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Abstract: Objective: To select novel strains that could degrade pectin at low temperature from marine sediment samples
and discover pectinase with potential industrial value. Methods: Take pectin as the only carbon source, screening a high-
yielding pectinase strain from sea mud in Bohai Bay, Dalian with the transparent circle method and the 3,5-dinitrosalicylic
acid method (DNS method). It analyzed the morphological, physiological and biochemical characteristics, and determined

the 16S rDNA sequence. After comparing BLAST homologous gene, it built up a phylogenetic tree, and further studied the
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enzymatic properties. Results: It screened the strain with high pectinase yield which was named LY-1. Then it analyzed the

16S rDNA sequence and determined that this strain was Streptomyces olivogriseus from the physiological and biochemical

index. When strain LY-1 was cultured at 25 °C and 180 r/min for 24 hours, the enzyme activity of pectinase was 30.56 U/mL.

It showed that the optimal enzyme pH was 8.0, and the optimal enzyme temperature was 20 °C. Furthermore, the enzymatic

activity could still be maintained more than 70% when it was incubated at 60 °C for 2 hours, and remained stable in the pH

range of 7.0~9.0 with enzyme activity at over 90%. The metal ions Cu*’, Ba*", Mg®*, Ca*", K', and Co*" could promote the

activity of this enzyme, while Mn?*, Zn?", Hg*", and Na" would inhibit its activity. Conclusion: The pectinase produced by

strain LY-1 would have the potential to be applied to industrial commercial pectinase.

Key words: pectinase; screening; identification; enzymatic properties
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1.1 MRIENE
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(121°78'85.74" E, 39°01'79.06" N)60~100 m 5 )& 4b
WEICUE; /L Vg E7 sa A AR AT BR A 7] 5 oAl
AN R B ot

Bioscreen C H Y5 ESHTL  Biolog 2y
Al CI—L B W s TR () F R A
BPC-150F Bl 3% 3248 L E O A8 A IR A Al
Multiskan 1510 BEFRIY 25 2% Labsystems 2\ 5] ; D-
37520 {RIEA B L Thermo Z\H]; CRY-2112 fH
RIEIR L EHMYES A TR 7] DK-S600 H 3l
b a7 N (115 = e S g S RS/ S
1.2 KWHE
1.2.1 BEFFFEEMEH L Wi IR PP (g/L): R
JiZ 30.0, NaNO, 3.0, K,HPO,-3H,0 3.3, KCl 0.5,
Fe,(SO,), 0.01, (NH,),SO, 20, MgSO, 0.24, CaCl,
0.15, KH,PO, 3.8, IR ¥4 0.2, BLAEHT 20.0, pH HER.

FemliREFRIL (g/L): BRI B 5.0, A 8.0,
ZAk4M 10.0, pH7.0.

KRG FR AL PN (/L) R KE 2.0, K,HPO, 0.01,
MgSO, 0.05, FeSO, 0.001, (NH,),SO, 2.0, pH H#X.
1.2.2 Wk EALS5PI0 FREUETE 10.0 g, BT
BEAT TP EEBRAN 90 mL JoRE 7K Y 250 mL #ETE I
Hr, B FEIRFE IR, 30 °C. 160 r/min. 2 h FE4-FTHL.
PN L IRHEIEME 1 mL IDAZE] 99 mL EaHHT 57 3%
1,25 °C. 180 r/min B4ER;FE 24 ho [ 0.85%(m/V)
TG A BHER K BB RGIEA T 10 3540 R RS, KRR R
S 107'~1077 FYRE SRR BRI 45 B 200 pl ¥R AT ) i
BrgRdk I (BB EE AN 3 4H A T5E58), 25 °C 518 5
% 48 ho KB, KPS R4 ZMIR
[F) 04 PR PR A T4 B alifh, JEs alifbadd i B A R
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A0, 7K 7 B B A% (Dp) AN A % EHA4%5 (Do) PY, $kidk
Dp/Dc {HER I 6 BRERAE N E T HAREE R
1.2.3 PR EE ARG O PRERITHAS 5] 6 ko
T % 41 ) e TR B 3R 2 b, 25 °C. 180 r/min
B3 24 ho DIIERE Y 2%(vv) BriE AL 24 h (g Es
FE W) F2 Fh B A PR 3% 3 (100/250 mL) H, 25 °C.
180 r/min K& 72 ho KFFUHK 4 °C. 8000 r/min &5.0»
20 min f&, BT T U5 WA 2 A RRAE A BRI R,
i 3,5- —ff3EKA IR (DNS )2 iV EAhits
HE M ZRIT-I0 2 B IS $EAT =2 075, NS 0.5% MR IR
W WG J1 20558 L (U): 7E 25 °C, pH A 7.0 BIYZ
RS, BB 1 nmol i JFORE (LAF 259831)
e IR . R R BE 1 BAALE oh Rm  R
W TG 2 (U/mL) o BB fre s PO B A, FHH
AT T—80 °C VKA o
1.2.4 BERAA 2 2= S ls M th 2l & ki
TR 1) ol 5« TSR T 2 HE ) PRI RR B P 1 il B 3 3k
25 °C. 180 r/min {537 24 h, DIFERE N 2% (v/iv) B
Witk 24 h REFEREERP 8I) & %37 2E(100/250 mL)
71,25 °C . 180 r/min %3% 72 h. A& 4 °C. 8000 1/
min 2.0 20 min J5H 3RO 24568 B0 A HEL B o

PR AR il % e 1 B AR 1) BRLBRT 7 T bl B 3R 3
(100/250 mL) " 7E 25 °C. 180 r/min F5 3% 5514 F &5
FE, LIAS LR BA TR V& AU SRS 3R 38 25 P 8, 2415
FE I OD600 {H A F) 0.5 B, LIFEFhEA 1%(v/v)
HeRh TR BEER IR AL b B 3R . Al B S E Y e oy
BT (AL 250 pL, 25 CHPATIRG SR, FEiE 8 h &
M—¥K OD600, ZELLAGIN 4 d, 755134 LR [a] Y Ak
i) OD600 fEITLsifil A= itk

EARRR K OD600 1 [FIEsT, W HL 1.7 mL BTt
SYECR 0.5% MRS T HEE a8, A
0.3 mL FR RS, 25 °C /KIEHERG )Y, 30 min J& B
H, A 3 mL DNS 50, F8 4018 57 )5 52 B Ak ok
¥ 30 min Kif, SRIGEAE 25 mL; DL il & ik K
W 10 min J& 1) BEAG BE W AE o a8 B %) IR P7281 45 1R
200 pLT* 96 fLAk o, FHEFHR{AE 540 nm 40 OD
B, SEHG2H 5 25 PO BREH A0 3 YR T SE 50 BT 3
B, P03 B 22 {8 B o8 18 JEOBE B9 7= A= &, 5 AR 3
ODS540 ZE(ETHABHE I/ N6l =G T 2R
1.2.5 BARMIERZE B E 0TS0 b e s 19
PRI PRI 4335 4lifl, 25 °C 5535 24 h JFWER
FRRRAE BRI . BTSSR 22 YL e a2
1.2.6 PRI RYEE  FIH Biolog H sh%EE
ARSI PR AR R R R . S RaSCRk [15] FIrH
Jride
1.2.7 BEERAY 16S rDNA &5 5 K [R5 4B
BEARAT 1 BRI A % T2 A=) 48 W) I X B AR 2E
1T 16S IDNA FrH745E: Sk PCR ¥4 Hiw v BL, id

SEYIGT S5 SR FE IR ER UK I, SR FH R 2R [R] YR
X He ¥, ) FH BLAST(http://www.ncbi.nlm.nih.gov/
BLAST), ¥ HEJHE#E LY-1 #9 16S rDNA J¥515 Gen-
Bank/DDBJ/EMBL Z#I8/Z2 1 A 119 16S rDNA J751 i
TR S e, F B 5 H A B AR L R 8 W] R PR R
= TS HBA B FP . SR Mega X FAEE R ST
REME, 484 ik Biolog A M % E /T &R
GrehHL, A THrHT, 13 BIHES S 25 R .
1.2.8 [fFAAR Ao
1.2.8.1 HaGiREMPBIREM ST A pH RN 71
FAFT, A SRS BRAE Sh  SHE 5~80 °C /K
W 53R R AT BN 30 min, L DNS 720
ARG T, DL = S S 100% 1, 2 R AR
it e 305 5 I ek JEE 1A AE X Tl 0% il 2, A5 3] Fe 3 S N
TR . BRI S 4 BT 5. 10,0 15, 20, 25,
30. 35, 40, 45, 50, 55, 60, 65. 70, 80 °C FA#i&
ALER 2 h, 5T B R 1 AT IS T I AR R N
30 min, M E BN 1o LB OREEEEAE X 100%,
20 ) SR g Tt AR A PR AR X TG R £, TR G
Ml 3 ZH 54T
1.2.8.2 fxifi pH fl pH fasE@ 481 43 3 L il A
[7] pH3.0~12.0 (2% ¥ WX, pH3.0~5.0 11 Phosphate
citrate 2% P . pH6.0~10.0 1 Tris-HCI1 2% % . pH
A 11.0~12.0 9 Na,HPO,-NaOH £& th 5 # . FH AR
[F] pH 114 22 wh %5 W 7 R REL it % I TC 1) A B2 pHL 119
SRILIE Y, F DNS 357E 20 °C 2514 F AR TE pH Y
SR BB IE 77, 1 e R B (B 2 LA 100%, THAAH
o Wl 7, 20 1) SR g il e 35 S B2 pHL A A o) il
2R, 15BN Bl pHo  FRASEI SR IS B S E AN
pH ZZ i i E: 2 h, PR IS TGS pH &4 il
fi#E SN 30 min, AR KIS J7°0 100% T, 25 2RI
pH FRsE MErAIXT G <k . A1~ pH A 3 20717,
1.2.8.3 PHFPHCEE T MY AS[E] & @ B XF il i 1749 5 i)
TEIREE 20 °C. pH N 8 BUIHOL T, FEBGE I RE KW

R Z P A BN AR 1 A1 5 mmol/L H &4
Co*'. Na'. Mn*", Zn*', Ba®', Hg?'. Cu*'. K", Mg”".
Ca 194 )@ B G, A X BRZH H S AR R AR R Y 2%
M PB, I I S FENG RS R ARG . AR
£ BB AR 3 AT
1.3 #EAIE

JITAT SE 4 = 20747 . {4 GraphPad Prism
9.5.1 FRAFXT TR PR 45 5 . PAARAE A LU L g i P = I
SRR T B S ST 1245047 -
2 RS9
2.1 FESERRVITHLE R

w1 PR, TR R SRR AR Y Dp/De fH,
JfPkik H Dp/De (HBR I 6 BRAE S H b7 52 i 08 %
Frekses St . HigmS4r9h LY-1, LY-6, LY-7, LY-
9,LY-11,LY-16, H:vp LY-11 1) Dp/Dc 1H & KN
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5.28+0.35,LY-7 #4 Dp/Dc H/NA 3.15+0.35,

T RS R TSR

Table 1 Results of the initial screening of pectinase-
producing strains
WS AKEBEADp(mm) Y% EADc(mm) Dp/Dc
LY-1 10.30+0.56 2.20+0.20 4.72+0.67
LY-6 6.76+0.35 1.73+0.25 3.94+0.51
LY-7 9.76+0.61 3.13+0.55 3.15+0.35
LY-9 11.86+0.45 3.00+0.36 4.00+0.60
LY-11 12.67+0.45 2.40+0.10 5.28+0.35
LY-16 9.03+0.42 1.83+0.21 4.994+0.38

22 PESEMKETFER

S DNS EhilVEmi bRt 2L, Lt my= 7y
2 M y=0.9614x+0.0276(R>=0.9880) , FEHILL -5
FL 2 AT FH T AR S 005 BRE R r i A5 51)
i Dp/Dc {H % B B Bk LY-1, LY-6, LY-7, LY-9,
LY-11, LY-16 #1718 2P % fe Befh T &
PSR, T DNS 12X HORH Bl v A T 1 AU, 5
PRI AT = RPATEE S . BB A il 0 A e i i '
BEAESEE LW e &R, WO CREE R I/ INRAER
SHOHH it v ) TS 7 104 R/ NI A, S5 SR an &l 1
s, Hhge's o LY -1 YRR EENG 77 (30.56 U/mL) i
FHe T HAD 5 SRR (P<0.05)

35¢
30 F
25+
20
IS5

% (U/mL)

10
51

LY-9 LY-11 LY-16
LS

BT 6 BRI AT I 2

Fig.1 Enzyme activity assay of 6 strains of bacteria

0
LY-1 LY-6 LY-7

2.3 EREKHIZ KRR L

2%k 1 59 Dp/De (B e Ll 1 5 v 19 B
B LY -1 2 H BOBERR, XHZ R R T A i 2 a0 Il 2
I T L o) BBy Pl 8 2 AT A O O S, 4 R AN A 2,
BRR LY-1 320l 24 h IWOMIRRM] . efh)s 24~
56 h I B RON R, A 2 b a0 R S L
B4, I AR T AR A i Z R B T — R S
P, 78 32~64 h W ZRIERE IS, I A9 AR IR
AL Ge | AW IS PEERAR ML, X AR REREE IR R A4
JHASURE, PRI 58 TR AR B AR ARG I 30 2R e 21
56 h Ja#EASFARI], B AR K S TSI
BB, BiES A E LB TRl NI Bl i (B . 428 72 h
Je R, W LI 46 [R) A Vs ), WoRf 2 S
g% 64 h i fER IR TE]

20 140

135

1.5} ]ZZ S S VI BY
bl

8§ 1.0} / 120
Ve I

05 L —— [ifIG 2R 110
/x/l 1’

0

0 1 1 1 1 1
0 20 40 60 80 100

HF1H] (h)
K2 LY-1 BRRAE R 5 7 WG e 2
Fig.2 Growth curve and enzyme production activity curve of
LY-1 strain

24 BEMBISSEE

2.4.1 BWEERAIEZS &l 3a PoRTERAR R R
ISFRIERR LY -1, REIES s B, iR
PR, B v F sl L i 6, SRR -, JOGFE, J6 <
MR, R, ANEW, RO R A, A )R
BRI, HBRRR AR 22 R S8 S B, AT
VIR T8 AR o 1B 3b SRR LY -1 1 R AUE,
] UL AR L BT BRI, AR RSN
Z I RALIR L PR  HECIR

S (U/mL)

K3 Bk LY-1 72 AR R BVE B 28 b e e T i
[E{LSIZZ
Fig.3 Colony morphology of strain LY-1 on a plate and cell
morphology under a microscope

TE: a: PR IEAS: b: BAMEE 1000 15 FRAIES .

2.4.2 LY-1 Sk AIBYSERE @i Biolog 41
TR A B 58 A TRAR IR ) FH 22 L R A 24 fUss
AT, 25 5An3 2 R, X LS TS 0025 F W
Z R N EE RS I R Streptomyces sp. LY-1, PROB 15
A1 0.929, Organism Type A5 =% [C HPHEEE R TR o

JH Gen I 3 LA LY -1 B AR5 IR FH I LA
FAHKEEFERESC IO S5 R IR 1. B3R 2 AT A, iR
HRFTSP AT D2 pE . AMIEE . i-JLEE . D-H SR .
LLZLE . D-2A22U0E . L-Baffi bk . D-2H . S, thn]
VLB FI NS =W . D-2PE2UPH SR, i sl . L-ER
ZE0E . RS TORE L VR S AR TR 0 R R b g 2E
VEM KSR, NI S, Noarerdiz . IR
1k, 4 WHEEE IR
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F£ 2 BN LY-1 BRUEF S

Table 2 Strain LY-1 carbon source utilisation experiments

FRAIE ZEIR B g
D-Hi % M + JORIE A (Ef +
Mex + RS +
D-pFLp w L-FRAhH -
D-H# Ml + A=Wk w
IR + D-Z2 20k +
D-AME + Uil -
i-WLEE + T 3R -
TEH + HIATHR SN +
T - it o BE IR +
P9I + BRI +
i it + ESNiRa +
Kt + W Ak +
L3RR + AL i -
T + LY i -

T+ B WSS R — B

2.4.3 LY-1 #ifk 16S iDNA JFFHT-5 RGLR TR
FIEE  BEER LY-1 19 16S rDNA JIJFK B A 1396 bp.
niEl 4 Fros, ESNRPEEE S f Uk E S 25 R bl LI
FP 445 i H AU EER 45477 1000 bp F1 2000 bp 2
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Fig.4 Electrophoretic profile of 16S rDNA of strain LY-1
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Fig.5 Phylogenetic tree of strain LY-1 constructed based on 16S rDNA gene sequence
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Fig.6  Effect of fermentation temperature on pectinase activity
(a) and thermostability of pectinase (b)
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Fig.7 Effect of different initial pH on pectinase activity (a) and
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Fig.8 Effects of different concentrations and types of metal
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