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Characterization of Thermophilic Strain SY-14 with Capability to Lyse Bacterial

Cells

SONG Yu-dong, HU Hong-ying, XI Jin-ying

(Division of Environmental Microbiology, Environmental Simulation and Pollution Control State Key Joint Laboratory, Department of
Environmental Science and Engineering, Tsinghua University, Beijing 100084, China)

Abstract: One spore-forming thermophilic bacterial strain SY-14, isolated from sewage sludge composts showed significant capability to lyse
bacterial cells. The strain was identified as Geobacillus sp. based on morphological characteristics and homology identification of 16S rDNA
sequence. The optimal temperature and pH for growth were about 60°C and pH 6.0 ~ 7.0 respectively. The culture supernatant of SY-14
showed lytic activity against both intact and thermal inactivated bacterial cells, and the cell lysis percentages at 6 hours were 70% and 85%
respectively. The lytic activity of the culture supernatant decreased significantly after heat treatment, which inferred the lytic activity mainly
derived from extracellular lytic enzymes of SY-14. The lytic activity of the culture supernatants of SY-14 increased significantly during the log
phase in the batch culture process; and then decreased quickly after the maximum activity was reached. The culture supematant of SY-14
showed lytic activity against all the five tested Gram-negative strains and some tested Gram-positive strains.

Key words: thermophilic bacteria; lysis; extracellular enzyme; Geobacillus sp. SY-14; sludge treatment
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1.1.1 Btk

JIT FH g FAERT 4 i SUTRIE 58 AN v Ve HEJE v 23 B 4 3]
Mg B FE SY-142" VMU SZ 96 T Escherichia coli
WR 5 rP il T A AR 7 T 52 56 45 DR i AT K
1.1.2 gt

LB &% 9% 55 B 8 A R COXIOD) 10 g, ¥ £F
(OXIOD)S g, AL 5, 7K 1 L, 121°C, 20 min K .

B B ARG IR A E 5 o AR 10 g &
A5 g, 7K 1 L, 121°C, 20 min K .

T E. coli RZBRNRE: IR Ak LB 55 F5 BL b
E . coli WR, 557 24 h J5(37°C, 140 r/min) , B &R 1
pH 7.2 7c45, N 2% B, 121°C, 20 min K& JT 49 55
TR N R EERE 29 B IR N B IR B IR 2

T RE TR B 1) XU B R AR NE R A IR
FEFEIALRN Micrococeus lysodeikticus( CGMCC 1.634),
Fi9% 24 h J5(30°C, 140 t/min), B &K pH 7.2 72
A7 0 2% BN 121°C, 20 min K& BT 1585 32 564E 4
BFRIER ) 2% TR IRIE A B IR AR R )2

PSP AR B Z B R B IR Ak 4 /1L TSS
TEPETGYE 121°C, 20 min K5 A SEARRR R FE 254 K
B 49 B IR A 5 P49 5 72 2R A B 7R 3k
J25 2% BN AE W H 7R i iR 2

MO A I IR AL LB Bl K. coli WR, B5 3R
4 dJ5(37°C, 140 r/min), FHZE/K 1:1 F4%, I8 pH 7.0,
121°C, 20 min K .

1.2 BRSSO
Z ISR 22 1P I T iR AT WA TE 25 S AR B A
R PERIBTST .

1.3 AT DNA M2 16S DNA # 14 F1 7 41
e

PG R IE 12 h 10 SY-14 T AR A Rk e - P
FEHLHGE P DNA, I LLiZ DNA 4 BB, F1) A il
M50 #: F27  5’-AGAGTTTGATCCTGGCTCA-3' i
R1492 5'-TACCTTGTTACGACTT-3' #£4T PCR ¥4, )z
A& R (50 pL): Buffer (10 x ) 5 pl, Mg (2.5
mmol/L) 2 pl, dNTP (2.5 mmol/L) 4 pL, 5141 (10
pmol/mL)# 0.5 pL » Taqg R A8 (5 U/mL)0.2 pl,
H,0 37.8 pL. N2 F 95°C 10 min: 94°C 60 s, 55°C
40 s, 72°C 60 s, T 30 ¥K; 72°C 5 min, 4°C TR .
16S rDNAM P ZEHCAL U TR W 5L
1.4 PEIEE KRS

{E LB 5537 FE P R SY-14 BIE, 43 BIALE 50+55+
60657075 1 80°C N 1557 24 h, W W& H5 5501 )5
FFRMAE 600 nm A IR IR G FERA A€ SY-14 1F IR 0dE A4

7E pH 43514 4.0.5.0.6.0~7.0+8.0.9.3 1 10.0
(1) LB 55 75 A b 2 Fh SY-14 K, 60°C K5 7% 24 h, il
E I e B5 SR 5 55 R WAE 600 nm Ak (199 ' B A e
SY-14 [ id A K pH.

I3 IAE LB K5 TR R T I 5 e B R Ak B0 B
TEW (10 000 t/min> 10 min) FEZF SY-14, 60°C, 120
r/min g% {1 N B 95, W8 AN R B 9% W ) K 97 WA
600nm A RIS B, AfF ST LR i R
1.5 WERGERFR LIRS

FEREFR 12 h 1) SY-14 Br F2 R0 213 i I A 1
Brgeds, Jem e 1%, 60°C ¥ ¥ B 9% — e | )=
B R0 0 (10 000 1/mins 10 min» 4°C), &0 _LiE W
20.2 pm VENRLL PSS, 4°CORAT, T 40 i %
ffE SR
1.6 THAEW) R o 1 o £

ARFVES IR A 0 R R B 21 LB B R 1 R
PREEFEIE, 37°C (B 309C )+ 140 v/mingcF FHi 9% 24 h
Rl R 28 SR B 55 97 12 ho. 85 78 W03 0 (10 000
r/min, 10 min, 20°C ), ¥R B4 H] pH 8.5 11 0.05
mol/L Tris-HCl 25 P0G 2 3, FF H [R)RE (1 2% ph %
VT T T R
1.7 WERGEREIE LI B R TIE ) 40 I S

2.0 mL PR B FF F I W (B Tris-HCL 28 1P
WO 2.0 mL FE FHCAE YD CBRE U6 41, Bt
EIA E . coli WR) B EIE A IR AW 540 nm Ak
WG EEAEIAE 0.6 ~ 0.7, AR 4.0 mL) 5, 60°C
IR, 52 A E 540 nm AW 9% s

5B RV A VAR ko ok B, AR R O' B2 AR 4k A T
MO A (T P A, FH A5 I ZI R RO C A, D 3 DA
WITAWB G E CAO T A BIA X R GEE RA, S R
RA, = A,/A,

h RAE A0 TR R L Hﬁﬂm’@%%ﬂ&ﬁ‘c

FERR BT 20 o SOk 4l g i % L, »
CL, = (1 - RA,) x 100%

S RAE A0 M5 A R I RS, 5 gy B r, B

ZI 020 B TR r o R
ra. = (RA, - RADICty — 1)

AT 0~ 5 h 40 M35 fiff 3 R ALE SY-14
7R RIS M v, S A Unit 278, 1/ Unit
AREE 540 nm AHXEOGEAE 1 min T F$ 0.001.

2 FERE5SH

2.1 SY-14 HERITEA MR S %



2108 7N 58

R & 28 %

SY-14 H 2 QL BH 1, AT 1, 7™ 28 10 G 22 L 12
K HHETED, W AR K/N0.8~0.9) pmx (4~5) ym,
1EE E . coli HIXUZ BRI L5557 5 T 1632 W -
SRR VR R , 10 2 e R

SY-14 AIHFER A, VK AN 2 1 Bl B A, ) 7S

—_—

r

{a) E.coli

(b) M tysedeifficus

E . coli 3% M . lysodeikticus Xz SR NEHE 785k E Y 1z W
REICE 1), KB SY-14 B A 53 W MuAMYE R E . coli A
M . lysodeikticus SNMLFRIRE JJ . SY-14 FIAE 55 RS Ve 2R
PARIIRUZBNREE IR bW RGOS I X 35, 1X U8 B SY- 14
A 53U 4 MY S P Ve BUACRITRE ) e

(c) BWRA

Bl 1 SY-14 7£ E. coli 1 M. lysodeikticus WX EI7 A8 TR LA BT BB R 7E LB IS RIE L 60°CHEF 12 h EHIEMIBH (x 1 000D
Fig.1 Clearances around the colonies of SY-14 on agar plates containing E. coli cells or M. lysodeikticus cells and

micrograph ( x 1 000) of stained cells of SY-14 cultured on LB agar slant at 60°C for 12 h

P18 SY-14 1 16S tDNA 4 K741, M )5 £E
GenBank BEAT M - [R] Y5 PE 1) LE X6 40 7, &5 SR R T Y
AN TN O Ny DN (S I Y
J& s [RIVRPEIILE 999% LA b 27 A AR & AR H AR
TR PE, K SY-14 B AR VI 0 % A + AT
( Geobacillus sp.) .

2.2 SY-14 A KRR

SY-14 7 LB 35 7% J v 1) f 3 AR K FE R 60°C
KA, 46 70°C I H DL B FEAE K, 37°C T A
K. SY-14 75 1B i & A K pH 4 6.0 ~
7.0,7E pH4.0~5.0 J pH>9.3 FEAALK.

SY-14 7E LB $5 57 3 F1 7 Mo 1§ A 19 5% 77 55 2 0
FIEWT 60°C 120 r/mingcF N AEK 2 an K 2
Jior T LUE H, SY-14 7E4ERN 5 h J5 ik A0 £k K
1,8 h 2o A T BO 45 o, AR R B RO B2 1 B
RV HAF R SY-14 75 2 P IR P I AR ] £
h 26 minCF B G R G 7R 3 250 ESFBOF 14 min
(LB ¥5 92 56) Ar 2 Mg b, 55 70 0O 214 2
KT AR B S TR B, A A BN T A e 4
Yo (1) I 5k LEORE IO 4 A, 1 0 oA B B ZE A
WEAN, HH T M I A I 5 e ik bV P IR IR oL
BLB BRI D, RIE SY-14 78 Ak 1)1 552K
W R W RAR T LB B R
2.3 SY-14 Bi g% L35 00 B as 4 it

BT SY-14 7E 5 E . coli WIRZ S NRREFRHE BT
AR O, BRI SR 55 0% 15 7 4R AL 1 v
il R P R RS A W VG PR SY-14 1597 B

-8 LBERE A WRBRKEERE LHEE

Dgoonm

0 10 20 30 40 50 60
BRI [/

3 AT I 5E 45 2
2 SY-14 7E 2 MBS E R K%
Fig.2  Growth curves of SY-14 in LB broth and centrifugation supernatant

of medium for lytic enzyme production in this study

T A R, SY-14 AN B8 ¥ il 35T T AR 9 1)
WAEY) A M, a7 i B v s v R b
T AR I I I, T RESR BT SY-14 23 W I
S E A R0, BT RE R BT SY-14 4 il
(1) R 68 7 fiff 4 T7 440 6 B PR35 PRI . A W28 1 5 SY-14
BEIR I O s PR SR U, K SY-14 B5 IR LIS
CHrive E35 8O N Hs 28 ~CK B AR B (121°C 5 20 min) &
CRIE IS HOM 2 X E . coli WRIF1¥5 M 75 4, 45
Pl 3 s, wTLLE W, ISR E e R, L
HOTEPEBH 2 R %, 6 h 1R 40 H % 8 % N 709 1 B 2
30% » X 1t B F 35 9 B R S ot el T A A B
e R B

SY-14 HrE 13 R KE L3 oy A 1
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Fig.3  Lysis of E. coli cells by fresh or autoclaved

culture supernatant of SY-14

FOKIE(100°C, 30 min) F K A5, 45 R an &l 4 Br
N A RAF Y, 5 G2 pPON BEAR L, KOG Eis R AR
WA MRS T, TR I B3 AR EAT B B s
6 h 1040 B ¥ i 56 KGRI 5 9% 2 v 210 i
IE W) 85% . 38 g 6T I FA Ak BRAEORK, T H i #4
KGR AT s Al R ey M s B EH T B,
DRI G HE BT SY-14 35 7% i i rh 1 s Mo v v 2 2L il
IVE .

1.0

—i— v!

~ 0.8
g —— TR
v 06 —— FE EER
i 0 K LB
§ 04 |
&
= 02

0 1 Il I 1 Il Il |

VB LI T /h

3 RTAT S 45 AL, DR 25 2 hy 4% i 2
El4 SY-14 155 EFRREALEAEE AR E. coli PHHERYER
Fig.4 Lysis of heat-treated E . coli cell by fresh or

autoclaved culture supematant of SY-14

2.4 SY-14 [177 5 R RE 1

SY-14 71 %5 Mo i 1% 15 7% 2 b 55 % A8 [ ][]
Ja, TR FIG WO E . coli WR W R I GLWNE 5
Fiow . i 5 ar LG H ARV F% I (R 3R A5 1 i )
ZMEBERAELME 0S5 hZJa. iHH 0~5 h M4 E
AR A Ny LT VR PRSI, ] 6 BT T LR
HH OB R 3 0 M P B T v AR R
12 h, L BIRE FR IR B A B 85 K I, 1597 L3 Wi i

VM PR OA B e K, 22 S v ML PR | R, B R
25 h I, T VROV I A A 80 PR T T
B A 7KF

1.0

e
%

g
=N

AHXTHR 6B (540nm)
°
>

SY-14353ER [A):

02 - o i —m—0h -—4A-7h —@— Sh
—— 12h —B5—14h —A—25h —Oo— 50h
0 1 | | 1 |
0 1 2 3 4 5 6
Y5 Hfa B (5] /h

5 AFREFRAEE SY-14 LERER E. coli 4BHE
Fig.5 Lysis of E. coli cells by fresh supernatants of

SY-14 batch culture at different incubation time
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El6 TREEFAEE SY-14 LiERX E. coli HIRRIEE
Fig.6 Lytic activities against E . coli cells by supernatants of

SY-14 batch culture at different incubation time

i K35 (121°C, 20 min I 28K FEDJE I L
TR CR S B30, o M i MG, ARl f
FEALEFFARAS A, SY-14 55 77 FE b 13 W0 e
TEPERAR AL, TR T b PR P ) AR
A 57 T T R T P a3 5 K IR R B
(IR G, 76 oAt (R 72 o B A 4, mT RE 19 i 5T A
T M A 5 77 b R B T A B R R
B2 TV R A AR L SY-14 B9 EE WA
v T BRI s R AT A — 2D ST
2.5 SY-14 [MH B

SY-14 H5 57 I B0 AN [7] R a8 ok A= 40 4 i 1 v
R OLINZE 1 Frs T BAE Y, ZEANAS N EDTA 553K
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B 86

FIEOL T, SY-14 5598 EIE WO 5 Fh 2 3 22 G
AL BRI T B v B RACR T 1 7 Rk
22 PP T 5 ASOR A B 25 T 1T L 20 BR B BRJB AT
FRIFH VA BETIOR TR R B 1 ) (v R BB ) o oxeg A
B BRTE AR SRR AT T <5 3 (070 4 BRI IR AR A 3R
BLH IR EE T

Fz1 SY-143EF LERM AR IR E M AET AR

Table 1  Lysis sensitivities of different bacterial strains to

fresh culture supernatant of SY-14

Xt SY-14 Br 7 ik

i 7 MBI
5 Escherichia coli WR + + +
=~ E.coli CN ATCC700078 + o+ o+
IEJ(J; E . coli CGMCC1.3373 ++ +
‘Li Pseudomonas nitroreducens J5-1 ++ +
P. aeruginosa CGMCCI .860 + + +

Bacillus subtilis + 4+ +
w Rhodococcus sp. RR1 + + +
== Arthrobacter globiformis ATCC8010 + + +
]EE M. lysodeikticus Fleming CGMCC 1.634 + +
% Staphylococcus aureus -

Corynebacterium glutamicum JCM 1321 -

Sarcina sp. -

TEVR A T % PR A T 40 P 2 e 2 B P R
20 0 A SRl 220 5 M B ) i 3 2 A
H T 2 B T AR (1 R 47 41 P il T AN
RE 12 i PAY 0 F) A SRR J2= DR T S 2 22 G I P o 4 i
IV HIROCR B022, 38 3 5 ZE8 N EDTA 55151 il 8
AL B R A AN ORI WM. e AR BT S A
60°C 1 il 25 1T REAT W5 M, el 2 11 0 2 A
PR SIS AT — 52 I TR A 200, DR G R 1
BN EDTA S50, W8 HATR 7 A= 1) ¥ 1 1l vl £
PTG R BT A 2

JRUAE SR 2 P A R 4 R e R e,
RSB S5 AEL T 9 22 I A TR R SRR 4 B e R
A2 A, WA R N-LBUREERR 1 6 ff
—OH 2 5 LBLAL, BB IR R S IR 2 2L 1R 5 41
Fe Stz 7 A0 2 S AT TR M o 22 B e e
P 1 BB R R AT BRI 22 5 Bl th T
0 % BRI IR P V- LI EERR 1 6 A2—OH B
ZTEAK DR U0 110 0 SR 9 N Tl S SRR A
CA IIRITTE A S B ™ 25 700 381 20 WA 1) ¥ I K 22 AN g
8 A 4 (50 7] 26 Bk T 1 40 P, AR HE ST B SY-14
FRIAR A AN REVA Ak <Bx i (70 28 BR T 40 1

KA T AR TR (10 73 1 A 5 T B AN TR
W PETS Ve R ST Tl A )RR S R (KB g g SRR
AR TR - -3 55 45 25 QI PR TR A2 VR 22 3 V9 T 3R

gerp by AL, i 2 T RH R TR 2R R AR AT
) e AR S R R, R SY-14 A fig
{5 PR < €00 AT 20 oK 0T A5 A 2 TR RH PR 0 S (L R AR
FEVR TR i PR e BB 2 P A e 5 1 5 28 1 AT
R KNIV ) AR EERAT SR A A B3R
5T TS Ve I AR, AT BT B 2 BAT AN
VA VR P AR AT AL A N

3 it

(D {5 HEAL A 20 25 K SY-14 72 1 BRRAT %
figp I A A 2 0 A L 7 1D R AT R i A L B
60°C /AT, ik K pH A 6.0 ~ 7.0, W10 5w 4 1
AT B C Geobacillus sp.) .

(2) SY-14 HiF# LI WO 5 BRI BRI J5 )
T 4 0 S R A W B RE T Rl il A A A ) A
T EOE R M EE /R H]

(3) [ TR R, SY-14 B % L v Moo
PEAE XS B A TG T v, R AE B IR AR 8 B K
I IE B K, 22 Ja PRag T B

(4) SY-14 15 7% LIFHON KT i (B i i =5
2 I P MR 6 20 ST T BRTE Y AT 1 o B A
TR A5 B 70 2 25 QR P o B s A
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