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Isolation, identification and biotransforming of Alcaligenes faecalis
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Abstract: [Background] Hydrogen sulfide (H,S) is a toxic and harmful gas released in the process of
livestock production, which seriously harmed the health of livestock and human beings. Therefore, the
degradation of hydrogen sulfide, especially the transformation of hydrogen sulfide by biological oxidation,
has become a current research focus. [Objective] In order to screen the highly efficient sulfur-oxidizing
strains and study its biotransformation. [Methods] Using fresh feces collected from a chicken farm in
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Changchun city as the material, sulfur-oxidizing strains were isolated and identified. The growth

conditions were optimized by using single-factor analysis, the biotransformation efficiency was studied,

and the mRNA expression levels of soxY and soxZ genes were detected. [Results] A highly efficient

sulfur-oxidizing strain, JF9, was successfully obtained, which was preliminarily identified as Alcaligenes
faecalis. Optimal growth conditions: substrate concentration 0.5 g/L, temperature 35 °C, initial pH 7.0.
Under these conditions, the removal percentage of Na,S was over 94%. The strain JF9 had soxY and soxZ
genes, and their transcription levels were greatly induced by sulfur substrates (P<0.05). [Conclusion] The

isolated strain Alcaligenes faecalis had a considerable ability to degrade sulfide, and the sulfur-oxidizing

genes were highly expressed during the desulfurization process.

Keywords: Alcaligenes faecalis, H,S, biotransformation, sox gene

fi A AL 1 1) S AR SR R A H AR A1
Wrh B XEEN I, WHED RN BE R
TR B A& Wk v i Ak, 76 A SR FLaiAE B Ak
Hh 9 U8 A N T ECER A A 2. b S (HLS) 2 —Fh G
o, ARG E AR . SRk B ek i A
HAESAR, BARMERE"Y, S5EE S
R.OGBBER, HEERE TR, HmaA Kk
BECH. ML A N AR B —Fh S B A9, HaS
BAWRAIER I, By B AR ) - Ak
e R A 2 TR IR IR RS, A X —

S, ATLUR AR LB HoS, Itad BRI AL
R LRI A ERE AL,

A C 8 S th 2R B b Y A A s
PIANTR , 53R B 3 26 41 TR H A 7E 2 Fhin 48 AL
AR A TS, 8l AR 4 A -
i SO 480 i 22 45 (Sulfide Quinone Oxidoreductase-
Persulfide Dioxygenase, SQR-PDO). #i#%k # fifi
(Sulfate Transferase, STF)., #ZRANMIEZE C by
i Z i (Flavocytochrome C Sulfide Dehydrogenase,
FCSD). #i%fbm(Sulfur Oxidase, Sox)ZHiE &k
FglO%: | Hirh Sox ZEEE AR EIAE 1 SoxYZ
KA B AR U 2 R BT B (Alcaligenes
faecalis)Jt—Fp ] IZAFFET AR AR, IT4E
KBIFFRI A. faecalis REWSREfR ZFIA B4 FY
B, wnzEm . mkst . e sk
&, HY LT A. faecalis BAL HoS R 2 0 T
AP SRR, TN Ak ) AR A A AR AL A

B,

A GE AR T L F5 58 7 R B R B XS 2 vh
i 15 B — Pk ELA BT BT 58 7 9 28 7 BT T - X6
HAERSM AT, FER AR ST AT
B AE ST, A DU B R At e A B ] soxY Fl soxZ
) mRNA FiE/K ¥, DU R 257 04T o i ALk
P AL Y 58 5 S A AL BB A ST AR S 5
(S

1 AR5
1.1 ##

TCHLER R 35 5. NH,Cl 1.0 g/L, KH,PO,
0.5 g/L, K,HPO, 1.5 g/L, MgSO, 0.2 g/L, NaCl
1.0 /L, #MBRAHIRANZ 10.0 g/L,

JEfili LB Higdk: AP 10.0 g/L, EERHE
¥ 5.0 /L, NaCl10.0 g/L.

Bk LB KiFR3k: 7E5Eml LB RigRsdhmA
1.5%35E, 16 1x10° Pa 2514 F K 20 min J5i424)
HELE

TR RO SR LB B3R IEAE 1x10° Pa 5544
KA 20 min, RHEEASINGCHERENZE 10.0 g/L.

RNAiso Plus, SZHf5GE R PCR 12| 2xTB
Green® Premix Ex Tag"' . J% 371X PrimeScript™
RT Reagent Kit with gDNA Eraser, & HEAYHA
AL ABRAH

2 mol/L NaOH F1 4 mol/L HC1 FF75#]4A pHe

1. P 1.
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#F1 AXFTA PCR3|¥)
Table 1 Primers of PCR used in this study

GIL/ B 519751 FERIR N
Primers name Primers sequence (5'—3") Product size (bp)
1. 16S rRNA 27F: AGAGTTTGATCMTGGCTCAG 1 500
1492R: GGTTACCTTGTTACGACTT
2. soxY F: TTACATGCCGCAGCCGCC 504
R: ATGACTTCCTCTAAACTTCCCTCCC
3. soxZ F: TCAGCCGCTGATGCTCAGC 327
R: ATGAGTAAACCACGTATCTGGATCAGC
4. 16S rRNA F: GGCCGCAAGGTTCAAACTCA 165
R: ACCCAACATCTCACGACACG
5. soxY F: AGGCGAACTGCGACTTCTGTTG 90
R: GATCATTCTGGCTCAGGGCAACC
6. soxZ F: ATCGTCCGTCCAGCTCATCTCC 115

R: CGGCGAGCCCTTGTTCAACTG

TE: 1. 20 3: WHLPCRGIWITHI; 4. 5. 6: LN/ PCR 51475
Note: 1, 2, 3: Sequences of primers routine PCR; 4, 5, 6: Sequences of primers by real-time fluorescence quantitative PCR

1.2 HEHRATTHIE

B X262l 1:100 F IO E A B E K &
B 7E 37 °C. 120 r/min 1ERARZEFHA DR
1 h JEHE 30 min, B EJZMARLL 1% Fp it %
FIHER IR, 7E37 °C. 120 r/min ¥5 546
PRI . SRR BRA AR, BOER 1 dEM
PR AT T [A LB #5573 | 37 °C Kigs . $hHL
PR VR AT B oA R, A B AL T AR ml 4%
F WA R N A0 CHLER B e 3k vh 27 H PR Ik
DD BRI AR 53 B8 DR AE o
1.3 EHRHIEE
1.3.1 EEFMEBENEE

W 1 A B RR D T IEA LB #5570 |
FE 37 °C Ki R P E IR R 3% 24 h [/ AR TS B A
IR TR R e, SR (AR %% T
k) VO R AN R G S E T ) VIR kA T
Wi e, AALHE . BEimlE . Mm%, M-R. V-P,
ARSI AE . VERD G . AHPRERIA IR . AN R $hiA I
LR
132 HFEMFLTE

i 18 Bzup FE AN 3L K 2 DNA fh# 50 &t

B3 UEF TR AR DNA $EHL, @B 27F
1492R X PE Btk 16S rRNA 5P #EF 7414, PCR
VAR Z : DNA fif 1 uL, 2xTag Master Mix
125 pL, . TS (00 pmol/L)4 1 uL,
ddH,0 #MEZE 25 pL., PCR J W &4 : 94 °C
5 min; 94 °C 30 s, 50 °C 30 s, 72 °C 45 s, &
30 MEFR; 72 °C 10 min, PCR =% 1%BiIgHH
BERS L UKIUE, A T AW T AR (i) e A PR
R, FrAS 5 dE 58 & GenBank U4 2 17
BLAST X}, ffiffl MEGA 7.0 BAHHHERZ LT
o [RBXTERR soxY. soxZ FEFBATP 4, BB
JREE BN 60 °C 4b, PCR F2 WK BRI 4518
[ . PCR /1% 1% N WG HL TR IR, 64
TA TARCE ) FRA 51T
1.4 BEHERZGHRLK

BRI DL 1%4M R T 100 mL 244 LB
FEFRBE, WS NaoS Ik 235128 0.1, 0.2
0.5. 1.0 g/L, BT 35 °C fHRIRZREF AT ISR
48 h, MY FIRE AR AR AL, R PR
3 WHBZ XTI e B YIREE IS, R
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WEEG AMEEREE: 20, 25, 30, 35, 40 °C). pH
(TAHEEE: 3.0, 40, 5.0, 6.0, 7.0, 8.0, 9.0)it
ikt
1.5 EHREELIEEENE

BRh W LD 1%4M SR T 100 mL JE4l LB
g, AL A K S E IR G 55 48 h,
BB 12 h S BIIEE R NS, NapS,05. SO4™
WIE, A F A 3 R H s IR

Na,S,0; WM E . £ 250 mL M A
50 mL ZE1RK . 1 g LA | 20 mL FAKTREF bR

W [c(% K>Cr,07)=0.01 mol/L]. 5 mL i i i

[c(%sto4)=3 mol/L], W& TRk S min, FHFEN
WO E IR R A, 1 mL 3ER0 g/L), 4k
SHME RO R . (1) NayS,05 iHH
W

C(Na,S,0;) = Cxlh

v (M

Horp C(NayS,03) k£ I 7 W o 48 Bl R M Ik
J&, mol/L; C WHEEEFREFRERIIRE, mol/L;
Vi WER R PR EA AT, mL; VO ONRRIA R
i E AR, mL.

T Ak I 7 SR R R 2 i — FF R OR i 3 ol ol
U R AR G SR A BR e
1.6 E#k soxY. soxZ EE mRNA RiZENE

IR P LA 1 %Al 2R+ 100 mL JE4ik LB
Wi skh, SCRATERAAERK AR TS 48 h,
X R BR AN B IR A, HoAth B R S5 S L IR
AR . AZHE 1 mLE W, 4°C. 8000 r/min &
D7 B, Trizol VAR EUAN A & RNA, F-80 °C
IKFA R . BB E R 3 IR ik
X HE

Trizol EIEHUAHE S RNA, BUIE MBI fi Ik
B UE RNA SE88, 4 5 i siaal R ik B A5 K S B
RNA S5 firfS =R cDNA, F-20 °C yKAf
TRAFE . SRS 8 PCR MR R : Btk

2 uL, 2xTB Green® Premix Ex Tag™ 10 uL, | .
TESIY(10 pmol/L)#% 0.4 pL, ddH,O #hE =
20 puL, BMFES 3 AEKE . SR 3 PCR
g%t 95 °C 30 s; 95 °C 55, 60 °C 20 s, 4t
40 MEFR, LA 16S tRNA B RNZ:, SR 2784¢
T soxY ., soxZ Fe[H mRNA X} ik,

2 HR5H
21 EHRBFEIESEE
2.1.1 ERFASEF A IR (URHIE

M o B e B — bR S IR B AL A R, RE
G e AL AL M BLACRRIR B, 25N JF9.
WK G, el A S, N5
B, SRR A LB Higrikrp AR K 5
RO TR 22 G @ N 2 B, A
RN

AMAAIR AR LR 20 dik 2 ATAL, i
BRI PR AN RE A RS, SCTU M 45 ok 19 S 10 5 P
PE, IR . M-R 5 V-P IR . WL
W JER MR R AE, BRI AR ER, A

F2 HEREYEERELHFE
Table 2 Physiological-biochemical properties of strain
JF9

Kl % HEIZESE R 25 [IZEs
Test index Results Test index Results
AT I - Ll SE -
Glucose fermentation ! Indole experiment
FUHILRE - MR i -
Lactose fermentation ' M-R experiment

A LPRE A - VPRI -
Maltose fermentation V-P experiment

HriEm R - BRI -
Mannitol fermentation 1 Gelatin liquefaction

O A - | Fe A -
Sucrose fermentation Amylase experiment
AIEEALR + | R R +
Oxidase experiment Nitrite reduction

FE AR + b AR R I -

Catalase experiment ' Nitrate reduction

W o+ A - PN

Note: +: Positive; —: Negative
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REFIH RS R L . X MRAT & (AR TR 42 T
Tt ) VO e o 7= AT i O A, 004 A R R
BT 1 -
212 HFENFEEE

FitR 16S tRNA FEHFPHIA/NA 1 437 bp., H
PS5 4228 & GenBank $44 5 fH k15 BLAST b
XA A MEGA 7.0 ARG R B, s
R B RIZ R AR5 277 AT 1R (Alcaligenes  faecalis)
RBI13C11 SEZ KR, FRIEEIR 99.7%L 1, 45
GAEMASE R AR, WR JFO % W3
B, BiHERE 16S rRNA JLH 741 F14 GenBank, 3k
195575 MW308612,

XTHE soxY. soxZ FeRFF7P 44, PCR ;=4
28 1%BUE RS K BAE LS R & 1 Fios, i
K/NIEHG, 535124 504 bp 1327 bp.  F iS5
B, RWIEE JF9 F77E soxY . soxZ B,
2.2 AEHEFEHIEHRE KBTI R 20
22,1 AREKYRENBEREKFBRTERBY
A

mE 2R, SRR AR T 0.5 /LI, Tk
JFO AR R Hmadi ik NaS. 24 Na,S WEN
1.0 g/L W}, BRPRAERKIZHE H A% AR Rl 2 BRI
HERKZES 48 h Bf ODgy 5351 1.47. 1.56,
1.78. 0.96, FEHIEWRE Na,S 5200 1 bk A= K 251 .

A 20-

1.5

OD()UO
S
T

0.5

0.0
0.1 0.2 0.5 1.0

Concentration (g/L)

B2 AEEYRENEK IFI ERKRFRULHERIFIE

B

bp

2000

1 000
750

500

250
100

1 soxY 0 soxZ B FEIRAEHESEIT k& R

Figure 1 Detection of soxY and soxZ genes by agarose gel
electrophoresis

1#: M: DL2000 DNA Marker; 1. 2: soxY. soxZ Z:R¥ 4=y

Note: M: DL2000 DNA Marker; 1, 2: soxY and soxZ genes
amplification products

JFE A RE R AT MR E NapS S8 55 5B 3 R 1
K, H B AL R b A B e 35 ) 50 1T 410 i
PRRR 8 A RN R B SR
222 REMEKE KRR

mE 3 R, Bk JF9 AKX s kA il
B R S EG R S S S R A K,
LR ik RGE KRR 35 °C, TR
FRACR R, 50 h WX IR YIHR B 4 0.5 g/L
) NapS H AL AT 15 84.89%, T JEFHEr sty &
XoF PR PR A A FI A A b AT AN TRRR BE ) B kA

1 —
0 e (s)=0.1 gL

- (ST)=0.2 g/L
-4 (ST)=0.5 g/L.
¥ ¢(S*)=1.0 g/L

80 —

60 -

40

Transformation rate (%)

20

1 (h)

Figure 2 Effects of different substrate concentrations on growth of strain JF9 and removal of sodium sulfide

e A AR PR RNEOL; B: AR T R LR

Note: A: The growth of strains with different concentrations; B: The transformation rate of strains with different concentrations
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0.0
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Temperature (°C)

3 ARELEEEME# JF £ K EELHERENm

100

--20°C

Transformation rate (%)

Figure 3 Effect of temperature on growth of strain JF9 and removal of sodium sulfide

T Ar ARRREET A KED; B: AR T Wtk

Note: A: The growth of strains with different temperature; B: The transformation rate of strains with different temperature

2.2.3  #4A pH EX EHRE KB ER R S0
mE 4 R, TERYHE 05 g/L, RE
35°C, AFEWIGpHIEAMT , BaiE JF9 4K
AR RIH 225 ERMEIREE R kA K
RV, 1 EIRY) NaoS ZERR MR F5 5 b LIS Bk
B Rikik, = A AR, BRI
() S* R BEAT AN I REBE AR, SR T T B A v 1 3 5
WA T AE KB, 24 pH 7.0, 8.0 i, FRkAEK
B, R EREW ODeo (H43 314 1.84, 1.73,
pH 7.0 40 F R BSCR e, It fb ]

0.0
30 40 50 60 70 80 9.0

pH

4 pH XEH JFI £ REHHERER

ik 88.71%.
2.3 ERFERRMERERINE

Bl 5 HIRMRIERPIMEE N 0.5 g/L, REH
35 °C, With pH 7.0 AT AEKENAR T NaS.
Na;$,05. SO,  MJERY ARk . Friedrich 25345
., Sox ZEFE GEN FHB AT 7
SoxXAHEAAMEHT, Bl 755 SoxYZ H SoxY .
5 C b Cys FREME SR Zmiky
SoxZY-S-S~, HEIMiTE SoxB I AL RS SO .
M5 AT AR, Ak ) A b Ak Bl

100 - -@- pH 3.0

- pH 4.0
80 -4 pHS5.0
-¥-pH 6.0
60 —¢pH7.0
-©-pH 8.0

40 B-pH 9.0

Transformation rate (%)

20

Figure 4 Effect of pH on growth of strain JF9 and removal of sodium sulfide

TE: A: Al pH FREBRA KNGS B: AR pH R

Note: A: The growth of strains with different pH; B: The transformation rate of strains with different pH
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06~ c(Nas) 7400 gn 3 WE4®
Q * (S0 bt - % 7 y B
g 0D A0 B AR MK 2 175 95 3 00 3 o
g z S B )RR R IRB AL bR JFO I 4 W
E 17% ¢ FEEE . BIbk JFO LIRHIWKIE R 0.5 gL, M
802 100 & 35 °C, WIkh pH 7.0 AR KA, TEMEIFT
z i T NayS FERR AT ik 94%1 |
008 0 20 30 40 50 2 TR T 2 7 BT TR 1) A 0 S A D Rt o

1 (h)

5 mUmELEEPESKREYINTETL
Figure 5 Dynamic changes of various metabolites during
the biotransformation of sodium sulfide

AR A A AR AU IR IR, 7E Sox MERIEHIT,
T A R AR Bl ik — 25 AR b A U R AR o TR Bk B
FR % 50 h B EEAL AT IE 94%LA I, BEAR I RES
Pk .
2.4 TEEWWEEE soxY. soxZ EF mRNA HXt
RIEE

k6 s, kK soxY. soxZ BENTERLIES T
IG5 A 8 22 5%, SCm A wtk

soxY FERIEE SEAEL XN REZH ) 4.87 1%, soxZ FE
L SRACEZ X R 4.25 %, Btk E2ER
e 2% (P<0.05).
soxY
A **P=0,001 9
25— [
_ 20
5 15k
g
2 3
a
5 6 I —
2
s 4r
[=4 =
0 |
Experiment Control

6 FIEWERIERREIE soxY N soxZ BRAREFRKFEER

Pl 2% 11 Wk A i g 2R e g h AR Ak g U
X F 2T A HoS BIWFSE 2 A pe 2 br b
ORIV I =R 7 A W 1N R TR/
Rattanapan 252 ) e 45 LI 7K Fb 4 5 4l Ak 155 57
R3] — AR 2 BT I T307, & E 78 WURL I M e
AR IR AR & IR HoS, 45R%E
I FE = A T HR EE 452004 000 mg/L) T [R5
T 95%; Potivichayanon 252V B[ 52 A W1 vk 14
PAFEAR HoS, MUEGAR BB 2 MR,
Iy W N RS A E B MUL 03 F1 2 722 B AT
MU2_03, 2 FIEEREEARRI00 91%F1 92%, i
2 PR TR A YIRS 22 BR 98% HaS.

AWFFEXS FE AT TFO Wi Ak A2 k4T
W, RFIWATE JFO HA S ey
IR ARFSEHE X EAL =1 $,05°, Sox £

soxZ

B *4%P=(0.000 4

35 I
30

T 25
k2l
= 20
S 15
[}
E‘ 8
Z ar
=2
2 —
0 |
Experiment Control

Figure 6 Differences in transcriptional levels of soxY and soxZ genes before and after degradation of sodium sulfide
T Ax soxY JERFESRAKE; B: soxZ JEREEFIKF-o #%: P<0.01; ***: P<0.001
Note: A: The transcriptional level of soxY gene; B: The transcriptional level of soxZ gene. **: P<0.01; ***: P<0.001
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W A ke T e S.05° AL, B HEAL N
SO, P42 Hirk S,0,° Wit SoxYZ HIA SR
TREIM E R A S s AL A, Grimm
4 2%5E 1 RT-qPCR 43T W], Sox ZHE A1k &
a0 5L ) Rk S AL Y AR AR PR ER AR OC . ASHiE
TR, TFREE JF9 Ay nd fE L 3
$05 B FUE e FTHE FIE, SO B T JE 5
2 BT, FHERET S0, % 2
JEARWIEE AN SO,7, 5 Harada %0758 45 A
. 24 PCR W UFE R JF9 474E soxY. soxZ LA,
1 Ao SEA ¢ A2 i PCR YRR TR AR soxY . soxZ 3
mRNA Kik7KF, 450 BRSNS,
soxY Tl soxZ RSP A M BLE 2% 25 5%, 456
SCHR[12]H % SoxYZ FE IR, R T
JE9 "RAFTELL SoxYZ i RN JH h L i)
Sox Z i G 1K F 4t LUK 56 Ak 9 A= 1) B i oy
e, RN NIEY 0.7 e SR 45 A #
SoxY 5B A LS 2L B E I SoxZ B4
AWt A L A E S B R EL o E AT 2 7 0
FFAXT S,05° AT BER AL AR, EXF T 28 = i AT
JF9 f STEALAE RN S,057 H I FE 1 AT 4E
ZE PRI TRV 1 e AL T BB A2 22 T DL R R AR
ARG R J5 SL RIS R 25 7 B T AR 5% i HLS
e SR 4aHIL ] B9 BEA
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