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Mechanisms of Priestia endophytica promoting the growth and
2-keto-L-gulonic acid biotransformation of Ketogulonicigenium
vulgare in the co-culture system
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1 College of Food Science and Engineering, Inner Mongolia Agricultural University, Hohhot, Inner Mongolia, China
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Abstract: [Objective] The effects of the helper strain (Priestia endophytica) 1-112 on the growth
of Ketogulonicigenium vulgare and the biotransformation of 2-keto-L-glonic acid (2-KLG) remain
unclear. In this study, we cultured the helper strain in different media to study the mechanisms of
the growth- and 2-KLG biotransformation-promoting effects of the helper strain on K. vulgare.
[Methods] We used different media (minimal, mixed, and fementation media) to culture the helper
strain and investigated the effects of the strain on the growth and 2-KLG biotransformation of
K. vulgare. The differently expressed genes (DEGs) and associated metabolic pathways in the
helper strain cultured in different media were analyzed by transcriptomics to screen the key factors
in the co-culture system. The effects of key factors on the growth and 2-KLG biotransformation of
K. vulgare were evaluated to explore their roles in the co-culture system. [Results] Strain 1-112
cultured in the minimal medium lost or reduced the ability to promote 2-KLG production, while it
retained the ability to promote the growth of K. vulgare. This result indicated that the helper strain
promoted 2-KLG biotransformation through two distinct mechanisms. There were 1 859 DEGs in
strain 1-112 cultured in fermentation medium in comparison with the minimal medium, and the
DEGs were significantly enriched in the pathways such as nicotinate and nicotinamide metabolism,
carbon metabolism, arginine and proline metabolism, and amino acid biosynthesis. In addition, the
helper strain cultured in the minimal medium containing some key factors could restore the ability
to promote 2-KLG production. Glycine, proline, biotin, and nicotinic acid were found to be
essential for promoting K. vulgare growth, whereas glycine, threonine, biotin, and nicotinic acid
played critical roles in enhancing 2-KLG biotransformation. [Conclusion] The helper strain
promoted the growth and 2-KLG biotransformation of K. vulgare through different mechanisms.
Keywords: 2-keto-L-gulonic acid; Ketogulonicigenium vulgare; co-culture system; Priestia
endophytica; transcriptomic analysis
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0.2, K,HPO,4 6.0, KH,PO, 4.0, 120 °C | K B
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Figure 1

The effect of helper-strain cultured in different medium on the growth of Ketogulonicigenium vulgare

(A) and 2-KLG (B) biotransformation. *: P<(.05, indicating significant differences.
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Porphyrin metabolism - @
Glycerolipid metabolism -
Citrate cycle (TCA cycle) -
Alanine, aspartate and glutamate metabolism -
RNA degradation -
Histidine metabolism -
Pentose phosphate pathway -
Methane metabolism -
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ABC transporters - DEGs_number
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Carbon fixation in photosynthetic organisms - @ 20
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Phenylalanine, tyrosine and tryptophan biosynthesis - —
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Carbon metabolism - [ )
Nicotinate and nicotinamide metabolism - ©
Novobiocin biosynthesis - )
Taurine and hypotaurine metabolism - °

0.6 0.8 1.0
Rich factor

E2 ERFTIEER
Figure 2 DEGs. A: Volcano plot of DEGs; B: GO annotation of DEGs; C: KEGG enrichment analysis of DEGs.
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(NADH #l NADPH), Xf 2-KLG Ay & 2 & H
B eI, AR BRI AR P i
IR BR K A A P A R A G S (U0 glycolysis/
gluconeogenesis) LA I & TG IR 305, AU
SR H SRR S E AN, WO K. vulgare
PRAE T R R AR Y, SRR AL
77 2-KLG. WA, fEIRG AR, MAEY
Z A AT REIE B T8 A B B AR A A A A AR
FAREX, HEMIFE 7 A 5 PR T 85 R M LA AR 1S
B R R AR =Y, JE T LaREE gL, HEm
P A TR AT B8 38 2o 30 YR A A 2 R
RETEAL G, T3k 28 R AR B 7R S A 25 P
P L AR R T A TR B A R R AL
T R A AR

EAMNFREN, K vulgare & IELTR G W&
AR, SRz HEARR . 2RI AR 5
T IR A BT ) G R A B L% o
R R BRI B, BEAS S MUTT 3 M X L
T AR, DT AR = R A A e
LIRS E TR BT AL 25 7K 7 AT S e 1A
B KOF, SRR DG Y KA =, (et
2-KLG Wm s, wltn, FEARRISGFR A0
T, A AT RO 2 IR AR AR K AR pH
Ak, SRR A % SR O it 1Y) e 3k LA
VRS R (M (Va3 P e b S N
TR 222 TR A A AH DG 38 2 1Y) Bk R 3R 3Rk 7K
ARERL, G S5 HENS SRR
A Wl 2 B2 AR 15 38 B (arginine and proline
metabolism, ko00330. 19 P22 FHEH); 7E4H
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AR BRI I R 1 2 A OAE Y
¥ # & % & PR (phenylalanine, tyrosine and
tryptophan biosynthesis, ko00400, 16 4~ 573k
PRl); DA SR A% I8 R 2R 1 5T ) A 0 S o A
FH 0 H 2012 F0 95 24 B2 X 1T 3 2% (glycine, serine
and threonine metabolism, k000260, 19 />
FEPNAE . LREEIRRY], MEA TR KRB FR5E
vt bR A BRI AR, e E SRt
ey, AIRe IR SRR R R E BT R R AL
PR PR SR

BT IEARRE AL, KRB R PR
¥ A TR A R 1R AT 19 B AR 0T 38 B 5 NADY/
NADP& B G JE PR ) R I I 3 25 Rk
EAMRIEEMH, K vulgare A H BCHHRALEEE,
= 22 OCEREET I B9 Mk A RE T, WK
R A T B Ah S PR B 4R At A ) o B 4 it
ST DA A K F 2-KLG B9 A& Rk,
Ho A1 45 4 ) 2 (biotin) . AW 2 (nicotinate) . 72
fii (pantothenate), #i i F £ B A (thiamin
diphosphate) 25201 48 5 /40 Ik e 7 200 Jtd PN
4kl NAD'/NADP", J&4H K& A b iy
¥ i al PR AR NADP) A b 1L AL i il
(sorbosone dehydrogenase, SNDH) fi*) 5§ #ff if§ ,
L AL 1 K- TS e i R AR TS M B
A TR 38 2k R R TR R T A I A B, M 5
NADP) W& SRR, Ry e i He 78 12 i 4
B, MM HE T SNDH 36 ¢, i — 4 i it
2-KLG M BaeE,

e LRt s, e X S fChis AR
A R R EL 2-KLG Al E RGN R . Kl
B FRIEOE T AR R TR R G A A R
AR . R A YA S R e A =
U S AT B, 8 B L T R TR
PR AR DGl 2R 3K S A B OGS I 1 45 Z A A
HAMILE], AECVRES K. vulgare B ELE, N
HAKH 2-KLG MDA et RGPk R
— 7, fEAEREES EE A SR SRR A N
BENS A N K. vulgare Toik B F A WL O 75 & &

2, I Bh M a) 4 ot A2 4 ¥ AR 2 K vulgare,
MNTTAME: K. vulgare TR BACEBFG . o5 —
T, AR B A B b 3R B AR e
e, Al o i, AU R B S RE R
oK, WREIN K. vulgare LN AR . £ k4
fitg A S5 CHERRCE S HAZ O
BT MeAh, FEAR T TE 5 R R 4E AR = AR
T P AR, AR I R TR R B A £ i B
AT NADPH, RS H SR K 7, Jf
&34 K. vulgare, “NH: 2-KLG A M B H 94
3R T 5 R e AR AR 00 B ) il SR
224 AEIEFEEFNFERQEBFHE
EF RIS KRR

WL, K. vulgare AU = Z A 1,
i 2 R e BRI A ) U A 1) S B R, T
P2 TR T L A% B Sy 52 ) IR R A R R
TEIRF R BEARZR T, AT ) K. vulgare
PRALFLTCTE [ 3G B SR o R OB Cas
Yy, AECVRES K. vulgare N ZFER G RS . #F
WA iR AR N H A 22 2% A i v SC B L A
BGPTSR B, N ITEE K. vulgare 1Y
R I 2-KLG A R AR TR A A O R
O FE IR . B SRS R T, BGE
BB UGS K. vulgare, ANUEMZEIAL
WA, A BT S AR R S, A
FFR B, TR AR BN SR A b B SR AR A TR 22
SEFRGAFEN FEEET 116 KACHHE K, K
W R AR A rE At 14 %, Rl AgEA:
FACEAROCI B 11 5% TR SR, Tl
M2 . HaEmR . HERR LS5 @R X R
BRI A2 K 2-KLG A LA SCSEE DY, 7e %6
W 544 Z AU M2, Eme . iR .
R A2 REZOHEE- . BT LR
WS 50, BN 6] 35 R 2 5 1 T A AR T
Xt K. vulgare WISZURALE] , AR AEAT 14
A TR AE 2 R R A QG 5 ol DA 1 N 4 2 R AR A G
(A% Ui B rh 1) BN AR (R 1),
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=1 FERFGHE TR KREE
Table 1 The key genes in amino acid and cofactor metabolic pathways
Pathway description Gene ID Gene Up/down Gene description
Proline metabolism  M4D59 RS11520  proAd Down Glutamate-5-semialdehyde dehydrogenase
M4D59 RS16220  proC Down Pyrroline-5-carboxylate reductase
M4D59 RS19460  putB Down Proline dehydrogenase
Glycine, serine and ~ M4D59 RS00580  serC Up 3-phosphoserine/phosphohydroxythreonine transaminase
threonine M4D59 RS19280 thrC  Up Threonine synthase
metabolism M4D59 RS19285  hom Up Homoserine dehydrogenase
M4D59 RS22630 gevPB Up Aminomethyl-transferring glycine dehydrogenase subunit GcvPB
M4D59 RS22635 gevPA  Up Aminomethyl-transferring glycine dehydrogenase subunit GcvPA
M4D59 RS22640  gevH Up Glycine cleavage system protein GevH
M4D59 RS22645  gevl Up Glycine cleavage system aminomethyltransferase GevT
Biotin metabolism M4D59 RS07795  bioD Down Dethiobiotin synthase
M4D59 RS07800  biol Down Pimeloyl-(acyl-carrier protein) synthase
M4D59 RS13820  BioY Up Biotin transporter BioY
Nicotinate and M4D59 RS01045  ppnK Up NAD kinase
nicotinamide M4D59 RS01555  surE Up 5'/3'-nucleotidase SurE
metabolism M4D59 RS02220  pncB Up Nicotinate phosphoribosyltransferase
M4D59 RS02225  nadE Up Ammonia-dependent NAD(+) synthetase
M4D59 RS03835  deoD Up Purine-nucleoside phosphorylase
M4D59 RS03925  cobB Down NAD-dependent protein deacylase
M4D59 RS06595  pncB Up Nicotinate phosphoribosyltransferase
M4D59 RS16135  punAd Up Purine-nucleoside phosphorylase
M4D59 RS17155  nadD Up Nicotinate-nucleotide adenylyltransferase
M4D59 RS17460  nadA uP Quinolinate synthase NadA
M4D59 RS17465  nadC UP Carboxylating nicotinate-nucleotide diphosphorylase
M4D59 RS17470  nadB UpP L-aspartate oxidase
Lipoic acid M4D59 RS00645  IplA UP Lipoate-protein ligase
metabolism M4D59 RS16580  lipM UP Lipoyl (octanoyl) transferase
Folate biosynthesis ~ M4D59 RS03640 DHFR  UP Dihydrofolate reductase
Isoleucine M4D59 RS03610  ilvD UP Dihydroxy-acid dehydratase
biOSYmh?SiS and M4D59 RS16375 E1.4.1.9 UP Leucine dehydrogenase
degradation M4D59 RS16355  bkdAl  UP 2-oxoisovalerate dehydrogenase E1 component subunit beta
M4D59 RS02720  Ipd uUP Dihydrolipoyl dehydrogenase

TEYEAE R C LR AR I E DA I T
K. vulgare /5 R 75 4 A= Z AR 25 A7 A6 0 3
Beps, HAEAWR . MR L IR 5 ) B i AR
5 A AR R R S RPN Pl g LA S R
) B R 4EA R G R AR, Al A E RN
K. vulgare FEHEA K T 00T 0 A ) 3R 45 G HE A 1,
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NIy Z R SR A (o R a3 o= e
AR B A R A SR (dihydrofolate reductase,
DHFR)ZE [H 218 L, BG9R 1 DO iR 09 & Ak
K HA B —me A, M R 5 &R
MG, ART - REAR & 2-KLG R &,
T K. vulgare A S RICHHIREA TR, =
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IR ah J A5 O B R L TIC o I TR AT RIA I
& M % (dihydrofolic acid, DHF) 1 Y & M- iz
(tetrahydrofolic acid, THF), 254 £ A= B ok
HNREIREE P AL RS R, MR TR
I iR R AT A AT I R R R T A ) e A
2-KLG /=4, H Leduc 255, X Ffrd9
SR K. vulgare &K TR B9 FEA K F T
Z—s

TER RS SR P R SR PR AR TR, HE Ipld A
lipM FER B 2% FRRGA, sk T BF IR 1 A=)
G, MImAEHE K. vulgare W . HRIE SCHRR
i, BERRMA B 2 Mg (1) WIEG R
7, MR D7 R A R AR 7 AR AT R W AE Ry
B, 32 bR B RS UG (LipA) Fl A 15 5
W% B (LipB)Y L 5E . (2) ANEFI kAR, LU
SN TR N R, 8 o R AR 1 I
(Lpl AR I B g 1 B Bie iR A
K. vulgare SHEA R IR & KA R P HA
HEAEH, 5 K. vulgare /i TR G RS ) O 4
SEH L WA PR S HE— 2SR, R FR IR
Z AN IR ~E IR ] eV K. vulgare B TR
A, AXF 2-KLG B 7™ R e $2 AR A RR .
BRI T MR SRR A R R, R
X K. vulgare B SFALRE T IS HEAERT, WT
REIE AN ] A AR AL A R S B

TER TR A, PRI bioD HI biol Kk
RIZIE N, T bioY MYRIE LM, X —FRIkH
AR, 7EYEIREE P A RAEN L, Hbk
i I WA S, LS S IR R BT R Y
PG AR, DN sk S 7 A R 5 i I AR
AL ERRER AT . Al-Ssum “F2F 58 % 31
A= W) 2R Bk = AT RE S e LK ZF 46 AT T (Bacillus
megaterium) " C A A R A0 AN R R R 1k
WA 6 P, R T S EOIR A sz B, T R A K
WG T BRI g IR A A
KANZFEAIE M PR, AR TR Y 3k Ao ] 5 HTL 1
AMUA BT 4R A B AR RS, &l
T R I I 9138 2o 3508 2 55 200 D S A R T P ik

e R, KBHBER R RBERR T, fERh™
PR TR AT B4R I A W) 2R, A RO 5™ R
PR R A I PR B 3 PR S AR RE D, DN
2-KLG =TT

TER WL SR Herh, AR ppnK . surE |
pncB. nadE. deoD. punA. nadD. nadA.
nadC Ml nadB EF N FHE B E LM, Wik T
NAD'/NADP & S5 ALRE ), WA
P 30 0 7 K ) R A T 5 R Y AL AL T
W SCHF . AR AR 7S 2 NAD & ) OC 4
HI 42, 1 NAD (U Bt i B BR e — R0 TR A A
o BN R A, 7ERE AR . A AR R
S0 B At Z2 A A B sk A vh A 2 OC H B A
FHMY, 20T NAD A i 8 AR 2 253815 .
—J& M3k (de novo) & WLk 42, W nadB. nadA.
nadC. nadD %525 Pk A BORTRE B OCEEHHiE I
SERC; & kb KL 1% (salvage pathway), HiHo
pncB G i 1 K R B B2 A% HE % #% i (nicotinate
phosphoribosyltransferase) 2 5 8 4E FH . nadE %
K4k NAAD 4 i NAD*, 25 k& ik
RIZIL RN, R T3R5 NADRhRGE T
(B 25 B BRI T RRAE R AR R T 4
Ho7e LR XS K. vulgare B AUR TR G EHE
4 NAD*E{ NADP i AN R B, 7] g5 i G
fitt SDH 11 SNDH HfEAL IS PE 5RCR, HEIF:3L
2-KLG 7=t R,

PEAE B ivD . E1.4.1.9. bkdAl # Ipd 5
TER R SR Rt Ll RE, R RE R
M6 05 B s . — i, AR
A S SE IR, AL IRAN IR TR N S R
(35 FRIR I, DT DR 2E 7 IR T 1 A2 A 2-KLG
MR 53— 5T, S 2 TR o B fig 2k il &
MR e A SIEFAMEEE A, A —DRFRIE LA
PEfbagt, &y 2-KLG M4 it B AL 0s BEAY AR
RSN . Ak, CmEEEE A KV R SR T —
SR T 2-KLG & BUOCHESEH sdh Fl sndh 13
ik, HAEMESH T 2-KLG WIS Ra e, HAk,
serC L R IRE I 22 AR B o hom 5
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thrC JER R L, fRIEINEIR 5 & 22 A TR
HE AL, JHE R ZR Y&l 7 E R
it — i AR M2 &R, miHERS
22 RN Ry — B A b — Rl B F R A
S 5IREERN A G, ik, HEmR .
TR . 22 2R N 75 IR ) n] B Ak — R IR G
Wrp Rl =y, F TR A AR A Y B
WA AE Y3 T K vulgare Bt Z 52 R FR R
M2 FVH 2R 5 Ul R GE, AR A R A A
BIR A B R AL A B AN T X — BB, B A Rk
B & FER B K. vulgare K FIH UL LA K S
Rt FEE, 8T H &R R S (glycine
cleavage system, GCS)HY gevT. gevPA. gevPB
goevH FERTE K Wb R 5L 15 20 FRSRIA . GCS
A T A 2 e 5, ik P
FEACHARNRE) ., HEAGERED). THE
(2 T I R A RS i) R L AR 1 (S T
fity) 4 AL, DT T &R AE R CO,. NH;
11— Bk B 437 (5, 10-methylene-THF), 2 5 |
W I S5 A% IR B WL DA R i s A 4 A R AR
FEPOS 5@t GCS YIS LS B H &R —
R B Z 18] 1) B A7, AU H TR & iR
TR, © 2 54U E R FA, A
1M 52 7 DNA & il e 960 58 Bl 45 OC 5 A= 3 2
PR B FRBR M AT, H AR T IR A
RIFEAORIE R AR, defe i K 57
HRPY, BAh, BEEEERN, HE BRI
A Yt (gevP M gevD ) B S B, Al A
WERTEIREE, R RR AL (AR,
SDH #11 SNDH f5idi J2 )i pH 74 8.0 2247, 1E
pH it B2 Pk BR858 o — 3 96 Tk AR AR PO Rt
GCS 1 IRk A B 38 o y= & 855 R S i n
55 pH, 44 SDH 1 SNDH 3% 2 Fh 56 5 iff (1) 7%
PE, MR L-th A 7] 2-KLG B 835 Ak 4 it
16 LY pH THOAEE

5 FlAHR, TEkmER gAY, AR
prod., proC Fl putB JEPR FIk L[ N, iR
T2 f AT 3 09 & AR B Z2 A% O I RE
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HAB M2 S . BRI E DI, kA
PR SC Y 0, 2R mT a0 Ak At e
R A ProDH/PutB fifk, 245 A'-NiE S Bhk-5-
IR (PSC) A LAY R ik A = FRIR ¥ (TCA),
HRERACHHR ALY, S BRI AN AR A L
PR, TR, e 2 — A I R
o), fEmB D, ERE ] PutBCP #
I\ (0 dh PutB TEPE)IE I NI IR L R, LU
YR s P . By (b AR K, AL
TR L 2R £ e e 1o 92 3 i Bt ek, A
JERZ A, I R A T I T T S (ROS) Y
PR S IRE R S 0 20 R Ak 0 I P T 52
BB, PRI, i v S e 9 98 3 R
AALRET), HERREEN KR R I RE M
2.3 SNEIRINI R ZE R AR IEFEIE T
H X K. vulgare £ K0 2-KLG ¥%1LHY
A

T e A B 37 B vp B 9% 09 P8 2R T RE 98 £ iF
K. vulgare WK, (HARESE & 2-KLG M & .
AT HAR AL, KRB IR EE P A o
NE XK E ORI, Zhang S5 0 F K I

S 2-KLG AE 771 40 Fh 25 HE1 T R G055

Pr, KM2RZR . HER . HEAR. MR .
JRFR AN A=) 22 & 52 ) B. megaterium 5 K. vulgare
RAREFIKA T K. vulgare =K H1 2-KLG 7= &=
{95723 5 A R /T (I = 1 i N L S e
BRI K. vulgare B9, TiTHIRSE PR 7450 S P 0K
g 2-KLG Mg feid e

TE VS N AS T[] O B PR 7 1 B A 9% 33 ik vy
K. vulgare 1] ODgso [HZ L UNIE 3A i~ . H57E
AR DG HE DR 1 e A G 3R B R 0 AE AR TR
L, fEdMH R . R . AR R
M2 ) FEA B IR L P IR PR AR T, BB B R ik
K. vulgare B4 (P<0.05). 7EWINH 2R . 75
AR . Y F MR 0 B AR FR A, R
B R EER R BE L F R R 2-KLG [ &7 (9 3B,
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Figure 3  The effects of key factor on the growth of Ketogulonicigenium vulgare and 2-KLG biotransformation.

*P<0.05 indicating significant differences.

P<0.05), 3% 2 W PHAE T RE % 1) e e B 5
GRS O T, AT R R i 2-KLG #%1k
¥, K. vulgare "1, Hip, HER . &R, 4
Y E FRIR A AR U K. vulgare M1 )
R, i ERR . IR R . Az W) 2 R R )
PELE TR 2-KLG 2B 7 R 1 i Rk
— RS, TR K. vulgare ¥4k 2-KLG
FF AR a7 B aE i 2 i HAR RSB

W HZARE RN ER B FRHET
K. vulgare WA, Jf4Em T 2-KLG W%k,
ARV G AN I, H5MERE A ™

5,10-3F H 35 U SR 11 & A o6, B A T
LKW, APEH B RRBIREME I K. vulgare B
KA 2-KLG 7=, B, H&(iR rl g
b (2 A AR TR R A DT IR R B R, 2T
PEi K. vulgare M)A AN 2-KLG Y774

AW FHER AR S T K. vulgare WA
(151 3A), e T AFA A B T 2-KLG /97 i
(1 3B). AR HEER H 44 R By 2L Fh
A )R M R A B Y 6 T R, WP R R
RACEEFN SRR A RIEEES, BFE R, 1E
K35y IR (Escherichia coli) s AR Al S

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



2458

LI Na et al. | Acta Microbiologica Sinica, 2026, 66(5)

H( NAD FI NADP (', 1iif NAD Hl NADP
TER 2 A W) B AR SRR B TP R FE OGP E T o s
W HEWT, SN INAEY) R BURIR S, R4 TR
FARBEFE R PR E 2-KLG A P2 f1 K. vulgare "1
FRIAIL TR ] BE 2 A5 ) 2R B R T8 i G R AR T A
SRR, JFo E Z AR BRI
USR5 SR 0P AR AN BE B 2 A E
K. vulgare (A, (HEE R E 425 2-KLG W5
tbo tHEC, EBIEERR)S, A RBE R &5
= K. vulgare B K, (HAREIEUE 2-KLG 54k
(181 3). s, BT 2-KLG A= i fE BEfE
2 o HAE K. vulgare F1 B. megaterium 4%
FEHPIB B RE S LB, FEz IR A R
e, BHERR X K. vulgare )35 BRI HE A RL,
X HEE T2 K. vulgare AR BE N R
T LRGSR, Al 2 MR iR
K. vulgare 1 41 8 £ K 1 2-KLG B 1k . (1)
K. vulgare BRI FHAMEE NG H 212 . iz .
A2 W) 2R AV IR S5 ) o i AT A K BAE 7 2-KLG
(2) AR A B IR B b 9 W B s 7 AR A e H IR
F R AN K. vulgare WAE KRN 2-KLG
LR . TEIRG Al FEh, 31X 2 Ry AOfA7,
Hrp g —Fpor KT RETEIEHE K. vulgare AR AN

$ETt 2-KLG 1Y 7 4 T3 1 A 4% 5 0 o0 22 () A
(151 4),

3 &%

EN TR BUNE R d 3P S N RS
FEANRE A ¥ SR SR B R E WX KL vulgare
AR AL 2, & IR G KRR
PEA X K. vulgare B9 K AR FE/E A1 2-KLG
AR R ST AN AL L B . R
RNA-Seq F AR M B HEAS 1 95 BL AN & I 5 R L
TP R 22 AL 363k, JFXT DEGs #4714
FE DR HT o e e 3% 38 ol O P AR TR Y
A . LR AE Y B DL A 7 S 4 R
Rz ORISR B, A B ) K. vulgare $2
BT A AR . Uk IR A ), Il L
1% NAD(P)H FIfg 25 i 7, WL EAR
WHAMAZR, MIMTRAN K. vulgare ARG, A2
HEHAE R K 2-KLG W m s & . ik —2
3 2k AP RS I O BG5S 5 B ik T H A
MR . AR . IR A Y = Al 2 4 = AR
Kb K. vulgare 1) 2-KLG 7=, 12 R
X K. vulgare 20 55t 38 A B E o
— RS T AW R 3 K vulgare BN

—————
27 S

7/
4 .
7 Glycine

! 7
I . ] .
',' Threonine ! Threonine
I
1 1
H o s Vo
I Biotin i Biotin
1 1
i Nicotinic i Nicotinic
\ \
v v
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\ 4 \
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Glutathione

Folate Ketogulonicigenium

vulgare
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Figure 4 The probable pathway that helper-strain promoted the growth of Ketogulonicigenium vulgare and

2-KLG biotransformation.
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