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Abstract

The mutant with high productivity, X. malvacearum SNUF 560—6, was acquired
from the X. malvacearum SNUF 560 with low productivity by UV-light irradiation.
It was preserved in lyophilized stock culture and it was transfered to PDA slant to
maintain viability fortnightly. Fermentations were started by retransfering to MY agar
slant from PDA stok culture. The experiments for optimal xanthan gum production
were studied in a chemically defined medium. Of the carbon and nitrogen sources
tested, 0.49% sucrose medium and 10mM glutamic acid medium yielded the highest
xanthan gum production respectively. The addition of 10g// succinic acid stimulated
xanthan gum production. Also 65mM PO,"* (12.6g/! KIH,PO,) was effective on
xanthan gum production. Finelly, medium 1 and medium 2 which have high xanthan
gum production potencies were achieved in this study.

The components of medium 1 and medium 2 were as follows:

Medium 1 : sucrose 40g// glutamate 10mM
PO,* 54mM (KH,PO, 12.65g/0)
Citrate 2g/!
MgSO0,-7H:0 0. 2g/!
H,BO, 0.005//
Zn0 0. 006/
FeCl,»6H,0 0.0024g/7
CaCO0; 0.02g/!

Medium 2 : Sucrose 40g/! (NH,).SO, 2g/!
PO,™* 65mM (KH,PO, 12.65g/0)
Succinate 10g/!
MgS0,-7H,0 0.02g/7
H,BO, 0.06g/!
ZnO 0. 006g/!
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FeCl;-6H,0 0.0024¢g/1
CaCO; 0.02g/1
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Xanthan gume 22 # 2X10°4 ¢} poly-
mer® 2 F+2& D-glucose(2.8M), D-mannose
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Xanthomonas malvacearum SNUF-560

2. B

1) EHREFER B
A. Potato dextrose agar (PDA)media(pH 6. 8)
*Potatoes 200g Dextrose 20g
Agar 15g Distilled water 1
Autoclaved for 15 min. at 151bs pressure(121°C)
*Inqusion from sliced potatoes
B. Malt yeast extract (MY) media (pH 7.0)
Malt extract 3g Yeast extract 3g
D-glucose 10g Peptone 3g
Distilled water 1I
Autoclaved for 15min. at 15 lbs pressure(121°C)

2) WEEaRE(pH 7.0)

*D-glucose 20g KH,PO, 5g
(NH 2504 2¢  Citric acid 2g
MgS04-7H0 0.2¢g H;BO; 0. 006g
Zn0 0.006g  FeCly-6H;0 0. 00248
CaCO, 0.02g Distilled water 1

Autoclaved for 15min. at 15 Ibs pressure(21°C)
* Autoclaved separately i

3. ¥OMNRIRE W RRBARKS XE

MY brothe] 4 4~6EER] HES BHS B
(7,000F, 30min) #pfFo 2 #Este LEy RE
K2 Ffs & }& B suspension 10mliE —ET
BEAA 205 Lk A$S BAHRERER 080
erg/mm?)¢] 473} 30cm, maghetic stirrer $j
o] petri dish® ¥ 70rpmez mubsld Al 30,
40, 60sec fRHH4E, MY agars] FREREAA
et colony S BEEEA R IgHIo] #E8to rotary
shaker (oscillation 240 rpm) 2 29~30°Cell A 96
Bf B e el BERY “fow-time” g 579
of BES =& RRWRES BEAS.
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MY kbl 4 1B &HE A BEEAREH
ol ##Eslx rotary shaker(oscillation 240 rpm)
2 29~35°Coll A} 24851 HEEH A2 BEAR
Frhbel 109% :fEsle] 1~28:RSvlt} spectropho-
tometer 660nmollA] optical densityd &4 s}

A ¥ AFERS F93gh
6. Xanrthan gum #Z#&

MY Zlmssiiel] A
erlenmyer flask) o]

PR A B B . (S50m./500m -
1845 #fE3le rotary
shaker (oscill, 240 rpm)o) 4] 20~30°Cz 248
R#Eslo] o] & starterz dtx =S BREARES
#h (50ml/500ml erlenmyer flask)o] 10%7} = A
#:f@s)9) rotary shaker(oscill, 240 rpm) 2 30°C
o A 96mFM #iE3te] xanthan gum AEEES
HBRRRT ST A =

7. BEXRC A%

1) pH #iIig : E. Merck pHil R 2 zero-
matic pH meter.
2) BRI : Brookfield viscometer
LVT(25°C)
3) PER:EERAS B xanthan gum
& BES KE BhKs 0. IN-
HCLE 7 304 Ak #)F # So-
mogi-Nelsonpk o 2 E £3589t}
4) HEEBEHEE :
A, BEWS BOSEEA2,000G, 30507 F
AT REKE Pkl HiEE 2ol 105°C
oA BHE Z2ZHAA Az A
ZFHA FE FA A
B. BtH%R HEE SR d=AA 4%
o} spectrophotometer 660nmo} A 2] OD=E A
T Fe FAsg.
5) Xanthan gum?] gk
HEWE $F5E 3149 300CP LT H
A BEE FE T BLIBEA2 000G, 305)%
o] ¥&¥5o| alcoholitj@my xanthan gume} [Nk
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1. %MRBsTol KE RARBREEE

5@tk el Xanthomonas malvacearumo uv-
ray® S A5HE Table 13+ 2

Table 1. Effect of UV-ray irradiation on X.
malvacearum SNUF-560

Irradia- No of  Death No. of e Of,
dose. X. mal. rate. treated colony.
(sec.) cell per ml % colony %
\) 5.5X10°
30 6.3X10° 98. 86 3210 6.231
40 1. 6X10° 99.97 1740 6, 954
60 3.2Xx104 99.994 4622 1.514

Magnetic stirrer o] ¢l petri dish<2] cell
60sec JRATTH
cell suspension-2 3} X 3}e] FIRIEEL HE sur-
vival rates} 1.14%., 0.03%, 0.006%°)%}2=
—ERER BERS T kol 4] mucoiddt F&
colony (Sm) ¢} ®r} =¥ mucoiddt colony (L) 7}
gele WAz ey Smst LecolonyE #A
g BiEEH oz L-colonyr} Sm colony® vt
o WES AGE AT BEsd o2 HE &
#Z R L-colonyE 301{E ) 2 BEAISH
1% SE#HZ &= screendtd o}

L-colony 391 BEi#kel o 8te] MY brothe] A &
HAEA Az 1S B AR BEEstd 29~
30°Ce] rotary shaker(oscill, 240rpm)ejl Al 96
B mEttd o HES JE T BN EE B
gom RESfZ
SNUF-560-52} #4408+ o] #E ko] Hote] B
& A5

Cell suspensions] UV-rays 4080 B A2
suspensione] A RS YfFHe] FL& AR

suspensione] UV-ray% 30, 40,

Xanthomonas malvacearum
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Hol o] HiHkS RRAVAFE BE BHRERNS 40
ol gk

BEEe 2 2ol UV-lamp: 253.7nme] #
£¢ W DNAS Bigdifo] 260nm AL 2
UV-raye] {k& #RE DNAS 48 RIS
o o] 23] 9l thymine baseZ 9] dimerization
o] {3l base pair substitutiono] o] } BE
7} &= visible lighto] ¢]a} 4] photoreacti-
vation(EREE)F & Aoleh 474 —gaye
2 BEBEHSES death rate 99~99.99%<
= #ssel ol 29 ¥ &e A mdz
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B RE K back mutation I HRBMEZ BB
7] B3t lyophilizationdls S .

R B-e MY brothe] 4 E#E(bA A MY
RG] A A A 2, PDA el A 30°C,
24p: R PlEsE st 0°Cel A EES 2 2870
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a3 4R MY i BEsHd 64 &
AQ & 7tA variante] HBEHESE 1:18 4
T A9z HES v 9ok

3. EHke| ARER

WkE S MR 1% potato dextrose agar(PDA)
Pl gl 4 2BRIEET B malt yeast ext-
ract agar Z4REiol A 30°C, ASKEMD BT %
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.
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g. 1. Reduction rate of viscosity during pre-
servation of X. malvacearum at 0°C.

o] "ol & variant: SHREAREES] genel
7 Aoldte A€ waler, Cadmusg™e X.
campestris7} 2714 9] variantgE Zevln #HiE
g ul 9ot o2 d HE=E vl Fol Xanthomonas
JB9] w2 ffc] colonial variationg sl Ao
2 228 4 9z B AYJAE variante UV~
ray WSt MY Piisie] 4 = 0.52% Wz
B3t

4. @l &£&F1 xanthan gumo| & &

MY brotho 4] EiE{LA 71 starterd BEEEAK
Kool fEfEstz HREHEE (oscill, 240rpm, 29~
30°C)stod 1~2pkfivte BAETE S 0.D.2.4 plot
3 R £FMHHES Fig. 28 2+

X. malvacearum SNUF-560-5+ lag phasers} g
3, £HHALS ARRE~108¢Hc] logarithmic phase
o]¥ olwj o] generation time-& 2.74R5fEo] gL+t

_ _log N—log No

Z= Iogz =2.19

6
2.19
z: B, No: Rho WE,
N: —gErefEe wE
t: fGRER, dd: AR

td=—r == =2 74(hr)

Table 2. Characteristics of variant of X. malvacearum SNUF-560

Pigment Shape Variant rate (%)
Normal Yellow Smooth mucoid large 94.3
Variant 1 Yellow Rough not mucoid large 1.9
Variant 2 White Smooth not mucoid small 3.8
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Fig. 2. Growth curve on X. malvacearum
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o] A .2 Moraine%®o] T KA A9
5. OR:R3 MHES £RE veld Rogovint®
2. zEFEF o 2 (DDS) distiller dried solubles
(DDS) & A g el A NH9) Bz geae]
EHES W 254 = At #ES vk Ed
& BB A T BEAREN ARdE oy
fBRFo = (NH).S0t ez BEFS
IR T AKkY A 2

109%9] starter® BERFA R KMo B35l 2 sha-
king culture(oscill, 240 rpm) & 290~30°Col 4] 96
Briist A pH MHEE WEEY WESL xdA
xanthan gum AE#HS ZEEE Figo 3049
Zrt.
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Fig. 3. Time course on sucrose consumption,

cell growth xanthan gum production
and pH.

e pH 6~79 EY FEE HFANARL B
ol ML FIH 24850 T2 HWinEY 90%
7t Fed o, Hiael logarithmic phase FHj
9l 8~10E:[E-E xanthan gum¢) HpgKe] (BES
o] 6OMEMEl 7hA £ AEEE ) B o 608
e gutd F718 292 o6rf Aol A
ol ARHASe Z 4 ¢vh. Moraine 2
5% D-glucose S @43 RAKMAA 40055
b BT #B=E 5B BE 2% UTEE £22HA
el #@Esdd.

5. Xanthan gum BE4LE REEH

1 BRES ¥8

Glucose= xantham gum 4gEo] A B
FEF o2 2olx o] FEHNAE glucose 2%
Z E4ste BEARENE XAEBE da o
7o) sucrose, mannose, xyloss, maltose, fru-
EEANZ 9% FHmstd xanthan gum
el HEE HEBET KR Fig 4dAds 2
o] sucrose 3% ¥RMEZL TEeld = fructose
0.5% FWE L ohgol 95 sucrose 4-~6% FHin
¥ xanthan gum 4ol BAHYP ez fiE
HiE 4ol
9} xylose 2% A 5. v]5& HAS B9

XanthomonasEe] xanthan gum 45K F
TRtk Held e obd BEI 9wdA A &
Awul —gghyo.2 heteropolysaccharide®] gk
o el Hms RFEES —#sL Entner Douw-
TCA cycles
A A energy$ biomass& #iggstx vie{x mo-
nosaccharide= sugar nucleotided] HREZ Y-
polysaccharide chaino] W=+ H #t}.

Souwsb e, X, campestrissq HKHEFoZ su-
crose 4% %5 HESAS 4 F& HEE A9z
#Wikslg o v) X. malvacearum=>
coses}o] [ EEo] 4] Fig. 59 7ol sucrose 4%
o] Al xanthan gume] #gEe] 714 A rely
= 1 glucose/] HEWME HiEsE 9 xan-

ctose &

=3+ maltose, mannose 3%

doroff pathway, Pentose cycle,

sucrose$} glu-

than gum 4:ggo] BHEH V sucrosed] #$= &
meEAE 2 %BHG HEN JQE Feldtt
2) Hfm o4

Sucrose 495 &3l BEie] citrate 0.2%
2 she] HEE e AR HARME S
lactate, oxalate, pyruvate, succinate, a-keto
glutarate® Fx=¥ 2 0.1%, 0.5%, 1.0%, 1.5%
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Fig. 4. Effect of addition of increasing concentration of carbohydrate on xanthan gum pro-

duction and growth in the basal medium.

Basal medium: glucose 20g/¢, (NH,) 250, 2g/!, KH,PO, 5g/I, MgSO,/7H,0 0.2g/!, citric
acid 2g/I, HyBO; 0.006g/L, ZnO 0.006g/!, FeCly-6H,0 0.0024g/l, CaCOs
0.02¢/¢, pH 7.0

Rotary shaker (oscillation 240rpm), 29~30°C, 96hr

DCW; Dry cell weight, —O— pH, —@— Growth, —A — Xanthan gum.

2.0% A 7}ste] xanthan gum A 234 & W2 2
& Fig. 60]l4 & o] citratent-g A /Mg =
27} succinate 1.0%, a-keto glutarate 0.5%,
pyruvate, 0.75%°] A W gum$ &A 3 g2
2 b succinate, 1.0% F7}To14 1l4mg/mig]
gumoe] A4S HEMEE Jebidz 2 Bk
FEZ AN Re dE pHt dsd BEF

OCW {mg/ml) ,

ot
10F 79 gum A Aol A HEH U
':ég- ) EXREY A4F
Ebr e a9z (NH),S0, NHNO, CH;
E"//é\\ COONH4, NH4H2PO4, NHgCl, NaNO-,», urea%_—
E Fix Z+72} A 7}shed xanthan gum 4L vz A
S S e Fig. 74 2.
% Glucose % Sucrose Fig. 704 o] glutamated A Qo2 314 &
Pig. 5. Effect of sucrose or glucose concent- W ExERY A9l (NHD.S0. 2t} gum
ration as carbon source on xanthan A o) 2.6f57 FAE HnAE BnPx NH,
gum production. NO:F+& 1.6, NaNOsT& 1.4f52 %z 71
Incubation was at rotary shaker (osci- s
llation 240rpm) and 29~30°C, for ) .
96hrs. Souwo] EET ERAA X. campetris=
DCW; Dry cell weight —O— pH, amino acid s glutamater} 713 ZHEFH oz F

—@— Growth, —A— Xanthan gum BMitd s #$i48d=d & BEBREHkd X malo-
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Fig. 6. Effect of addition of increasing concentration of organic acid on xanthan gum production.
Basal medium: sucrose 40g/l, (NH,)2S0, 2g/I, KH,PO, 5g/I, MgS0,-7H,0 0.1g/1,
citricacid 2g/l H;BO; 6.006g/l, ZnO 0.006g/l, FeCl,-6H,O 0.0024g-7,
CaCO, 0.02g/I pH 7.0
Incubation was at rotary shaker (oscillation 240rpm), 29~30°C for 96hrs.

DCW; Dry cell weight, —O— pH, —@— Growth, —A— Xanthan gum.

acearum2- glutamate 10mM T & Hmd E
ol A HEfEQ 16.05g//9) xanthan gumg
o EEERRRA T Fead BRI 9%
£ dEr g @ @ERES @#ES xanthan
gum LEFEES HESd 2y ZRES SEE=R
W] vhet BWe AFEE ®ndte EEad R
f 21} xanthan gume] ARS SIS WAMEE
< X9 REEY ZRE BT EBEH
W MBS EE Fdde R dgeonz &
FRES KEEEE BAS xanthan gum$ R
EES & ME d e BES HRAAT ¥

© R BEAS B obgE A ol & xa-
nthan gum B4 BEFG A7/ AL @ +
A=t

4) =FEF o 2 distillers dried solubles(DDS)

o] R

BES FRE 3 ERAEERY Bl DDS

I ks FHES BERARERY BHwd

DDS 2 #7114 & ®RENZE BREoLZ Hindd
xanthan gum 4£FEES HES HRe Fig. 84
A9k o] DDS 19 #HmmE~sr DDS 2 HmER
o} E# 9 xanthan gum L@ HRT @2
DDS 1% 0.5% #mnstgl& = 3g/l19 xanthan
gumg £ET ¢ A+

28y o] 88 e MorainZ3® 3 Rogovin
%£90] DDS 0.5~0.8% HmEGA =5 HRM
ol ki BT Aol kot AERA HHT
DDSe] HRe 2wk XaA eEbd HES =
Bd dRE ol crudedt FRS N B
gl fRsted BEERRE ANAL o2 Tl
BfEmAd A o' ofm fHEH fkstod xanthan
gum el RRI AFL vA= A ZAG =
£ DDSe} fE R AFez od Rofbsl o
A gt #EsEc. 2 n2 DDSe gHl 2 E
B, #¥, amino acid, ,{ETE 29t o4 o
F T EEHWE T H HANAY =8 DDS



— 84 — HEREBLEGIE 55304 (1987)
9—
T 7 —
o OO\O\Q_Q ‘mQ
5 S
8 S
=
" .. 406 5
— 0419
-—E"IZ'
S0k
Ea_
%\6— O O .
c ood
0 30 % 0 0 50 30 9% W 30 9% 0
mM(NH&)2S0.  mM NH:NO3 mM NaNOs mM Glutamate

Fig. 7. Effect of increasing concentration of sole nitrogen sources on xanthan gum production.
Basal medium: sucrose 40g/{, KH,PQ,, 5¢/f, MgSO,-7H,0 0. 2g/7, citric acid 2g{/, H;BO,,
0.006g/l, ZnO 0.006g//, FeCl,-6H:0 0.0024g/f, CaCO; 0.02¢/7, pH 7.0
Incubation was at rotary shaker (osillation 240rpm) and 29~30°C for 96hrs.
—O— pH, —@— Growlh, —A— Xanthan gum
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Fig. 8. Effect of increasing concentration of D.D.S. as nitrogen source on xanthan gum pro-

duction.

Basal medium: sucrose 40g/!, KH,PO,, 5g/I, MgSO,-7H,0 0. 2g/1, Citric acid 2g/I, H;BO,
0.0006g/!, ZnO 0.006g/!, FeCly-6H,0 0.0024g/¢, CaCO; 0.02g/1.

Incubation was at rotary shaker (oscillation 240rpm) and 29~30°C for 96hrs.
—Q— pH, —@— Growth, —A— Xanthan gum.
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FIRA RS EBRstod oF sAl= =
5) Mk o9 BB all o
Xanthan gum BEE4Ed JFS vl Aolg 5T ¥~
A ZE o] Qs EE 20mMe] 4] 100mM ¥ % 71x) 0
10mM 74 o2 355 KHPO,2 =4 % Bis A=
ol A ks e R Fi g 10840
B A B S &R Fig 99 | 068
2t Fig., 9o /\-} PO, GsmM(KHZPO4 1.2656%) _ TEremeye Tk o o
A A e EENS LA SJZ —x—: Shaking flask
%o A& xanthan gum i@?oﬂ Bﬂ%f‘ﬁ%ﬂ 4 :10' .
1j('- Cu’l/}l‘o]%% KH2P04E if*‘iLEPO] %Zj 9 o2 g,g /
A ERGERhO AEE T BERBES 9 F S6t "
FiEs = pH ETE e buffer actionz 443 = /
T AA. = #FHE w7 xanthan gum 45 >(2 2+
of 220l ATPo] BB Z o2 A o o] 2] Filn " ‘ : L
t xanthan gum Z4po] BEYS AES 31 A 120 180 240 300
o2} AzZE ot £pm
Fig. 10. Effect of increasing agitation on xan-
9t than gum production. Basal medium:
rTr W sucrose 40g/l, (NH)280, 2¢/!, KH,
5t 5 ® i PO, 5g/1 MgS0,-7H,0 0.2g/l, citric
acid 2g/I, HyBO; 0.006g/¢, ZnO 0.006
' . 110 on g/l, FeCly-6H,0 0.0024g/1, CaCO,4
. o g0 0.02¢/2 PH 7.0
L06£ Incubation was at 29~30°C rfor 96
e O" 3 hours. ,
04 55
E12 °
E"‘]o A Z71%-¥ agitationg [E5EA] A # <sle] xanthan
58 N gum A 3% & wad 2AE Fig. 106]43k o)
s /“ X\\ 300rpmel A b AR Aor z o gA o
P
M % 2o 235} 7|9l "t Shaking flasks} erlen-
| . , meyer flask w} okoll A gum A AA Fol F4

10 30 50 - 70 90 110
mM PO

Fig. 9. Effect of phosphate concentration on
xanthan production.
Basal medium: sucrose
250, 2g/!, MgSQ,-7H,0 0.2g/!, citric
acid 2g/{, HsBO; 0.006g/!, ZnO 0.006
g/l, FeCly-6H,0 0.0024g/1 pH 7.0.
Incubation was at rotary shaker (osci-
llation 240rpm) and 29~30°C for 96
hours.
—O— pH, —@— Growth,
—A — Xanthan gum.

40g/1, (NHy)

6) Agitation?] o 3

Xanthomonas malvacearum-- FEMEY A

o

L& ol gs]e} 120, 180, 240, 300rpmo T wl ok

[+

g Awolgdrt. Xanthomonasie MiEsirhol #
Hastel HFAFeR IR K
BE7F EFSte] aeratione] x| 7ol 47A H+h

T El AEkE I REME ] 2 aerations} xan-
than gum #4:gKe) BAfR7t o] fermentord] {&3l

xanthan gum-g

agitations} aeration-& 3-8 oz A A
% =9 01_9_% ak = o'lr,].
Moraine 5.2 fermentor?] impeller speed=-

550~1,000rpme. 2 HA F7HA o] FaA ol gl
93 mmg wpglvh

6. Xanthan gum &z fHKC| HiA%

Xanthan gum %7 i WEEB] ARS %
3 AL Table 3] 49} 7] basal medium
of Ax9z |7 A4L 22 %A A xanthan
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Table 3. Effect of recombinated composition
of medium on xanthan gum produc-
tion.

Organic acid
source

Xanthan gum
(mg/ml)

Nitrogen
source

glutamate 10mM
(NH),S0, 2g/¢
glutamate 10mM
(NH,),S0, 2g/1

succinate 10g/! 5.0
succinate 10g/!  10.5
citrate 2g/! 12

citrate 2g/l 9.2

Basal medium: sucrose 40g/! KH,PO, 12.65¢/!
MgS0,.7H,0 0. 2g/1 H3BO; 0. 006g/¢ ZnO 0. 006
g/l, FeCl;-6H,0 0.0024g/! CaCQs;, 0.02g/¢

gum 4R EES v w3}l sucrose 40g/!l, glutamate
10mM, succinate 1%, PO,® 65mMg ¥ 33l
o] A Bg/le] gumo] AREQ o] Hiie]
‘glutamate 8% (NH).S50. 2g/1% Z 713l =
gum. 10.5g/l7F £=E 92", sucrose 40g/l,
glutamate 10mM, citrate 2g/f, PO? 65mM35-
Z sl BRSNSl A 12g/19] gume] A4
ol &Ee KkEL vk

o] #EEZ no}l suprho] glutamates) citrate
E @7 st &l obw st gl A fRHel
EEY EAq glutamates) citrate Lz A7)
= oxalacetateg o] TCA cycleg ©< FEEIHL
2 o] FojA g2 duvAE AR oRe #
#89] %47 xanthan gume] 4£@E2 F34 HE
A 2ok, gl glutamated) succinated Efh
F FA Hnis At Hite F4= X9 ¢
i xanthan gume] £RE Vuten], (NHy, SO,
9 succinated FA o HEMAE A= F2 /R
2 24 olHE dele #HElS] A& o] W
Bl BRBREE Ad 4£BHd HEIT LE
8, NH7F R F5 EEHSE WA ok
g Aol

7. Xanthan gumo| 3@, S

Alcohol # A7 =} methyl alcohol, ethyl alco-
hol, isopropyl alcohol 5-¢] Z#I= AL 4
2o} butyl alcohol o] A& HAAFZH7 A
o] % isopropyl alcohol& ] A o] 2u] & A&
w7} A AA 5 F9kenw] methyl alcohol,
ethyl alcohol® w&d EHE B 4 JAt
Alcohol ZAA 3 FEL Fol7 A8 IF9 A
A7 a2 Zxd dk gen B AFd4A
+= saturated KCI 1% % & 71slgie. =28y o

£ 33 dFt 29 HANEr s FAEIFZLEH
W okl o] A xanthan gume] WkES ¥4 ¢ 4
& A 2

E ®

Xanthan gume] #£gE Hol 9 Xanthomonas
SNUF-560 gtkol A %48 B o2 SERE
ol BEHEY BEKS BEdA FAAzYez &
#Pon PDARE#ol A 28Erir} Bt £ER
Bl tERstA

BoEmE ] oA RFH o sucrose
40g/l, Z=FEF o= glutamic acid 10mM, HHEE
© 2 succinic acid 10g/!, PO, 65mMad = 27}
T ERE dded, BEMeR B 15 i
200 A 242k 1,050cp(12g/0), 900cp(10.5¢/D) &
deon @RS =& 2
¥4y 1: sucrose 40g/l, glutamate 10mM, PO
65mM (KH,PO, 12. 65g/0), citrate 2g/1,
MgS0,-7H,0 0.2g/!, H.BO; 0. 006g/1,
ZnO 0.006g/, FeCl;»6H,0 0.0024g/¢
CaCOs 0. 02g/1
sucrose 40g/l, (NH),S0, 2g/! PO,
65mM (KH, PO, 12. 65g/7) succinate 108/
I, MgS0,-7H,0 0. 2g/! H,BO; 0.0068/!
FeCl,-6H;0 0.0024g/l CaCOs 0.028/¢
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