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Isolation and activity inhibition of a sulfate-reducing bacterium in
produced water from an offshore high-temperature soured oilfield
in the Bohai Sea area, China
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Abstract: [Background] The growth and activity of sulfate-reducing prokaryotes (SRP) that reside in
petroleum reservoirs could generate large amount of H,S, resulting in various problems such as microbial
souring and microbially-influenced corrosion. Unfortunately, knowledge on the diversity, physiology, and
activity control of SRP therein is quite limited. [Objective] In order to further understand the phenotypic
characteristics of SRP residing in the offshore high-temperature oilfield in the Bohai Sea area, China, and
to explore the potential methods for addressing the SRP-mediated problems. [Methods] We first isolated,
using Hungate techniques, SRP strains from the production water, and then evaluated the phenotypic
features of the dominant strain. We also investigated the efficacy of each of five biocides in suppressing
the sulfidogenic activity of the selected SRP strain. [Results] Cells of the isolated dominant SRP strain
W1/, are motile, rod-shaped, and approximately 2.0—5.5 pm in length. WJ; exhibits a sequence identity of
99% for 16S rRNA gene with Soehngenia saccharolytica BOR-Y'. Isolate WJ; could survive at 60 °C
(optimum at 37 °C), pH 5.0—-10.0 (optimum pH 8.0), and in the presence of 0%—3% NaCl. Isolate WJ;
utilized a wide range of carbon substrates, including propionate, lactate, and acetate. Sulfate, sulfite, and
thiosulfate could be utilized as electron acceptors, but not sulfur. Neither sodium hypochlorite (600 mg/L)
or benzyltrimethylammonium chloride (600 mg/L) could inhibit H,S production by WJ,. By contrast,
glutaraldehyde (30 mg/L), bronopol (10 mg/L), or THPS ((bis[tetrakis(hydroxymethyl)phosphonium]
sulfate solution, 120 mg/L) could inhibited H,S production by WJ, for at least 30 days. [Conclusion] The
dominant SRP strain WJ,, isolated from the soured production water from this specific high-temperature
offshore oilfield in the Bohai Sea area, shares the highest sequence identity of 16S rRNA gene with
S. saccharolytica BOR-Y" but presents distinct phenotypic traits from this phylogenetically close relative;
bronopol, glutaraldehyde, or THPS could serve as potent agents for the mitigation of microbial souring by
WI,.

Keywords: Sulfate-reducing prokaryotes, Offshore oilfield, Biocide, Sulfide hydrogen
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Hh, 4R AR A TR N Ry B R i A
Yy, HAE i S S IR AR s 1
4 RS SHE R ERGE . BT, ok
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HoS YRRl . 2% BRI 4 i a8 5 0 Jie T 5, HOG
T v s PR SRP AR B s R £ i
M+ =, B AR R A R, A
W9 K A Hungate R4 4085 97 52 AR D ih i g 3 5t
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Table 1 Soured producing well and physicochemical

characteristics of the production water used for SRB
isolation

EiEtae 24 e

Parameters Quantitative value
SRP %+ SRP estimates (MPN/mL) 9.5%x10°

#iE Temperature (°C) 60

K H B Depth of well (m) 1568

pH 7.9

SO.* RV Sulfate concentration (mg/L) 340
£ (NaCl) Salinity (NaCl, mg/L) 10 728
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T 4 HNSHEERE ., HihisitimsE)q, oA
TE = 2 A R SR T e UMK 78, Wk
JK T SRP BRI PR 25 FIK S B 4SBT  AE
1.1.2 $EHEE

KA FLIR B AR U5 19 15 75 L (AT MBS 57
F7e SRP W E 4L Sk, RARREFR LR
FRN #5373 J SRP 20 B ik A= B A= fb S04 A
AW TRV, R 3R M52 0L SCHR[17]
FIH N RPN AR . B2 KR e
BF,  FH A5 T O TR TP Ak 5 R HL - 2 AR 43 Sl B AR 7L
PR AN AR IR EE ; TEMN Sl AR E AR S5 T 1
ARBETIBT, AR T SRR IR I P NaCl i F &
F1 pH A6 25 (fd ] HCL 8% NaOH 875), 1535 5L e
il 02 A el R M B DR SR A O B SR S 45
PEUTISE R Se i AR rh e A PR AR SR AU
BRI T HG RS, BHRSEER, AW
078 SR R R 46 N
1.1.3  EERXFIFLEE

YT 3L 2 DNA e UG &, RV RHE
Abm) AR A BERE RS GE e sl Ak aon & . BRI
PNV Hae 10 A Msp 1, TP TRECKIES
FRAF . pH 11, AR BFF SR B0 BRA
") AEREEH, PerkinElmer Z23H]; PCR X, HE
N BERHEIKRS, s —EYRHEA R
oAl HRCE M BZER 7 B {, Thermo Fisher
Scientific /A H], HEHEME FEME, CAHA
Al B ICS-900), #(hENARAT
1.2 A%
121 SRP #5. MBEKRNEEIFERMERXR
MTEE

BTG A A S A IBOR: i 7K 5 mL #2222 e
95 mL & M KiFR B IR &, PR IR E
FRFFTT 60 °C KT RO, FERR.
B T N A S B (SRP A= AR BT = AE 1) HoS 5
BRI P S A R F M T FeS BOAVIHR)E, W
FE IR 4  RAAR MBS R P 2k A T 10 45 LA
ERBERIHRE A 107, RI5SMCHk[ 18]
T (1) 745 58 i SRP SR AR 1 43 5 0 e . FEDR AT

E5 N/ PRI Hungate 45 9 B2 4 K A9 SRP
%, HMESA 9.5 mL @A M BRI IREE
P TSR LR, BRI B SOR IR E Heb
TR TR 3-5 K, WAL B S S 16S
rRNA J PRI 3 85 S TRT PR i AR 28R

AEPEAR I FE R 4] DNA $2HCS BGR Suiil
e fTFANTEE S 27F (5'-AGAGTTTGAT
CCTGGCTCAG-3")# 1492R (5'-GGTTACCTTGTT
ACGACTT-3")¥" 1% 16S rRNA KA, PCR ¥ #4{k
FRMFAZ WICHR[17]. k4% PCR #4795,
{5 P3N W B8 e i Ak iR S kA i Al PR W
FiEUIVL (Hae 1 F1 Msp 1)XF 44 7= By k4 7 g0 73
B R 10% 1) 3R DS M P e 2o Fie Fa, ok A 10 il 47 7
Y, AR HRIK ISR R AR SRP <Rl
YE4r2E ¥t (operational taxonomic unit, OTU), H
FEE OTU Frxd 4 itk PCR Pt iy,
FPidb N G RE NP R A el . &2
bR #8044 7 51 % b BLS , SR ] BLASTn 2 )7 7€
GenBank #(J&/% (www.ncbi. nlm.nih.gov/)i#1T 16S
rRNA JE& A 3 S A RUPE B X o087, RBP4 1
1% % GenBank #¥i e, ARG XL, EHL SRP
R R & 7 5 JF R I MEGA X 8 1y
Neighbor-Joining J i) R G KB, Bootstrap
{EA 1000,
1.2.2 457 SRP ERMAMMES S KT

A HE R BNE I SRP R IEA,
P it i S L B A 0 T 152 WWSCHR[17]. SRP
PR FL B A BRAE v B2 B T BH N P A= 28 T 0 B A
RS SRNG5S

2% (W AN %58 T ) U5 A SRP
PR AR BRA AR A PRI . P 11 b I (v
— UM R RE T, R FLRRE . TN R
. FLBE. RERE. Hw. o ZBE. . R
Wi NEREREN . FrEREREN . AIAGHE; R TEIAYpE
—HLF K530 NapSO5. NapS,05. HLT i

HENH SRP WHRAEAFIIAEE A T A K
TGRS, SR 4 NIRBEEEREE, A5 250 37,
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45, 60 °C; & 8 > pH B, 434124 3.0, 5.0,
6.0, 8.0, 9.0, 10.0, 11.0, 12.0; i% 4 EhAEEE:
FE, HEFRdkrh NaCl Z9K 27300 0.4%. 1.0%.
3.0%. 5.0%, VUFBZERERIEAFIRET™ HoS G
F1o BT AT, SRP WHERIE N 5%, Hik
ANHETA AL BRALVE R BT R, AR 4 351k
3AEE ., B TIRERZmARSS, HBRRYET
60 °C Z5F FE . 8 | #EREFR 30d, £ 10d
FH TG TR {3 55 25 ORI 7 B 32 W 1Y) HoS MR
1.2.3  FREFRMATALLE SRP BHE= H,S iEMHER
HERF T

J T VAR R B FRIXT LR SRP TR MRk = K™
HoS WA, HEEE 5 Pk 22 R iR E ik
B, ArolCRIR . WCREIREN . R WA
£ (benzyl trimethyl ammoniumchloride, BTAC),
TR A [0 5 P BE A BR i (THPS ), LV ) 2 DL
2, WULH SRP RN EA K IR 5.0 mL,
BT 95.0 mL A M R FRIER ISR
o, SRS TSR S A8 ] R AU N AN 1.0 mL
VTINS5 TR 7 P 0 B R )
2 BRI HRBEREE . ARG M HoS W
MWrER 1.2.2; Sy s UM, W 5 I
[ s K FE R SRP Bcit o BRSBTS il 36 21
Gb, A AT A R B EXT R, B Ak
PPN E 3AEL,
124 EHEBUIWERFITESH

SR FHAE F L 5 20 Y66 B 2(GB 13801-1992)1 7
WE HoS MREE; i FH B (i e I S R AR 15

2 MHMRE SRP EHK™ H,S BB RE T &AM
FE

Table 2 Biocides and the respective dosages used for
inhibiting the H,S-producing activity of the isolated
predominant SRP strain

A% B 711 I hR U
Biocide Initial concentration (mg/L)
1% % Glutaraldehyde 0, 30, 50, 100

KA BRAN Sodium hypochlorite 0, 200, 400, 600
I = H LA b BTAC 0, 200, 400, 600

IR EE Bronopol 0, 10, 30, 50
PO ¥2 F B AR ER B THPS 0, 30, 60, 120

i, @SS IO [17]. SR B R AT eI
(most probale number, MPN)Zi % K H 7K M 454~
SCH AT KRS SRP B, REASFRE BRI
5 AVATE . AWRIEINE, A %t B2 A
(14 25 5 30 3 o 4 It B DL 2 25 A BT R Ik A T
K, SR SPSS 20.0 B4 58 MA KGR
2 BRE5HH
2.1 BRNUBFH R K P RILE SRP

21t Z5 K Hungate 7R AR K40
55T 42 #k SRP, JET 16S rRNA FE[H 1 XL 1)
Oy vk, LRI 2 Bl OTU 287 (H k4 R i
Ry, Hr—Fh OTU 28M0 5 38 AHItk, AEH
FKHE, Ji—Fh OTU {UE& 4 bk, ILERER
N, MRS R H K Fh TR AS 1 42 PREEIR SR
R ISR P REAN 40 AR R A 402 B0t . L34
OTU ZERINE R B #k h BRI —BREA e et os, 3L
W5 h Wl
22 E#H WILHES. RREAEHAREREEN
LT

% SRP TEBE WI 20 A% 445 H 5 B R
1 BN, BRI 2K AR, IR ETE
2.0-5.5 um Z[f],

PR W B HE I 25 TR Rl bR ) 3R 498 6 B A L
K 2 Fin. Hkk WI ) 16S rRNA K2 [H FE 41 (& 55
58 MK644261) 5 ff b5 B G IE (Soehngenia

1 MESBTFEEEE W, ESHEERRE
Figure 1 Scanning electron micrograph showing the
morphology of strain WJ;
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1007 Clostridiales bacterium enrichment culture clone 12-2A (EU523731.2)

67 [Soehngenia sp. W6 (KP119717.1)

Bacterium B3C2-7 (EU481702.1)

94 Tissierella creatinini strain DSM 9508 (NR_117155.1)
Tissierella creatinine (LN881578.1)
99| Soehngenia saccharolytica strain BOR-YT (NR_025761.1)

100/ 'WI, (MK644261)

Soehngenia sp. enrichment culture clone D2CL._Bac 16S_Clone3 (EU498369.1)

0.005 Soehngenia sp. enrichment culture clone D2CL._Bac 16S Clonel5 (EU498381.1)
2 ETF 16S rRNA EEFHIHZBE K W, R EIELBE KA Neighbor-Joining R4t & & it

Figure 2 Neighbor-Joining tree showing the phylogenetic positions of strain WJ; and representatives of some other

related taxa, based on 16S rRNA gene sequences

W 43303 SBUE N Bootstrap {E(1 000 W E B 40 1) AR TR BRI K.

Note: The bootstrap values (expressed as percentages of 1 000 replications) are shown at branch nodes. Bar (0.005) shows the nucleotide

substitution rate units.

saccharolytica)t Xk BOR-Y ™2 16S rRNA
P —s i, 8 99%, AW ERZELAT
MRS R

R WI AR RACER BRI . i 32 1 R
SHAERAEARRRE IR 3 PR ZEARREEF HIER
TBESMG BT A R IR A T A KA 4R HoS, B
GRS NIREN s BR T BiREEZ AN, WI, I RE )
BIFI I NaySOs . NayS,03 A E— L 732447 H,S,
EAREFIHR G . Wik Wl Bz, Apk
g P Az, BIRCARBATE . eAh, WPk WIL X
AU, R DR AR

R4 WI, 5 Soehngenia saccharolytica BOR-Y"
7E 16S rRNA KL [KJp 41 F e AL, (WG 2 2Rk 5 )
FH S R R At A A AR B 22 5
W2 (35 3).
23 EE. pH REEX W, 7 H,S G 1R 20

Ik W TEAFEPREE S50 T 7 HoS ATEPE4n
K3 s o AR SCAGE I 30 R iy s kA 7 VR 1
No R W TE 25-60 °C JLENIEE™ 4= HaS
(# 3A), RUNZWEPTTER TEIMEIRL R 25 T A
MRTE 37 °C B5R 77 4E HoS Wik, $28 WU,
(R A IR E 2R 37 °C5 TMiFE 60 °C Bi 7R,
SR WI AARKAINT G218, (AT HoS Wk
FEAAREIRF) 37.3 mg/L, FIIEHEAT LA SZ 60 °C

RERALE

x3 Bk WI, REIRSR S. saccharolytica 1831\ E ¥R
BOR-Y "B B 4 38 4 L 45 1ERT L

Table 3 Comparison of the basic physio-biochemical
features of isolate WJ; and its closest relative .
saccharolytica type strain BOR-Y 2"

SZIGTN H Testing item WJ1 BOR-Y
m5[ 3565 Indole production -+
Bz #i Ak Gelatin hydrolysis o=
FER K i#R 5 Starch hydrolysis =

iz Bl Mobility

H,S 4 A% H,S production

TR EL A FH Utilization of sulfate

P ARAR £ A Utilization of sulfite
WifRBR ML A Utilization of thiosulfate
A FH Utilization of sulfur - -
MMy Aerotolerance -
Hi%HE Glucose
Hth Glycerol
FL¥¥ Lactose
MERE Sucrose
FLERER Lactate
LIRER Acetate
N24H Propionate +=+ -
Z ¥ Glycol F =
NERBREL Pyruvate 4+
HUlE Fructose - ND
FrEBR A Citrate + s

TE o+ PP SAE A s —: BAPE SR A s ND 2 A6 ; BOR-Y '
S. saccharolytica #=\Fk.

Note: +: Positive reaction; — Negative reaction; ND: Not
determined; BYR-R™: The type strain of S. saccharolytica.
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1E pH Jy 5.0-10.0 i}, Pk WI, Al A HLAEP
H,S (& 3B), Hfwis pH 29K 8.0; 4 pH /T 3.0
ST 110 B, W JLEARRE™ A HoS. 24 NaCl
WEER 0.4%—-3%MF, WI, Al 4K JF 7 H,S; 1 NaCl
WRE R 5%l , ARATI R HoS A= B (E 3C).
24 REFIRMIT WI, 7= H,S EHREREE
B %2 M

WE AA PR, SR04 R R v T
30 mg/L i, WI, 7€ 30 d HISZIGPEM RN A=
H,S (P<0.01), ZZ5HRFRIH W X R H

B XFABEFERRG WIL BB & W 25 51
FE 2R, 2430 mg/L S WI /Ef] 24 h
J5, BRECR IR 10° MPN/mL 4% K
B ZE 10" MPN/mL (3% 4). X464 B4R Ik
AT w3 Wy 51 A s i i FH R IS v T
RUE IR TR AN 5 A TR ] S B 3R
HoS e BB 2 21K F AN S I 71 751 14 %o R 2 550
(P<0.05), {HZ 30 KA, ¥ 200-600 mg/L KA
PR BN A A FRZH 35 FRI N HoS Wk BE 34 223K 80 mg/L
ZiA (K 4B); 5 600 mg/L AR ANE/M 24 h )5,

A B C
~150f ~ 1501 ~120r
E) m =) = 3 =
£ E E g0t
5 100f E 100 .5
g g g 6of
5] 5] 5
e 50F 2 50+ ]
Q o ) 30
o o Q
4 NS H o e
|
= 0 25 37 45 60 =0 3.0 5.0 6.0 8.0 9.010.011.012.0 =0 0.4 1..0. 3.0 50
Temperature (°C) pH Salinity (%)

3 WILEARRIEEMQ). pHB)REE(OFET~ H,S FEMHGEE 30 X)
Figure 3 Sulfidogenic activity of strain WJ; under various conditions of temperature (A), pH (B), and salinity (C) (Day 30)

Agnor B Si20, € Sa0;
en =~ =
£100( 2100 2120}
& 80} £ 80t g 128'
g = S 80f
£ 607 s =0 g
5 g 00 +-200 2 60f 900
g 407 g 4dor ~8-400 S 40t o400
S S ol 4600 s | 4600
v 207 o 20 o 20
= ——¢ . o) ‘ - . T 0 : , : ;
10 20 30 40 10 20 30 40 10 20 30 40
t(d) 1(d) t(d)
D E
5 120¢ 5 140
%0100_ %’3]20'
N— v] L
= ol E 00
E 0t g 807
g £ 60
Q - Q
§ 40 § 40 b
[75) 201 v, 20+
T T

—ah
0 S . 3 *

(=]
—

0 20 30 40

0 10 20 30 40
t(d)

4 JKZEA). REBEM(B). BTAC (C). RFHEZ(D)K THPS (E)X WJ, 7= H,S & 4B 5 3
Figure 4 Inhibitory effects of glutaraldehyde (A), sodium hypochlorite (B), BTAC (C), bronopol (D), and THPS (E) on

the sulfide production by strain WJ,
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R4 FETEK W, BE RS0 (ETE &S 24 h)
Table 4 Effects of selected concentration of biocides
against the number of strain WJ; (time point 24 h)

AT i A A5

Biocides Before After
(MPN/mL) (MPN/mL)

I 4.5x10° 8.0x10'

Glutaraldehyde (30 mg/L)

AR 4.5x10° 3.0x10°

Sodium hypochlorite (600 mg/L)

BTAC (600 mg/L) 4.5%10° 4.5%10?

TR Bronopol (50 mg/L) 4.5%10° 0

THPS (120 mg/L) 4.5x10° 2.0x10"

W, TR M W 46 19 10° MPN/mL $i 4%7K F-
MR ZE 10° MPN/mL (3 4). %45 0%, AR
FNTCARANE] W B9 HaS 1 (& 4B).

SR AR, I BTAC J5, REFEMM
REFWIEAAEE IS 600 mg/L I WI, {3fEr=4:
70 mg/L A 9 HyS (K 4C). % 30 KA, RER
A S B AN HoS YR FE AR T4 B, {2
ZERANEEP>0.1). 5 600 mg/L BATC #fik 24 h
JG, WL AEPBCR I LA Y 10° MPN/mL S04
IKEFEARZE 10 MPN/mL (3 4).

WE 4D Fiow, WIS R 10 mg/L TR AR
£ 30 d NRERZME W1 7742 HoS (P<0.01);
50 mg/L JRANFEAE 24 h NIIRFEHRIEE] 100%
(F 4), FRHIEHEANEH W 7= HoS BIRCRELLT .

7N 30-60 mg/L THPS A4 H H,S HeJF
EXF OG22 5:(P>0.1), 45 30 TN HoS W,
ik 100 mg/L. 4 THPS #I4A¥ A5 120 mg/L B,
PAIRR WI 7E 30 d AN HaS (B 4E). fiiFH 120 mg/L
() THPS 7E 24 h PPBF WI, $iE A 10° MPN/mL %t
THIUKEFEEZE 10" MPN/mL (3 4).

3 e

SRP A K ZFHMAW ™4 HoS BA N2 T3
THIRE TR A R AR A SR I BT R, RAGIA
PUMRIA S SRP MRUEY - . AR AR
S AS0F T BH A T R R I AR R R L B E
AR F AR DA EE R L WA A 25

A IR K DNA PR AR s A T, A7 S THIER
R SRP WM Rh ZREM: | A BRI S PR A
7 T BIRIF ST s 2220 i el JRRER B e R
Z B SRP, W BESZHJHHb 0T B PB4 45 R R
Canyh R BE . By AL 53 o T FEIK T &0 S A Y
S, AN[RNHES SRP HIUZE Y ZAE0E 5 A PRSP
LA i 25 U ARBFSY R ] Hungate JR 4846
KRR, bl i il O 248 % A A e L) v
T SR IR R KA SR A B T — Rk
SRP Btk WIio R AT IAE Rilt— 2 AR it
i v R T TR R WO A= B . R TR I
T AP SRR . A, 4 migR A
SRR, ARSI ER W AR
NI AT AT B2 X i v 3l YT - SRP B A
PR, ERLEMFRT, A BEGS
ic S A | R s ] 2 S BOR R O 1 3R A5
I IX 37 H T SRPBE 4 T A7 AR BRI
3 W), B —mRiEFERKES
saccharolytica)EIB;EHMEF

Ekk WI, AT 52 60 °C mif&fF, HAE pH
8.0, LR (NaCly/NTF 3% 554 T AE K R4
HoS. bR PREE 4514 5 Tk SR Hh /K B 25 1FAH
PUIGER 1), $E7R AT Tl sy T Ve S A 4 25 1 1Y
RAFIENE. J3—J5ih, Wk W 1E 25-37 °C 4=
KREAF(E 3A), {HARETE 65 °C LR TAEK
FdaRREIR), $RIZ AR AT BEIF AR L Y e A=
FHE, FIRESR A TV /K FRE T bl 3 /K 2o A
B A DAY ke |1 A8

16S rRNA FEFJFHI XL R EIR, Wi 5 S.
saccharolytica BOR-Y' 11 J¥ 80—t B = (99%)
1B 5y FHFR5E i W SRP FiE (W1 Desulfovibrio
vulgaris) i J7 51 — 8 PE B AIK (<90%) o % 45 3 42
N, BERE W1 5 S. saccharolytica W) 3E% K Z 0] BE
HE . R, Wi RIL T SR R
SAEMERE, X5 S, saccharolytica 15 T KR
BOR-Y' Y22 3B . (1) WI, BEHETH Z 60 °C Y
FHEL(E 2A), 1 BOR-Y' 5 e it 32 i 40 °C ;5
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(2) BOR-Y " i& V11 pH JE & 6.0-7.5, i pH Ny
7.0, B WI, fE{E pH N 5.0-10.0 (ITEEN A K
R 2B), faE KM pHAE R 8.05 (3) WI, fiE
% LB IR £ Ry ME — H 7 32 (R R 17 IR SN I 7= A
H,S, {HJE BOR-Y' REEFI MR ; WI, R A
M. R — 174K, R
BOR-Y" AHEFI /N T HIAG Wi e Fl 2. iR £512%)
CUE A FEEE 22 T RE R T W, KIS N
VT 3P R N R TR B Eh R A A T L.
— T, TEAREMBISE TAE R, JEH A 22 i
AL F B DNA-DNA 22528 7 vk —4
i TR WI 1 RS K F A,
3.2 REFAIF E X T H0HIFEER 28 R # X 15
EHENES

AR R, MR AR F) 500 mg/L 5L
F LAY BV B A ) 800 mg/L B A REM N &= Ak
Coleville i H Hf* SRP B RIHEPERY SR 7 A 52
gorp, BINARGR R (30 mg/L) . YR
(10 mg/L)sLRERS B2l SRP 1™ HoS M TEME. 53
HIE R, FEE Kathloni 7 H B 7h i FH
25 mg/L B EARRENE N A — H & L8 (BTAC)
7E 2 h P SRP (W HA%EC X 108 MPN/mL)fY A% 2%
A 100%%2, (HAEAHESE BRIV v S R 4N
BTAC ¥ &5k 600 mg/L A5 JCIA &l WI, 15
PECBIRBFE W, ORI RS 9 10° MPN/mL, i
2 MY, XEEHF TSR R R — AR FE R A K
AL H % SRP B4l SRP 7= HoS T M R AT
e 25 . HFE R RES R H S SRP £
FEPE A . A B R 438 N T s L S K R
B4 KPR 247 KPP, X s 25 51 A
— ARV, R SRP WIfEE, A EE
Xof 5 S TR SEPRFRBE K SRP 4% 5 B4 T4 e 1
Wk o ABFTEEE R B, BT RN . 1%
TR THPS  BEMS v R b 3 ) el oA o i v YL b
Hi L34 SRP Bk ™ HaS TS (] 4), KIEFEARZM
PR (R 4), TSR B 77 I DX ol 7o g e D 2 i
W LA AR G 7. TREE R, A

A 3k /NEIAEE T 3R 6 1 — 25 DA 3% B ) B4 S B
FA%TT . G0 B A R Tt FR A 52 0
4 L

AR5 R FH 0355 S5 AR DA T 5 s v VL TR
Kt R KR EE SRP, SHEREHRAE S
FRAE . A BRRRAE I R R B HLALHEAT T 91 64K
o, HEFEBE TAFRER L HS &P
IR, RIS B2 N

(1) ¥V Vg 3R 5 3 T LT SR M K P AR
SRP kK WI, 1 16S rRNA J K 5 izt AR G
(S. saccharolytica) BOR-Y' 9| —#tk i, 5
99%.

(2) WI, AJ7E 2545 °C, pH 8.0, L/ (NaCl)
INF 3% T AK REF, A H.S, W2
60 °C ik, ATEHRE KT 65 °C. pH/N T 5.0 B
KF 110, FHEKTF 5%&MTILFRaEAK; Bi
s 2 A, TRk W ATUARI AR R SR . At
TR ER 73 A e — L F32 44 A4 HaS.

(3) HAMASIMLMRE A 30 mg/L AN R
10 mg/L AR AN EEEL 120 mg/L i THPS A4k %) 44
2 M > 10° MPN/mL £ W, 77 H,S i #1530 d
DL b JRAEEE, % THPS S8 B M
(Y TEAT BRI
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