAANRYG. AxMEeE FAFAF i 4o
BEdRey 4 & (PX)s $&E429 5o 4Bgle] LAHuUG. oA 4x

Hod&

r

2]

o}

mlo

Ategd FAH/I} gdFe YAF2} E4=A g PaHgE A
o}

2. FAFAF ddF Ao vAs ALHTLE] G

AaH FATAT GF 4A4d v ¥ BV AdA NFe 79 ¢
g (Fig. 21). $&44& 52 § ¥7132 438A $AANEN e534FE 4
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Fig.19. Cultivation under nitrogen free medium but

containing molybdenum favoring nitrogen fixation
(molybdenum=6.4mg/1).
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Fig. 20, Effect of oxygen limitation on cell growth and
polysaccharide production. Dissolved oxygen of control

as 20 %(®) was maintained roughly at 1.§ppm.
Oxygen limitation(O) was begun after nitrogen

limitation.
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Fig.21. Effect oxygen ennchment on cell growth and polysaccharide
production
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10% A= F7AANA 20% 55 FANAG. ALH7G F712 I} 45 712 9
FE A98d FAFAH dFHe) 4L FLsRong o JF & (PX)S 4
2E4ol Aol ¥ANRt. FAo) AE AU AHEFRES FAFAFN O3
g AR ol sl A FAFE (Y@ i 44 5 (Ypp)ol= u
ehdet (Fig. 22). #A5E3 435 A4+ AL A%d AHAA T33
e, oI AL ALt MES FL DHFHE AGAIFIEE AL 1A H
e FAA7I7] S8 B2 okEe] A8¥ ez Y7dHd.

3. #AFAR i 4ol v Felude A%

Ba R0 F3 AARl EFelHude] FAFAH dFie] Yol wAE: A
= H7] 84 sodium molybdate FXxE 0 mg/lojA] 6.4 mg/lieg WHIHAFIHA ]
& s98Ad (Fig. 23). Fgjudoe] gl Wizl Fuds HAR Z$id
A4 8 g7 4A4o] ¥As| FLddd. Fejugs Hsstd P A £
el =28 SR &5 FARH uEN FASES dHirr ey g9 <
w b, R AL T UAoln 53] gt A J¥S F
yoge

4. FAFAH dFv Yo viXs He 9%

2ol #AFAA ddFe A4 vixes 4TS 45B7] A ferrous sulfated
0 mg/lefla} 20.8 mg/lez W3 A7IWA WFE Y& (Fig. 24). FAFAFH
MZFAEEY ggF YAL ferrous sulfate 574 10.4 mg/!l 71A Zrsdor} 10.4
mg/l o]Feg F/HE AL 233 ZFidfd. od YAFE (PX)S He sk
Aflo]l Aol LAdd. Ri: nHPA FoU AAF © 249 LS i Y4E

G dNFH d¥s FRAT 2 HAH} FAF4 HZol uwEHd dFFot 4L
Hoj FUd
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Fig. 22. Effect oxygen enrichment on cell growth yield and product
yield
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80

Fig. 23. Effect of molybdenum concentration on cell growth

and polysaccharide production. Molybdenum
concentrations were Omg/l (O), 0.064mg/1(A),0.32mg/l

(0), 0.64mg/I(A), 6.4mg/I(®).
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Fig.24. Effect of iron concentration on cell growth and
polysaccharide production. Iron concentrations were

Omg/l( @), 2.08mg/1(A), 10.4mg/1(O), 20.8mg/1(D).
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1. 2454 8 ddF Y4l vl ZL2E 371 A7 A4F

BaH F7HA7I7E AFA 4 dFiF g4l vAe dEE BV ddA AFE
o] Zgjudid Hol XEH wix|olA FLYE F4LHo] nZEE AVIE J|EeZ o
& A7l HAssl (Fig. 25). 7] 0.6 g/l ammonium sulfatee] s xjofjA] »l2}3s}
t} AAHo] 77 A 0.6 g/le] ammonium sulfate® Mg AL x7] 1.2
g/l ammonium sulfate wjxjofj 2] wiFZH3A FAFAFA dFF Y4ol A wxdt
F4E Bgor}t x7] 0.6 g/ ammonium sulfatee] wjzjoja] sjoksir} WA fo] 7
H ¥ 0.6 g/e] ammonium sulfateE G 79+ FAFAY ddFe YAo] @
3] A AyEe Egudzt Hol EEH six|ojA] HiHe] 7] Ho
S Aokt ZAFAYN i 44 9%l ey Fa:H 32 F ALY
A7kt FAFTAY g9 4ol A FLEHEE B FUG. oA A¥ESY Eé

uneld Hol EUH wiAdAE A4 AHRA] (= BLE ZH A7) AL H

;g

P

Bt ALSol H7FH ammoniumol] o8] sl Holr] ¢old ZAF{E Az

Aa 2yl 228 UAF Hed Eud $EF AU AR FEH
nZ2E ¥ FAHe 78 A4S Boid (Fig. 26). 2 73 £7] 1.2 g/l ammonium
sulfatee] wjo¥¥ v} x7] 0.6 g/l ammonium sulfateofjr] wigeic} HAH 27 ¥ 0.6
g/l ammonium sulfate® $7jsted YT AL A2 nHA Eude FAFAde
AYgS FA &2 diF 4447 4FFE F& dAYeR TeEe EFHEHUAL AL
f 272 ¥ A2 274 OFF A4S ABAAFE 4 g

AA: TR FAF AAY IjUd B 5 571 A WAy FLHe] 2zt
g ¥ Bage 3 49 B (Fig 27). 2exs] Hol ¥4¥ wWixlely &7
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Fig. 25. Effect of additional ammonium ion on cell growth and

polysaccharide production in medium containing the low

concentration of molybdenum and iron
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Fig. 26. Effect of additional ammonium ion on cell growth and
polysacchanide production in medium containing the high

concentration of molybdenum and the low concentration of iron
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Fig.27. Effect of additional ammonium ion on cell growth and
polysaccharide production in medium containing the low

concentration of molybdenum and the high concentration of iron
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1.2 g/l ammonium sulfate s X} %7} 0.6 g/l ammonium sulfateofjA] wjgFs}c}
A4 3 ¥ 0.6 g/l ammonium sulfate§ F7}so] g FL FAFAY o7
§ A4 25 Zasdd. 5] e Fad TF F A28 FA7Y FAZ

43 d9F 4459 H¥AA FA T

2. AAFAH i Yol wXs FLEY 5 4%

Yutdeo g @2 MFH 3o FHoldly ¥ vl ONE dgdF 442 F1
st (45, 74) i YA Fi U nZo sy FAHAG (27, 28, 29, 54).
2EY =7t 9w YA v d¥E H7] slsfA ammonium sulfate FXEE
0.6 glioja] 4.2 g/lz #igA7|HA $714 RS 3 (Table 8, Fig. 28). FaZ
A2 Wz Fo ALY FEd vl F7b sty g9 4 4uHe
292 ALY F=, 53] 24 gl 8 glleg A Ho FU. F4He F
£ 1.8 g/l o)dollAE= A#2Eo] vIFASKE, vigdi HJAEES w7 EEE4 @

AstA YERR.

Ammonium sulfate®] %7} 1.8 g/l olatoMe FAHe A7} 2z gomz
i A4 SEE 34717 i BAHS ¥ 270 E& exponential 3712
ammonium sulfate®] % 1.8 g/l oJ|& ZH&WA F MHssEl ammonium sulfate )
%ol 3.0 gl 1A st WP st (Fig 29). 2 A3 Fobggel BAglel 24
AL A9 AR dFFel 442 x7)d 3.0 g/le] ammonium sulfate 7}
¢ Z4¢ X} ammonium sulfate Zg 1.8 g/l olz $AA7 AS 12.5 glz o
T4 F7heid

4 M71¥ ammonium sulfatee] FEF 4.2 gll2 3= LAE $9% A3} 25
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Table 8. Effect of the initial concentration of ammonium sulfate on
fermentation parameters.

Initial (NH 4) 2S04
Concentration(g/1)

0.6

1.2

1.8

2.4

3.0

4.2

Yy/s Yo pmax
(g/g) (g/g) (hr!)

0.2362 0.1638 0.2395 | 0.0682 1.0140 3.245

X P
(&) (&/)

2.270

0.2272 01767 0.2291 0.0640 1.0084 6.823
0.2167 0.1927 0.2108 0.0645 0.9728 9.846

4.884

7.526

0.2414 0.2118 0.2000 0.0572 0.8285 | 11.912

0.2933 0.1497 0.1803 0.0310 0.6147 | 15.191
0.2998 0.1022 0.1682 | 0.0199 0.5610 | 19.074

8.020

6.348

5.164

(&)

17.263

37.203

53.011

55.012

60.141 |

65.254
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Fig.28. Effect of the initial concentration of ammonium sulfate on cell
growth and polysaccharide production. 0.6 g/1 (@), 1.8 g1 (1),

3.0g1(M), 42g1(0).
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Fig. 29. Effect of the feed of ammonium sulfate on cell growth and
polysaccharide production. (the total amount of added
ammonium sulfate is 3.0 g/l.) initial feeding ( @ ), intermittent
feeding (J§), exponential feeding ([]).
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by (7], ZHY, exponential)o] AFglel FMFAFN dFe 44 LA
(Fig. 30). o]A& wigkF ammonia ©] 23 A Hs/EE HFxe sulfate o]Zeo] FA
o ogF 445HS AAs Lold Az 47U

Wz] Z sulfate o]&2 MA37) YA ammonium sulfate )4l St 1Ljops4E
BiH3 pH 28802 Ag3od F HAF 1.125 gle drYol (FAFAez &
a| 4.5 g/le] ammonium sulfateol] s3)E &% WS A% 3ok (Fig. 31). Sulfate
o]2e] 42 MA =eoy Wiz EeHU TAHAE i YA HOAL oF
NAE 12.7 g/l o|& F7=lA ¢kskeh. ol Wi xzel EEHU il (ddH F=
712 dd HE 3745 HAAY ERS 2A)E I¥Y] SiNAE HEE HBHS

715 estodof ¥
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Fig. 30. Effect of the feeding of ammonium sulfate on cell growth and

polysaccharide

production. (the

total amount

of

added

ammonium sulfate is 4.2 g/l.) initial feeding (@), intermittent
feeding (), exponential feeding ({}).
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Time (br)

Fig. 31. Effect of the feed of ammonia water on cell growth and
polysaccharide production. (the total amount of added ammonia
water is 1.125 g/l and this corresponds 4.5 g/l of ammonium
sufate.) cell growth (@), polysaccharide production (il).
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A4 A AL 9 A

o] AT FEHLS waTAHS HAY, Ax Yo ¥AZY, ALY FE =
s 5% 935 5 F7bol A FoE HEL s A

1. 25°CollA] 39°CrlA] LEE #HA7In $714 MlF2 k. vlFA F4 &

= EEE 36%4 0.3 hrieg 3uighs Mew, ¥ gdfi AALEEE 30°C

21 0.064 g/g-hrg 3Hojghs B, FA FA76A 36°Cz wigsicrt i A4
Nl AE 30°C2 st olgAl HAME +9% A} 30°Ce waRd g
PAPYL F7 Rev AF FANF F2E d9FY FE= FLHU

2. FNFAI OFF AL elFFo) $F Az AREd Pxsm, 27 o
FF BA70) B2 F71% DIEEAAE ZHARng Ogid 4442 F487) 9
AHE LA HAZE EY 4308 FEALE $ASUA AN TP aNEEE
7 # ok R

3. && Atk 4%, Zeludm e Fo A2 o 4 uNE AR
oJRE olHE ARV FAFTA Y dFF Y4 FlAE d%l dsl 4w K
2 F Zeludold Hol glow FAFAN dai 4ol AA ZasHUdG. wWAF
Eelnwl 2o F7hs FAFAolE 4¥S FA ooy d@F Y42 F AR
oy A Fo A FE FHE G@F Y45 Hg FAFA %L Fud

4. Aago]l 1ZH F H2HZ Msid FAFAH dFF o] Axie] =
2571 A4S Mobsted Mgy Aol uld Zadoy nFEe ZndE ¥
S AN E G 4de] XU dFFe] 449 FLHde Fx o
A 3A 4% wsd. Ammonium sulfate FE7F 1.8 g/l ool ulFASFE,
712 46 459 bgdi YAS5E0 43 Fagenz AFay FEE UYL+

zoz $AAAH FAHEL b WHoz dUF FEE 125 ¢l 74 28 4
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