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Abstract

The industrial production of vitamin C is based on the “two-step fermentation process”, in which
the second fermentation step relies on a co-culture system composed of Ketogulonicigenium vulgare
and helper strain to convert L-sorbose into 2-keto-L-gulonic acid (2-KLG), the direct precursor of
vitamin C. Increasing the concentration of L-sorbose has a positive effect on improving the conver-
sion efficiency of 2-KLG. However, previous studies have shown that high concentrations of L-sor-
bose strongly inhibit the growth and activity of helper strain, thereby adversely affecting the con-
version of 2-KLG. Therefore, the screening of helper strain tolerant to high L-sorbose concentra-
tions and the elucidation of their tolerance mechanisms are of great significance for achieving effi-
cient conversion under high-substrate fermentation of vitamin C. In this study, the helper strain,
Priestia endophytica, including the original strain YO and an L-sorbose-tolerant mutant strain Y31
obtained through screening, was used as the research object to investigate the genetic differences
between the Y31 and YO by comparative genomics approaches. The results showed that, compared
with the YO0, the mutant strain Y31 exhibited no significant morphological differences but was able
to tolerate up to 15% (w/v) L-sorbose. The genome length of YO was 4,442,862 bp, encoding 5572
predicted genes, whereas Y31 possessed a genome of 4,437,048 bp with 5556 predicted genes. Com-
parative genomic analysis revealed localized chromosomal variations in Y31 relative to the paren-
tal strain YO, primarily concentrated within the region from 3,026,400 bp to 3,034,400 bp. In addi-
tion, strain Y31 was found to have lost plasmid P7 compared with Y0. This plasmid harbors multiple
genes encoding proteins with unknown functions. It is therefore inferred that the identified chro-
mosomal mutation region and the loss of plasmid P7 may be responsible for the enhanced tolerance
to high L-sorbose concentrations observed in the Y31.
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1. 51§

de R C B KEEHE(Two-step fermentation process)SEHL T 442 C JRHERTA 2-FR%E-L-i5 IR (2-
KLG) ISkt [ 1] % 1 2 5 0 RO HH 7= i 7 1 W5 R B (K etogulonicigenium vulgare) FIAEA B 41
RSB TR RTE 2] K. vulgare VERIZOFALE, BRI SER L-ILAYE M) 2-KLG AN, =
AEFEFA N HAK LA TA IR . AR BAEES S 2-KLG BN, (@ N rFE
Ji~ RAEFREAEYIEEIR, RAN K vulgare IR RS IIGR S, [FIET 85 Hpr b RE 71, T iE PR
XPERRAIINEI[3], LI B R SR . TAAFE, & PASRSUR S R (Pseudomonas striata) [4]+
E R ZEAINT 1 (Bacillus megaterium) [5]~ WEFE ZEFUAT & (Bacillus cereus) [6]~ 75 % 2F HUF & (Bacillus thu-
ringiensis) [7]~ ZhZLE#RE(Rhodotorula mucilaginosa) [8] X% Vg3 25 5 ¥ il B (Xanthomonas maltophilia) [9]55
YERNTEAER, 5 K vulgare 1RE KEE, SEBL 2-KLG 1@ &84k

e JER VDU FE T 1 1o R A S A AR R, (R AE — s R . AT i 46 R s, L-1h 3
FEXT A o A s 2 S E . 3 —2B52m 2-KLG MHE1b . Ik sSRAF I ik B L-11 B0 £ A B Tt 5
LT B2 LB A L- Ll AR VA FE SRR A () Al ASIE 70 DURE AR B, R0 N 28 2 fEAT 11 (Prriestia endophytica)
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JEURRR YO LI L-1li A8 7= AR KR Y31 Xt R, A B R H 22 BRI TE T L- 1 B0 AR 5
RIRAEZEBRDK T LIS, RIRRINE— 50 7 BUs R it sl

2. R
2.1. iRIEHBE

JRUEAEAE B P. endophytica YO FI L-1L A4HERAS LR P. endophytica Y31, ¥URAFT WS ALK
SRR S TR B f ah A AR TR GE A .

2.2, FEIEFH

REERE IR (g L") L-1hZ4HE 80.0, £ KK 15.0, JREK 12.0, KH,PO41.0, MgS047H,00.1, CaCO;
5.0, 10ppm FeSO4 0.1 mL, pH 6.7~7.0 (L-tLZYMERIIR 350 T K1, HAhREFRE S o 1R AR5 pH 5
IINBRERES ) o

15% L~ L0 ) R BB 92 5 (g LY : L-1L ALK 150.0, £k 15.0, JRE 12.0, KH,PO, 1.0, MgSO4- 7H,0
0.1, CaCO3 5.0, 10ppm FeSO40.1 mL, pH 6.7~7.0.

2.3. i L-LUEEES A B S ERHEM A KHFELE R

K —80°C UKAR HH ORAF RV BRI PR 20 T i A 2 [ A 15 TR BE ARG IR 2k, ] AT AR S IR R R T 29°C
HEEIR 1A EHTREIEE, WA IREET 29°CR SRR 24 h Fl T WA KR

24. LWEBERBFOH

K ORIBUI) TR MRS A0 S5 3 D T R I B IR R v, 29°C L 180 r/min 1% 15 77 22 X HUH(ODgso 4 0.8~1.0),
T 4°C. 10 000 r/min T E5CoSCER R A 37 R RO VR JE i 2 i UM R AT BR 2 SR Tllumina
AR Y- 6 4 bR AR e A FE R H NP« R Mauve BT 3L R 3L A% 43 M 10], SR Show-snps
TR AT ANNOVAR #1110 5347 SNP Al INDEL #: AT S BEVER:, %8 ACT (Artemis Comparison
Tool) T H AT BRI AH 7 FIARAE LS 04T [12], RA ClustalX 58 2 /541 b3 I GeneDoc % b X} 45
AT AL SEAL[13], JE T NR %045 %[ 14] (Non Redundant Protein Database) SwissProt £(4# %[ 15] (Swiss-
Prot Protein Database) [16]. KEGG %{## % (Kyoto Encyclopedia of Genes and Genomes Database,
http://www.genome.jp/kegg/)« GO %[ 17] (Gene Ontology, http://www.geneontology.org/)» COG %# &
[18] (Clusters of Orthologous Groups of proteins, http://www.ncbi.nlm.nih.gov/COG). CAZy %4 [ 19] (Car-
bohydrate-Active Enzymes Database, http://www.cazy.org/) I D EEVER(E B, #E— D LA A& R 240 72 JE A
EREMZESR
3. ZRE S
3.1.Y0 5 Y31 WARRSERETS

TSR YO A1 Y31 HIII S HEVETEASEH, PR FEE RS ERES N A A B R, R
WIHFERENE, LHES, ARt LHEESE D.
3.2. Y0 5 Y31 WEARE L-LLEHERE TR KISE

TR HIARE Lol B2 A K R 5 ABF 7R YO R Y31 A KA, 45 1 2 iR, 76 8%
B - BR T, Y31 EAERLEK. Y31 7E 15% L-thASs i K S YO 76 8% L-1L 344
FIFEA—5, BARMEINZHE .
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Figure 1. Colony and cell morphology
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Figure 2. Growth curve

2. HEcphzk

3.3.Y0 5 Y31 (WEREB S

3.3.1. EEHBER
ZAFERANFEH, YO IERAS 1 ZIPRGEAF 8 Nk, &4 5,292,425 bp, B G+CHE
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36.47% (K 3(a)). HAgetafhK 4,859,313 bp, GC & & 36.62%, 8 NHAIKELE 5052~107,159 bp Z ],
GC & & 33.82%~35.45%. Y31 BRI 1 LFRIRGLEARFN 7 ANk, =K 5,282,198 bp, BEHET YO0, A&t
G+ C &5 36.48% (4 3(b)). HYtaikK 4,859,547 bp, GC & & 36.62%, 7 MNFEKAKE M GC & EIEH
5 Y0 6N FRATE . Y31 82> YO [ P7 FiRi(10,461 bp, GC 35.45%). #BiAKE, —FHZOGEOMARIK
E5 GC FrEmE R, EEAES FEERETRNEESHR .
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Figure 3. a: The genome of Y0; b: The genome of Y31
3.a: YO RBHERES; b: Y31 RBEAHEER

3.3.2. BEFEEELM ST
BT Mauve AT YO 5 Y31 BOFER A HEATEESS, BFRHEILMESCR, S5R WK 4 Fras. YO #1 Y31
FARILLRNE BT, AR X380k A Rl b B o /s o

Figure 4. Whole-genome collinearity analysis
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3.3.3. SNPs 1 INDEL 3825 (i s 434
Y31 [#) SNP F1 INDEL il f1Zh eI B 45 0<% 1 Fis. 5 YO ML, Y31 K4 T Intergenic Variant.

Missense variant. Synonymous variant. Frameshif variant F1 Conservative inframe insertion 5 5 FPZRRY ) 547,

Table 1. SNP and INDEL annotation
% 1. SNP #0 INDEL ;3%

FHARR FEARRTY ALY
Y0002942-Y0002943 Intergenic variant MODIFIER
Missense variant MODERATE
Y0002942
Synonymous variant LOW
Y0003171-Y0003172 Intergenic variant MODIFIER
Missense variant MODERATE
Y0003171 Synonymous variant LOW
Frameshift variant HIGH
Frameshift variant HIGH
Y0003172
Conservative inframe insertion MODERATE
Y0004000 Synonymous variant LOW

3.3.4. EEEFIILERT

MHA ACT % YO 1 Y31 HBERABEATEON, 28R E 5 Prox. fERERHALFRZ) 3,026,400 bp =
3,034,400 bp (1) X [8] Py OhF 2B 3 e X 3K), ARE M T AL EL 5 2 BB P HI4hi, R
XA AR IS X o Z XI5k P T L2 AN S5 IR P B AR 25 (1 Y 0003169+ Y0003173+ Y0003175 J% Y31003167
SRR LU B, O A A e i R s B R 0 X S AR, PR X R W] BEAEAE

iR AR S B E R A5k
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Figure 5. ACT comparison
[ 5. ACT b3
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3.3.5. ZRFIEER
L ACT LEB BT KB, Yok 15848 X I 4L Fh 78 DL R B BE: >Y0.3026400-3033600 F1>Y31.3026400-
3033600, #H LA EF BRI ClustalX boxt, $27iZ X p gt 5 20k 48 PR AL 6).

YO0 3245
Y31 3248
YO0 3348
Y31 CCCG C 3360
GGTGACTCCCG CTCCCGTTG T GACTCCCGTAGCTCC GTTGTTCCGCTGACTCCCGTAGCTCVCGTTGTTCCGGTGACTCCCGT G TCCCGTTCTTCCGGTG
*
Y0 3385
Y31 CT 3472
TAGCTCCGGTTGTTCCG TT
3540
YO0 3476
Y31 3584
YO0 3571
Y31 3696
YO0 3666
Y31 3808
YO0 3778
Y31 3919
3882
4031
CTCCCGTGGCT GTTACTC TCTCCCGTGGCTCCCGTTACTCCGGTTGCTCCGGTGA1TCCCGTGqCTCCGGTCTCTCCCGTGGCTCVGGTTGTTCCCGTTACGCC
Y0 3976
Y31 4143
CG CCTGTGGCTCCTGCTG TGC CCTATAATCTGFCFACGTATCFCCCGT FCACTC FFATCCCACCT GCTATAT C TGCCTTCGTACGTCACA
YO0 4075
Y31 4255
4280
Y0 : @GET/eloufeleleleCyy—— —— - | C GCT‘ 4179
Y31 CTCCG| 4367
C GT GCTCCCG T G T C C GT TCC GT G TCCGGT TCTCCCGTG CTCC
YO 4262
Y31 " G 4479
CTCCGGTTGCTCCGGTG T C
4500
Y0 4357
Y31 4591

GGT CTCCCGTGGCTC"GTTACTCCCCTTGTTCCCCJFACTCCCFTTACTCCFFTTGCTC CTCCGGTGGTT CCGTGGCTCCGGTCTCTCCCG

Figure 6. Multiple sequence alignment

6. ZFFHILEXTE

3.3.6. EREFEDEEERE
T FIRBEREE R, 1507 A DR RS Bk 2 ok, Y31 5 YO 7E NR. KEGG Al Swiss-
Prot £(4f 2 H R R 45 SR 2R LI ZE R NR EREIR, YO H 5162 NMEEGERAER, M Y31 4 5152
KEGG JERE45 R YO 5 2797 ML, Y31 M 2795 ANSEIKl. 7F Swiss-Prot FdiE 27, YO HUVERE
93614, Y31 4 3609.

«—JE
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Table 2. SNP and INDEL annotation
% 2. SNP #1 INDEL ;3%

Sample  Total protein NR GO eggNOG KEGG Swiss CAZy CARD
YO 5572 5161 1191 4037 2797 3614 182 148
Y31 5556 5152 1191 4032 2795 3609 182 148

Table 3. Gene function annotation statistics

* 3. BEDREERGITR

L7 Kb e L[ ID 2 PSPl
Putative transposase InsK for insertion sequence element
Y0005556 IS150 OS = Escherichia coli (strain K12) OX = 83333

GN=insK PE=28SV =2

Protein rlx OS = Staphylococcus aureus OX = 1280

Y0005566 GN=rlx PE=4SV=1

Swiss P Transposase for insertion sequence-like element IS43 Imec
wiss Prot Y0005407 OS = Staphylococcus aureus (strain MW2) OX = 196620
GN=tnpPE=3SV=1

Uncharacterized protein Yqcl OS = Bacillus subtilis

Y0005558 (strain 168) OX =224308 GN=yqc| PE=3 SV =2
Y0005559 Uncharacterized protein YrkC OS = Bacillus subtilis
(strain 168) OX = 224308 GN =yrkCPE=4 SV =1
Y0005558 uncharacterized protein
KEGG
Y0005556 putative transposase
Yo Y0005561 DNA-binding protein
Y0005559 putative protein YrkC
Y0005560 peptidase M4
Y0005566 relaxase/mobilization nuclease domain-containing protein
Y0005567 hypothetical protein COI96_04800
Y0005562 Rep protein
Y0005555 hypothetical protein SAMNO02745910 01919
YO0005558 Yqcl/YcgG family protein
NR Y0005407 IS6 family transposase
Y0003168 hypothetical protein
Y0005556 Transposase InsO and inactivated derivatives
Y0005557 Transposase
Y0005563 hypothetical protein SAMN06296056 11737
Y31005201 hypothetical protein F8155 06250
Y31005383 IS6 family transposase, partial
v Y31005260 hypothetical protein
Y31005408 1S6 family transposase
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w3 3 fizs, Swiss Prot BUHEFEH YO 5 Y31 (01 5 DM ZEFIEK N YO ks A, 4099109 Y0005556.
Y0005566. Y0005407. Y0005558 F1 Y0005559. KEGG #u#i e UG 1 2 A= RE K, 58 YO 576,
43514 Y0005558 (uncharacterized protein) Al Y0005556 (putative transposase). £ NR ¥(di v EREH, YO0 4
B 13ANLJEZEFIERER, 25 0% BB G R 3 AN IhREIIRAIIZE R 4 4~: Y0005561 (DNA-binding
protein). Y00055609 (peptidase M4). Y0005566 (relaxase/mobilization nuclease domain-containing protein).
Y0005562 (Rep protein), FiEHEHIFR 11~ Y00055589 (Yqcl/YegG family protein), AENIHEEFERH 5
o Y31 A 4 MEJEEFRIERTRE, 70008 1S6 L FEREAHOCEE R 2 />, Rt F 2R 2 4.

3.3.7. FRAIELER

50 AL, Y31 ERTHHRL P7, iZFRIEARE N 4 s, 5 Y0 ML, Y31 K4 T Bk P7
(E, Bkl P7 BT 13 A3 Zhou Z5[201%F B. megaterium WSH-002 K H JFRi B 2 A7 4 B #k (1 F
FiR M, JiUkL pBMEL. pBME2. pBME3 (1) HlH B 15 B AR KOG R 720, 17 pBME2 5 pBME3 [f)
SR A A L- Ll AR R 2008 I 2-KLG =&, (HHE R b 2 30mis 8 A M DhRe U R ke, R
HATES 5 MoK i B IR R AR & 2 . Wang 2521 5% — R 7= 2-KGA [ K. vulgare SPU B80S T J&
A LRI T 8T, RIZ AR B — 2R PR Gt td, TORATAE, 8 b R 41 2 43 gk — 2B 5,
JFRL 2 (B R A2 %R R 2-KGA Ba I BB R & . RN, Bk P7 (125 28 LR e i 11 R i AR
S, BIRTREXT R Y31 I mpE R 52 4 7 A Tk

Table 4. P. endophytica YO0 Plasmid P7 Statistics
+4.Y0 AL P7 3t

JER 1D H N AR
YO0005555 hypothetical protein SAMN02745910_ 01919
Y0005556 Transposase InsO and inactivated derivatives
Y0005557 Transposase
YO0005558 Yqcl/YegG family protein
Y0005559 putative protein YrkC
Y0005560 peptidase M4
Y0005561 DNA-binding protein
Y0005562 Rep protein
Y 0005563 hypothetical protein SAMN06296056 11737
Y0005564 _
YO0005565 _
Y 0005566 relaxase/mobilization nuclease domain-containing protein
Y0005567 hypothetical protein COI96_04800

4. Z5ig

AT L E SRR C A7 0 — D R E " 8 b R RIR R R R 2 A TH P endophytica
(i Lol AR SZ AL BEAT R 7E . B T RE AR TR 7T 1 & L- 1l A48 52 R ABR(Y31) 5 R BR(Y0)lH]
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MR, SR ER, M L-Ih358 7 2-KLG R4k Y31 5REHE YO MIESEHME LR EZEZR, H3KE
T 15% L- 1L AAWES 5268 77 BRI T 51 SR TE T EL R B, YO IR ALK B 4,442,862 bp, gt L [A]
BEN 5572 4 Y31 HIEEEKEN 4,437,048 bp, ZmbdRE R EE N 5556 1. EIL LLRHE R 4 22501,
RO L-th A40E == R A8 R Y31, SRR YO ML, R Rk ER RS (R BRI AL R 4
AEFRZ) 3,026,400 bp~3,034,400 bp MIIX (A1 ). [FIEF, 5 YO AHLL, Y31 KA Tk P7 5K, N4
PRI HH = BT 52 11 2 R O e e ph b 0 )R 3038 s LA R R PT I &K
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