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secreting thermostable DNase and protease
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Abstract: A red pigment producing bacterium strain FS14 was isolated from the stem of the diseased
Atractylodes macrocephala Koidz. The strain was classified into Serratia according to its morphology,
the physiological and biochemical features and 16S rDNA sequence. Different from the other reported
Serratia species, the F14S strain could secret the thermostable DNase and protease. These secreted
thermostable enzymes were still active even after pretreated at 100 °C for 30 min, while less activity
was found after pretreated at 60 °C—70 °C for 30 min. The reason for this phenomenon need to be fur-

ther investigated.
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VE R0t B, 25 BRJG B Ut A 2 v 3 7 AR
1.2.2 EHREVEE: XEEIfNEkSs s CF LA
R T ) VR CIA S Q4 i 4 5 T ) Pk A7
BRI A A S, A BEARAE 5 5 T B A
WAERKIRE, pH Mz, btk A%e R
B KA A A BR S w5 it g A A B A8, PRk 3
SE LA I B A A AR RRED) S 16S rDNA Y43 HTR
FHH V% PCR J5 k17847 16S tDNA §73# . 16S rDNA
FEAY 1 55 | i it 2 1 Lane (1985)i%31Y, 1E
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1.2.9 BEX(NHY),S0, T i i HEE R P EH K
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PERGIN, MUK TS0 1.2.8,

http://journals.im.ac.cn/wswxtbcn

2 i

2.1 HEHBIELEE
2.1.1 EHMBIESE. £ESEHLEE: BHikE
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ZERNEER 1.,

A3 W ST IR = sk v S L i
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L2y N
2.1.2 16SrDNA XA PCR R RFE A B &
Hr: ) PCRY RS Pk FS14 1% 16S rDNA J7 41,
SEERE 1 R, Bl EEP S R 1497 bp,
GenBank [ 751 558 HM245061 . Kt ¥ 51 FL %
IR L B (A 2), K3 FS14 5KV KR
Pk KRED (AB061685) I W £ L Vb & K B
DZ0503SBS1 (EU036987)3F % % & I;x N ik,
16S rDNARY [FEIEYE S350k 97.476%F1 98.579%
I, 254 FS14 I ARHE AR KRt A AR B A fh gy
PE, AR AL TV ERER, FHEmah
Serratia sp. FS14,

6 000
3000

16S rDNA —
1000

1 % PCR £ 16S rDNA #1845 R

Fig. 1 Colony PCR results of bacterial 16S rDNA
{E: 1: 16S rDNA PCR j”4J; 2: 1 kb DNA ladder.

Note: 1: PCR product of 16S rDNA; 2: 1 kb DNA ladder.
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Identification index
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Table 1 physiological and Biochemical characteristics of the strain FS14

FS14 %E4s 7

Identification result

&L YD TR G
S. nematodiphila (EU036987)

R B0 G
S. marcescens (AJ233431)

V-P reaction
i =R I SR i Lysine decarboxylase
FEAMRSLE Arginine test
B MR R Ornithine decarboxylase
B SC 55 Gelatinase
HEIMESLEE Glucose utilization
TR B% Arabinose utilization
L4 — M Cellobiose utilization
T FEE Dulcitol utilization
FLBE Lactose utilization
—B# Melibiose utilization
o- I 3E-F A B o-methyl-glucoside utilization
FiAFBE Raffinose utilization
FRZ=HE Rhamnose utilization
I ALEE Sorbitol utilization
#EHE Sucrose utilization
ABE Xylose utilization
DNA i, 25 °C DNase, 25 °C
BHf# Lipase
{2 Pigment
ONPG #|Jfi ONPG utilization
TR ER A Simmons utilization
H,S )i Hydrogen sulfide production

+ +
+ —

+ o+ o+ o+ o+ o+ o+
+ o+ o+ e+ o+

-t
-t

+ o+

+ o+ + + o+

+r RN — B RO

Note: +: Positive reaction; —: Negative reaction.

o ,— Serratta lzquefactens (AJ306725)
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53
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S5

Serratia ERIOMophtia-Strath17o1v

Serratia odorifera (AJ233432)

Pectobacterium carotovorum (AJ223407)

Serratiarubidaea-{AB004751)

ﬁ")‘)

oerratiat

DY

—— Serratia marcescens strain DSM 30121 (AJ233431)

Serratia marcescens strain KRED (AB061685)
s8\Serratia nematodiphila (EU036987)

“IFS14 (HM245061)

32

Serrafia ureilyfica (AJ854062)
Cedecea davisae (AF493976)

89

Enterobacter cancerogenus strain LMG2693 (296078)

37

= Enterobacter asburiae strain JCM6051(AB004744)
78 ——F;

— Raoultella planticola (AF129443)

DHIC’UU(ILIUI (,IUULUE bl.ld.lll LAVl

— Klebsiella pneumoniae strain DSM30104

7007
Z.70U
(X87

6)

i{ 99

Klebsiella variicola strain F2R9 (AJ783916)

0.005

B2 EF1

Escherichia coli (X80725)

6S rDNA F 5| [E&

R

Fig. 2 The phylogenetic tree based on the 16S rDNA sequence of strain FS14

TE: KW

M%7 /R Bootstrap {H; 455 N IS 7 R7E GenBank YT & 35, EHI s HHE.

Note: Numbers at nodes present bootstrap percentages (based on 1 000 samplings). The number in the bracket are the GenBank accession

number. Bar: 0.005 sequence divergence.
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Fig. 3 The growth curve of FS14 in LB medium
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Fig. 4 The changes of protease activity of FS14 in LB medium
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M 4T LVE ), 542 7 h )5, & KR
IR RS K, HE 19 h A4, 20 h 5 2%
I, BT R DY, 2 1 KA il 1 3 P AR 2
B IS EN 35% 2847 . IS B AR 2R K i £,
FERIF ST B /K it B G T35 S, BEER Agoo 7F 3.5 2247
R FRIHEAT T — 5T
24 EEXEEEE S DNA BgERI 0

PR T AN AR E T 43 3 WAL 3 30 min /5,
5 ki pET-28a 7£ 37 °C F W 1.5 h 1 3 h (45
WE 5 . 78 4 °C—100 °C FHiALHE 30 min, H#l
fit§ X pET-28a H145 A [A) 7 B A g DI sk 58, Hovp A
37 °C WikbH 30 min MBI RO Be b, 16 B
&l BT, DNA BEIGPEREAR. (A NAF BRI,
HARFE 70 °C F1 80 °C FiAb 3 30 min J& 1) R BE 1
PR R AR, H.90 °C. 100 °C &b 35 f b 1t
HIBENS I E) pET28a JFkL, X 7] Y kb 34
TR T % 70 °C—80 °C J&, DNase 7 PEFEAIG, 1124
R BE T ZE 90 °C—100 °C i, DNA g9 3% 1 52 1
IR T .

2.5 (NHy),SO, Mg FRIEREAREETH
DNA BfiE

26 3o B R % LU S ORIV 1Y) DN T D30 SR
mE 6 Fras, MER L, 2 (NH,),SO, ULTE Ay HL
il VAT EL AT A v B TR AR, 48 100 °C 4 FE 30 min
Ja, it ket DNA, {HEEZ 60 °C A5, i
T AR, TERON S50 N ANBESE %1% DNA;

A 1 2 3 4 5 6 7 8 9 10 11

70 °C—80 °C [WALI5 RETGIEA T, (HULAILT 90 °C—
100 °C AbHJ5 I REFE . XG5 HEER LIS NS
REAR -
2.6 mEITAERER P EA KBTI

W5 A0 AS TR IR BE R T AL B A L B RORE &, R AT R
JEE 3 A R P KRS T P B T S ) . AR anEl 7 P
o ME 7 AT LA HILE 4 °C—100 °C FikLFE 30 min
Je Y90 B BTG, 2% W A LA R R R
MAE 22 °C 1 37 °C AL FH 30 min J5, & BLE
T 1 55 X HEOAH B 0 A B AR s T > Ak B R B A
50 °C—80 °C Z[alfsf, ¥ J1 W FEAR, JLHIETE 50 °C
A BRSO AE i HG B 1 K T O R R R R AR, BESS
i 791 A 33 B R A — K AR T AL R
JEIRF] 90 °C-100 °C B, & /K ik B G i T
50 °C—80 °C i B I [ Ab 3, 1 5 %) HEAH HLAH 22 A8
Ko 3Kl B U R T o A R ST R S T R B
S5 ST DNA IS 14 bl i B A2 Ak i e A
Ao
2.7 imERH(NH,),S0, Ui e BB P E R K
REEEIE 4R EZ N

28 L B R B DLUE S5 PR Y DNA gD 5 2R
WK 8 Frow, FE &L EATBm A e, 285 i b 3
30 min 5, KRB AEAMIEM, (HZ 60 °C &b
PG AR BTG R AR, AR ERIR R S, RS IS
A T3 o o XS IG5 RG5O WA 45 R AR
—

B 1 2 3 4 5 6 7 8 9 10 11

5 ARIRETMAEREE DNA B§iE Bk EE
Fig. 5 Electrophoresis map of DNase activities under the pre-treatment of different temperatures
WA BEYIRE] 1.5 h; B: EEYIATE] 3 h. 1: Marker; 2: pET-28a; 3: 4 °C; 4: 22 °C; 5: 37 °C; 6: 50 °C; 7: 60 °C; 8: 70 °C; 9: 80 °C; 10: 90 °C; 11:
100 °C.
Note: A: Incubated for 1.5 h; B: Incubated for 3 h. 1: Marker; 2: pET-28a; 3: 4 °C; 4: 22 °C; 5: 37 °C; 6: 50 °C; 7: 60 °C; 8: 70 °C; 9: 80 °C;
10: 90 °C; 11: 100 °C.
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B 6 FREIRETMAERHBI(NH,),SO,IE S BIAEES R AT DNA B§iE ik E1E
Fig. 6 Electrophoresis map of DNase activities of the crude enzyme precipitated by ammonium sulfate under the
pre-treatment of different temperatures
WA BEYIRE 1.5 hy; B: BEVIEFE] 3 h. 1 BMEXTHR; 2: pET-28a; 3: 4 °C; 4: 22 °C; 5: 37 °C; 6: 50 °C; 7: 60 °C; 8: 70 °C; 9: 80 °C;
10: 90 °C; 11: 100 °C.
Note: A: Incubated for 1.5 h; B: Incubated for 3 h. 1: Negative control; 2: Plasmid; 3: 4 °C; 4: 22 °C; 5: 37 °C; 6: 50 °C; 7: 60 °C; 8: 70 °C; 9:
80 °C; 10: 90 °C; 11: 100 °C.

1 2 3 4 5 1 2 3 4 3 itie

A ST A T AR ZEFFRR A 40 2 ) — Bk e - AR
LI (0 KA FS14, BB A, i@i%ﬁﬁ
Fl 168 tDNA R4k F WA S5 H T 1T 40,
RILER FS14 56570 [WE KRED (AB061685)
Fmg Lk di yb 3 [ (EU036987) 4 16S rDNA Hy[F] 5
PEfEr, ik E] 97.476% F1 98.579%, {H 2 FS14

E7 fHEREAAE R RS E TR R Bk EE

Fig. 7 Protease activity pattern of heat treated crude en-

zyme 2 0 R 15 M2 0 0 A 302 A
%ggg;?;%jﬁﬁ;a*”C”jOC&“ DR, T T A L AR . M

o3 RV, R VD R A E R TR B

TSR s VDR R R B TR
PRI FRATT 4 S A U R UL DA R A AR
I AARZER g ok, 2IEATN IR, RAER
U R AFAE TR A s M, 38 R 0 A
Yy N Ry 20V A R I HGE ;. AN, TENTD TR

A O R38O M SRR SR, U0 1963 4F Eaves 5555
— U MR BT v A TG A R A% R I, X T

PGE WEE DNA F RNA Y94 Z40E H, %060 i

Q *;‘. N Y H. & &l
IE; ]((:H4)zso4 ik R R RS R E AR EiEH FEFRIEE % 35 °C, TR s et 55 °C fiRaEl,
K EE
Fig. 8 Protease activity pattern of heat treated crude en- 111 7E 2 1, e AR R U R (S, nematodip-
zyme precipitated by ammonium sulfate hlla) ME’J% Elﬂ(ﬁgl;iigg{ﬁr 43 °C LI ouiR ﬁ?&
Note: A: 1: 4 °C; 2: 22 °C; 3: 37 °C; 4: 50 °C, 5: 60 °C. B: 1:
70 °C; 2: 80 °C; 3: 90 °C; 4: 100 °C. BNt e, i E R 35 oc, ¥y & RE
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KRED &5 [ 7K fiff it ) freil A FH IR BE R 35 °C, g
it 3% 45 °C MR ED i FS14 HRE/M ) DNA i
AR B LA T e iR, B 2 253k 100 °C &R ad
Rk, U ECRR 43 00 B4 A 4 I R T ) R A B 4 A R
DLARGE

ARHFFE R, FS14 TR A I i #4% DNA i (1) & 2 78
P 1 FS14 19 16S rDNA B &K LK), FA1& I PCRY”
WP T 4 °C H B AE-20 °C iU E — Be i 6] 5 FEEAT
HLPK IR, 22 BLKGE M B TF B R R A 2T
I AR TE PCR Y34 5E it 5, Sz R PCR =4 im A
6xloading buffer /5 #HA7 LUK WA EMTEY 1.5 kb 19 H
M. HFRATRAZREAE PCR, BILIX R
PRI N 5506 P v T BB AE DNA i, 1 B 550 R
fift; ULANSET PCR 4 HG B 2228 [y v 19 28 1 ek B N %
T (R SR B, DR AT T4 0 TR PR FS 14 B 43 WA i 55
LY DNA [ o AHIFSE 7080 2 1% B A MM IS , aad
TE 4 °C—100 °C Z[AIFEATAS [FIR B AL B2, SRS
TE 37 °C X BURL AT RV S, K55 H DNA fif (1)
Mif A . FFE 2B SR TRALEE 30 min (4 HL AR L1
i ELAT T AR Rk o FATIA &L B, 7E 70 °C-80 °C il
AbPE 30 min 7, DNase JGPESAIG; 1 bl & AL #E G
J&E FH 1 2 90 °C—100 °C A, i i15 Sz ifif Fo 70 °C—-80 °C
AL PR B o TR, R T FS14 Bk MY 2R
P 5t EL A T e R, FRATD IR e it
PR RIEAT TS, 2558 & BH 4 1 1) 2R A i L
A TR PR, B 50 °C—80 °C AL HE, EH
Jilg v PRSI, T B R BE D 90 °C—100 °C T4k H 5
14135 W AR K A S 7 0 DNA il —HE, o s
T 50 °C—80 °C MYALHE, b T HEBR K 77 56l 2 %t
SEGER A, AT SR LIS RGHETT T 80%fl
FIEE B B B DT, IR XTI A ML BRI AT 1 LR
PEWFSE, 4505 R LI R — 3, X
Fofrifi AR R IR T2 A B o 299K FS14 200 1 L o
il 1) 3 AR IR R 1 LA PR AT AR S B0, R
dE—25 A5, W RESE TR A PR O R R
%, NI REA Z RO ARG AT S8 LA, FS14 S
TR ANTR, 11 53 W5 ) Tl 20 B A T e I A e, X s
T v Uk %) ol T TR A R AR, X st

WA T E— BT .

VR ) Z A fe B AR AR, U R &
TRZ R AT B0 . QRS B> FR QAR 9 AR S5 R
TR PR, T AR D IR B bR G SR e e O, IR AL
R IR AT LA g R a5 %7, Al vb 76 QI I e 2
SR MnAE" 4 . PR BIEH R K HR-3 2
W O B, IR IR AIE TR Y AR B
Wi R 2 —, I ELAR R RS R UE HE R
Serratia sp. FS14 JZAMFFETEXS IE 5 Al & A M I
T B R ZURE i EA T ELR B R AR, R
R 1) ZE AT AR 43 B A5 B 11, 7T DA TE 5 1 25T 2H 41
HIER BRI RIE R . B HAT IR, &M ARA M
FIAR ZEAT AR 73 25 v 7 QA s 1 AR A i, i L
R ULV B TR AT LA W SO i i, PRy
IC T R FS 14 7EAR G 10 A0 i B 2 AR, ik
g it — L IAIE

2 % X M

(1] ARFH Bk, 05, W IWLAFESE TN M) Jbat: Bl
Hi AL, 2001: 94-95.

[2] Garrity GM, Bell JA, Liburn TG. Bergey’s manual of
systematic bacteriology, second edition[M]. dt&l: Bl
A, 2004: 453454,

[3] REE. IR WA S T UM, bt ERFR
&P R PP A EE R R 2 5 R, 1993: 112-114.

[4] Harashima K, Tsuchida N, Tanaka T, et al. Prodigiosin
25-C: isolation and the chemical structure[J]. Agric Biol
Chem, 1967, 31: 481.

[5] Wilkowske CJ, Washington JA, Martin W, et al. Serratia
marcescens. Biochemical characteristics, antibiotic sus-
ceptibility patterns, and clinical significance[J]. JAMA,
1970, 214(12): 2157-2162.

[6] Tao K, Long ZF, Liu K, et al. Purification and properties
of a novel insecticidal protein from the locust pathogen
Serratia marcescens HR-3[J]. Curr Microbiol, 2006, 52(1):
45-49.

[7] Kim N, Kim SI. Characterization and primary specificity
of an extracellular metalloproteinase from Serratia
marcescens[J]. Can J Microbiol, 1994, 40(2): 120—126.

[8] V&K 5t, Adn, BRALE. SfUIZ2ss b iEy)
o1 B HENTTE[I]. PR R A5, 2008, 30(3): 67-69.

[9] Lane DJ, Pace B, Olsen GJ, et al. Rapid determination of

© PERFERHBEDA AT S4ESE http://journals. im. ac. cn

http://journals.im.ac.cn/wswxtbcn



236 wIHg AR 2011, Vol.38, No.2

16S ribosomal RNA sequences for phylogenetic analy- W3, 2008: 17-37.
ses{J]. Proc Natl Acad Sci USA, 1985, 82(20): [14] Eaves GN, Jeffries CD. Effect of PH on the formation of
6955-6959.

extracellular nuclease in aging broth cultures of Serratia
marcescen[J]. J Bacteriol, 1963, 85(6): 1194—1196.

[15] William Jr TW, Sailer JE, Viroslav J, et al. Serratia
marcescens as a postoperative pathogen. Am J Surg, 1971,
122(1): 64—69.

[16] Voelz A, Miiller A, Gillen J, et al. Outbreaks of Serratia

marcescens in neonatal and pediatric intensive care units:

[10] Saleemuddin M, Hassan A, Athar H. A simple, rapid, and
sensitive procedure for the assay of endoproteases using
coomassie brilliant Blue G-250[J]. Anal Biochem, 1980,
105(1): 202-206.

[11] Gerceker D, Karasartova D, Elyiirek E. A new, simple,
rapid test for detection of DNase activity of microorgan-
isms: DNase tube test[J]. J Gen Appl Microbiol, 2009,
55(4): 291-294.

[12] Rui Q, Xu LL. Characterization of endopeptidases in

clinical aspects, risk factors and management[J]. Int ] Hyg
Environ Health, 2010, 213(2): 79-87.

[(17] JARK, st WSS R 8 B b 70 3 th — MR TR b

wheat leaves during dark-induced senescence[J]. Acta

Botinica Sinica, 2003, 45(9): 1049-1054. FIREN]. WP PR A 24, 1999, 8(5): 707.
(13] ks, R FRESBEOMY > Haik, [18] #Wi4xBk. WALV TR IRAMUMEE 1 BI[J]. STHWNERRE,
AL RS N A B (8 N2 0 ==X VA 1990, 10(3): 140.

AR Y R Y SR RY SRY R SRY R Y R RY R RY SR RY RY RY RY R Y R R R RY Y RY R RY SR R SR R R R R R R S RY R LY R LY R R RY R LY R LY R RY R LY RY LY

RIPIT I (R4 S IR))

(Yl ) 1P 1974 47, 2 E A 92 2 Fd B R# B i g e 95, BNAMATFRAT, Riidk
Yy 1o SR B 5 B H AR G 5 0 R E R ER S AR R RIB N AL JEREUE W2 i 5, AR B Y R
Tl AW E S, BEAERAE Ao, B R S, SRR RUE Ao, A I RR SR R AL 5, R G
HEWESE, R RIS, U TR S 29 5%, S W AR LR 7= b b B AR Wy 2 A 5 ol o 2

AT g v [ A R A O T R T R TS R ) = A h R B AR TS RO ) = 4‘“% bk
FBHE I, 2001 445 AR I S R 15 37 1 = e 10900 > 5k 37 kg < LB 101 1)

Fl 2008 AEA T 228w, XU RICY A T, &REIIGE, WATINFEE S, S KiEEE B8 R1T R
REZESFPGETHBRWE, 2011 FHE A EN N 48 7T, 24 576 7T, FATRHI G 2R 0027

73, ARG RBAT A Dt I T, Q0 R T B AR R, K RN g A Lo GRS AR R, 4R
B o MOBAEILFCR LW TG R 4R, & WTAEGE)

S ik (100101 b 50 B IX AL IR VU 15 BE 3 5 P R4 Be A E It se B (e i 4l ) 24
Tel: 010-64807511

E-mail: bjb@im.ac.cn, tongbao@im.ac.cn

41k : http://journals.im.ac.cn/wswxtben

E NI &S S 2-817; EHAN&F7I05: BM413

. . © RERFRMEDHRATIFESHEL http://journals. im. ac. cn
http://journals.im.ac.cn/wswxtbcn



