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Optimization of Heteropolysaccharide-7 Production by Beijerinckia indica. W, Jian-Rong, Jeong Hwa
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Beijerinckia indica was cultured in mineral salts medium (MSM) medium with various carbon and nitrogen
sources to improve the production yield of heteropolysaccharide-7 (PS-7). At high C/N ratio, the high concen-
tration of PS-7 was produced until 40 h of the culture, whereas most of the glucose as a carbon source was
used for the cell growth at low C/N ratio. However, at the high C/N ratio, PS-7 accumulation stopped at 48 h
of the culture due to the increasing viscosity of the culture broth would inhibit the cell growth. Therefore, the
optimized value of C/N ratio was 33.3 (20 g/L glucose, 7.5 mM NH4NOj) for the high production of PS-7. In
the culture with various carbon sources, B. indica effectively used the hexoses or glucose-generating sugars
for PS-7 formation. Especially, sucrose was the best carbon source for the high production of PS-7 (6.96 g/L)
with a high viscosity (40772 cp). In the culture of B. indica with MSM medium containing 20 g/L glucose and
7.5 mM NH4NO;zin a 5 | fermentor, the highest cell concentration was 2.5 g/L and the highest concentration of
PS-7 was 7.5 g/L (35174 cp). The additional nitrogen sources of 7.5 mM NH4NOs3, glutamine and glutamate at
12 h of the culture after exhaustion of a nitrogen source regulated the metabolism of carbon sources, therefore
the nitrogen sources could control PS-7 synthesis.
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Beijerinckia indica HS-2001 Bejjerinckia indica ATCC
214235 A EARE Bl 22 ARJA e el FRA
MSM(mineral salts medium) agar plateo]] ul ¥3}<c}.
MSM Bl R]3= 5.0 g/l KH,PO,, 0.1 g/ MgSO,4.7H,0, 7.5
mM NH4NO;, 0.4 g/L. Bacto yeast extract(Dofico Lab.,
Detroit, USA), 0.2 g/L Bacto peptone, 20 g/L glucose, 1
ml trace minerals solution(1% FeSO47H,0, 0.1% MnSO,-
5H,0, 0.25% ZnS046H,0, 0.2% CuSO46H,0, and 0.25%
Na:MoO; H;0)2] 4 7415 pH 682 2457 Slshed
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7} weFd 2.5 mlE 250 ml flaskel] 50 ml =]l % &3}
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Fig. 1. Effect of different concentration of glucose with 7.5 mM

NH4NO;. B, glucose 10 g/1; @, glucose 20 g/L; A glucose 30 g/
L. (Results were from the cultures in 5-L fermentor).
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AR Al EA3E 7S grdlE )= 8
gt upzbr B Ao =2 glucose oA A=
PS.T3 WoFelS] WEE FAHAIA BAAT ARhmass
transfer limitation)2. & <¢lst 729 AE-S Aasl= 7oz

- Heloh gy AlEe] whE Aol ® E7812 30 g/Lo|

glucose H7hlA]eA] A PS-79] A== 53509 cp= 10
g/Le} 20 g/L glucose 7oA Poj#] FI PS-79] HEH
o} & 7oz Ao Mok pH WEk= 20 2283
30 g/L glucose &7 55 74, £7), a8l Fhaske A
22 JepdEd ol B indica®) NHNO; o8 w8 7
22 B9, o] Ail= Thome & [24]¢] SphingomonasZ-
©]-8-3t exopolysaccharades AJArel] #3gF A2} =5}
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73 A pHY| Fa, #A9 W) 5 1A oy
o] AYAke] AJAMESS-S BT 10 g/l glucose 7o)
A AZES AR pH7} 6.4% Dot} wioF 244)7F o]
FHEE oA 6.82 F7F F wick Az v W) glsd
o} o)== vty W) glucose®] TZE M| EAIA o] wF4]7)
] A2 Algxd,

PS-7 MikE 98t Bt S0t

Table 194 vhebd vlel 2ke] 20 g/Le] sucrose 7))
A BAR B indicad HEE] PS-7(6.9 g/L) & AL}
et 22131 20 g/ glucose?}t fructose 7oA AdAFak
B. indica®) 7% 22t 6.4 g/L3} 4.74 g/Le] PS-7& XAk}
vt A} E B indica WM TAHE T3 L] PS-
7 B4R AslME 20 gL sucroseZl FHA EEAUAUS o
4= AAFH2, 10]. FA2Y 22 glucosamined H7HsE A4,
o2 BhAdel|A Hop Ml E2] A5(2.66 g/l DCW)S £31
A ZARE B2 PS-74841(0.08 g/LyS A Al71E Ae=
vhepget. o] AlE WE F5% glucosamine®] 3=
A Y= gtEYopr A X A8-S X147 vhde ol
72| AARE JAATIE AR A5 = o Glycerokd:
sagloR o] g5k A9 HlE Ao AAEA] A, PS-

Table 1. Effect of carbon source on growth and polysaccharide
production (72 hr culture in shake flask).

DCW (g/)y PS-7 (g/l) Viscosity (cp)

Carbon source

Glucose 0.60 6.4 38950
Fructose 0.56 4.72 25615
Sucrose 0.52 6.96 40772
Glucosamine 2.66 0.08 36
Glycerol 0.60 0.80 120
Gluconate 1.72 2.08 100
GLC+0.5%Gluconate 0.82 5.28 26694
FRU+0.5%Gluconate 0.54 5.96 34673
SUC+0.5%Gluconate 0.79 5.84 29184

* GLC: Glucose, SUC: Sucrose, FRU: Fructose.
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7 A TS 08 g/LoR W $XE HYow HE T
120 cp2 3t} GluconateS sFAU o2 o] 83 7
DCWE 1.72 g/Lo2 ¥ #341, 2.08 g/Le] ¥]ars]
2 PS-7 A 100 cpd] 2 AEE Hch Aoz
B. indica’= PS-7 AAE $13iAM RS2 hexose B
glucose-generating F& T-E2] 02 o] 43= Z o= Mot}

Pseudomonas sp.2t B. indicax= U¥+A S Z. Entner
Doudoroff(ED) pathway, pentose phosphate pathway, L]
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Gluconates b4 o 2 AM-3193-2 W, B indicaZ} 53
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o M gluconate:= gluconate kinase®ll 2]3A] gluconate-6-
phosphate® 2+ 4= 913 Z = ED pathway$} the PP
pathway 2 t) AL T} 4, 25]. WebA gluconate®] E2)7} B.
indica ©] hexose WAt} FF24el] JeS wA 4 Y&
Aoz aedelc) Table 1.2 Q7] k4ol k2 B. indica
o] A 2 pS-7 AYARS HeJF 31 gl 20 g/L9] fructose
< F3s MSM i A]ell gluconateS A 7}8F 73971 A7}
A g2 74 Brl o] 22 5] PS-7 AARE Ed.
o]+ gluconate”} triose-3-phosphate, pyruvate, triose-3-
phosateZ. A=A triose-3-phosphate cyclings ©]-83}|
2 w2k fructose= gluconeogenesis® 714 B}E PS-7
AAbe)) o]-4E7] wlE o2 FAAHTH27]. 23} sucrose}
glucoseZ ¥k MSM wi=]e]l gluconate”} H71d A-$=
23]8 PS-7 AARE FHAAIAH . S HAFEQD glucose-6-
phosphate¥ glucose-1-phosphate® %13k o] thed-f- AJAko]]
o]-g-¥v}. ojuf] Br4UN 2 glucose 2 sucroses I3t
¥ =] el gluconate”} 312 phosphoglucoisomerase(pgi)
7]%5-0] SAH 3 whe}A triose-3-phosphate cyclingS- o] -4
& 4= glo] PS-7 AJAbe] HAHE A2 HIEHTHS, 17,
18],
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Fig. 2. Effect of (NH,),SO4, KNO; and NH;sNO; on growth and
polysaccharide production. M, DCW; A PS-7; ¥, Viscosity.
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Table 2. Effect of nitrogen signal molecular on the cell and PS-7
production®.

DCW  PS-7 Viscosity Residual glucose

€4y (g (cp)® &
Control © 0.24 6.64 5732 2.3
NH4NO3 0.28 6.56 4219 1.2
Glutamate 0.74 5.60 3213 2.1
Glutamine 1.46 1.92 599 10.6

* B. indica was cultured in MSM medium containing initial 7.5 mM
NH4NOj3 in 250 ml shake flask for 72 hr and 7.5 mM of NH,NO;,
Glutamate, Glutamine were added into the culture at 12 hr

® Viscosity was determined using a SC4-34 spindle at 9 rpm

¢ The culture was performed in MSM without addition of nitrogen
source.

synthetase(GS/GOGAT)  pathway$}
glutamate dehydrogenase pathway 7 2E x| &4, E3)
GS/GOGAT 7 2= A 49] o] &4 23] Ao 5]l
glutamine¥} 2-keto-glutarate®] B]-&o| o] system®] & ol
g vAAES 1] ME ) glutamine?} 2-ketoglutarate/
glutamine ¥]&oll J&-E vjx|= 718449 signale AHE
o HARE 23T, AT gyl o) 8o Jare FAH
o} =3 ' o] 8-S 53 2-ketoglutarate’} TCA-cycle
= A =S A Hoe uix] O L9 ek
ol &3 PS-7 AL F4 A7l 9EE gt

7.5 mM NH,NO; 23 3ol Al, NH,NOs= ok 1247
A A8 AREHE 2SS ATelA Elstge27). wel
A ek 124128 A, 22 7.5 mMS] NHGNOs, glutamine,
glutamate H7F8 MSM =)o xX2] B. indica ¥k Az}t
€ Table 2¢] “ebH ST 7.5 mM NHNO; 24 3}ol| A
PS-7 AARZ A EF (12417 o) F A4dE HrlelA] oo w)
bt BlYYS ) Z 2ol S Bo|x| Yok, okl HEx
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v PE o AY P 5= 1.2 g/l glucose} vl
SFlol] AFE3IAT. 7.5 mM Glutamine &4 3ol A= ps-
7 AAke] AAF I, WhHel) HE S H2F(0.24 g/L)
ol vl3led of 5w o] Ak(1.46 g/L) F7I5I5AE}. whel M=
9] glucose o|-§- AA|Fle] wleF F8 A] 10.6 gL H
glucose SFo] FE3lgc}. o] Anpz, glutamine2 A E o)
M AE AEE 915 A Aol o]-8E= FAl] AE
o] 'h28l o] 8-§-& A A|8led phosphotransferase system
(PTS) & F2] 2k i) oalgs-S 348)= 7
232 HHTH6,26). AEHLE AADE B indica WA
gl dA S 2 98-S sk Ao Jepdd
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Beijjerinckia indica® &3t Heteropolysaccharide-7(PS-7)
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