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Abstract: [Background] Due to the short time of discovery of methylotrophs, only a few genomes of
methylobacterium strains that can produce PQQ were sequenced. It increases the difficulty of study the
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genomics and biological metabolic pathways of methylobacterium. [Objective] The PQQ-producing
bacteria was screened and treated with various mutagenesis methods to improve the yield of PQQ. Whole
genome analysis of high-yield mutant strains was performed to provide sequence background information
for studying the molecular mechanism of PQQ synthesis and subsequent molecular breeding of
methylobacterium. [Methods] The wild-type PQQ production strains were subjected to ultraviolet rays
mutagenesis, nitroso-guanidin mutagenesis, ethylmethylsulfone mutagenesis, diethyl sulfate mutagenesis,
and ultraviolet rays-lithium chloride compound mutagenesis. The whole genome sequence of the mutant
strain obtained by mutagenesis was sequenced using the PromethION sequencing platform and the
MGISEQ-2000 sequencing platform. The assembled whole genome sequence was compared with the
model strain Methylobacterium extorquens AMI1. [Results] A mutant strain NI91 was obtained after 11
rounds of mutagenesis with PQQ yield 19.49 mg/L, which was 44.91% higher than the original strain. The
genome of the mutant strain NI91 consists of a chromosome of 5 409 262 bp, encoding 4 957 proteins.
Compared with the model strain M. extorquens AM1, it was found that the pgqF and pgqG genes that
relate to shear processing during PQQ biosynthesis were deleted. Meanwhile, the pggl was first
discovered in methylotrophic bacteria which has a similar function to the pgqF, and the sequences of
pqqC/D between the two strains were quite different. [Conclusion] This study provides basic data for
functional genomics research of the methylotrophic bacterium and the study of PQQ synthesis mechanism.
Comparative genomics between NI91 and the model strain M. extorquens AM1 provides a molecular basis
for revealing different mechanisms of PQQ synthesis.
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Figure 1 Standard curve for detecting PQQ
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Figure 2 Fermentation characteristics of wild strain CLZ (A) and mutant strain NI91 (B)
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TR & B CRISPR J¥41, k4% RNA (ncRNA)
MIEF A FFESEmiR, E#ELL RNA 4 FrEUk
EINRE, fUFEtRNA. rRNA. snRNA . siRNA %,
TSR 1 neRNA GiH S Wk 1.
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Kl 3,
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Table 1 Genomic structure prediction statistic

el Rt KA FEHEH 2

Type Number  Length (bp) [# L4
Proportion in
genome (%)

tRNA 61 4745 0.09

rRNA 16S 5 7357 0.14

rRNA 23S 5 14 059 0.26

rRNA 58 5 575 0.01

CDS 4957 4611438  85.25

CRISPR 0 0 0.00

Genomic island 8 351 420 6.50
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Figure 3 Nuclear genomic circle map of NI91
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[J] Translation, ribosomal structure and biogenesis

[A] RNA processing and modification

[K] Transcription

[L] Replication, recombination and repair

[B] Chromatin structure and dynamics

[D] Cell cycle control, cell division, chromosome partitioning
[Y] Nuclear structure

[V] Defense mechanisms

[T] Signal transduction mechanisms

[M] Cell wall/membrane/envelope biogenesis

[N] Cell motility

[Z] Cytoskeleton

[W] Extracellular structures

[U] Intracellular trafficking, secretion, and vesicular transport
[O] Posttranslational modification, protein turnover, chaperones
[X] Mobilome: prophages, transposons

[C] Energy production and conversion

[G] Carbohydrate transport and metabolism

[E] Amino acid transport and metabolism

[F] Nucleotide transport and metabolism

[H] Coenzyme transport and metabolism

[1] Lipid transport and metabolism

[P] Inorganic ion transport and metabolism

[Q] Secondary metabolites biosynthesis, transport and catabolism
[R] General function prediction only

[S] Function unknown
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Figure 4 Classification and statistics of COG function of genome-encoded proteins
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Figure 5 Statistics of GO functional classification of genome-encoded proteins
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Table 2  Statistics of genome structure information

R FR LR KN (G+C)mol%  FHH %= rRNA  tRNA Other RNA
Strain name Type Size (Mb) Protein number
Methylobacterium sp. N191 Chr 5.41 68.5 4957 15 61 16
Methylobacterium extorquens AM1 Chr 5.51 68.7 4917 15 57 4

Plsm 1.26 67.6 1226 0 6 0

Plsm 0.04 67.9 42 0 0 0

Plsm 0.04 65.2 38 0 0 0
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Figure 6 Global alignment of genome
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Figure 7 Comparison of differences in genomic information
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Figure 8 Classification of GO functions specific to NI91 genes
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Figure 9 Classification of GO functions specific to AM1 genes
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#3 PQQ ERMBEXEREMGIT
Table 3 Statistics of genes related to PQQ synthesis
TAREA TR ] i
Strain name Gene
Methylobacterium sp. NI91 pqqA
p4qB
pqqC/D
P4qE
pqqL
Methylobacterium extorquens AM1  pgqA
pqqB
rqqC/D
P9qE
p9qF
p49G

Number

—_ = k= = W N m —m — W

.':.l,',
& €T g
vy 114

@“‘/;‘-, &&s"

Z &

E 10 PqqB #1 PqqC/D RY =R EH

Figure 10 Tertiary structure of PqqB and PqqC/D

I: A: AMI H PqqB fI=2%5#4; B: NI91 1 PqqB By =2 &%
#;C: AM1 1 PqqC/D B8 110 = 4544 ;D :NI91 [¥) PqqC/D
BE S I = ai. IEE XSO —FE H7E AMI il NI91
H 22 570751

Note: A: The tertiary structure of PqqB in AM1; B: The tertiary
structure of PqgB in NI91; C: The tertiary structure of PqqC/D
fusion protein in AM1; D: The tertiary structure of PqqC/D fusion

protein in NI91. The blue region is the difference sequence of the
same protein in AM1 and NI91.

UEZ H A S KR P S PqqB Y D RE AN ZS [l HEA
FAEEREN, s PQQ MAE . AN
K 10C. D fii7R, PqqC/D EilG 5 1 & JER 74
KI7E NI91 Fl AMI1 H 978 S5 e 2k R BOLER 11 T
()23 I A5 F ek AS , BTy 3 25 B H R, A

s T B SR, Em S 80L PQQ A i i
CiEWANRA R I
3 WikE4w

ML P R T (PQQ) A2 AN [F] 7 A T i W& A% T iR
I Z AT IR A SR — 2 AL i i A S i
HP2E B PQQ PP £ 2-3 mg/L A48, F ks
i 4 B — Bk PQQ 7 i B e I W R R T T PR
MP606, HFLE AR AT EEE HARMT LB
Ak, FH PQQ & 113 mg/L, Eiz4HUHE PQQ 7
A AT A ET . ARSI RS 2 —Fk PQQ
AR, TR AR R Q10 FISEEHE MR, &
16S rRNA FE [ 741 L R4 ZE R 240 741 ANT 43#r
WZAw 44N Methylobacterium sp. CLZ; #RJGF|F
240 NTG, EMS. DES. %4h-LiCl EAHEERL
BESAAE 11 A58 —0k PQQ F it m i R AE TE
PRNIOL, KIEfEIELLLIE 140 h L PQQ &
19.49 mg/L, MRIFIEH RS R 44.91%.

XENIO AR .. ARSIy it T4
FERLHMY, HIERZ M 1 KR 5 409 262 bp
ISR, (GHC)mol% iy 68.5%, T34l
FFURE N 588.56 X, 4MWiif35] 4 957 4~ CDS ¥
5, CDSIFHIRIRFEEETFAITECOG. GO
Bl e R oA 2772, 2 995 ANE I RTER T3
fie, COG. GO Z5RMGITnl LIE e ik 2 MK
o h T R R A AR i — Bk, WK CDS
B T B 22 (W BT P I B AR K 1 B A g
AT R, 74, EwileE . F954%
S I R S g R R, sk
DR ) TR R AR B REAR N, , 7SS IR B b e A
TE R T ARBH B i AR R, WSS TR B T A= A
[ By 0 Jo A JEL AT, R T A TR I e P B
W

¥ NI9T FlH AT R BN E M. extorquens
AMI1 (WY R IE R A HEAT 8%, 3l e e et Ay
Br, BRI SRR, RAFAE AL ALY
P4, AMI ZIEHEE NI91 £ H 0.1 Mb [T ¥
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1, H AM1 &F 4 1NEKH 136 Mb, 5
1 309 ANEEEFFHI R, NI9T A& BUTR. . R
WFEH NIOL 3T AMI 7RI H /K- R4

K, FEPIH <G K LB ORI B4, AEAS B
AP IRIEE HLRE RN OL T, AT HLAAR ) 4 5T Fn g
EASF A BAF T, NIOT AT AMI B bk
Z A4 3 891 MZOHEE, AMI R LA 1154,

NIOT FEAFEE 42 4~ XF NI91 Fl AMI1 454 3
4334T GO {F R, NI Fef JE N F 2 5
He W) 24 1) B2 (biological process)fH, AMI1 AY4F
AR FER SAEYEL R, ARG 59
fifd 20 53 (cellular component) A 5 ) 3£ K . H A
PQQ &R bIEE MRS 2 WA, CRE PQQ
A= )G R 5 S BRI T BB 1 R A AR A 2 AR 1Y
PQQ AR R, A KA R AT IE N 5 4
(pgqABCDE)™ | Jili%¢ s E AT (Klebsiella pneumoniae)
J& 6 N(pggABCDEF)®, M. extorquens AM1 & 7 4>
(pggABC/DEFG)™!, PqqF 1 PqqG 51 &1/ NIk 4 il
FRHEEAFRES, KA PagF . PqqG 1E PQQ
A PR RE AR N UTRRAOME ™. Turlin 2505°1% 31
W KA AT B — B KR 7 4 550k B Il R 5 5 11 1S
WY PqqF HAFEYER 7 361 bp JEHFHIEEA
pqqE 1 pqgF GG ILEFREE, TIHEEKE
PQQ . REMEEDE i M E KIAAT A paql
L SREARIE T pggl FER DR UESE K IAFF R Y
paql FEH Y pgqF FEF EA R DIRE. AR L
A AM1 FINI9L 1 PQQ A BRI AL, AM1 1Y
A R R 7 2 e AN 4 L pqgABCDE/pqqFG
FEE B, W ONIOL WA PQQ A ML M % &
PqqABCDE/pgqL, NI91 #HXFF AM1 6/ 1 5 PQQ
BRI TAHSCH) pgqFG HEH B, #14
— AN il 6 A FC B AR A B P e A
M pggF HA TR TAERE pggl 3, pgql FKH
BT UCHE W IR TR 8 I TR R b R AR GE . oAt

NI91 1 AM1 i) PqqC/D F PqqE [iff i) 2 52 471
M =dizs AR AR 2ES, AINESZE PQQ 1Y

L BOE SRR A AR

XF Methylobacterium sp. NI191 B9l =i 5% A H
L8 IR AN TR Y BT TR RS TR AR 7Y D) RE R PR 2H 2 K
PQQ &AL ER AL T LAl R S A, H S
AR AMI 9 BSR4 22 038 7R PQQ A A9 AS
[FILEAR AL o055l RIS, AHSE7E NI9L 19
RER Ay 2RI TR Q10 FIZEEE bR,
NIO1 LRI Ak il Ryl Q10 FEHAE h R
AR R S B S S Ml . B T AR
TR 4 5 DR 2 000 s A0 1 e 152 L B A i A5 e I vh
AR ZRAE R, 45 D 20 i v A B
PQQ A MAHRINREIEA, X TSI R IA 75 it
ATt 0 BRIIE
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