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Abstract; The dynamic composition of species and quantity in a mixed culture, which was capable
of completely degrading 1 g/L poly (vinyl alcohol) (PVA) 1799, was investigated using Terminal
Restriction Fragment Length Polymorphism (T — RFLP) technology during the degradation
process. The process of PVA degradation by the mixed culture was investigated using HPLC,
etc. Besides the extracellular PVA-degrading enzymes, the bacterial cells also played a very
important role in PVA degradation. Small PVA molecules were found in the cell extract. Acetic
acid and methyl-ketone substance were produced during the degradation process. A possible
pathway was proposed for PVA degradation by the mixed culture.
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BEREARXREFERERRER, BKEHH
FESRYZ— BFHREHFRILEKF. AN
HA %% Suzuki 76 1973 4F 4> B 18 I 88 7= i 4
PVA R REEN R E Pseudomonas 0-3 L) I,
HAsh 3 PVA A fb BE % 8 BF 5% + 4 36 KP4,
PVA R LB XBE TR ED RS R A4 R
PVAMIMAY . BRIMHIR RN PVA BREE
KARFHRETZHFAEN, HFHE B kR
PVA (3R RAE , 233+ B 8] 35 57 47 % LA B B
P PVARIBMU ., EEFERRZHNBHTR
MERBRATX— KO, FHREB
HBRBR—AEYEAN PVAMMEREREE
HERERN, REESZMHMAEYNEERA S
B X8 R Y AR R, X — DR R PR
BEFRERP PVARBGRRET TSR,
REGERRTELZ ALY & Y FEH 52 B3
PVA HIH1E R, SRR, X S 54 Y B i 1 B
#7 EfES AR EREEMR PVA? XTRXHEH
TIREMERRME. KnBHEBIRFBEKE
% &t (Terminal restriction fragment length poly-
morphism, T—RFLP)# AP 7] A 7£ DNA K k¥
HEWRIEREDHIRBREN, AESHHEY
BRI S (B DNA)FE7E, B & B 8K, )
ERETEZRYRAY (L EPEXRBEYNE

MR BUHD 3853 PCR AR BEEBIEEMNY HEH -

KBRS, EFRERREEMPHRAF  ANXH
AEHLGET PVABRKERM T KEDRHED—
MEREME 1 g/L PVAIT9 MIBAHKE, %A
T-RFLP HEARAH THRFIBRFTREEKRPEEN
WEYHEERAKEN AL, FAETRAEMN
(HPLO% i 3% % B & RFEM PVAL799 #5d
B#fTTHE FRETHZREERZMEM PVALTIY
A AT RE IR AR .

1 #HE5F %

1.1 ##

L11 35X MHEHFEE/L):PVAITIY
1.0, NH, NO; 1.0, B # 1. 0, K,HPO, 1.6,
KH,PO, 0. 2, MgSO, + 7H, O 0. 5, CaCl, 0. 05,
FeSO, » 7H,;0 0.02,NaCl 0.02; pH 7. 2,

1.1.2 #&#H LKA PVA(No. 1799, B4 &
1700, B2 99. 0% ; No. 124, B & B 400, B2/ J&
99.000) , M F M ERALT ; HbLRABKBH N5
ffidi. T-RFLP TR PFTANBEWE KEEED
43 Al; DNA 48 B ik 7 & (3SDNA Isolation Kit

VZDBEEREEELEYREARAF;PCR
MR REMAKETEY AR5 WH EEERE
EYBEARERATABRIFIE.

1.2 F&

1.2.1 3%hFh KBEMEZFREPERL4IH
RAKEFABRERR I mL BAKA 30 mL 5%
H® 250 mL =M P, F 30 °C.200 r/min %1
FREHFERZRFHPVAER,

1.2.2 T-RFLP 5 # #£RFMER S DNA,
FIE S Y 18 16S tDNA. 19169 5' 84 % %47
g, UMEAT =Y EARE. YRS IR
SRR EE DL B P9 YT B8 T Ak, T 46 7 A A 9% R T Y
55K 3 BB M B, I B 34k DNA U5 {35 473X
Mo 1 B /R BE AT T A S0 7 00 BE o B9
MEVBBEMEE.

DDNA R kR EFIEHKER RN
FMEBEESRRMMY 200 mg, I & DNA, [[41
KA 50 mg B35 ¥k , A 40 ML B ¥ {X (Fastprep,
ThermoBIO10OD) B B 40 i GE & 4. 5 m/s, B K
30 s, 4 W), M S5 A9 40 L DNA R H &4
B DNA, F0.8 g/dL MBS ¥ S RC L 3k 2 SYBR
Gree Je 8 Ry IR 42L& DNA K B,

2)418 16S rDNA K B9 PCR ¥ s aift . R
BRI WY, E @5 YR 827F (5-
agagtttgatcmtggetcag-3'), i 1A 5| 4 & 1378R (5'-
cggtgtgtacaaggcccgggaacg—3') SHAPEmS Y 5 5%
F 6-3R B E P (FAMD#RIE.

50 uL ) PCR R itk R4 M1 F : Tag DNA
RABWE K 5 L, MgCl; 2.5 mmol/L, dNTP
(each) 0.2 mmol/L, E£.KRE3/4%& 0.4 mmol/L,
KM 40 ng, Taq B4 K (TaKaRa)5 U,ddH, 0 31
pLl. RMBFEN:95 CHAH 3 min, i Taqg B4
5,95 CZA5# 1 min,54.6 CE# 30 5,72 CHEf#
1.5 min,30 MEH,BJG 72 CEM 10 min, P
ik f PCR 49/ PCR difbikF aaifk.

3)T-RFLP XL % #ifL /5 # PCR =4 4 51 A
Alu1,Hha 1 #1 Haell {4k, K& R 20 pL, Ko
Alu1 \Hha 15 Hae [l 8 U, % i 2 pL,DNA 200
ng, 37 CiH4k 2 h,65 ‘CK{E 10 min, BYIEYH
T-RFLP /347t L R AEYHEARERATERK.

DR RS 55 BT AB13700 £1H 16S
tDNA ) Alu 1 \Hha 1 #1 Hae M Ei%. Bii0EE
LB RER B A B (TRFs)OREED—
TSR 34 By , e TR AR R JRE 3 o A 0 9 A X 3
B, BB TRFs (B E Web L (http.//
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trflp. limnology. wise. edu/index. jsp) #T R &K, ]
EEMNATERRRAMEYRAD,

1.2.3 FESMET RABRGRNIEKRE PR
HRE,

1.2.4 HPLC 44 {¢2%: Agilent 1100, &5
88 f53% & ; Agilent ZORBX SB-C18 4.6 mm X
150 mm; F 3 #H:0.1 mol/L # K, HPO, &E &, A
H, PO, 8% pH 2.5; M &: 0.5 mL/min; & &
30 CifitEE 5 pL,

1.2.5 REKATPVARMBEIFMNT K
FERBLOEXRAR, LEREZ 0.25 pm HEL
8. UM R R B A 38 o WO RO & BR 40 B R B 5
®E.EZEIM PVA KRBRED. IREEE
BRARANERERMERENBRKTRIE, &

24o|: 1 ®
LN N )

J

RABRAERRAERESE PVA KNI BH.BRT 5 it 3
REEBRPH PVA MM 2ZI AR EMRER
Wi PVARMES 5T PVA MR,

2 ZR5#%

2.1 T-RFLP 4 #iiE &tk KM@ PVA1799 i 18
ZEAKRLJATELTLEEMR 1 ¢/L
PVAL1799, i BRI KA RN pHE—EE

"B FHe#a, H T—RFLP FEARETER SR

Mk R PR AR MR ML, @3 PCR ¥ 1%
MBS KER 16S IDNA 4512 Alu 1 JHha 1
M Hae MBI, BYEMFBKESTEERLE
1, BERAFBERERESI RN RBENEY
MEMRERLERL

L

(e)

-
g 9B:B3-LGW-BZY 1.fsa/LGW-BZY1
®

'iEFI Jog e

FN

J

s
g

14B:CB-LGW-CZY12.fsa/LGW-CZY 1

UL, |

10B:B4-LGW-BZY 2.fsa/LGW-BZY2
160

st th,ulL 1

©

80
)o®

11B:B5-LGW-BZY 3.fsa/LGW-BZY3
% VIDNA K B K BE/bp

160
80

15B:C4-LGW-CZY2.fsa/LGW-CZY2

o i e

16B:C5-LGW-CZY 3.fsa/LGW-CZY3
B IDNAR B & E/bp

120)

(11)l ‘ l

LI

4B A4-LGW-AZY1.fsa/LGW-AZY1

[ wan

0|

SB AS-LGW-AZY 2.f5a/LGW- AZYZ

80

@)

6B:A6-LGW-AZY 3.fsa/LGW-AZY3

¥ UIDNAR B & BE/bp

a, by c: i3 32,64,96 h IR A KR B 16S IDNA 43518 Hha T 4b58; e, f, g:383F 32,64,96 h WB A KR & 16S rDNA 4 58
Hae 111 4b38; h, i, j; 3E3% 32,64,96 h B AR E & 16S IDNA 4518 Alu 1 b2
M1 T-RFLP XEM A KEH#
Fig.1 T-RFLP results

BR1AR, EEFESESP Pseudomonas sp.
Flavobacterium sp. . Streptococcus sp. $l Micrococcus
sp. ERE FEWKED, TR LR, Pseudo-
monas sp. , Flavobacterium sp. $ Micrococcus sp. 4}
B TRARRA 30.696.17. 22671 19. 796, R A
EEEPREEEE 455 & Micrococcus sp. RIEF
BHTRE AR AR PG S EMRE, AR #

HATF 64 h B9 0. 7V K PIRE ML) 19. 7%,
Bacillus sp. TE¥i 37 i#47%8] 32 h B B A KR K
19. 5%, 5 5 B0 7D #a 3 ; Rhodococcus sp. TEIRE
REAFTHHEBRE SO ERBIBSI—HR L.
Sphingomonas sp. TEREMETTR P M 32 h i) 4. 9% ¥
mEl 64 h iy 11. 1%, W EME M AR RA 1.2%;
Paenibacillus sp. L2 EEFE L HBE  ERRET
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Fa2hfes hFHNESBREEREN 242X R
25.4%, MEEMBE R RAE 2.0%,
x1 BAKREMPVAIIY SR HERTHY T-

RFLP 4 #f
Tab.1 T-RFLP of the mixed culture during degradation of
PVA1799
EREGKZPHHENEE/ %
, R A/
e LS 32 64 96
Pseudomonas sp. 2.7 6.2 30.6
Sphingomonas sp. 4.9 11.1 1.2
Rhodococcus sp. 7.0 5.5 4.0
Bacillus sp. 19.5 12.8 1.8
Brevibacterium sp. 6.4 7.6 5.8
Flavobacterium sp. 11.6 13.3 17.2
Micrococcus sp. N 0.7 19.7
Streptococcus sp. N 0.8 3.6
Leptothrix sp. 8.4 . 5.0 2.3
Paenibacillus sp. 24,2 25.4 2.0
Unmatched 15.3 11.6 11.8
N: REH

RFR R o 77 76 69 40 5 K 35 4 48 AR 45 BE AR 55
s Ry ED%, Pseudomonas sp. . Bacil-
lus sp. Sphingomonas sp. M Rhodococcus sp. 8t
R PVA A B, Sphingomonas &
MBS SR M A EERE, AR X

MEMBEAN TRBAOYREHAEARR, Sphin-
gomonas R UHERAMRBRZ B . BZEMER
RITELERR X SR E MR 0940 MR &5 1 20 7 7
U™, Brevibacterium sp. \Flavobacterium sp. Hi
FRAAEIE R BARE,

FRRBRMAE AT 32.64.96 h BEH P
AHMEREBRABEBHL 15.3%.11.6% A
1.8% ., XEHAHEREERRAL , EARHEE
WA EPRA X EME M T-RFLP XK
ZRERM,

RBRIBEAEZR. G 7 RALHEE, K
F2HREEHBEYLENHI K PVA B #
B HRXLFE BB BMGRFER PVAK
XEsEBNEK®TREAS R FEEARERS
HRITEAMBKIEE PVA RS . NEREE
SRESBEHROERPEFRITHA.

2.2 REAUEZMREBIEHPLCHOMER

Bk REEM IR HPLC LR ALK 2, #
AR I s 0 o (B LE X, RS K RFEMR PVA S &
PHZRER. HEHEELFREINES,ERE
PEREPCRNGTEZSH T/, LK 3. 90 h K
SPRAERMNE R, BHERFIBTTENT
REBRREREZH A, ZME PVANEHE
THIRBRIER, A REEMRNE ™Y,

%2 BENRRBIBHHPLCANER
Tab.2 HPLC analysis of PVA biodegradation course by mixed culture

fR I8 & /min
¥ . $ 9B 1 /h
W 0 12 24 48 60 72 90
1 3.011 3.731 3.714 3.694 4.767 3.707 3.709 3.708
2 3.261 4.33 4,989*" 5.006" " 4,989"" 4.9847" 5.059" " '
3 5.085** 6. 66 6. 669
4 6.763 12.579
5 11.562
* ERAMHE T « « Z8
%3 BAUHFRMBPVARERZRETRTLES 2.3 FEWXE

Tab.3 Acetate peak area change during PVA degradation by

mixed culture

B FratEl/h M B/ %
0 0
12 8.5
24 42.9
36 57.6
48 100
60 66.7
72 21.6
90 ' 0

HREMNELR - MEEFREFEATRER
YR ,12~72 h 33553 B P A [ i ] B AY 55
FEZFHAMBRACEEKY ™A, HERY
BhER=ERREEYR.

2.4 BEKRMEMEPVATEITE

BEHREEHEAN.PVA BB HEN LN PVA
FefmEs A AN BRI, B K 7= A B AL
FREN/NFFRES ., XEERRL—LpER
HEMRERXUZHEHENFEEYNRD BN,
PVA W Lhrpe i R Il A RFE ML R P
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RS ET — AR, BATE R Bi#RE.
ZRAEBATUKRERERPH 1 g/L
PVA1799 B FE#% , REM S B B Z A BB E
WERER. EdERE KR PVA BB
T, RABRERREREB PVARIRS, BT 4
BRBBETHPVARRBEZI ARGEREM.
WHREGHRRPRT AT ERS PVA B8
VS EF AT RRFETEBE PVA FE# BRI
W PVARBEBHMED™ . FEERBIBRTH

THEMEM ST EER /MK PVA HEAGR S, I8
Bk — SR EmNE.

B T-RFLP A i R A, KR A KRN
PVAWRELIBE—- I HIEMAR, EHHNEDE
FrmdBPRE BT R BN PVA HK
VHEBEEERY, RARFRRY EFEN &ML
Y RIER, Rk R PVA HIATIKFER.
BEEZREMRPVARTRIBLAE 2.

---- CH;CH-CH,CH-CH;CH-CH;CH-CH; - -~

OH OH

OH

OH

1 B s SR EPVARE R B

----CH-CH-CH,C-CH,-C-CH,-CH-CH,----

OH o

(o]

OH

l o 4 BR B _EPVARE 4 B8

41 8 NPVA ---- CHCH-CH,-C-CH, HO-C-CH,-CH-CH; - - -
adl 41 HPVA
0 OH L33
1 B I ; : Ak
\J \J
CH,COOH CH,COOH
2 RAUKERBPVANTHIRE
Fig.2 Possible pathway of PVA degradation by mixed culture
38 PR, EREEFEIBRTE BRI P EEBEY K
T2 T

Y& Al T-RFLP F & 4 — T eERRFEM 1
g/LPVAITO MR AR RERBIBR P RED#
EMPE M, HF B HE (HPLC) 4 J7 ik xf
ZBSERBEM PVAL7T99 KPR #IT T W%

£ % W #k (References) ;

AR #ETRRA KRR PVALT9 KT &
#. T-RFLP 7£ PVA [ & B 5+ #7 = 69 A 20 B A
HFE DNA Ko i R R AE Y PVA B i3 B
FHERELT — M ARF&,3HH T-RFLP £
ZFHHM ARG T —EHEIBKE.
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