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P 2%, ARIEAE 46 W) B AN [R) 23 Ry 4 24 R (Glu) i 42
BRI Om)E M BHETA K Glu 12 2405
I 2 R A )6 L) R A
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L2873 B S A — A F R BB SN (K 1),
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A Bk I 8 (y-glutamyl kinase, y-GK)/E A T Bk
R y—/ﬁﬁ@ﬁﬁ?’i@ﬁ(y—glutamyl phosphate, y-GP);
IRIG v-GP B y-45 24 I 0 R ik I i (y-glutamy]
phosphate reductase, y-GPR)EALAE A v-43 2 iR 2
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b, Wik—a 7oK, B ANk k-5- 5% 1R
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(A'-pyrroline-5-carboxylate, P5C); P5C £ A'-nlt
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reductase , P5CR) i) /E H1 & £ B L- Il & iR
(L-proline)'™, A Mo 4s RUES:, EiR@EAES
DAFTE T BT . BRI REEE . M sy, fr
AN TR AR 2, 20 T TR S5 1 A2 A ) (A T A
B GK FI GPR & B HL 0 ST RE G, 1 78
5 S SRR AR N B GK ORI GPR U2 il 45 3
—EAYINHERE, B PSC & (A -pyrroline-5-
carboxylate synthetase, P5CS). 2E7# S50 8 43
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L IR IR AL O X AP R /LSRR
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AR S R T TR VR P R 1) i 2 PR 5 IS AR R
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Figure 1. Biosynthesis and degradation of proline in bacteria (glutamate pathway).
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Figure 2. Biosynthesis and degradation of proline in bacteria (ornithine pathway).
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A ) Ha T I =R 2 5 R Ak Jy i, HE
T AR L HABIE T OCD 398 5 107 M U2 21 1% &
P2 P Al SRR 1
1.2 407 P E R R Y A
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PBHANB AR AR = (F i 2 1 1) e e o 7
IR T8 A Ry FLA WG R A 30 S0, b S I 1
IRANIF] . Qi 1A 2 ez, N L-f 2 BR 3] L-4% 24
il (1 % A7 - - PRODH 11 PSCDH Ak i PO HE 7
AL R il 2R B 2B (PRODH) L) FAD ff
MR, R L-IiERR 2 &4 P5C;
PSC AZhIFIR, 256 —0T/K, B GSA; A'-ilk
M -5 -2 I i Ui (PSCDH) LA NAD ™R L 52
A, fEf GSA A AN L-BH R . T GSA
JEREALRIIEY), 2013 45, EERAEYILF 55T
A W) E Bk G 4 fr 4 & B 23 (IUBMB) 2 104
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S AR H E RS
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AR AZ A Y b B BE DR, B[] B 23X
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I 20 TR I i g P 4Ry =282 55— 2Rt FRL I RE 4
A%, Bl PRODH I #l PSCDH {243 JFHYy; 45
TR S AE [ — 4 PwtA Z Rk RIS S AT
PRODH {1 PSCDH %, —3& % X JI7E T & B 7E
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AN G AFAE T HLAM 00 Bl 2 R 2 A S — s o
SrFAEE TR A Bk, it Fl 2R b
o ik NTRAR S AT 5 S AH G R 15 . McLain
55 2007 AEPIBFRRAERUESS, YR 5K Y EE
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MRS FRAEA T IR 1 B g2 B, WP
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mEGis, JF AN AR O R, RS S
FEACEN o BRAE R ME—ZUR SR IR SN, 4
i 14 T A Ay T B 1 s VR B SR TR S 4 T R A
BRT A BT B RN K MR B A A A R R R A A
TR AR, ISR )
FE T S 22 92 JIY6 208 (PruB) AT P5C i AL B (PruA)
S, H— R DNA 4548 A PruC #8458, 24
ORI A0 AL T IR B MBS R B i, B
55 R A A SR W G Rk . B A
T, RERFREPAE S R MA, (HEInE
SR AN TR I 237 A o g (AR O D P
RS T, EFTR A A S A oy AR R
Z [6] Y BAS P CHE o ), 5 00 R P ) 7 A o
A A e — b A BRI, AT A D AR L H
I 7 2 8 1 ST A A P R P 7 i
FRACH ™A1 PSC AT 55 DA A 1 52 1 B TG B 1Y
2- PR FE-1-ME I OR DA PR 43 B FF B8 400 i f 2
] ClE3i0k=3c-
3.2 BERPIIGE

I 22 R A — Tl A R AR S v BT, A] KA
15 15 35 X A A B R A S B0 1981 4R
Csonka B e &, RAZEVDT] IR B IH R =)™
ARSI BEPEY. i Dandekar 1988 4Rt
1, PR A YA s vh o — g ad o 37 IX
PSR R BT B IE XS AR, SRR T RATHI A
M, FEE AR A, R R
HRZ BB AR, 1992 4F, Omori XK 5 VD8 G
AW proBA BRI\ F AT 0 BT A5 T [RIFERY
5, RN AR GK X il s A5 1)
JS2 A5 0 ) ) S S S AR I, T O 4 L 4 v Y
I B R A 7 R R (38 G T A7 10, 2011 4,
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Faiza 5% T 70 2§ F 9% SE0 A FLRR AT AE M 17 K557
FErbout R ol 26 0 SO A A, UE BH R SR = — A A
BB BRI Y Zaprasis 25 BT ST 45 SRR,
il HE 2 AR TR R 38 298 05 T | R Y AH 2 I Y
LA S W AN 22 R K S R R
RS R (B AR . AT . REHETR . KA
i FORG 2R ) RN 2 U 2R TR (S MR . VAR
AR AL 125 Z Fh oy B RN I 2R, Xt
EBEIERE . Amezaga 55 1999 4ERYHIFIT 4,
RMFW], FERGFFRE S, A IR 0k 2
VER RIRHEE T, A2 23U BR A A 25
PRV AR BRI B AT Il 2R 1 AR RE SR s
BRI
3.3 . PLIHTEAL N

TER AT, If R AE A —Fh IO 5]
FE AR 3t AR v R R R AR R R
B, BERR LA 5 I A B LT AH [ (9 K
PRYE T, Je—Fh R TCEE MR AR ORI, 1
4 4 (reactive oxygen species, ROS)J&4r T A M4l
it 4 3 D 20 43 4 32 A TR H HL IR RS o
e B 2 T 0 5 T AR A A R AR O,
P P 2 1 R R — P 3 N N R N, AT
PEAE AL R B O, ORI AE P TR I g BR
o i 08) IR, I 2R T B BT PR
SR A IE PR, WA R 2 AR AR e
P, TS oAb G A A5 42170, 2008 4, Krishnan
i o AR L S A AT SR AT B pued TR IR
FRASKRIEAT T RAE, K BT X T 57 25 AT
putA 7% AR W I 2R K T T s R AR
AR GOk 7K c I (= B2 DUk =% Eik =Rtk 9 vs T o
PE L, DAY A S R0 A B R A 2 R
T, X5 IR AE B AR AR — 2,
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2015 4F, Zhang %538 1 %F b K B B AR RN
putd GE7E MR DR D R AE & B 2 R
PR Y I DR AP R K A A — s R A HL
WA T PutA, R AT 58 & Al AL Y 1
(M katG ZRAS) A FRIBFIEYE, &AL N bt
PECH, SERSIR = AFI A, — E WRE R
AL RE 8 2 fif 35 57 He b H,O, X i 480 58 78 Bk
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NADH 48 Ak il 175 4 2k okl 555 AU JBIR 38 %o Tif 40 28 722 Pk
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3.4 R IR EOR N
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PRI 7E LA A0 B PN 52 O A7 0 TR 5 AR
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E e LR &7 ek Ve R ST/ a7 1 M 2 K A a7 o

O L PN A AR TR AN, RN I N A AR R
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S5, VIZ R ORI 2 R A S B IR I )
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A 1) MR TR A Y P I 2 R T e R
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G2 A RAE /IS B A 005 D B g A T B A A
BHETS), 2004 4, Schwan %538 1 % 25 35 177 i
AR %15 B K (put P) ) 98 28 oy iy R B, ISR 1Y)
G AR G B A w0 2 K TR AE LR Rk L B 5L AR
PR PN A 3 70 55 70 . A 4 B € A A ER A Rk e
6], %12 25 11 PutP 1Y/ 2R3 LA I 22 R b o) i
DY A LBt e T 43 ] B A
BF, e EAJ) PutP FMIKERI T ProP Pl iz
EENTN, 4w 60 4 % BR R A0 P 0 I = R
KR, S R B S AT ERTY, 2017 4R
Halsey SE ST 45 R R W], Il 2 R0 T e Al
U S SR WL R B2 S S o N s N i A
2R 2332 3™ F FR ), i B 2208 AT A o 4
o A ER B A R IR A AR IR, Ol e
T M T I AT Y R ST, T T A ) R
WIS BG4 . Cleaver £5 2021 4EHIHF 5T
SEIREM, MEFRALE, DY AP R T i
T AR i B 1 SRR TSI 2 IR, 32 T i 2 PR A i
S-RFEIGIR . TR . TN RN H 2 IR S H A e s RN
FE,

4 G

I 24 2 AT 52 ) A AR g 2 AR AR, I
R A E A [F] A W 3 72 b B R[] 19 1 T AL
Wi, IS S 5 . DO R R RE & 7 A
S A BRI A 3 P AR (AR . AR
iz i 5 24 1R ) 5 L sh i 3 A s A Cihis 2 (RD
TCA TG . JRZ MG IR FBE IR R 1) A R 1,
0 NADP'/NADPH 7K V- 5K 2y 8 R 1M 3% 45

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



3358

Yuxia Liu et al. | Acta Microbiologica Sinica, 2021, 61(11)

(OPPP)™! 1fii OPPP AYBR I & 1754k AT LA HEAZ

TR G LA S A 3 2L

BORT WS R, b

I R A5 A mT 2 2 A A i 3 i N B AL
55 28 ARAF AT A A5 KR Aeroto-AUH-JLC108 ZE45
AT A KRR I & TR R A A&
P 3 A5 A O i 2 1R R 3R A Tt 4 2 8 ok T
PRI 58 b B VR o Rtk — 2B S . b, A
i AR N 2 12 BB 7 R I AT 2 0 5 R 2 g )i
PRty 2 S U070l e S R ) AR 5 5532 T Rk 2
TR I B T AR 1Y) T SR

2 % B

(1]

(2]

(3]

(4]

[5]

[6]

(7]

Saibi W, Feki K, Yacoubi I, Brini F. Bridging between
proline structure, functions, metabolism, and involvement in
organism  physiology.  Applied  Biochemistry  and
Biotechnology, 2015, 176(8): 2107-2119.

Zhang L, Xue X, Yan J, Yan LY, Jin XH, Zhu XH, He ZZ,
Liu J, Li R, Qiao J. L-proline:
cryoprotectant for mouse oocyte vitrification. Scientific
Reports, 2016, 6: 26326.

Ben Rejeb K, Abdelly C, Savouré
multifunctional amino-acid involved in plant adaptation to

2012,

a highly effective

A. Proline, a

environmental constraints.
206(4): 291-299.
Kemble AR, Macpherson HT. Liberation of amino acids in

Biologie Aujourd'Hui,

perennial rye grass during wilting. The Biochemical Journal,
1954, 58(1): 46—49.

Gilles R, Schoffeniels E. Isosmotic regulaton in isolated
surviving nerves of Eriocheir sinensis Milne Edwards.
Comparative Biochemistry and Physiology, 1969, 31(6):
927-939.

Lee IR, Lui EY, Chow EW, Arras SD, Morrow CA, Fraser
JA. Reactive oxygen species homeostasis and virulence of
the fungal pathogen Cryptococcus neoformans requires an
intact proline catabolism pathway. Genetics, 2013, 194(2):
421-433.

Mantilla BS, Marchese L, Casas-Sanchez A, Dyer NA, Ejeh
N, Biran M, Bringaud F, Lehane MJ, Acosta-Serrano A,
Silber AM. Proline metabolism is essential for 7Trypanosoma

brucei brucei survival in the tsetse vector. PLoS Pathogens,

actamicro@im.ac.cn

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

2017, 13(1): e1006158.

Phang JM, Liu W. Proline metabolism and cancer. Frontiers
in Bioscience-landmark, 2012, 17(5): 1835-1845.

Ding ZB, Ericksen RE, Escande-Beillard N, Lee QY, Loh A,
Denil S, Steckel M, Haegebarth A, Wai Ho TS, Chow P, Toh
HC, Reversade B, Gruenewald S, Han WP. Metabolic
pathway analyses identify proline biosynthesis pathway as a
promoter of liver tumorigenesis. Journal of Hepatology,
2020, 72(4): 725-735.
Totoczko-Iwaniuk N,
Celinska-Janowicz K, Zargba I, Klupczynska A, Kokot ZJ,
Miltyk W.

Proline-dependent induction of apoptosis in oral squamous

Dziemianczyk-Pakieta D,

Nowaszewska BK, Resze¢ J, Borys J,
cell carcinoma (OSCC)-the effect of celecoxib. Cancers,
2020, 12(1): 136.

Liu YT, Mao C, Wang M, Liu N, Ouyang LL, Liu SP, Tang
HS, Cao Y, Liu S, Wang X, Xiao DS, Chen CS, Shi Y, Yan
Q, Tao YG. Cancer progression is mediated by proline
catabolism in non-small cell lung cancer. Oncogene, 2020,
39(11): 2358-2376.

Ferreira AGK, Biasibetti-Brendler H, Sidegum DSV,
Loureiro SO, Figueiré F, Wyse ATS. Effect of proline on
cell death, cell cycle, and oxidative stress in C6 glioma cell
line. Neurotoxicity Research, 2021, 39(2): 327-334.
Christian, JHB. The influence of nutrition on the water
relations of Salmonella oranienburg. Australian Journal of
Biological Sciences, 1955, 8(1): 75-82.

Fichman Y, Gerdes SY, Kovacs H, Szabados L, Zilberstein
A, Csonka LN. Evolution of proline biosynthesis:
enzymology, bioinformatics, genetics, and transcriptional
regulation. Biological Reviews, 2015, 90(4): 1065-1099.

Wu ZY, Li YR, Gu ZH, Ding ZY, Zhang L, Shi GY.
Function of glnA, proB and proA genes in L-proline anabolic
pathway of Bacillus subtilis. Acta Microbiologica Sinica,
2018, 58(1): 39-50. (in Chinese)

REH, R, BUERE, TEH, k&, M. i
ZEHAT I L- &R & k2 glnd . proB. prod 3L T
RBTRSY. TZEW~#4ik, 2018, 58(1): 39-50.

Csonka LN, Leisinger T. Biosynthesis of proline. EcoSal
Plus, 2007, 2(2): 1-20.

Li M, Li H, Zhang C, Wang XL, Chen BH, Hao QH, Wang
SY. Enhanced biosynthesis of O-desmethylangolensin from
daidzein by a mnovel oxygen-tolerant cock intestinal
bacterium in the presence of atmospheric oxygen. Journal of

Applied Microbiology, 2015, 118(3): 619-628.



XIEEF | WMWY, 2021, 61(11)

3359

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

XK@ RS S TR e AL Rk AR R B
Aecroto-AUH-JLC108 = 235 FE ML . WAtk K2 17 1
AL, 2020.

Tanner JJ. Structural biology of proline catabolic enzymes.
Antioxidants & Redox Signaling, 2019, 30(4): 650-673.
Ginguay A, Cynober L, Curis E, Nicolis 1. Ornithine
aminotransferase, an important glutamate-metabolizing
enzyme at the crossroads of multiple metabolic pathways.
Biology, 2017, 6(1): E18.

Buxton RS. Selection of Bacillus subtilis 168 mutants with
deletions of the PBSX prophage. The Journal of General
Virology, 1980, 46(2): 427-437.

Belitsky BR, Brill J, Bremer E, Sonenshein AL. Multiple
genes for the last step of proline biosynthesis in Bacillus
subtilis. Journal of Bacteriology, 2001, 183(14): 4389-4392.
Deutch CE. L-Proline
Staphylococcus saprophyticus. Antonie Van Leeuwenhoek,
2011, 99(4): 781-793.

Costilow RN, Laycock L. Ornithine cyclase (deaminating):

nutrition and catabolism in

purification of a protein that converts ornithine to proline
and definition of the optimal assay conditions. Journal of
Biological Chemistry, 1971, 246(21): 6655-6660.

Dessaux Y, Petit A, Tempé J, Demarez M, Legrain C,
Wiame JM. Arginine catabolism in Agrobacterium strains:
role of the Ti plasmid. Journal of Bacteriology, 1986, 166(1):
44-50.

Soto MJ, van Dillewijn P, Olivares J, Toro N. Ornithine
cyclodeaminase activity in Rhizobium meliloti. FEMS
Microbiology Letters, 1994, 119(1/2): 209-213.

Kim J, Mayfield JE. Brucella abortus arginase and ornithine
cyclodeaminase genes are similar to Ti plasmid arginase and
ornithine cyclodeaminase. Biochimica et Biophysica Acta:
BBA - Gene Structure and Expression, 1997, 1354(1):
55-57.

Trovato M, Maras B, Linhares F, Costantino P. The plant
oncogene rolD  encodes a  functional ornithine
cyclodeaminase. Proceedings of the National Academy of the
Sciences of the United States of America, 2001, 98(23):
13449-13453.

Alam S, Wang SC, Ruzicka FJ, Frey PA, Wedekind JE.
Crystallization and X-ray diffraction analysis of ornithine
cyclodeaminase  from  Pseudomonas Acta
Crystallographica Section D, 2004, 60(5): 941-944.

Jensen JVK, Wendisch VF. Ornithine cyclodeaminase-based

putida.

proline production by Corynebacterium  glutamicum.

(31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

Microbial Cell Factories, 2013, 12(1): 1-10.

Lee SY, Cho JY, Lee HJ, Kim YH, Min J. Enhancement of
ornithine production in proline-supplemented
Corynebacterium glutamicum by ornithine cyclodeaminase.
Journal of Microbiology and Biotechnology, 2010, 20(1):
127-131.

Zhang L, Alfano JR, Becker DF. Proline metabolism
increases katG expression and oxidative stress resistance in
Escherichia coli. Journal of Bacteriology, 2015, 197(3):
431-440.

Tanner JJ. Structural biology of proline catabolism. Amino
Acids, 2008, 35(4): 719-730.

Liu LK, Becker DF, Tanner JJ. Structure, function, and
mechanism of proline utilization A (PutA). Archives of
Biochemistry and Biophysics, 2017, 632: 142—157.

Arentson BW, Sanyal N, Becker DF. Substrate channeling in
proline metabolism. Frontiers in Bioscience, 2012, 17(1):
375-388.

Meile L, Soldati L, Leisinger T. Regulation of proline
catabolism in Pseudomonas aeruginosa PAO. Archives of
Microbiology, 1982, 132(2): 189—-193.

Ostrovsky de Spicer P, O’Brien K, Maloy S. Regulation of
proline utilization in  Salmonella  typhimurium: a
membrane-associated dehydrogenase binds DNA in vitro.
Journal of Bacteriology, 1991, 173(1): 211-219.

Ekena K, Maloy S. Regulation of proline utilization in
Salmonella typhimurium: How do cells avoid a futile cycle?
Molecular and General Genetics MGG, 1990, 220(3):
492-494.

Moses S, Sinner T, Zaprasis A, Stoveken N, Hoffmann T,
Belitsky BR, Sonenshein AL, Bremer E. Proline utilization
by Bacillus subtilis: uptake and catabolism. Journal of
Bacteriology, 2012, 194(4): 745-758.

McLain SE, Soper AK, Terry AE, Watts A. Structure and
hydration of L-proline in aqueous solutions. The Journal of
Physical Chemistry B, 2007, 111(17): 4568—4580.

Rabbani G, Choi I. Roles of osmolytes in protein folding and
aggregation in cells and their biotechnological applications.
International Journal of Biological Macromolecules, 2018,
109: 483-491.

Wang CJ, Li Y, Yang XY, Lin L. Conformers and properties
of proline. Acta Physico-Chimica Sinica, 2007, 23(3):
305-310. (in Chinese)

FEA, Ak, BT, M. ER R, Y
AR 24223, 2007, 23(3): 305-310.

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



3360

Yuxia Liu et al. | Acta Microbiologica Sinica, 2021, 61(11)

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

WRBMG. 7K 537 X7 fb H 2R - 2 iR — 2R R4 iy R
JE B VR AT RO TR BERE SRR LA L1 3, 2011,
Michaux C, Wouters J, Perpéte EA, Jacquemin D. Stepwise
hydration of protonated proline. The Journal of Physical
Chemistry B, 2008, 112(26): 7702-7705.

Suzuki K, Sugiura Y, Takayanagi T, Kita Y, Tachikawa M.
Hydration effect on positron binding ability of proline:
positron attachment induces proton-transfer to form
zwitterionic structure. The Journal of Physical Chemistry A,
2019, 123(6): 1217-1224.

Smith LT. Characterization of a gamma-glutamyl kinase
from Escherichia coli that confers proline overproduction
and osmotic tolerance. Journal of Bacteriology, 1985,
164(3): 1088-1093.

Csonka LN. Proline over-production results in enhanced
osmotolerance in Salmonella typhimurium. Molecular and
General Genetics MGG, 1981, 182(1): 82-86.

Milner JL, McClellan DJ, Wood JM. Factors reducing and
promoting the effectiveness of proline as an osmoprotectant
in Escherichia coli K12. Journal of General Microbiology,
1987, 133(7): 1851-1860.

Csonka LN. Regulation of cytoplasmic proline levels in
Salmonella typhimurium: effect of osmotic stress on
synthesis, degradation, and cellular retention of proline.
Journal of Bacteriology, 1988, 170(5): 2374-2378.
Hoffmann T, von Blohn C, Stanek A, Moses S, Barzantny H,
Bremer E. Synthesis, release, and recapture of compatible
solute proline by osmotically stressed Bacillus subtilis cells.
Applied and Environmental Microbiology, 2012, 78(16):
5753-5762.

Zaprasis A, Hoffmann T, Stannek L, Gunka K, Commichau
FM, Bremer E. The y-aminobutyrate permease GabP serves
as the third proline transporter of Bacillus subtilis. Journal
of Bacteriology, 2014, 196(3): 515-526.

Chen LM, Maloy S. Regulation of proline utilization in
enteric bacteria: cloning and characterization of the
Klebsiella put control region. Journal of Bacteriology, 1991,
173(2): 783-790.

Vilchez S, Manzanera M, Ramos JL. Control of expression
of divergent Pseudomonas putida put promoters for proline
catabolism. Applied and Environmental Microbiology, 2000,
66(12): 5221-5225.

Nagata K, Nagata Y, Sato T, Fujino MA, Nakajima K,
Tamura T. L-Serine, D- and L-proline and alanine as

respiratory substrates of Helicobacter pylori: correlation

actamicro@im.ac.cn

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

between in vitro and in vivo amino acid levels. Microbiology:
Reading, England, 2003, 149(Pt 8): 2023-2030.

Curtis J, Shearer G, Kohl DH. Bacteroid proline catabolism
affects N(2) fixation rate of drought-stressed soybeans.
Plant Physiology, 2004, 136(2): 3313-3318.

Berney M, Weimar MR, Heikal A, Cook GM. Regulation of
proline metabolism in Mycobacteria and its role in carbon
metabolism under hypoxia. Molecular Microbiology, 2012,
84(4): 664—681.

Hoffmann T, Bleisteiner M, Sappa PK, Steil L, Méder U,
Volker U, Bremer E. Synthesis of the compatible solute
proline by Bacillus subtilis: point mutations rendering the
osmotically
Environmental Microbiology, 2017, 19(9): 3700-3720.
Mahipant G, Paemanee A, Roytrakul S, Kato J, Vangnai AS.

controlled proHJ promoter hyperactive.

The significance of proline and glutamate on butanol
chaotropic stress in Bacillus subtilis 168. Biotechnology for
Biofuels, 2017, 10(1): 1-14.

Dandekar AM, Uratsu SL. A single base pair change in
proline biosynthesis genes causes osmotic stress tolerance.
Journal of Bacteriology, 1988, 170(12): 5943-5945.

Omori K, Suzuki SI, Imai Y, Komatsubara S. Analysis of the
mutant proBA operon from a proline-producing strain of
Serratia marcescens. Journal of General Microbiology,
1992, 138(4): 693-699.

Faiza B, Halima ZK, Nour-Eddine K. Physiological
responses of salt stress and osmoprotection with proline in
two strains of lactococci isolated from camel’s milk in
Southern Algeria. African Journal of Biotechnology, 2011,
10(83): 19429-19435.

Zaprasis A, Brill J, Thiring M, Wiinsche G, Heun M,
Barzantny H, Hoffmann T, Bremer E. Osmoprotection of
Bacillus subtilis through import and proteolysis of
proline-containing peptides. Applied and Environmental
Microbiology, 2013, 79(2): 576-587.

Zaprasis A, Bleisteiner M, Kerres A, Hoffmann T, Bremer E.
Uptake of amino acids and their metabolic conversion into
the compatible solute proline confers osmoprotection to
Bacillus subtilis. Applied and Environmental Microbiology,
2015, 81(1): 250-259.

Amezaga MR, Booth IR. Osmoprotection of Escherichia
coli by peptone is mediated by the uptake and accumulation
of free proline but not of proline-containing peptides.
Applied and Environmental Microbiology, 1999, 65(12):

5272-5278.



XIEEF | WMWY, 2021, 61(11)

3361

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

Chattopadhyay MK, Kern R, Mistou MY, Dandekar AM,
Uratsu SL, Richarme G. The chemical chaperone proline
relieves the thermosensitivity of a dnaK deletion mutant at
42 degrees C. Journal of Bacteriology, 2004, 186(23):
8149-8152.

Wang YB, Miao JL, Jiang YH, Liu FM, Zheng Z, Li GY.
Roles of proline and soluble sugar in the cold-adaptation of
Antarctic ice microalgae. Biotechnology Bulletin, 2016,
32(2): 198-202. (in Chinese)

FELUR, Sk, LA, X078, B, Pk, A
TR T A A T A K S AR S WAL P AR T A
FEAREIR, 2016, 32(2): 198-202.

Zhang L. Reactive Oxygen Species homeostasis and proline
catabolism. University of Nebraska, 2015.

Krishnan N, Doster AR, Duhamel GE, Becker DF.
Characterization of a Helicobacter hepaticus putA mutant
strain in host colonization and oxidative stress. Infection and
Immunity, 2008, 76(7): 3037-3044.

Liu YX, Cao LL, Dou SJ, Wang XL. Study on biosynthesis
and antioxidant activity of proline produced in vitro by an
oxygen-tolerant bacterium with soy isoflavone
bioconverting activity. Journal of Hebei Agricultural
University, 2020, 43(4): 36-42, 48. (in Chinese)

XIEEE, M, TR, 544 KERERITFHREL
T AR TR 46 5 728 A i 220 1R A A1 3R AR B LA 4 AL T MR F 5T
AL K222, 2020, 43(4): 36-42, 48.

Smith DA, Parish T, Stoker NG, Bancroft

Characterization of auxotrophic mutants of Mycobacterium

GlJ.

tuberculosis and their potential as vaccine candidates.
Infection and Immunity, 2001, 69(2): 1142-1150.

Rachman H, Strong M, Ulrichs T, Grode L, Schuchhardt J,
Mollenkopf H, Kosmiadi GA, Eisenberg D, Kaufmann SHE.
Unique transcriptome

signature of  Mycobacterium

tuberculosis in pulmonary tuberculosis.
Immunity, 2006, 74(2): 1233-1242.

Lagautriere T, Bashiri G, Paterson NG, Berney M, Cook GM,
Baker

pathway in Mycobacterium tuberculosis through structural

Infection and

EN. Characterization of the proline-utilization

and functional studies. Acta Crystallographica Section D,
2014, 70(4): 968-980.

Cheng ZH, Lin MQ, Rikihisa Y. FEhrlichia chaffeensis
proliferation begins with NtrY/NtrX and PutA/GIlnA
upregulation and CtrA degradation induced by proline and
glutamine uptake. mBio, 2014, 5(6): e02141.

Caudill MT, Budnick JA, Sheehan LM, Lehman CR,

[75]

[76]

[77]

[78]

[79]

[80]

(81]

[82]

[83]

[84]

[85]

Purwantini E, Mukhopadhyay B, Caswell CC. Proline
utilization system is required for infection by the pathogenic
a-proteobacterium Brucella abortus. Microbiology: Reading,
England, 2017, 163(7): 970-979.

Nakajima K, Inatsu S, Mizote T, Nagata Y, Aoyama K,
Fukuda Y, Nagata K. Possible involvement of put A gene in
Helicobacter pylori colonization in the stomach and motility.
Biomedical Research: Tokyo, Japan, 2008, 29(1): 9-18.
Schwan WR, Wetzel KJ, Gomez TS, Stiles MA, Beitlich BD,
Grunwald S. Low-proline environments impair growth,
proline transport and in vivo survival of Staphylococcus
aureus strain-specific putP mutants. Microbiology: Reading,
England, 2004, 150(Pt 4): 1055-1061.

Schwan WR, Wetzel KJ. Osmolyte transport in
Staphylococcus aureus and the role in pathogenesis. World
Journal of Clinical Infectious Diseases, 2016, 6(2): 22-27.
Alreshidi MM, Dunstan RH, Gottfries J, Macdonald MM,
Crompton MJ, Ang CS, Williamson NA, Roberts TK.
Changes in the cytoplasmic composition of amino acids and
proteins observed in Staphylococcus aureus during growth
under variable growth conditions representative of the
human wound site. PLoS ONE, 2016, 11(7): e0159662.
Halsey CR, Lei SL, Wax JK, Lehman MK, Nuxoll AS,
Steinke L, Sadykov M, Powers R, Fey PD. Amino acid
catabolism in Staphylococcus aureus and the function of
carbon catabolite repression. mBio, 2017, 8(1): e01434-16.
Cleaver LM, Moazzez RV, Carpenter GH. Evidence for
proline utilization by oral bacterial biofilms grown in saliva.
Frontiers in Microbiology, 2021, 11: 619968.

Christgen SL, Becker DF. Role of proline in pathogen and
host interactions. Antioxidants & Redox Signaling, 2019,
30(4): 683-709.

Liu W, Phang JM. Proline dehydrogenase (oxidase) in cancer.
BioFactors, 2012, 38(6): 398—406.

Liu W, Hancock CN, Fischer JW, Harman M, Phang JM.
Proline biosynthesis augments tumor cell growth and
aerobic glycolysis: involvement of pyridine nucleotides.
Scientific Reports, 2015, 5: 17206.

Guo L, Cui CH, Zhang K, Wang JX, Wang YL, Lu YX,
Chen K, Yuan JF, Xiao GZ, Tang B, Sun Y, Wu CY.
Kindlin-2 links mechano-environment to proline synthesis
and tumor growth. Nature Communications, 2019, 10(1): 845.
Ding ZB, Ericksen RE, Lee QY, Han WP. Reprogramming
of mitochondrial liver

proline metabolism promotes

tumorigenesis. Amino Acids, 2021: 1-9.

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



3362 Yuxia Liu et al. | Acta Microbiologica Sinica, 2021, 61(11)

Research progress in proline biosynthesis, degradation and
function in bacteria

Yuxia Liu'"?, Shijuan Dou', Xiuling Wang'"

! College of Life Sciences, Hebei Agricultural University, Baoding 071001, Hebei Province, China
* Cangzhou Medical College, Cangzhou 061001, Hebei Province, China

Abstract: Proline with strong hydrophilic property is the only sub-amino acid being used for protein synthesis. The
function and mechanism for proline has been extensively studied in plant. Proline is not only an osmolyte, but it
also has important roles in scavenging reactive oxygen species, acting as a signal molecule to regulate growth,
development, proliferation and cell death in plant. Recent studies have demonstrated that a proper amount of
proline plays important roles in bacterial cells. The biosynthesis, degradation, intracellular and extracellular

transport as well as the function of proline produced by bacteria were reviewed in this paper.
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