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Optimization of PS-7 production process by B. indéical.3

Pil Woo Heo

Department of Biotechnology and Bioengineering,
The Graduate School
Pukyong National University

Abstract

Polysaccharide generated from microbes is widely utilized in food, medical and biological
industries due to its physical nature and various functionality originated from its own structural
characteristics. The hetropolysaccharide-7 (PS-7), .one of polysaccharides, is being applied to
relevant industries for its nature ‘'of high viscosity, plasticity, excellent suspending ability,

water-absorbing ability, adhesiveness and lubricating ability.

Although cheese whey is a nutrient-rich dairy byproduct from cheese production process,
it contains a potential to be widely used, if it applies to the production of high
value-added products by utilizing microbes separated from lactose. PS-7 can be obtained
through the medium of whey maintained on 5. 7/zdica L3 which contains lactose utilizing
enzyme. The study was implemented to identify. the optimum conditions of increasing

the yields of PS-7 by using the medium composition with whey.

In the examination of the effects of each carbon source contained cheese whey, sucrose
addition showed to increase the production of PS-7 than that of other sugar contents. As
a whole, while the increment of galactose and fructose decreased the PS-7 production

during cultivation, the increment of glucose increased the PS-7 production.

The increment of dextrose was identified to increase the production of PS-7 of the 5.
indica L3 and through the optimization with three-dimensional response surfaces, the
increment of carbon sources like dextrose and whey along with the increment of
nitrogen sources increased the production of PS-7 steadily, and in the case of proper
combination of carbon sources and nitrogen sources, it generated the maximal

production.
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Fig. 1 Primary structure of PS-7 from Azofobacter indicus var. myxogenes
ATCC 21423 (Beijerinckia indica). Rha: rhamnose, Glc: glucose,

2dGlcA: 2-deoxy- glucuronic acid.



Table 1. Applications of Gellan Gum in Food

Application area

Example of products

Conventional gelling/
thickening agents used in the
past

Water—based gels

Dessert gels, aspics

Gelatin, alginate, carrageenan

Confectionery

Starch jellies, pectin jellies,
fillings, marshmallow

Pectins, starches, gelatine,
agar, xanthan/locust bean

gum

Jams and
marmalades

Diet—jams, imitation jams,
bakery fillings

Pectin, algin, carrageenan

Pie fillings and
puddings

Instant desserts, pie
fillings, canned/pre—coked
puddings

Starches, carrageenan,
alginate

Fabricated foods

Restructured-meat, fruits
and vegetables

Alginate; carrageenan/locust
bean gum

Pet foods

Canned/gelled pet food

Alginate, carrageenan/ locust
bean gum

Dairy products

Yogurt, milk shakes, gelled
milk, ice cream

Carrrageenan, gelatine,
alginate

Icings and toppings

Bakery icings, canned
toppings

Agar, starches, pectin,

xanthan/guar gum
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NH4NO;, 0.4 g/L Bacto yeast extract(Difco Lab., Detroit, USA), 0.2 g/L
Bacto peptone, 4 g/L glucose, 16 g/L Lactose, 1 mL trace minerals
solution(1% FeSO,7H,O, 0.1% MnSO45H20, 0.25% . ZnSO46H,O, 0.2%
CuSO4s6H,O, 0.25% Na:MoO,H»0)¢] A4S 7IAH pH 682 ZH317] ¢
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Table 2. Composition of Mineral Salt Medium Agar Plate

Composition Concentration (g/¢)

KH2PO4 5.0
MgSQO4.7H20 0.1
Bacto yeast extract 0.4
Bacto peptone 0.2
glucose 4.0
Lactose 16

NH4NO3 7.5mM

trace minerals solution 1.0mL
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Fig. 2. Typical colon @ m‘@vn glucose-based MSM

medium.
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LVD-VIII digital viscometer(Brookfield engineering laboratories, Stoughton,
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[11,12].
(1) nep/C = [n] + k’[rL]zC ----------- Huggins equation
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T

Nep= polymer solution®] specific viscosity]al C¢} K'= Huggins & ©]
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Table 3. Level and code of variables.

Coded levels

Variables Symbols
-1 0 1
Whey (%) X1 1 2 3
Glucose (%) X2 1 2 3
Ammonium nitrate (mM) X3 5.0 7.5 10.0
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Table 4. Central

Composite Design(4=3)

MBS
Design X4 Xo Xs W =
Point

1 -1 =1 -1

2 -1 -1 1

3 A 1 -1

4 -1 1 1 QOIAEHE, BIH

5 1 -1 -1 (2/=2°=8H)

6 1 -1 1

7 1 1 -1

8 1 1 1

9 - 0 0

10 a 0 0

11 0 -a 0 =5

12 0 a 0 (2"=2x3=67H)

13 0 0 -

14 0 0 a

15 0 0

16 0 0 0 ENES

(ne M)

14+n, 0 0 0
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N 2 M
n
o
1 -
o 11
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Sugar content in total carbon of media (%)

Fig. 3. Effect of carbon sources and concentration on PS-7 production of
B. mdica L3 in whey based MSM medium in shake flask (total

sugar concentration 20 g/L)
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Fig. 4. Effect of carbon sources and concentration on cell growth of 5.
indica L3 in whey based MSM medium in shake flask (total sugar

concentration 20 g/L)
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Fig. 5. Effect of carbon sources and concentration on Viscosity of 5. mndica
L3 in whey based MSM medium in shake flask (total sugar

concentration 20 g/L)
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= AL s & W A Aol SARE 2 zpo]rt PS-79 AL

wh go] Ym gtk
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Fig. 6. Effect of carbon composition of medium on PS-7 production of 5.

ndica L3

_24_



70000

—O— Whey 1%

—1— Whey 2%

60000 4| —A— Whey 3%

—0— Wheyl1% + Glucosel%
—— Wheyl1% + Glucose2%
50000 4 —&— Glucose 2%

40000 -

30000 ~

Visocosity(cP)

20000 -

10000

0 10 20 30 40 50 60 70 80
Time(h)
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3.2 RSM(Response Surface Methodology)S S 3 vl A9 3 A3}

[Table 5] = Al 7}A¢] Zywao] Ao whel vk 72 AZol] 8 g3}

= DCW(Dry Cell Weight), PS-7, Z18]a1 HE 9] wWsle] it ZHfolth. =
H ¥ T (independent  variable)= E-F 37}A 2 whey lactose(%, w/v
medium, X1), ZE=%(%, w/v medium, X2), ammonium nitrate(mM, X3)©]
™, %44 (dependent variable)= PS-7(Heteropolysaccharide-7), DCW (Dry
Cell Weight), Viscosity, &5 37}A] ¥4 E AFSdd. £ A& 93 54
341 7 & (Central Composite Design; CCD)e] A3 ZA3 874(2°=2%), =
A 670 (2x4=2x3), F41 3 (Central point) 3/NZ EF 17EZJEo|t}. [Table
5] o 235 Edtg 4 [1] o Hed ANS Feer EE FA A
x 2 W SAS/STAT statistical package® Zl4tst At [Table 6] .
3] A A 7+ (Regression coefficient) k@ 3] A2 AFAH AABS 93t F-test
oF FAHEA(ANOVA)S AldBekdth  [Table 6] oA ZABA TR square,
coefficient of determination)]- #t-2 PS-7A4F=F, DCW, HAAdA 727 0.72,
0.63, 0.852M fr&37F golzhal g F Utk Hol=olA bo= T3 A
(simple linear regression analysis)olA HHE 9wttt bl, b2, b3+ T
(linear) 37 Alg=ol™, bll, b22, b33& 223 (quadratic) & A4, bl2,
b13, b23-2> 23 1 2H(Two-factor cross) 3| # AlS=o|t}.

A4S SAZ st AAEE 3ad ¥ 2W EHEAHRE FH H
glucose’} ammonium nitrate®] &% (5.0mM, 7.5mM, 1.0mM<$] NH4NO3)d
uet MEARG, PS-7 AL 2 HEC vAE &35 JEbl L o [Fig. 9,
10, 11] .

Axe) Ax dA STHDry Cell Weight)e glucose2] ol #A L]
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whey lactose 2.0%& X=X H HMEYES Yetls ARG EXE

S ZAI}E 7% Y= A

% % glucose’t ammonium nitrate®] F%(5.0mM, 7.5mM, 1.0mM 9]
NH4NO3)ol| wie} PS-7 AAitel WX = &35 A5EH 4 vjA o) glucose
o] A7t NHWNOs9| S7b= PS7 Ads 771 Aes & & Ao
[Fig. 10] . %4 5.0, 7.5, 10.0mM®] ammonium nitrate®] F XA glucose
o] F7le PS78 AAHES FS7MAAH. FHia BAEFES 7 ammonium
nitrate®] FZ A glucose®} wheye] &7} FHialol S wojt}h. g9} A

ao FFUY Hgel sl PS7Y Adkee] SeAm gdvie AL A5

Jom, AAEE BA wheyRtE glucose®] 717} PS-78] AAat#o] ¢
023 AFS A Judes AESE & F dYg. B3 dAHTE oAM=
2 W37l glve A= & F UdY. Wu [21)© B indicm 139

galactosidase®] activitiesoll TthalS] FAVE SIWHA, B indica L39] lactose U
A & e gole) uhE AR glucoseo] 93l catabolite repressionstoll
ATHE AL AASIT [22, 23, 24] . Jurgen [24] & ALV FAE A%
ANM Z7H R Aes AEELS A= TF YA (biomass production)= <
3l dA 3 C/N(carbon/nitrogen) ratios FA3t7] ?13] F71¢] carbond ©]

AN AY ARG Adsdd. "E dFAELS C/N  ratio7}

v}
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=
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PS-79] AEE HE(viscosity)t = AHAF A #Ho] Qi PS-79] AL
I Az WHste w¢ FARSE AAbd £9 9rge 2 yEhva o [Fig 1
1] . 10.0mM$9] ammonium nitrateo] 4] =% 40,000cpe] A7, 1HT} e
X9 5.0mM¥Z 7.0mM& ammonium nitrate®] FEZoA= 50,000Cpg =
< A4S BRoEd 28y 22 #3 =9 ETETFY FRAAY HEe

PS7 AAtFolsh AAA wkom o= FF oA HEe Fre A

U FAe tAEd uF ErE goldthe

I
= 7184 9 dE AF FHEelolEEo] &A1& 4 9], 238 ammonium

A
&2
rlo
o T
)
=
A
Lo
—_
o
=
<
foV)
3
3
o
=
c
=
=
juy
o
T
N
)
i
N
A A
i,
Jo
oX
=
A
8
o
B
&

110, 0.090°2.2Z A ammonium nitrate?] FA7l= T HFIAEZE 7HAA
2l Ao 2 Hol, FAFA A7 doludss ¢ F AT 53] Huggins
k

A ke W ZA zolrt woew zkzh 1333, 51.85F 4]

=
oo
=2
R=)
A
o2

gol Arl, BAAY} 42 52 YR Fe 99e] 4877
=2HAY B 494 F dos A2 AR g
e

Tv "Wojx A gdeY Huggins 4TE F3to AT

fllo
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Table 5. Response surface level combinations of independent variables in

the experimental design and responses of dependent variables.

Independent variable Dependent variable
Ammonium
Design Whey lactose| Glucose Nitrate pg_7 oW ° | Viscosity
Point %, wiv) (%, w/v) (mM) (/L) (/L) (cP)
X1 X2 X3
1 -1 = -1 2.07 2.73 31733
2 -1 -1 1 1.07 2.51 16616
3 = 1 -1 3.20 1.63 45590
4 -1 1 1 2.70 3.23 38511
5 1 il i 2.85 1.70 58727
6 1 -1 1 2.98 2.39 46969
7 1 1 | 3.41 3.01 51708
8 1 1 1 4.00 1.07 38331
9 -a 0 0 3.18 1.56 50449
10 a 0 0 3.00 1.23 53688
11 0 -a 0 2.84 3.26 46790
12 0 a 0 3.24 7.49 43010
13 0 0 -a 3.56 5.77 53088
14 0 0 a 2.50 2.85 32273
15 ¢ 0 0 0 2.82 3.64 45350
16 ¢ 0 0 0 2.81 3.55 42460
17 ¢ 0 0 0 2.77 3.80 47700

a: Polysaccharide-7, b: Dry cell Weight, c: Central points
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Table 6. Regression Coefficients and Analyses of Variance.

Polysaccharide—7

. Dry cell weight Viscosity

Coefficient production (g/L) (cP)

(g/L)

bo 3.426 -4.610 -7253.4
b1 -0.1978 7.725" 14923.0
b2 0.4558 -0.7388 21329.0°
b3 -0.3232 0.6423™ 5550.2
b11 -0.00207 -1.632 1171.8
b22 -0.02708 0.3534 -2413.5
b33 -0.004734 -0.02867 -563.8
b12 -0.1487 0.04625 -6426.1""
b13 0.1110 =0:1320 -147.0
b23 0.0480 =0.0405 320.9
R-square 0.7217 0.6369 0.8499
F 2.02 1.36 4.40
Probability of F 0.1836 0.3487 0.0318

*Significant at 10% level, **significant at 5%

level, ***significant 1% level

_31_



\

1 50mM NH,NO,
3 7.5 mM NH,NO,

mmmm 10.0 MM NH,NO,

Dry Cell Weight (/L)

Fig. 9. Effect of glucose, whey and ammonium nitrate concentration on

the dried cell weight(DCW) of B. 7ndica L3
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C—3150mM NH,NO,

3 75mM NH,NO,

4sNOy
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Fig. 10. Effect of glucose, whey and ammonium nitrate concentration on

the PS-7 production of 5. 7/ndica L3
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11. Effect of glucose, whey and ammonium nitrate concentration on

the viscosity(c) of B. ndica 13
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4. A

rf

3 HiAE VEeE HUME 7 dAade 3HE AHHEW sucroseét
glucose®] F 717} PS-79 AAHS & Tl Hl& FEANS & F AT
Aol vlao] M= glucose® 77 & ol HIs| PS-7 Ak &
FHRE Holil UA= Fovt HrtF wep PS-7 o Aile]l FUtEHE A
S 13 &5 W o= HEO glucose H7IE FHjo] PS-7 Aite] 7hsgk A
o2 HRY. Dry cell weight®] A5+ ©Aade H7bd tiste] AAHo=

rr

Fol 2olee AL & F Ado BHAadd wWE FH A (Viscosity) =5 #F
S B Utk

%
H AW Glucoses &= W 3lo| W& PS-78 A Wsts A3 23

9,&
g
20
N
b
o
tl
off
kr
il
e
&
1N
o
Jh
X
oX

ol =7kst=

o
A glucoseE A H7FgE Aol Aol glucose THS Hj A 9] gAY o=R
AbERS W By PS-7o] AAbRo] dEs] FEEH= ASs & F AT
whey 1%} gucose 1% -5 A5 AIZHFE 2073742 543 S7HAE
Holtprt o]% & W37l §IAITF whey®l glucoseE ©=92 ASRS ¢
Ho 3uje] 885 Ro|WA 3g/ o ¢S il Wit ¢ whey 1%}
gulcose 2% 5 AH&3AS AFT AlXFY 53 A9 AHlH st Frksd
A odg/ v ow Hao AAES 7ISAH. iAW Glucoses = W3t wE
A3 (Viscosity)®] W3t PS-79 AbFe] wghel Hl=gh BEFS Ho|Xgh
ztole o AA YEtHT. wheys @502 IS We HAdd A W
sl7F vEly Al ko w glucose 2% S AlE3RS A$+= 10,000cPE HE
Wtk 18y wheyot glucoseEs T8t BAFTFHUOZ AFE3H whey
1% 2} glucose 1% -9+ 60,000cPE, whey 1%<} glucose 2% Y 73 -l =
65,000cP® A4S WEtH I Ao

RSM(Response Surface Methodology)< &3 wix[e] HZAsAFAA = Al



7EA el R Ao wel vk 72 ARtol s ¥ st= DCW(Dry Cell
Weinght), PS-7, 22l =9 ®3lo] st A3s #Fso. Sy
(independent variable)= =% 37}A 2 whey lactose, glucose, ammnoium
nitrate®] o}, 3] A A = (Regression coefficient)#k & 3] A2 A% AAES 4
3l F-test®} HAFEA(ANOVA)S  Algstdt.  ZAAFTR  square,
coefficient of determination)¥] #t2 PS-784F=F, DCW, HAAdA 77 0.72,
0.63, 0.852 X &3 S IS3t AAS BALSAY IAHSE 2AE
st A" 33w

oo
Bl
g

EAEARZ F3 2 glucose’t ammonium
nitrate®] & =(5.0mM, 7.5mM, 1.0mM<e] NH4NO3)el w2} A ZAZ, PS-7
A HAEd vAe afe MEe dx A T F(Dry Cell Weight)ell A

+ glucose®] el #A §lo] whey lactose 2.0% XA Hd MEZAZES
Bule ARG FXE BHAFI Stk 3 2 glucose’} ammonium
nitrate?] F%(5.0mM, 7.5mM, 1.0mM<2] NH4NO3)ol| we} PS-7 A4t w
5}
Ps-7 Ads I/ AS & 4 Sdn. 450, 75 10.0mM

S

ol

i

AHEH FH WA glucose®] FH7F9} NHNO:Y 7+

ammonium nitrate®] F XA glucose®] F7}= PS-79] AMHS ST

o
e
b
ox
o

Z2 7} ammonium nitrate®] FZ A glucose®}t wheyd] &
T7F Hae A& woltt. w3, G FroA v©4age ¥FS PS-79 A
A W 2 JFS v AA X AR 2 A4 FEA glucoset

whey ¥E9 Wat PS7el A 4P Fod e wAm, Hug

© A ¢ 7 Ut 2 AF Ay durF o= C/N ratio’t 8% 9
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