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High-throughput screening of citrulline-utilizing strains based
on putative transport protein and its application assessmeat

WANG Wenyu, MAO Zhaomin, MA Zhaorong, YANG Sen, XU Shuxia, WU Kun,

ZHANG Jiran

College of Life Sciences, Henan Agricultural University, Zhengzhou 450002, Henan, China

Abstract: [Objective] Citrulline is a precursor of ethyl carbamate in fermentation systems. To reduce
the concentration of citrulline, we established a putative transport protein (PTP)-based high-throughput
screening strategy to isolate and identify citrulline-utilizing strains from different samples and then
evaluated the extracellular citrulline utilization abilities of the strains. [Methods] We compared the
amino acid sequences of PTPs to determine the motif and then designed degeneracy primers to obtain
the nucleic acid sequences of PTPs. The citrulline-utilizing strains were isolated by high-throughput
screening strategy combined with bromocresol purple chromogenic circle method, colony PCR with
degeneracy primers, and diacetyl monoxime colorimetric method. [Results] A pair of degeneracy
primers was designed for the screening of citrulline-utilizing strains. Using the high-throughput
screening strategy, we isolated 65 citrulline-utilizing strains from different environments.
Levilactobacillus brevis PC4 consumed 91.08% citrulline in 4 h. The PTP genes of four strains were
located in arc gene cluster, which indicated that the function of PTP was closely related to citrulline
metabolic pathway. [Conclusion] PTP is an important functional protein for extracellular citrulline
utilization of bacteria. High-throughput screening strategy based on PTP gene is an efficient way to

isolate citrulline-utilizing strains from different environments.

Keywords: ethyl carbamate; citrulline; high-throughput screening; arginine deiminase pathway; putative
transport protein
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L - citrulline + PiOTC L - ornithine + )

carbamyl-P G° =+28.5 kJ/mol

ZHIOFRE R, —S6iUEY), JUHE R
FUIRTA , 23X LA N R A TR T, (HX R R
AR FIBLE AR AR I RS R AT Zidiga
S EYE B2 R, — LU TE arc
P& ADL AR AHOCEE) INECR i, AT RE
775 5 M0 A0 I 20 B2 A FH A 6 A ik R 11
Rimaux 5l 0 %F L. sakei CTC494 " putative
transport protein [ PTP gwfidJE K17 iibs, £
B L. sakei CTC494 5% % T F PR H VAR Y
REJT, MTHAE TP E T YieC KGNS
PTP & J¥ [6] J5 #) C4-dicarboxylate anaerobic
carriers (DcuC)% 2K 15 AN INE R 171 IS N B 5%
ey S SN A 1] B I = N RS [P S AP
X ¢ £ A5 1L X R R L. brevi (1) PTP [ 4
W REPR A T S IR TR, R B E £ 0 R AT A
AT T ZHTA BAg M AR A T RE T, A
M #E—UEW] PTP 5 (-5 M /NS A ] g B2
FAEH

AW ETET , @ AEYIE B, 3k
73 PTP 2 F B RN S i X, 55525 TR ] 0 2 5%
WR, FFE@EME I, HT AR
R e v E 1 B A A I 24 R A BB ) /Y T
Mo HLALE PTP 25 11 g At A R 8 T o3k Ji A0 IR
LIRFIHRE I W22 5, N THBR B il R Wi 7 v
EC RYRT A INE TR , AT 52 BLREAR EC WK EE 42
HEAR SRS A EOR T B T e T ik iy ST,
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Table 1 Main reaction fluid formula

R A] LA 22 TN 28 R 7 A B 58 R s 280
{37 i 30 FEA TR, DT IR 4 ik 2 42
ﬂ%IJO

WL

1.1 EHEH

FLIR B 7 (MRS AR SR A6 (1 L) : R
15.0 g, BEEHIZHKY 5.0 g, BRS04 2.0 g, Hi%)
B 10.0 g, FAi=ik 2.5g, hifk-801.0 g, pH
fH 5.3+0.2,

Tk R R (g/L): M 15.0, BELHER
5.0, MR A 2.0, FAHE 10.0, FiRR R
2.5, mhE-80 1.0, JRZMR 10.0, 1RHE% 0.06,
pH 1 5.3+0.2, ZJIE 20.0,
1.2 EFERF

2 1 e DR 20 4R U] & 3 RARAE ) A ]
DL2000 DNA Marker Il F %844 W18 AR A7 B
Fl; 2xEs Tag Master Mix (Dye) DNA Polymerase
W B YR IR A |3 2xPfu PCR
Master Mix = PR ECEEIE A BUM EFRAEVRA
R S

GRS L-RERI H BBI Al
AR T HySO4 F HiPO, 1 H 3% BH R A4k 243
FABRAF ; — 4 BE— 5 (diacetylmonoxime)
H L e AR PR A A

ABIEFE BN A SN C 7 IR 1 7 .
1.3 5|4

BB 51PN ER 2 Fios .

Reagent Formula

Note

0.3 mol/L diacetyl monooxime

6 mol/L H3PO4

H2S04-H3PO4 mixture V(H2504): V(H3p04):1 3

diacetyl monooxime 1.5 g, H,O 50 mL

80% H;PO,4 41 mL, H,O 100 mL

Stored at room temperature away
from light
Stored at room temperature

Stored at room temperature

http://journals.im.ac.cn/actamicrocn
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Table 2 Primers for screening and identification of
citrulline utilizing strains

Primers Sequences (5'—3")

PTP-F NACHACHGGCCAHACRAA
PTP-R GTHGAYATHATGGTMTTYAT
27F AGAGTTTGATCCTGGCTCAG
1492R GGTTACCTTGTTACGACTT

Degenerate base codes Y=C/T, R=A/G, H=A/C/T, B=G/T/C,
N=A/T/C/G.

1.4 BEHRDBMIESR

MRS . e | i IS S A i o TT
IR FRRARR AN, T INE RS 5 0 2L R
K AR HHEIR(ADD S A NH; 7724, (7% A
Fil pH & ZE AR, SOFE O 3 5 7 S v in A5 Y 13
SAENBRIFE R A, IR BB AR e
BRI SRR E RN, LRI e ADI
PG IR AR 5 Y T R

A BGE AR, ERKIRHL, 30 °C,
180 t/min, 73R ¥% 553+ 30 min J5i#FE 10 min.
B RIS 1 mL TR R 10°-10°°, 1Hil%
FEmRESD , 2 HL 100 WL F B 20 Bk A T 0 ke
FRFREE b, 30 °C fHIRERE S SR 16 ho (4R
IR RIE S TR, R AP0 Ze:, TEffiik
FRFRHE BRIk, BT, 30 °C fHGERE S
7% 16 ho PREUHRIETR, AT MRS Hi3Rrpal
B3R, AE NI
1.5 EH3eEETFIENRER R B E K

JFH s K B 1 2 2 5 Sk PRERCELAG IR
SEBAPE B U N R T TR /R PCR BEb, A1 R
FEGI YRR R A TR 7% PCR %€ . PCR J
NARZR N 50 uL: b3S AR ES 9145 1 ul,
2xEs Tag Master Mix (Dye) DNA Polymerase
25 uL, KEBAiKAZE 50 pL, PCR S &4
7. 98 °C FiAEPE 5 min; 95 °C A8 305, 48 °C
Bk 30s, 72°C #Effi 1 min, 35 MEH; 72°C

<l actamicro@im.ac.cn, & 010-64807516

FEAf 2 min, P PCR U HGLE S HL 5 pL 47
1% R PHEERC L vk o #2 BES [ iseit, A5 FR I B
PEBRSE A PTP St LA, Wi 1 B b e i
L VKA, 4735 7= IFEZY 1 150 bp £ B AL 25 1 B
HLUK A% o 9 38 = 1y AT U %t B TR AR B &2
i AR
1.6 16S rRNA E R gy & 50N Fr

o7 P 240 T 56 AT 2 4 B ) 3 i JO T vk i)
K41 DNA, DIEENZ4] DNA Mtk , @519
27F F1 1492R 514, i#47 16S rRNA J[H PCR,
BC il s Wi AR 2 R 50 pL: 2xPfu PCR Master Mix
PR EE 25 ul, fiR DNA<50 ng, 514 27F
1 uL, 514 1492R 1 pL, KEHBAIKHNZE 50 pL,
PCR JIW 44 H: 98 °C HiAE M 3 min; 95 °C 7%
P 30s. 50°CiEk 30s. 72 °C %Eff 1.5 min,
30 MEHR; 72 °C #EfH 10 min, PCR ¥ 4445 )5
HUS uL 4T 1% R BHEERC LUK K 3 7 0
241 500 bp DNA F Bt ) PCR 5% ZER LY
FARAT FRA R HATINT
1.7 RS A B EIHE R E R RE

W5 I 1Y 16S TRNA JE R PR 7 51 48
NCBI 545 2 5 B AITH PR EY 16S rRNA JE[H 751
Fext, FIA] BLAST At A7 500, AL
PR MEGA 7.0.20 JFE (LI, R
neighbor-joining BILM RS L B, SR
PRI SRR S5 e ) TRTAR BT S8 Rl B A T ke
JIT I B Fp

XoF i BE B A BRI R FHH A O, B 40%
IS RS AR SR A, T80 °C VKA K
1.8 TFIEEGRINLKEER S = /9N

W LR H M AR R E MRS K557 38 i fk
12h )5, 4% 1%3%FEFE4E5] 100 mL MRS #AK
g s, 30 °C. 180 r/min, #%3% ODg &
0.8-1.0, WA A 50 mL % 10 mmol/L JK
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LPRIM MRS WA R E B, Mk 34
AT, AkSE 30 °C, 180 r/min 555, T 0. 4.
8. 12 h A RIHUEE, B.OBURW, B LB
200 A BSAEIAE S BREIAE S S mL, A
H,S04-H;PO,IRE 2 2 mL, 0.3 mol/L —Zfik—
JI5°0.25 mL, #EGHKEE SN 30 min, REIEE
M, WE 490 nm ZEWEOGEE, DL Flask MRS A
B IR AT B

2 BEREAW

21 EEPTP EBMMAEMERFESH
¥ L. sakei CTC494 " PTP & 1Y 2 LR Y
5115 A NCBI B8 ZEJEAT protein blast 43747, 15
F|—#t 5 PTP & HA K A AR LR Y 2
87

W P 81 e HOR IR R AP R . T MEGA 7.0.20
BAFR AR, Qi 1 s, @ A s A e]
55, 5 L. sakei H PTP £5 [ 15y B [A) P54 B R
SAER T LUT JUDMRE , 23918 Lactobacillus
Weissella . Pediococcus . Lentilactobacillus .
Levilactobacillus F Staphylococcus .

45 Z AT IS RN SCRRAR I P B, B
PTP 25 M , HARAF IR R 2Bk e — 2
FERER R R T, A . i . B
el . MNP AN LE A AR AR
J&TRAIEFRAAEY), Hilid MRS 8555 5 52 4
ATPIER AR, W3k 3 s L, 8
7 FR 3 77 e DA 3R TR AR B A A A B TP O R
LR RT3 B

Lactobacillus paracoliinoides (WP 065901660.1)
Secundilactobacillus odoratitofiri (WP 054700225.1)
Weissella beninensis (WP 205143872.1)
Weissella kandleri (WP 057754016.1)

— Weissella coleopterorum (WP 166009498.1)
99l— Weissella koreensis (WP 038241302.1)
Pediococcus pentosaceus (WP 159290537.1)
Pediococcus acidilactici (WP 172756497.1)
Lentilactobacillus senioris (WP 056977333.1)

11l 42 Lactobacillus sakei (WP 011374085.1)

99

74

Lactobacillus rennini (KRM 99202.1)
99 Lactobacillus brevis (WP 139588561.1)
L Levilactobacillus brevis (WP 021741053.1)
Bacillus zeae (WP 119113208.1)
Lactobacillus koreensis (KRK 89682.1)
| Lactobacillus cerevisiae (WP 125580146.1)
99 Levilactobacillus suantsaiihabitans (WP 135366989.1)
98— Levilactobacillus angrenensis (WP 125575802.1)
Lactobacillus hilgardii (WP 003557118.1)
— Lentilactobacillus parakefiri (WP 057961770.1)
99 Lactobacillus otakiensis (WP 020281534.1)
66 Lentilactobacillus sunkii (WP 070666925.1)
Lactobacillus curieae (WP 035166855.1)

Tetragenococcus halophilus (WP 103103661.1)

99 — Staphylococcus epidermidis (KAB 2186517.1)
99— Staphylococcus aureus (WP 180370902.1)

0.020

1 PTPEREZEBARKAEW
Figure 1

Phylogenetic tree of putative transport proteins from different strains. Numbers at nodes represent

the percentages of occurrence of nodes in 1 000 bootstrap trials. The scale bar represents 0.020 substitution per

nucleotide position.

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



3142

Wang Wenyu et al. | Acta Microbiologica Sinica, 2022, 62(8)

*3 BEEPTPELMEMER
Table 3 Species information with PTP protein

Species Source Culture medium  Reference
Weissella kandleri Koumiss MRS [17]
Weissella koreensis Kimchi MRS [18]
Tetragenococcus halophilus Fish sauce Histidine [19]
Staphylococcus epidermidis Dry sausage Mannitol salt [20]
Staphylococcus aureus Raw milk and ice cream Baird-Parker [21]
Pediococcus pentosaceus Harbin dry sausage MRS [22]
Lactobacillus sakei Traditionally fermented milk MRS [23]
Lactobacillus paracollinoides  Spoilage beer MRS [24]
Lactobacillus rennini Rennin MRS [25]
Lactobacillus brevis Chinese traditional paocai MRS [26]
Pediococcus acidilactici Kalarei MRS [27]
Lactobacillus koreensis Kimchi MRS [28]
Bacillus zeae The rhizosphere of zea mays Tryptic soy agar  [29]
Lactobacillus otakiensis Traditional Pico cheese MRS [30]
Lactobacillus hilgardii Natural grass silages MRS [31]
Lactobacillus curieae Stinky tofu brine MRS [32]
Lentilactobacillus senioris Human faeces MRS [33]
Weissella beninensis Submerged cassava fermentations MRS [34]
Levilactobacillus Suan-tsai MRS [35]
suantsaiihabitans

Lentilactobacillus sunkii Silage MRS [36]

2.2 BEHSIYNZITFIE K
FFH MEGA 7.0.20 FX XA [A] s Ff PTP 2

R RIEIR P S AT HRS, EAL I Z RS Motif
P, 85T AN R] Motif AR 51 R 1,
LRG58 Motif [BIFFFNEE, #iE i
2 By I, [AIBE 2 1150 bp o BHARSFEIX S8, Motif
1 F Motif 2 B 24 502 74 ELE R X o — B A 25 1)
THIERS, it 5 NCBI R A9 AR Ay
PTP Zafid K F AN 7400, ¥ e s | i IF
M 512 BEZ 216, TESIMIMNTEIFEE N 576 P&
72, MRS —XAE RIS PTP-F Al
PTP-R, 5I¥iHmfRmE 2 Uin. SS9
AR A HE AR BR A E T 6 .
2.3 NREEF A EKR S8 E LR
M F AN R R R 2 h 2 DERER

<l actamicro@im.ac.cn, & 010-64807516

E, — MR BER N R A e, 2
R AN RN TR I EERE )T, JEFiX 2 4,
BT IV R I FH TR AR P v 38 1 7 e SR 7 Soly
LA i 200 A A WA TR B 52 A8 2 Al
J& , ARIFRES = R MG 22, BB
i s R i A AR ) ik . 2 5 PTP
B 5 P AR A I AN N R i iz &
S P A T AR B R, B A T R v R PR
PR, TREREEAE 3 PR

FIZ S s AN Rl . &
SR SERE S 3 R 4 b R Sy B R
15 671 BRVITH PR, 005 R H PTP &1
R B AT I ¥4 PCR B0 IE, JLIH1ES] 65 BR7E
1 150 bp Kb RS A DA IR, § 25 R &l
4 IR o
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PTP-F =] 150 bp PTP-R
Il I
Lt o
Motif yoiw e FV WPV ViEsL ok veG++ s VDIMVFIviGGH
- -~ - ~
- S~ - g,

Base sequence of Motif
Lactobacillus brevis
Staphyvlococcus aureus
Staphylococcus epidermidis
Secundilactobacillus paracollinoides
Lactobacillus paracollinoides
Weissella coleopterorum
Lactobacillus oligofermentans
Lactobacillus sakei

Weissella koreensis
Lactobacillus malefermentans

TTY GTN TGG CCN GTN G'[‘.‘;
TTT GIT TGG CCG GTA GTC
TTTGTA TGG CCG GTA GT1
TTC GTA TGG CCT GTT GTC
TTT GTA TGG CCA GTT GTT
TTT GTA TGG CCA GTT GTT
TTC GTT TGG CCG GTT GTC
TTC GTT TGG CCA GTT GTA
TTC GTT TGG CCA GTA GT(
TTT GTC TGG CCT GTG GTA
TTT GTT TGG CCA GTT GT(

:}TN GAY ATHATG GTNTTY
GTT GAC ATT ATG GTC TT(

GTC GAT ATC ATG GTA TT(

GTC GAT ATT ATG GTC TTT
GTT GAT ATA ATG GTC TTC
GTT GAT ATA ATG GTC TT(

GTT GAT ATC ATG GTC TTC
GTT GAT ATC ATG GTATTT
GTC GAT ATT ATG GTT TTT
GTC GAT ATT ATG GTC TTT
GTT GAT ATC ATG GTATTC

ATI-I
AT(
ATT
ATA
ATC
ATC
AT(
AT(
ATT
AT(
ATT

Lactobacillus koreensis — TTC GI'TTGG CCA GTG GTG GTC GAT ATC ATG GTG TTC AT(
Lactobacillus hilgardii  TTC GTT TGG CCG GTT GT( GTC GAC ATC ATG GTC TTT ATT
Lactobacillus kefiri ~ TTT GTA TGG CCG GTC GTT GTC GAC ATC ATG GTA TTT ATC
Lactobacillus nagelii 111 GI'1 TGG CCA GTT GTA GTT GAT ATA ATG GTA TTT ATT
Pediococcus acidilatici 111 GI'T TGG CCG GTA GI'G GTC GAC ATT ATG GTA TTT ATC
Lactobacillus rennini  TTT GTT TGG CCA GTA GT1 GTT GAC ATT ATG GTC TTT ATT
Lactobacillus allii  11C GI'T TGG CCG GTT GTA GTT GAT ATA ATG GTA TTC ATT
Lactobacillus terrae  TTT GTT TGG CCA GTA GTT GTA GAT ATC ATG GTA TTT ATT
Levilactobacillus brevis — TTT GTT TGG CCG GTA GT( GTT GAC ATT ATG GTC TTC ATC
Pediococcus pentosaceus — TTT GTA TGG CCT GTG GTG GTA GAC ATT ATG GTA TTC AT(
Lentilactobacillus hilgardii  TTC GTT TGG CCG GTT GTC GTC GAC ATC ATG GTC TTT ATT
Lactobacillus curieae  TTC GTG TGG CCA GTG GTT GTT GAT ATT ATG GTA TTC ATT
Lentilactobacillus buchneri  TTC GTG TGG CCG GTG GTT GTC GAT ATT ATG GTC TTC ATC
Staphylococcus warneri  TTT GTA TGG CCT GTT GT¢ GTT GAT ATT ATG GTA TTC AT(
Lactobacillus buchneri  TTC GTG TGG CCG GTG GTT GTC GAT ATT ATG GTC TTC ATC

Degenerate primer §-NAC IHAC IIGG CCA AC RAA-3

2 PTP¥zEARBEREGEFHIMRIT
Figure 2 Design of degenerate primers for coding gene of putative transport proteins. Degenerate base codes
Y=C/T, R=A/G, H=A/C/T, B=G/T/C, N=A/T/C/G.

[solation of microorganisms

5'-GTH GAY ATH ATG GTM TTY AT-3

Screening of arginine
utilization strains

High-throughput culture with ~ Colony PCR screeningt of
deep-well culture plate strains with PTP transporter

Detection of citrulline utilization ability with
diacetylmonooxinme-thiosemicarbazide method

3 NEEESF A E R S8 2 LR
Figure 3 High-throughput screening strategy for strains with high-efficiency utilization of citrulline.

http://journals.im.ac.cn/actamicrocn
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1213 14 15 16 17 18 19

5 6 7 8 9 1011
Seeee @

M1 2 3 435

1150 bp

B4 fEH35149E% PCR ¥ &~ Bk E
Figure 4 Electrophoresis diagram of colony PCR products of degeneracy primers. Lane M: DL2000 DNA

marker; lane 1-19: PCR products amplified by PTP protein degeneracy primers of partial initial screening strains.

PR (K 5), A Z 00 5 AR e, alie)

Z RS WE . AR A K 16S
AFUATREE . PSR . Bk . A

rRNA FEEIF, F9%#E neighbor-joining R 4T

. Vilacy,
)/),,{_/‘/
&

W, g
CORfirsq 2994¢ MT6) 1926)

&7
?.),){).J()_,‘j;,)d

Bl 5 65 ¥kiFIZE K 16S rRNA B FE R 4 1L ixt
Figure 5 Phylogenetic tree of 16S rRNA genes of the 65 isolated strains. Numbers at nodes represent the

percentages of occurrence of nodes in 1 000 bootstrap trials. The scale bar represents 0.050 substitution per

nucleotide position.
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SRR BT R m o IR Rl s Hhox I
R A FH 68 1 e sk (B PR, LC4 (OM149720) 5
NCBI 045 % L. sakei SP245 (MN229521)AH1L)
FEd i, — 80 100%, a2 M s A FLAT
I L. sakei LC4, DJ8 (OM073986)Y) W. confusa
ML26 (LC274616)AHIRE fe =, — 3N 100% .
WA NG W, confusa DIS. JY7
(OMO073984)5 P. acidilactici 7457 (MT584843)
ML R, —8UkE N 99.79%, fivss AIERRFL
M2 Bk P. acidilactici Y7, PC4 (OM073983)
5 L. brevis gp78 (KM495924) ELA f% 1 ) [F) T
FARIEE , —BE R 99.80%, v M A= FLAT
& L. brevis PC4 ., LC5 (OM073985)%5 S.
epidermidis BQN1R-01d (FJ380968) .45 fix i Y
[FIVRAHLEE , — 3 100%, K Hdw 4 k£
% ER T S. epidermidis LCS,

24 S EEKNEINKNREREF &

e v 3 A 7 R T R AR B BRI, AT N R
FIUHBEIRIE, K 6 Fron, 45RE, B
W. confusa DI8 4, Hix 4 BRITE 12 h B9
2, PRI AN ERR ) B E R . W
confusa DI8 7EH] 4 h ByfCigf il , maRIH
XF LA KR R I RE ST, 7E%5 4 h B4t
TR BRI AR T 29.69%, {H B 5 S H BiLHE b
JNZA PR B FF 2z B Ft. T L. brevis PC4

12}
10k /% ~u L. sakei LC4
NS — )
g 8\:\\\ /_/,,-/"} % . confusa DJ8
3 6} \\i}k &P, acidilactici JY7
= \ S~~~ i —
Z 4 \\ . ~ )g v—L. brevis PC4
:-’ 2 \\\\i_’:—i_{‘ -, +-S. epidermidis LC5

0 4 8 12

t/h
6 ik B KT A SN VR BR BY %) A Ak

Figure 6 The utilization of extracellular citrulline
by the screened strains. The results were the mean
values of three replicates, error bars represented
standard error.
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Figure 7 Location distribution of PTP gene and arc gene cluster. The length of solid line occupied by a gene
frame indicates that a gene is separated. The dotted lines indicate large distances that is multiple genes apart.
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— Weissella koreensis KACC 15510 (CP 002899.1)
Lactobacillus oligofermentans DSM 15707 (LN 898144.1)

Staphylococcus epidermidis
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Figure 8 Phylogenetic tree of W. confusa DJ8 gene sequence amplified by degenerative primers of PTP.
Numbers at nodes represent the percentages of occurrence of nodes in 1 000 bootstrap trials. The scale bar
represents 0.20 substitution per nucleotide position.
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