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Extraction and Purification of Antibacterial-Active Constituents
Produced by Paenibacillus algorifonticola
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Abstract: This study focused on the extraction and purification of active constituents from a bacterium,namely Paeniba-
cillus algorifonticola. P. algorifonticola can produce water-soluble constituents which showed inhibitory activity against
Candida albicans. Macroporous resin D101 coupled with XAD7HP was used to absorb pigments from the fermentation
broth of P. algorifonticola. The suitable ratio of resin (either D101 or XAD7HP) to fermentation broth was 10 g of resin
to 100 mL of fermentation broth. No active constituents were adsorbed by the two resins. The active constituents were
strongly absorbed by acidic cation exchange resin FPC22H and eluted by 0.5 mol/L ammonia. 10 g FPC22H resin ad-
sorbed 120 mL fermentation broth. The results of this study can be used for further purification of antibacterial-active
constituents of P. algorifonticola.
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SEISTARR : ZEAIYH H ( Paenibacillus algorifontico-
la) W3 FE R B G2 MO AE 5 e B v [ 32 3 sl A
YA O s B G (CGMCC) o HR R 283 22
B (B AR K2R AL FRER 25 TR G F T4 SO
{0 S ER B ( Candida albicans) R 7R S5 EARTE

LI BEBR i - D101 (K 8 T Jig <2 e A6 ° i
MR H]) XAD18 F1 XADTHP ( 3£ [H B (b2 A 7 ) o
BT 22 M g . FPC22H , FPC3500, FPA9OCL 1
FPAS1 344 36 [5] P Ak 27 28 |) 7 i o

A ES L TR (YPLO2N, b S A PR
H) .pH i+ (PHS-3C, [ & @G AL &% ) AH IR %%
(BT1-100, b AR A AERAT FR A ) o
1.2 RWHZE
1.2.1 KILRHAEME
L2 1.1 RALRAR Y 7 1k

WU 9 W22 8 3 B MR 30 mL T = A i (250
mL) fr, #% pH 3.0.7.0.10.0 43 =2, &4 3 i,
G300 FR 28 Ak BT BT B9 R AL A R D101
XADI8 XAD7HP £ 10.0 g, = A4 3 H
i, B9 AN =MIEE T 30 °C 110 rpm F2JRIRY 3
h, PRIRERE 30 ming KR Bk T, W0 W R s &
PR )35 e

R T AR AT 30 mL 1) 50% £
100% L BEFNETR L, T30 C (110 rpm §&% 3 h,
PRI EE 30 min, 535700 5 A [R) 6 M0 A T 2k o
1.2.1.2 AR 2l 285 M B335 A 2 Jo ) e oA W i 0

g

FE

HL 10 g D101 1 XADTHP 4 5355 A fa % F:
53944 90 mlL 14k I SRR WOE AL A AR L LA 30 mL 2K
SR BRI IS AR B
4351 90 mL 7K 50% £ 100% £ FEPEMG , T 2
VIV 30 B TE P (LA 30 mL Sy B AR BRI ) o
1.2.1.3 AR Sl W R € 2% 1Y) e A B 1200

43520 g D101 1 XAD7HP B g% A (41
H K 1.0 L R I 2R BEMGE A AN R, LA 100 mLL 2k
BRSO TR A, WLZE U T WA Y 8 R R 1
s
1.2.1.4  RALWI i R I A8 W B €2 2% e 0 o

B D101 1 XAD7HP #4100 g, %5 AW/~
AR R 1.0 L R BEBGE A DIOL, 3 R B %

A XAD7HP @i, L 100 mL Sk B $2 0500
SR ST AR ) R AR D . R I 4
AR LU, A 1.0 L Z8 ik sk g . SR )5
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WAL T P 0 P8 T L O O Y 114 €2 28 AR AR L o
1.2.2 B -F Mg BT
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B 20 103 A T 22066 05 W, 4540 30 mL, 4§ 5 Jffi—
2H BRI 53 pH 2 3.0.5.0.7.0.9.0
F11.0,

FE IR 4 AU A B 4 FhoAS 6] 9 285 1 Ak
BB T 2SR AR (10 g) o 735 30 min, #HE 5 h,
I 53 R e 3% YR P 0 B 9 42 o
1.2.2.2 PRI ERE

TR T LA 5E 4 W% BREE T 40 I ) S T S B
F 30 mL LKEFK bk 4r31mA 30 mL 0.5 mol/
L Z/K WA 0.5 mol/L HCI 1 Ry kB 71, 72 % 30
min, § & 30 min , 052 B A BR TG X B VR
J 7
1.2.2.3 Bl 25 MR dme MR B o 1) o

B2 T BT 2 H A IR A R B 7 J5 L 10 g
P2 A ETERE K 600 mL ) 2 e 22 B VR 1ok B
Jg, A 60 mL A B H2YSCT H 0 YR 1R I s A
T
1.2.2.4 YRR iy e

10 g B FacHetif fig FPC22H 8 120 mL A& 5%
LERGE TG, H 100 mL 25 B 7oK UE %, 2R 5
SIFH 100 mL 0. 0005 .0. 005 .0.05.0.5 Al 14 mol/L
SRV, W00 5 MG V80 ) 400 RT3 e , A O B O 1 1Y)
TR R I 4 5 P I L PR 9 1
1.2.3  KIUW A5 Fo B F 3 b g K ALEE B BR R
DR

1) LA G A2 T3S e R 45 B 500 g %6 Ao
TERET K 5 LAY K BRI UCGE o AL A s +
AR, DL 500 mL Ay BT HEISCH HE IR I WA
HE;2) 2.5 L BZEBK e KA RS , 3
AR SR I B A e AR s 3) 1.0 L KB 7oK
PR B TSRS 4 ) I 800 mL 0.5 mol/L Z 7k it
BT AR HEATIRAR , UL 100 mL Sk 2Ry e B 3
IR T BIAT B0 A R Ak, D LA TR TG 1, e i
A TP I E S 28 R TR A8 LA U 0 PR 3 1
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mL, L7 4y, B4 10 mL, fiff R TR 25 &G T, 435
JA 10 mL HEE 2B N O PR RV IE T
BRI 0 , E0450, W AT HULA N T A LA Y
43 FH K A8, 590 000 52 VR 5 0 P 0 B T 2, o B 20
TG FK R

2 XWHER

2.1 KFLPIRELIE
2.1.1 KILFTRG 64 5 ik

WAL IR W BRI B4 A IR 2% e S IO

TR TSP R PR
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Table 1  Inhibitory activity of P. algorifonticola fermentation broth against C. albicans after macroporous resin adsorption and elution

17 P8l B.4% Diameter of inhibition zone( mm)

AT b B WA
Treatments Resin pH 3.0 pH 7.0 pH 10.0
D101 20.0 21.25 24.0
(= 25 5 I
| BREREER XADI8 0 0 0
Liquid after absorption
XAD7HP 15.25 14.0 15.0
D101 29.0 29.0 33.0
AR BERR XADI8 29.0 24.5 25.0
Elution by water
XAD7HP 24.5 26.5 25.5
D101 17.75 23.25 20.25
50% L BEGEBLIR
Elution by 50% ethanol XADI8 15.75 18.50 14.25
XAD7HP 13.50 17.75 14.00
D101 16.5 17.5 12.25
9 i vk 0 g
100% Z. B3t Bk XADI8 0 12.25 0
Elution by ethanol
XAD7HP 0 12.25 0
D101 0 0 0
PR L XADIS 0 0 0
Elution by acetone
XAD7HP 0 0 0

i B AT LA, #¢ D101 A1 XAD7HP W fff J5
4 4 I 2R BT AT B0 BT H S BRI I, 3R
3o PR FofA i X T 1 €0 7 A T 0 i O PR AR 553 , O R
JEAR R FHAK AN Z AT T AR T — &8 04 P i, X
AIBESE R TR G TR I 2R B, AR R R A A
XX AR iR IO BT R i R e pHL S AN R

XADI8 ¥t H (U S ER B W R A — 2 W, IF
H pH AR KM BT LLYE R Y9 B, (2

Vel oA —E .

1T D101 I XADTHP X 7% 1 ) Joit %ﬁﬁﬂ%’% ﬁ'ﬁ

HRA AR B, P e 3

S SRS

S P Rl R i 2

2.1.2  RILWPE S AR R KR T
D101 F1 XAD7HP X} & I 28 %8 W H 16 1 ) Jo il

PEiE IR 2,

&2 D101 F1 XADTHP 3750 B f X IR B E M ZE (2)
Table 2 Active substances adsorption ability of D101 and XAD7HP resin for P. algorifonticola fermentation broth

RIEB B Ab BRYE 3574 Inhibitory activity of treatments from different resins

R B A AR W A B SR R KB 50% L BFEME 100% & BRI
Absorption volume Liquid Elution Elution by 50% Elution by
(mL) after absorption by water ethanol ethanol
D101 XAD7HP D101 XAD7HP D101 XAD7HP XAD7HP
30 6.0 6.1 7.1 6.0 0 0 0
60 6.0 6.0 2.2 6.1 0 0 0
90 6.2 6.0 0 0 0 0 0
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M FiR 3 2 nTLLE H, D101 Al XAD7HP 3 7%
W o 3o e v A R 3 1 0 S ) e 7 AR AR 55, i LA 60
mL 7K BV AR 3% PR 9 Bt U G T Ok, 10 ¢ D101 Al
XAD7HP b3 100 mL &R Aid. B A
PRIRRR A R AT — 22 1 W B €5 3R A g g, b D101
W [ €2, 25 18 7 5 T XADTHP , 358 45 (0 W9 A i i —
A H AL R e
2.1.3  KIUMAE 3D A M & & R KA E 02

H 3R 3 Al M1 FE R BRI AN )R HE pH (6.3 ~6.8) 11y
&L T, D101 1 XAD7HP #{47 — % 9 8 2% W ff g
71, {2 )& D101 (% 8 3 W i g g ok, i KT
XAD7HP, 45 10 g D101 7] LUt 100 mL % e
B2 45 10 ¢ XAD7HP o 7] AW Fff 100 mL % %

%3 DIO1 f1 XAD7HP 3 & 3 §95 K Bh 745 R B 2l

Table 3 Decolorization ability of D101 I XAD7HP against P.

algorifonticola fermentation broth

Ve Bifm, Colour

Wiﬁgﬂ Tandem D101
Eh“?;;?“me D101 xap7Hp T

100 - + o+

200 - + o+

300 + + + + +

400 + + ++ + + +

500 + 4+ + + + 4+ + + + 4+ + +

600 + + 4+ + + + + + + + ++ 4+ + +

700 + + 4+ + + + + + + + + + 4+ + +

800 + + 4+ + + + + + + + + + 4+ + +

900 4+ o+t + o+ + o+t + 4+ + + +

1000 + 4+ + + + ++ + + + ++ + + +
é’g?ﬁ?ﬁhzfgummn ++ 4+ + + + 4+ + + ++ 4+ + +

TE R PR + 7 R R i i R (- SRR BB R

Note:" +" indicated the degree of yellow,"--" indicated colorless.

Wb (AR aE 7155 F D101, D101 J& FHE
PR B , XADTHP Sk bS5t MR B , PR AR B 2 5t
M E T AR 0T, B5 22 52 56 ks b6 Fp i g 5
BRAE T
2.1.4  KIUMERE B30 AR & 2

YRR HR AR i W FfE (100 ¢ D101 W2 1
L R o, e R 68 (R 4) W, 28 D101 1)
BRI R AT A — R o TR R 5 1 ) Jo % XADTHP
W B DR, £ D101 1 XAD7HP 55 5B W i 4 1%
AR TR ITI . BLAbh, NI 5E 25
RIE7R 10 g D10 /] DL R 100 mL % [ H 9 €4
2 LEY ML, 100 g DIOT MR 1 L A& B A (5 3R
J& AR O RGR , Bt T 2R — ik, 1
IS 5 R AR AR LU BT &, 10 g B I B 100
mL & PR LA, A5 AR A FH ik KR S 300 50
PRAVEAR T E

%4 DIOI 0 XAD 7HP ZEESEB R BT

Table 4  Color of alcohol eluent from D101 and XAD7HP

YN YR 52 Elution color
Elution volume
(mL) D101 XAD7HP
300 + + + +
600 + 4+ + +
900

TE RS + 7 R BRI ek LR, (- TR LB R

Note:" +" indicated the degree of green,"--" indicated colorless.
2.2 BFXH
2.2.1 B AAE 6 Rk

M S AT LLA 4 FiRtiE oh HA FPC22H fi
B 2 TR ) 3% PR ) BT 4 R I BfT , T FPC22H J&
Tt B 1 2 R, BT LA W R AR LT AR 22 &
T pH 1 52w, HAZ 46 il B Al bR, PR, 6
FPC22H 1 k53 B8 12 15 1 9 o 1) 8 - 3C e i i o

RS BTYXHREENTHIE

Table 5 Screening of ion exchange resin

ANT) pH T IR B 2R BE W 4 (mm)

Wig Inhibition zone diameter when P. algorifonticola
Resin fermentation broth was absorbed by different resins
3.0 5.0 7.0 9.0 11.0
FPC3500 21.5 19.5 20.4 23.6 19.8
FPC22H 0 0 0 0 0
FPAS1 18.6 19.2 21.3 21.4 20.5
FPA90CI 18.6 19.5 18.7 21.6 19.4
2.2.2 ZRBLA6E RBEAME TR, 1 0.5 mol/L 2 /K e i 57 A

J110.5 mol/L HCL M i i , e bt >R iy

ACREABAR POAS 15 4 o (4R Pl A2 22 mm) 42
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PPN, 1M ELAE e i 75 % 10 5 1R RE A AR 45 20 F Vs
1 Rl W 1 S KO v < A A L R = W S
FPC22H 3]
2.2.3  BF RSB R KB Z MM E

fift FH Aot 15 ) & VARG 5 10 g 7Y FPC22H, 3t 1
W 60 mL WA —IR . YR TR i 60 mL Al 120
mL AR AT T PE (R H 180 mL (%) At g - 4 ) B
TEYEY) BT (AP R AR R 21,5 mm ) | $56 B st s A
C 2B R o PR, B 10 g REBE AT ABZRRE 120 mL
1) 2 T
2.2.4  BRBLARE 8 AF

f# 1 0.05 mol/L F10. 5 mol/L ¥ Ji i & /K #F Al
DLFEIE P B A A Vi ok (R 6) B2 0.05
mol/ L {2 /K FEMLRE 71 K55 , # FH 0. 5 mol/L i 27K
REAE AR 25 Z) i 450 1 4 5t AR g e i 7 >k, L
VEMEBAR TR /N T R T AR A 3 TR AR
VEIVRGA PT LA BT 422 e 7 28 1 e 4 KBRS WP 2,
AT A 21) J o Y 17 1 40 o ML B

RO BEBEFIRERIEE
Table 6  Effect of solute concentration on elution

IR RE AR AT P B

Concentration of

M Bt

. Inhibition zone K
ammonia water after condensation

diameter ( mm)

(mol/L) (mm)
0.0005 0 0
0.005 0 0
0.05 0 12.0
0.5L 22.0
14 0 0

T8 -7 ORI R 4R

Note:" -" indicated the elution was not concentrated.
2.3 KFLBIBEFIE F 3 #atd A5 K A0 AR BB B IR B i
X

{# 1 500 g D101.500 ¢ XAD7HP #1500 g

Inhibition zone diameter

FPC22H X 5 L. 1 A B 2R BEMR A TR BR , iS00 L )
W BT A A A T (0 328 WA, W B TR 24 2 1L LA
Je, BT R A gk s 0 (R 7) , BB = B 2 i
WIS T R B R B A B0, (IR A L R B 2R
BER B ORI Z

FEXT FPC22H | W B ) 335 1 49 Bt 47 e T
TR AT R B B 6 AR e, RAT B AL
LAYV A A 0TS M, PRIHAR 25 5 AR 4k 2 € 0K
FIMIE LT o VeI Z 0B BRIl 452 11 et

R ZBRBERIMERMENEABZREHE
Table 7 The colour of fermentation broth after absorption by ta-

dem D101 and XAD 7HP

WA A 5 A £ RSB B R

Elution volume (%JT)E;
(mL)
500
1000
1500
2000
2500 +
3000 -
3500 F o+ o+
4000 + 4+ + +
4500 4+
5000 + 4+ + +

JER BRI + 4+ o+t

TR + 7RI SR (] -7 R TR

Note:" +" indicated the degree of yellow," "
2.4 FARYMBIBTGE

I 8 AT, T A A it A BLIS U, R
FH 2 BB 805 88 43 T A 15 PR ) 5T, (BB AR JRR T L 25 21K
T, BUCASBR A AL R A 3000 7 ik ik — 20 R R
SrETETERIIT . (HJE XA SEE S5 R AT LUE %
TEVEY) BB  ARMERS TR DL F

indicated colorless.

x8 MHRERMANBHNLERENE

Table 8 The inhibitory activity of crude extract of P. algorifonticola broth after treated by organic solvent

A BRI 55 IRy
Solute in organic solvent Solute in water
A B °
Organic solvent HEH 7 I H 2
’ it P LS it B E
Inhibition zone Inhibition zone
Color N Color K
diameter( mm) diameter( mm)
FH i Methanol YR F (D, Faint yellow 16.5 ek {4 Light brown 13.5
Z, 15 Ethanol To {5, Colorless Brown 16.0
N Acetone Tt Colorless Brown 17.0
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M Acetonitrile Joff, Colorless
LR LT Ethyl acetate Jtf, Colorless
417 Chloroform Jff, Colorless
1E T % n-butyl alcohol Joff, Colorless

Brown 15.5
Brown 15.5
Brown 16.0
Brown 16.0

3 e

AR SC R BEPRE Tl FH AL B F1 S 28 B b g
X} P. algorifonticola 7% [ W HH 4 TR % 14 490 I A9 AH 12
TZ.

LU S 10 R IR R LA i 4 7 5t e b 2L«
FH D101 il XADTHP, Jo 75 V84 & B 4 pH 4% 1
FERI AT R BRAEB 0 22, SR )5 18 R B AR L — 2
(7K FERE W% S g 1 5% B8 (0% 6 M 9 o 4 S e e
Ko WERHRE S 45 10 g D101 A] LA R 200 mL Y
REER P AR T4 10 ¢ XADTHP A LU B 100
mL BT AR . SRR R T, o] DK B AR
WIRE 5 & B 9 L2 4 10 g - 100 mL, Jf H ] LA
B PR CFLAR A H B (48 D101 J5 XAD7HP)

VEPEIR R P FH B 7 28 e B FPC22H i — 254y
[ R I I L N I R R AR R R A N = e
FPC22H I ff 52 K J5 {d ] 0. 5 mol/L (1 & 7K Ik
JIE, Vol ZE R VA T P R LS BRI PR SR B
FPC22H W B 6E 712« B 10 g FPC22H ] L) fh
120 mL (%) & B 016 PR I

A A 20 8 A A0 T %) 4 5 e —
Mo ATCERG 1B R AL B €2 F01 525 1~ 58 5 %) P

algorifonticola JZ W H T 1A (A8 BR TR I /K S PE 4 o2
HEAT T 4388 3K 0 5 910 B Ak iR S St T
%EI’.{-{ o

S 0k

1 Tang QY,Yang N, Wang J et al. Paenibacillus algorifonticola
sp. nov. , isolated from a cold spring. Int J Syst Evol Micr,
2011,61:2167-2172.

2 Liang XQ (#25 %F). Purification of pyrimidine nucleoside
antibiotics and their antifungal activity. Hangzhou: Zhejiang
University ( #7712 ) ,MSc. 2010.

3 Lin QX(ARFEME) ,Xi T(ZE¥% ), Liu CH(XZEE) et al.
Preliminary research of bioactive metabolite produced by ma-
rine actinomyces M326. Chin J Marine Drugs ( 7 [E ¥ 1E 24
W) ,2006,25.44-47.

4 Yang ZZ(tp%0) , Xing YY (RS ) ,Xi T(EE) et al.
Preliminary study on the antibiotic active metabolites pro-
duced by marine actinomyces M324. Pharm Biotechnol ( 25%)
HYIFR ) ,2008,15:375-379.

5 Liu QY (X4:7K) , Hu JC(WIVLF) , Xue DL(REFEMK) , et
al. Study on fermentation conditions and characteristics of

bioactive substance producing marine bacterium LU-B02. J

Microbiol (A= ¥)2:247) ,2001 ,21 :10-12.



