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Physicochemical Property of Biopolymer Produced from Bacillus polymyxa YU-101

Jae-Kweon Jang*
Food Nutrition Major, School of Food, Chungkang College of Cultural Industries

Abstract

For the studies of production and availability of biopolymer from Bacillus polymyxa YU-101,

its physicochemical

properties were investigated. Crude biopolymer, precipitated by isopropyl alcohol from culture broth, was fraction-
ated as two fraction of PSI and PSII by ion chromatography on DEAE-cellulose. PSII accounts for 95% of the total
crude biopolymer and was an acidic biopolymer with 17.5% uronic acid. The molecules weight of the acidic bio-
polymer (PSII) by gel chromatography was to be approximately estimated 9.65x10° Da. As a result of cetylpyridin-
ium chloride (CPC) treatment to determine the critical point of the salt for separation and purification of acidic
biopolymer (PSII), the critical concentration of salt (NaCl and CaCl,) were 0.4-0.5 M and glucose, mannose and
galactose were the major constituents. A crude biopolymer neutralization equivalent of 372 was also obtained,
assuming that the crude biopolymer is a polymer of six carbon sugars with an average molecular weight of 162,
suggesting that there is one anion per about 2.3 residues. Smith degradation of crude biopolymer resulted in the for-
mation of glucose, glycerol, and erythritol as the final redox materials, and it was assumed to be a biopolymer com-
posed of 1,4, and 1,6 bond linkage containing side chains.
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Gt Adbrge] g 9 e el R o s At
7hsste] AFdA o R @ A4S WAl tk(Sandford &
John, 1982; Wang et al., 2016). Streptococcus 45 ©]-&3F
hyaluronic acid= 3 <& viscosurgery 3 FPHE| &=
A 59| lubricant® ©]-&=2 4 1™ (Brunt, 1986; Hong et

al., 2016), Pseudemonas elodea® FE] A== gellan
gum2 215+ hetero H .24 agar th-&2] A3tA 2A] A}

22 % AtH(Moorhouse, 1987). 28] gellan gum} &
AFeE G221 wellan 2 rhamsan®= Z}ZF QP A 2 v R

HeA| 2ol 57t MNEE 3L, Leuconostoc mesenteroids
o] A 2ol ot HolF2HE A4S dextran (R4)

, S, O]-uﬁ SolA 3 e AR ZEA
T Aol ¥ M tH(Yalpani & Sandford, 1987). &
o] I B A= WMol 27} 2e w

ol ¢ UX]'YTJ_L = Ay
2hg 58 YERo] XAl Corzoles vesicolar
g EAQd AL Krestin®] 4=
Z3A Z(Saleh et al., 2017), §-L3F o] & T
ojoF Wl A= 2%
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<1 chitosanol|] tf3ted=
7t WA FFol 7l MucoralesE
Aol &g 7+ A= g
Berger et al., 2018).
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©}. Bacillus & 45
A IEAES 8 ARE g A7
B Y #FAME 72 B EAo] & o] AitE=
T2 e AAEC] HirEo]gt(Shioda et al., 1971; Lee
et al, 1991). ¥ A3= EoA KNS Bacillus polymyxa
YU-101 #5256 AAFE AELEA] 71584 9l
o|A] FRlsfopd AEEAFS] o]sletA Q] B4 ZALS

Aot

ME 2w

32| HifX|
=+ Al

L

o o Hi

AR AuF Bl LS A= THed AR
2%, soybean meal 1%, KH,PO, 0.2%, MgSO, 0.1%,
NaCl 0.2%, CaCO, 02%= 24 Wiz & 121°Cel|lA 15
B2 7HE Atete] ARSI HEe] A 4 F
£ wjx] 20 mLE &3 100 mL AztEetas0) gl
HE8kaL 30°ColA 12417 RS SF3AT. 2wl e ul
50 mLE ?J%t& 250 mL AztEElTo] dujgd S
3%(viv) HESH $ 30°CoA 120 pm o2 247 ZIRwl
shAA skt

R

Crude biopolymer2| 22|

¥ & 3u 3143k 9000 go €
A st #AE AASATE A o 3uf -3¢
isopropyl alcohol (IPA)YE Z7Fste] mWFslAA LA 9]
AR AFAE 92 F IFdxsy REREs &
H © A ¥ crude biopolymerZ 3&}%3 tH(Minakami et
al., 1984).

Agog 60R7F
}=ol
[ |

lon-exchange chromatographyOi|l 2|8t 22X

Crude biopolymer7} 78 AJejox] Zo]2& uj= 4
ARl A, Asks wA] e 4T A, dide] 4%
B TR AEQl AE gRlsh] feke] Sol gk
2191 DEAE-cellulosedl] 0.5M HCl §& 7}3te] %3]
e 8o WHAIZIHA AL s o171 0.5 M
NaOH &5 7hate] 2238 wRkAZaL o] S vhe
sto] gt & GolerR FAo] 2 wi7kx] FAEAT
$9} 7+o] A A3k DEAE-celluloseE column (2x50 cm)
o %33 0.01 M phosphate buffer (pH 6)Z A3
TH(Zweig & Sherma, 1982). &1 7] crude biopolymerE
0.01 M phosphate buffer (pH 6)°] =< FZ3FaL 0.01
M phosphate buffer (pH6)Z &&A171 & thA] 2M9]

NaCl €85 A3l 16 mL/he] == peristaltic pump
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(Pharmacia fine chemicals model P-1 peristaltic pump,
Uppsala, Sweden)& AFg-3ld &7 8&3199™, fraction
collector (HR 8046 Pharmacia Frac-100 fraction collector,
Uppsala, Sweden)Z 5 mL% £33}t 7+ &2 (fraction)
9] 2 phenol-sulufric acid® (Dubois et al., 1956)2 =,
A e UV =W (Zweig & Sherma, 1982)C.F UV
detector (Pharmacia UV-1 FPLC detector, Uppsala, Sweden)
£ AME-3ted 280 nmellA S skSATh

Gel chromatographyOi| 2|8+ £2|& |

BE B9l 23717+ BEAIZ] Sepharose CL-4BE- column
(2.5%x80 cm)°ll FX5}aL Eol24 gl o7 HPA T ¥
%2 crude biopolymerE 2ol =2 & columnd
SAAMZAT & ol §EE5EE 21 mLhE £33
© 1 fraction collector® 5mLA HE 3T} 7 EE o)X
A2 L phenol-sulfuric acidy &2, T A2 UV detector
(280 nm)= =78 3T
CPC (cetylpyridinium chloride) ZZH0{| 2|5t 22X

Crude biopolymerg 0.2%(w/v)7} S8 S/l =
9000 goll Al 30i27F HilEelst] £84 =dS AAXA
t}. o] gdo] HFFET} 04%WN)7F HEE CPCE F
3] complex’} Lold 4 AEE 30°CoA 30
7 o dAEYst] IAAET AEdem

A=) A8 H S/HTE FAH8HA
Cli galatal IPAR A HAAIZTE o] & THA|
o o dialysise g ¥ sAAZSIATE A A
e 3ufEe] [PAR 2447k W] Eke] A A
3} tH(Coura et al., 2012).
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Al &= (critical salt concentration)2| 2%
A ‘5 TLZE Scott et al. (1955)2] ¥l w2t -3)
Atk FE (0.1-05M)E 28 d 2529 ANaCl, CaCl)
| 5mL°ﬂ CPC 1.0mg¥# A& 05mgs ¥ &3t &
30°CoN A 30%7F B8] CPC complex”’t %3] doi}
A STk AR T F PFA] ol Q= CPC FES
spectrophotometer (UV/VIS Scanning Spectrophotometer
Du 530, Beckman Instruments Inc., Temecula, CA, USA)
2 260 nmelAe] FHEE SAeRon g Fo AT
aRAe] STk 0%E FH ke Lok el B

A dEe HEch 9 dsw 298 919

= .é_Xé 0]’}\}\1_4'-

ooy 1

2=

Q]
=i
L= %2 33] whE

o ﬂl[ﬂl

KAHH
[ Ry Y o)

e B RS AehA crude biopolymer
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2 pHE 243 I mLe AE&47 1%2] ninhydrin &9}
S 7tete] B EolA 2-387F 71Este] Mol WslE
ZHet= Ninhydrin W&, EZ|SIE T o]/4+e] HE =] thgh

=X H%’%E A7l fete] 1 mLe] A58l biuret Al
°F 4mLE 7hsto] 20-25°Ce] =W 1A 3087 WA g
A4 9] Hﬂ§]’*‘ #&3l= Biuret B, BFY FF& B3
7] 95k 1 mLe] A E8Ao] Anthrone AF 2 mLE 7}
Slo] @Aluk-S-S 2= Anthron B3, o] EA)H
F5 &7k 1 mLe] AlE89Y0) Fehling A1F 8 mLE

7FSkaL 1087 7FE3te] Ao WHelE of7] g3 giz3)
R = Fehling WHg-9] A A0k3-S 4235} th(Lee et al.,

1991).
5o

Z32 phenol-sulfuric acid o2 B ST} =,
Al ol AlE 1mLe2} 5% phenol £ ImLE F 32
pipette 2 gk 3Hik(conc-H,SO,) SmLE 7Heh & & W
sk WHSE-S 20-30% W] gE Fof] 490 nmoﬂ Aol &
BEE SA3 glucose & FFEFH o2 HE A3}
A
Glucosamine

Glucosamine Elson-Morgan #(Gornal et al., 1949)

of oJste] v ATt S Al@Hel AE 05 mL &
HL 7 1 mLe} acetylacetone A9FS 713kl &3
3 B EoA 1087 7FEskgth. Ehrich's A1CE 0.5
mLE 7Fete] 75°ColA] 3047 7HE s & AeA Wzt
A7)l 95% ethanol &9 2.5mLE 7}tttk 3087 W
28 F 520 nmollA FFE=E SA 3 glucosamine?] 3%
TN ZHE A3t

ol
ol

Acyl group
Acyl group> Al @&l A8 1mLE Fsta e
hydroxylamine A]2F(2M hydroxylamine HCIZ} 3.5N

NaOH®] 1:1 EF4) 2mLE 78Ik 1% § 23
e 2RFE ) 84 g9 1mLE 71eled pHY} o
127} H%5 393 FeCl;: 6H,0 10gS 0.1N HCloJ =
o 100mL 23 A [ mL 7Fsked 200 rpmell A A4

[e)
2 ST EAS Astel 540 nmolH FIEE 24}
o] acyl group< 4 %55 THMatheson et al., 1980).

% acetyl content
= AtxCsxMax100x0.91/(AsxWsxVs)

A714 Ate A8 FEE, Ase acetyl choline chloride
9] 3%, Cs= 89 %, Max acetyl®] EA%F
Wse Al52] 77, Vs A 52 TJ] ojt}.

_u_‘x":/\]

Pyruvic acid

Pyruvic acid= Duckworth & Yaphe (1970)2] ®WHo =
o3 o] FeFalith A8 AEEAH2 mg/mL)ell 02N
HCl €9 1 mLE 715k 100°ColA] 4A17F &<t 7hpE-s)

5 7trEslE 0.5mLE F3te] 0.4 um triethanolamine

(6N HCIZ pH8Z =& Z) 24mL% NaOH £
(2.5 mg/mL) 0.1 mLZ 7}ate] 2 &3t8l7 SF/HFE blank
2 3o 340 nmolM FFE=ZE =3 tHAbsi). B
9 EFEA lactate dehydrogenase -£<(2,000 U/rnL)
20 uLE 7Fste] 1027 WA gk = 340 nmo| A o] SR EE
=7 5} (Absf) pyruvic acidE A 3l T}

% pyruvic acid content
= (Absi — Absf)x3x88x100x2/(Wx5x1000x6.22)

714, W A=3LEA] ¥ % (mg/mL)°]th.

Uronic acid

carbazole-sulfuric acid E24JHH o
31592 ™ galacturonic acid®] XFEFA 02 REH A&t th
(McCoMb & McCready, 1952). & ZIgk 34 6 mLoll 4]
F89 1mLE 7181 100°CE A3 25F0l| A 205
7+ 7FEWy 7433 0.1% carbazole-alcohol €9 0.2 mLE 7}
St U 2719 SHTE blank®E o] 525nme] &
LoA FA AT

Uronic acid=

ofd

Protein

Protein2 Lowry(Lowry & Rosebrough, 1951)3}
Kjeldahl'(Magomya et al., 2014)°] <3 AHZFJom
LowryH-2 BSA (bovine serum albumin)®] X+ 02
- A skt

Aol 2

AAAEE 2N H,SO,Z 100°Cl|A] 8AI17F 7HE3l3taL,
HrReES BaOH)LE S8 ARl 4%
A2 ge e AFAAZWNNN FHHAL, 55

h =

2 Sep-Pak C18 (C,, cartridge, Waters Co. Taunton, MA,
USA)3} membrane (0.45 um pore) 2. & & 3}3le] A5 =2
3 % HPLC (Waters 486, Waters Co., Milford, MA,
USA)Z F+A43FS 438tk HPLC #42 column
aminex carbohydrate column HPX-87P (7.8 mmx30cm,
Bio-Rad Laboratories Inc., Hercules, CA, USA)E A}-& 3}
N3 &= degassed DDL H,0E5 AME3I9oH 42
F 0.6 mL, detector= RI (R401), column temperature=
85°C, injection volumne 20 uLZ 3&lo] XFGF 854
7h& vl aste] #4313 th(Matsuhiro et al., 2006).
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Smith 230l ofe S28 ool 2

Fo el 43t 2 3l

AlE 0.1 gE 0.01 M sodium metaperiodate 8-} 100 mL
of Fo 4°Ce] HolA 4947t AFstE skt Ethylene
glycol 10 mLE 713} 8AIZF Whx|sle] o] 7k @ =4k
< Eallgk th dialysis bag (Spectra/Por 2, Spectrum Inc.,
Phoenix, AZ, USA)2. 2 dialysisE J3IAR 2L, Atsl=2] &
29L& 0.1g2 sodium-borohydrideE #7}sle] 12417k Wk-3-
AlA kst SHAvh-E-o] FA= acetic acidE 71t
SFAaL, THA dialysisE g & FARSEA Zh7} Aks)
2 S ERE ST 4kst B Sl =9 7412 2N H,SO,
2 100°CllA 8217k 7hal 3k § BaOH,% & 3}skaL
Sep-PakS #1171 & HPLCE ¥48}9ith HPLC ¥4
< column Sugar pak 2 AFH&-3IAL &vf= 0.0001 M
Ca-EDTA &€& Ab&aton f&52 9 05mL,
detector=RI (R401), column temperaturex= 75°C, injection
volumn 20 pLZ st TFEAS} v|wste] 243t
(Lavavitch & Ray, 1974; Lee et al., 1998).

Zsi=tzk(neutralization equivalent)2| 2

=3 F 52 Scott (1960)2] spectrophotometry™H ol w2}
A 3T 0.1% CPC (cetyl pyridinium chloride) -84
ImLE 05mgmLe A5 &He] P31 of7]e] 0.01M
Na,SO, 89S Yo FHIAE 3mLE 3l EF3FA
30°Ce] FFxoA 3087 BR8] CPC complexE
P B 3,000 rpmoll A 1027 A2l skt A
SAE FH3l] 260 nmoll A EF =S =% (0.D. sample)
stom AE il SRTE Yol 22 e
£ =4 (0.D. control) 3 T A& 1mgd AFsI=
cetylpyridinium®] %(mg), x5 AlF3FA T}

x = (1/C)- (0.D. control — O.D. sample)/O.D. control

1714, C= 1 mLol &A= Al82] %(mg)ol™ A E¢)
S GHFE cetylpyridinium®] T304y 919 Ao
gk x O 2 vhro] Pkt

Carboxyl group2| |/

Carboxyl group®] A= Taylor & Conrad (1972)2] W
o ¢&te] F3FATE 0.05% w2 A EZS 01N HCIE
pH4.70] E|=5& Z%3}3L 1-ethyl-3-(3-dimet-hylaminopropyl)
carbodiimide 500 mgS F7}stith. ©]& 0.02N HCIZ
A pH4.70] H%2 24313 347 < magnetic bar
2 AAFAT}. 3417F ¥ sodiumborohydrade (500 mg)<}t
n-octanol (one drop)S 718l overnight2 3312
™, dialysisE 3 T FAAZ3S carboxyl-reduced
polysaccharide= 2N H,SO,Z 100°Col|A] 8A]7F 7H=&-3]
33 Ba(OH),Z 53813t & HPLCZ 7429 EazAw

FTYT 20w B3ttt
dn g o

Crude biopolymer2| AE7A

Hj el 0 2 RE] [PAR 358t 42 crude biopolymer
FAEILRAS] AEFAS Table 13 2ok F 29 3
FE 57%01 921, acyl group 0.88%= A= o
uronic acid (CO,)= 17.5%% A5 o] Aol S-S
o g AT NaCle] 1.7%°]1 A2, glucosamine} pyruvic
acide =98] &#vro] EAJatlar, T2 Kjeldahl™ o
oJ3tH 6.9%, LowryHoll JsliA& 4.58%= &4 = At
i SheFo] wAMPHOlA Aol 7F e Aotk
Magomya et al. (2014)2 A ST o] odd s F
7 FA A EA 8T Kjeldahl 24~ gHagol] t st
A& AT 6255 AHE3=(% N%6.25) 5221 Kjeldahl
M3} olu| At k7] E (amino acid residues)S Z3eF Tl
2 e EAAAE vlaste] BokS o, 6.259] HEH
A3 AFE AFESHE Kjeldahlg & Al59] A by
ko] HHH7FHAT L BAskiTh ofof] A st
Aol AEIFEALS] Tl d S Kjeldah™] B oh=
WAL JAsle] B3 = LowryH o ©hild shak 124

7} v} Fssk Aoz Ay o)

U A0S LA

lon exchange chromatography 2! gel chromatography
Ol 2f8t =4

At crude biopolymerE DEAE-cellulose & ©]-2 .3
A S o] g3} chromatographyS 33+ A= Fig. 13
7tk 8&7 2o A Yelhd crude biopolymer A %
9] 5% (wiw) HE=2] PSI (polysaccharide 1) TAATL=Z
FHE AL 95% HE=2] PSIE 2 YA Yeht &

Table 1. Chemical composition of crude biopolymer

Components Composition (%, w/v)
Starch -
Total sugar 57
Ash 8
Water 10.6
Acyl group 0.88
Pyruvate 0.01
Uronic acid (CO,) 17.5
Protein 6.9V, 4.6%
Glucosamine 0.2
Ca -
P 0.07
NaCl 1.7
S 0.3
YKjeldahl method
ILowry method
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O.D. at 490nm 0O.D. at 280nm
0.5 0.5
PS1I
0.4
a3 |- PS1
0.2
- 2M NaCl
0.1 [
0.0 s
40 60 80 100 120 140

Fraction volume(mL)

Fig. 1. Ion-exchange chromatography of PSI on DEAE cellose.
®: 490 nm (Phenol-sulfuric acid method), O: 280 nm (Protein).

o] 2715 zh= A IEARIS & & AT
crude biopolymerE +413}512 wj(Table 1), T & o] 46-
69%§ Eiarel 7A4 er?] =

25 0] crude biopolym

5 glsh] 918 S A
A F2 0.5-0.8 M2
salt & V‘ﬂ, L‘éﬂ?—i 0.8-1.2M9] & F&A 2t7 &
=5 E}‘ﬂ@o] A= A e AT AYS &
AUk A sepharose CL-4B FAS E2]& column
© 2 3} gel chromatographyE 33t ZA3+= Fig. 29} %
om, FAFS F35H7] A8l BAEFS ¢ de Y=E
&3} crude biopolymer®] gel chromatographys 3§t 23}
£ Fig. 391 YeERHATH Fig. 2014 BE npel 7o)
g FHRPSIe FRF HEEH AT
&4 ion chromatographyoll A 9] FA9(PSDH> A Zﬂ
biopolymer 2] 5% HEe] AagFolojx §&TolA %
HA 42 Aog AztEw dmAE S22 7} 5\—%94
chargeE Z¥al lo] FAlo] FAEHO AEHA ¥ AL

Z

crude biopolymer+=

U_l.,

2 A=A oy AHER FH wwlgo] AgER|
22 biopolymerd-& AAF 1T = ATk E A+
biopolymer?] #A-#-2 Fig. 3914 & & JE o]

Feb 22
E2LgFo] ti2F 9.65%x10° Da2 biopolymerS! o2 st

T AT

CPC XMz[of 2fat X ¥ AsE Z2Y

AWHA O 2 ty} gol & 54S 2te W EAtE o
7HA 47F ERFHE 53] Fol9] CPC (cetyl pyridinium
chloride)®} &9l E842 Z-E(complex)2 FA3= A
A& HEATK(Scott, 1960). & AT2] crude biopolymere]
TFZ7F Zoll uronic acid7t 2@ EHo] A& THFFAAE
ddetarzt Cco, FFS FAT A 17.5%7F FHrEo]
AE AL =Z 8RIEo|(Table 1) uronic acidE zre= 4HY

0.5 0.4
PS Il
g 04
c 1 0.3 E
S g
< Q
® 03 [ ©
Py =2
B 402 @
5 5
S 02 | o
3 E
a _ o
0.1
O o1 ©
0.0 | | | | 0
0 50 100 150 200 250

Fraction volume(mL)

Fig. 2. Fractionation of crude biopolymer by gel chromatography
on Sepharose CL-4B. —: Blue dextran, ®: Crude biopolymer PSIL

107 g
F Blue dextran 2,000,000
’g 106 - Biopolymer
© £
8 r
= L
-% 5 Dextran 150,000
=10 F
g [ Logy = -0.0433x + 13.129
2 [ R? = 0.987
S .
i E_ Dextran 7,500
Pl e e e

50 100 150 200 250 300
Elution volume(Ve)

Fig. 3. Determination of molecular weight of PSII by gel
chromatography.

FoE AGEIrh olE A FRlstr] 8k crude
biopolymer®ll e]2<21 CPCE #H7Ist ZAFoA X bio-
polymer Fg&fo] CPCet HEFAH S HolHA A&

Fedon LEFe FEE B o] A= vt &l
24 54E zhe AW ARAE e 5 ik o
WoR CPeAv) A A HE ¥4 S
e ZalEe] Al SellE=tl Sefol Bad Aol A
FEE W wRAY] AUt 255 2o low &
24 Atk o] dAFEEE A LA CPCel <3 &
2l BA e Hx20E AAshe Tl B ol
Aate] 28718 Ak T2 71Ee] Erk(Scott, 1965)
mEpA ZEgA 2 24 R 5ol 4878 dds)
71 #1314 NaCl CaCLe] 95 ARE-stel 9ol AEE=
& HEY 234E Fig. 4o Hepsith dAsE= 17hd
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W2 YehY carboxyl”]
9 7%@*1]7]9} H]éo} ‘:1' % ‘3%’% A Fel&=9
© COO™ <PO;<S0;¢] =°|H sulfate
718 Zhe= '3H§—Ter9] A Rl 22 A9e 2-3 M9
Q Z+=tH(Constantopoluos et al.,

75_31]-‘:‘: uronic acid’} AE% Table 12 24
d3to|t}, 4= 44'—_E-TE1 K ALY o=
e dAITERY & I M (molarity)

1969). Fig. 49]
o A GET 2
AT el G

o yE2 s,

TAAE 9l gl sl
Crude biopolymer®] 7}ial A5 AHAukS-S AHE
A5 Table 20| YERHAT} Crude biopolymer= 7H&

3 AT m%: o] out AAMEESel Anthrone HF-S-ol|A]
FE veho] Bo] SR e™ 7HEEs] § Fehling
IRl 48 vERo] $hlAd BRUS YERITH
wa olrlnmg AEE, vude fRE wlehe
Ninhydrin ¥F$-0]u EZFE|= o]Ate] HE|=9] &A=
3Q13}+= Biuret HH-g-ol tigh HANESoM = 24S e}

O

)

2 HJAAA AAFHPSIDF FAGPSHS Zalste] F4
9 FAAxRS & 747} v é‘Hé}l %3}3te] HPLCE

25

20

1.5

1.0

Absobance at 260nm

0.5

0.0 ! ! ! | ! ! !
00 02 04 06 08 1.0 12 14 16

Salt concentration(M)

Fig. 4. Determination of critical salt concentration on crude
biopolymer. O: CaCl,, ®: NaCl.

Table 2. Color reagent of crude biopolymer

Reaction Nonhydrolyzates Hydrolyzate
Ninhydrin - -
Biured - -
Anthrone + +
Fehling - +

M

A3k Axh= Fig. 59+ 2ok WA B oF s%E 2A 5
3 A= TG (Fig. 5A)S glucose, galactose, mannose=
TRE ANL™ 95%E AA| AL A= M F(Fig. 5B)
< glucose, xylose, galactose, arabinose, mannose= -/ =
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Fig. 5. HPLC analysis for the hydrolysate of crude biopolymer.
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