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. FEE. FEEF)VHRMAK, FTEZ SHRM R AR, TLEBFHHETF. 2HR
B4 B8 (polyhydroxyalkanoates, PHA). $# M ERT P X FFLRAL@E. [A] @I REF
AETIHEA MB200 &9 mutS KB, EMAFMHTEEFEF, ARATARZ HKRETEfFEGL
FEAR. (7] AR = FRESME muS AR5 K6 ZH K EH A MB200sTB, & FRA;A R
vPEE. FEREASATROFFRE, A RFGH MR TRETDAN, SHARGEKRE
. [4RY MET muS AR H KR EIR MB200sTB, FHF3 T 5% FEEA F B4 B4
MB200sHB¢ #» MB200sHBq. MB200sHBc 5 27 £ # MB200 A8 tb 5 F BF & 2 17 5] TR B F 0942
5, WEEAZIREM S g/LRAZ| 44 g/, 24 KFRZF®. MB200sHBq /£ VA FEH 0.45 g/L
YRR FMHT, A RZHKRTHEAAE MB200 57 1.69 42, [4#£] B2 @FF8E muS &
B ey R B, THRFZEA A EAB 650 F B HA K.
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Mutation of mutS gene in Methylobacterium sp. MB200 and
induction of strains resistant to high concentration of
methanol and formaldehyde
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1 Guangxi Research Center for Microbial and Enzyme Engineering Technology, College of Life Science and
Technology, Guangxi University, Nanning 530004, Guangxi, China
2 State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources, Nanning 530004, Guangxi,
China
Abstract: [Background] The Gram-negative Methylobacterium has the ability to grow in the
low-carbon compound (such as methane, methanol, formaldehyde and so on) substrate with one carbon
atom or no C—C bond, and synthesizes various metabolites such as amino acids, industrial enzymes,
cofactors, polyhydroxyalkanoates (PHAs), polysaccharides, and carotenoids. [Objective] In this study,
mutation of mutS gene in Methylobacterium sp. MB200 was performed, and targeted induction was
conducted with stresses to yield mutant strains that can tolerate high concentration of methanol or
formaldehyde. [Methods] The mutS deletion strain MB200sTB was constructed by triparental mating,
and the concentration of methanol and formaldehyde in the culture medium was gradually increased to
induce targeted mutations. Electrotransformation was used to yield complementary transformants.
[Results] MB200sTB with mutS deletion was successfully constructed, and the methanol-tolerant
MB200sHBc and formaldehyde-tolerant MB200sHBq were obtained. The methanol tolerance of
MB200sHBc was greatly improved compared with that of the wild strain MB200. To be specific, the
tolerant methanol concentration raised from 8 g/L to 44 g/L and the growth kept unchanged. In the
presence of 0.45g/L formaldehyde as carbon source, the growth of MB200sHBq was 1.69 folds higher
than that of MB200. [Conclusion] Through targeted induction of mutS deletion mutants, strains with
high methanol tolerance and potential application prospect in production can be obtained.

Keywords: Methylobacterium; mutS; targeted induction; tolerance

HH 3L 8 27 T (Methylobacterium) & — 2% H.
A LT B AR AR A 240 T, AT R B s X
Ak C-C R RBRAL S i be . HImE . PR
SEHEAT AR, TR EAE 2 AR, WAy
R, BEAA, R 22
Methylobacterium extorquens AM1, A —
ZINRER LB IR AN G, ] A 2 Fh Ak g
T EARAL S P (PP I PP R PR R R A 2tk Ak
SV AN EIR . BEIHRR . FLIR B RR £h 55 ) HE AT
KB HAETER AM1 E 90kt T4 = & Fh
R, REARERRY . H ™, H e

R, IR O E R

67 HH A R W — B D E A 7 T AT R AP 52
BoTE Y AR, AT AREAR R N ToalAs, H B
e — PR A R AR AT FE A R, 2
VEGIUA: W A6 7 A ) DR 2B )™ 25 AP G (B AL &
Pyt SR LA B A A ME— RS I R 22 )
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(147 FF RS 7 4T A R 8 v £ 4 1 A A5 1O
DNA 5L & &2 2 4t (mismatch repair, MMR)
SE AN A b — e B RS R 4 T ALED, AR
1% 2Bk DNA & il st & St fR p s i 2878,
T 2 s 4 5l i e P . R R G
MutS . MutL F1 MutH % ({91, 44 El B R 45
MMR A3 S5 F ] MutS —R1A Y DNA 55 d
TR D RE U S H B XS, Bl S 7E ATP B9 P Bl
T 5 MutL 454 5 MutS-DNA & &91°, i
5 MutH AR N VT, 57 76 45 it Ak
FANUT SR 548 55 UveD e (DN A fif fie i 11)
PN DT 54 3] B C 0 A5 A 7 1l i O S DR RS
DNA B4 I RN 1, i DNA 2B 42
I, B ARG Dam T il 5% B AL 2 A
M 8 78 A5 DNA BAMRR TR T,
FECMR IR 23 % HE1E DNA & il A e, S0 18 1)
H &R AR 10775 M 7E DNA 55 BB HE R 50
MVERT, KRB 501 000 £5, Eiffe
FRERASZE 1x107°=1x107"0 DU 3 [N 21 ¢ 4
P20 Kang 25463 85 A2 R K AT 3 MG 1655 Fil
mutS BRI 1 K R B e FLIRR Bk H i 85 75 3 o
itk T 800 UG HEAF A3 ALy, 25K %
B AmutS H G SEAS R, LB AE RS 4 A5 L
b 9F H AmutS FAR LR T KL,
Zhang S57E Tl DNA & R & T —Fh & A i
eMutS Z5A£F4E R AR R, Gl SRR TR A
EAR TR TZHE S/ eMutS 121G
A 7 d FERKZE 63 d, i HL B L A ) i
e T 37.6 £, HLEPAER eMutS HARL, H
Faf™; Hu 0L, KBFTFESPH mus
BRI B P A (0 S AR AT T mueH LR
- H R PR AL dam FERFD mutS BB F
dam 8§ mutS FLAGIIE TR R 0 28 A8 A 3 o v 2
Qiu TESNW S & B, MutS F[RJRY MSH2
B S hnas AL AR B R 5 I B ) 5 Ik

PE, MSH2 ABBTESEEAERI A . KRR
Wb A, MSH2 T LUK ke 5 12 W Fn
G VA A A B Y

AW TN H L35 SR R (Methylobacterium sp.)
MB200 HJ mutS HeNPEATH0 AR RAZ, @R
R RS BCIE E R G, s 2 R R A = A
RAZF, TEME—R 5 43 1) Sy Y B R Y S5 1
TR ST RAR, LUAAS 2 S A2 1 H
s AR, AW REREN P
S A IR BT 1V 0 0 TR R R

1 #RE57E

1.1 EM5 R

Methylobacterium sp. MB200 (Z5WE R PT
P, Nm"). KWIFF# (Escherichia coli) DH5a.,
FIREAR pCMBO (WUIAFEHTHE, Tch). # BTk
pRK2073 (RARE Ryt , Km")F A K Bk
pK18mod (RARE R i, Km")¥ A S50 2= {1
1% ks A pEASY-TI1 Cloning Kit (2 75 %
EZhitk, Amp"), L &S EYHE ARG R AF
BRI P U0 T4 DNA %428 DNA B4
Thermo 7~ H]; DNA #RPGAKI& . Bk st
& F1 DNA Ziifbiki &, Qiagen AH].
1.2 EFHE

KGRI LB WAAR . &
I 10.0 g, BEEEEEEUY) 5.0 ¢, NaCl 10.0 g,
/K EZEE 1.0L, pH 7.0, FEkE MB200 LAl
FEH MM, (NH,),HPO, 3.0 g/L, K,HPO,
2.0 g/L, NaCl 1.0 g/LL, MgSO,-7H,0 0.2 g/L,
FeSO4-7H,0 0.010 g/L, MnSO,4-6H,0 0.005 g/L,
g K Bl 10 pg/L, MR 20 pg/L, ZMR4S
20 pg/100 mL, #E/E%E B2 20 pg/L, AWER
10 pg/L, X & FEFEHFER 10 pg/L. HILE FHTE
30 °C 1y MM E:filidE g rh A K, IR %
VN TINAS T) o B 1) Y R ) PR A Sl M — B D, K
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7P DHSo 7E 37 °C 19 LB K533 p 1577 0 AR
P 5 B ) 955 SR B v g DA 29Uk R VS AR . i B
AR WRHEERAmp) 50 ng/mL, FIRER
(Km) 25 pg/mL, VU % (Tc) 75 pg/mL, ZEWEH
2 (Nm) 50 pg/mL,
1.3 A&
1.3.1 DNA o FIRIE

Fie B G U B A R AT 2 B 4R B iR
DNA ., JF ki FIEE 20 DNA, 4 B8 it 18 B 45 F
17 DNA ¥ PCR. W], #4#:. %1k, DNA K
alifl . [, WEYD . R FELSE A DNA #
VR 1 b R T 5 B0
1.3.2 13 mutS “ﬁﬁi

PG MB200 A9 JE K 41 v 51, i Bh B
Vector NTI %3159 MutS-F %n MutS-R, LA
MB200 B 41 DNA S##idk PCR §73 H it 5L
mutS; LI I HIER mueS A, LA
MutSps-F Fl MutSps-R 5114 14 musS H:H Y
W4 BB mutSps; UL Km $uk R 6951 497 %5
(Km-F/Km-R) Il Tc it 5 K 19 51 49 % (Te-F/
Tc-R) PCR 4 3 i e 2k A Ml A R Ak . BT A5
Yy 5 3% 1,

PCR JZ WA Z (25 uL): DNA (0.50-1.00 pg/uL)
1uL. b FI#514(10-100 pmol/uL)4% 1 pL .

F1 KRBTGS

Table 1  Primers used in this study

fiti 12.5 uL 17K 9.5 uL.mutS # PCR 2 44 .
95 °C 2 min; 95°C30s, 58°C 150s, 72°C60s,
30 KAEFR; 72 °C 5 min, FFLL mutS Fe AR At
M, K514 MutSps-F Fll MutSps-R i#47 mutSps
) PCR, #1530 PCR F=4¥Hl pEASY-T1 %%
fir4 M pEASY-T1-mutsps. A KWHFE DH5a,
FESA Amp 19 LB A b dF47 5 F BE i 2 IF 42
BUFE AR, FH Pst 15 Hind I BV 00 5 36 51F
FIA Pst 15 Hind 111 X 52 Jii % pEASY-
AT Y], B mutSps BB, 5
[ERERI T Pst 15 Hind T AUEGEI 9 pK18mob
AR, 153 EY4L 50k pK18mod-mutsps,

T1-mutsps

ML AL B R A B DHSa B, 44N
pK18mod-mutsps/DH5a. % T kR H = e A 42

A7 PG Z AR FE B MB200 (Nm, 50 pg/mL,

30 °C). HLAE#k pK18mod-mutsps/DHSa (Km,
25 pg/mL, 37 °C)FIH5 B TR pRK2073/DH50 (Km,
25 ng/mL, 37 °C)TEAH N LA 2 AR B 451
B2 2% B (ODgoy M 0.8—1.0), ##%/# DHSo/
pK18mod-mutsps:MB200:DH5a/pRK2073 H
IR EHEIN 1:2:1 (BL 1 mL (AR R 1),

4°C, 6000 r/min &.0> 10 min Y FH A, A4
FREK W 3 R IR A RRE R 5% LB
() MM [ 1A 85 552 B IS BR 41 4 Wi |, 7E 32 °C

Primer name Sequence (5'—3") Usage

MutS-F CATAAGCTTCAGGCGGCGGATACG Clone mutS gene

MutS-R CGCCTGCAGATCAGCGACGCTCTATA

MutSps-F TATAAGCTTACGCTCGCCATCGACGCG Cloning part of the mutS gene

MutSps-R TATCTGCAGGGCGATGAAGGCTTCGCC

Km-F ATGATTGAACAAGATGGATTGCACCGC Validation of mutant strains of mutS gene
Km-R TCAGAAGAACTCGTCAAGAAGGCGAT

Tc-F TTCCTGACGGGCTGTTTCCTTTTGC Validation of mutS gene complementation
Tc-R ATGCCCACCCGTTCCACGTTGTTAT

e NI

Note: Underline indicate the enzyme recognition site.
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PG FRA R R R 34 d, RGBT oA R
AR EE 2 (Km) ) MM [ K 55 72 B0 F 170 18 2608
I 2 (Km-F/Km-R)#E4T PCR # HEAG I, 345 1)
HAH Rk AT 4 MB200sTB.
1.4 FHEE MB200 BB ESF0 BB B it =%

W5 A TRk MB200 RIIZR 1777 , 1531 1 X 4L
HI(ODgoo 7 0.8—1.0) I FHF I F4 IR 1% A HER a2
Pl 22 B 43 5k 4, 8. 12, 16, 20 g/L st H
R4y 518 0.2, 0.4, 0.6, 0.8, 1.0, 1.2 g/L
) MM B3R5, £ 30 °C. 200 r/min 54 55
I, D A B ARG A ik S B AR ODgoo o
1.5 Tk MB200sTB B9 E RIFS
1.5.1 ZEIHk MB200sTB B RS IF S

A 5 2 e Y I o i B ARl 2
M o3 R B I IR AT i R A H
MB200sTB T2 #f4) £& Bk 5 137 7% 452 A48 AU
F 30 °C. 200 r/min 5504 F 555, KR 3R15 2
BRI R (ODgoo J9 0.8-1.0, T AT L 5%
FIEER A 100 mL 1) MM B35k, 4ksk
PA 30 °C. 200 r/min 1537 36—48 h ik X5
ZIEMRER LA 5% B Pl i e 2 1) o vy PP e
(P v FE 3N 4 ¢/L)AY MM R5 57 36H, 30 °C,
200 r/min $55% 36-48 h, 54K A EU )G
AkZk BiRHRAE . YIEFRBIH R EE L R, M
T RS2 2000 RS R R B R, WMRAERKZ
B at, J RS IR, FESh 2 g/L.
T — VR BE DR AF— IR, SRR TCTE A K,
AT RAEI b — R R R R IR,
K AW AL RIE T I 5 AT AR R vk
JE A R R o W] EsE LT 2R 7 MIB200 Sk Xof BE 21
HEAT [RIRE B 115 5
1.5.2 ZRZT#k MB200sTB R EIFES

¥ MB200sTB B Rk 26 Pk A V5 $: A 35 71
b, F 30 °C. 200 r/min £c0F F B35, ¥k
F& 4-5 d MRE RN IR LA S%AEEFEHEA

100 mL FAEE B 0.4 g/L 19 MM K33,
T 30°C. 200 r/min %37 4-5 d k2 Fa g 1,
B REIRMRIG N 0.05 g/L B9HIIE . [RIRE LB AR
7 MB200 Jhy % BEZH 47 [RIFE 9 ) 755
1.6 HJEEI%MNEKMB200sHBc 1 MB200sHBq
1.6.1 FiEFH K pCM80-mutS B iE

i 1 Pst 1 H1 Hind 111 JE47 XU 50 F 2%
& pEASY-T1-muts, MBI mutS H B F B,
55 [l RE ARGV A pCMB0 135, ¥ 4L & E. coli
DHSa, 7€ DU PR P 0 ik B 77 L b i vk K15
FHYEER A7, WP RIUFIEHS MmN E. coli
DH5a/pCM80-muts.
1.6.2 #JEHE ¥ MB200sHBc #1 MB200sHBq

2:7% Faber SFU LI, VR Btk
MB200sTBc¢ #i1 MB200sTBq /&2 2%, A ] i 5%
1k ¥ 2 35 #K pCMS80-muts 55 1k F B bk
MB200sTBc I MB200sTBq 1, Ff7E% Tc Fil
Nm ) MM AR SR B ik, a4 R bk
MB200sHBq #il MB200sHBc
1.7 HE# MB200sHBc 1 MB200sHBq A9
ERKIEFRSH

H R MB200 . MB200sHBc #1 MB200sHBq
RILIEAT MM AR SR, 30 °C K595 72 h
J B BRL TR VR B2 28 X I A i YR B SR, 30 °C
200 r/min 55% 36 h, ¥ MB200, MB200sHBc
WAL B 1% 42 R 4R 3] 100 mL 5 H el A
P (175 5 0 B R R B ) MIML YR A8 33 B R A 7 1%
i, B0 8 h K —IK ODegoo, B THHEL 3
A 00 A e P A R L o

2 BERXR504

2.1 E# MB200 B9 KI1FR
2.1.1 E# MB200 EARHERE THEK
1HR

PR MB200 75 MR EE 0 0k 4, 8. 12,
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16, 20 g/L Ay MM AR B 57 5 v i A= OBk i
B 1 Frs, Bikk MB200 1E 8 g/L By s 4510
AR, ERGAERK SRR AREE F
Wt — 4R, BRI AE K AR 18 H AR
Kear b, HH BRI, 16 g/L &)
B R IEAAR A K, BT LIS B Rk MB200 4= K (1
i HBER L 8 /L.
2.1.2 HE# MB200 ZEARRHEEKE THEK
&5

PR MB200 78 FI VR B2 4300 0.2, 0.4
0.6, 0.8, 1.0, 1.2 g/L i) MM BB IR 1y
A RKRGLANE 2 B, B MB200 $5 5 7] LATE
0.4 g/L M BV B 45 ARG, i ELZE W vk
FEN 0.6 g/L BIRMRSLICIEARK T, IEFE
MB200 % I 32 0.4 g/L, A
ODgoo Fe iy R 0.4 ify, FRWIHEH BEAFAE ) 2%
T RBE MB200 1A KR B2, LA AR St
— BB A AR I A TR o
2.2 MB200sTB TR

B mutSps 5K pK18mob B4 4% f5 4k
AL = E. coli DH5a ¥, 3k4% pK18mod-mutsps/
DH5a Witk, $EBUTTRIE TRFDISUE(E 3A), F

301 4 gL MeOH

——8 g/L MeOH
40} —-12¢g/LMeOH
—— 16 g/LL MeOH

—-=20 g/L MeOH
3.0

£
S 20
1.0 /
0.0
0 8 16 24 32 40 48 56 64 72

t(h)

1 FFAERIFE MB200 ZARRERE THE
ks

Figure 1 Growth curve of wild-type strain MB200
at different methanol concentrations.

0.6  —0.2 g/L FCOH
--0.4 g/L FCOH
0.5 -+ 0.6 g/L FCOH )
—~0.8 g/L FCOH o
041 1.0 /L FCOH T 1
g 1.2 /L FCOH
o 03 2
S
02
0.1 L :
]
T_’ ” : - L "
00657478 12 16 20 24 28 32 36 40 48 52 56

t(h)

El2 FFEREH MB200 EARERERETHE
k54

Figure 2 The growth curve of wild-type strain
MB200 at different concentrations of formaldehyde.

A =CEARS G 7k, ¥ Bkl pK18mod-mutsps
S AH K MB200 H, &40 Pk, Xt
Km FEFJEF T PCR ¥ 8 5iE (K] 3B), K13 mutS
FE R (528 bR, w44 MB200sTB.,
2.3 EITE Kk MB200sTB it Bz 5 R iE S

RAFH ¥k MB200sTB 224 3 N A 1Y% 175
S, TELUH B mc A, T A7 1 T 3
44 o/L, % TIE 6 £, ¥R MB200 /5%
o B 2 v R TER) 24 g/L; DLFTRE BRI
W, 275 F Bk MB200sTB 7555 T 52 PR 3 A
L Zat 3 ANHMIES, IR S T LA 32
0.45 g/L 1 MR B , (H A 4 it L A AU i
i, P MB200 # F ST A2 G AR A
2.4 [E%ME# MB200sHBc 1 MB200sHBq
B M

B mutS AR B 5 RIBEIEK pCMB0 &
B2, AL KRIBATE E. coli DHS o JEZ 25 40 il
w, RBUTCRIEE VIR (F 4A))5, il =3EA
255 % pCM80-muts T A FH W Y Tiif 32 P TR Bk
MB200sTB H, i 37 e v F FH R FE e £ [T e
Bk 43 ) 6 4% MB200sHBc il MB200sHBq,
i@t Te N PCR ¥4 #-47041E (K 4B).
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bp B bp bp
8377
5000
1 066 1500
1 000
753

B3 =E4HEHR pK18mob- mutsps B 17156 E (A)FA MB200sTB X {KHEJ PCR £E(B) M: GeneRuler
1 kb Plus DNA Ladder, A: 1: JNEZ KL pK18mob-mutsps 1 Pst 15 Hind 1T SUEEY], B: 1. RAH
& MB200sTB ' Km ﬁEIB’J PCR #"4%; 2. MB200 /¥ Km L4 44

Figure 3 Recombinant plasmid pK18mob-mutsps restriction digestion (A) and PCR identification results of
MB200sTB mutant (B). M: GeneRuler 1 kb Plus DNA Ladder. A: 1: Recombinant plasmid pK18mob-mutsps
digested by Pst I and Hind I11. B: 1: PCR products of Km resistance gene from mutant strain MB200sTB; 2:
PCR products of Km resistance gene from wild strain MB200.

1 2 34 bp

<« 7346
< 2 681
5000
1 500
[« 553

E 4 Fix#HK pCM80-muts E1JIL5E (A)F1 MB200sHBc 1 MB200sHBq [E %M B # 3 Tc EE &Y PCR
X FEMB) M: GeneRuler 1 kb Plus DNA Ladder, A: 1: HZJik pCM80-muts [ Pst 1 5 Hind 111 [

Y, B: 1. [BEI#MEAE MB200sHBe &% Te Pkt ; 2. BIAMNEFE MB200sHBq &7 Te Hitk L
3. 4: MB200 A& Te ProkFE A

Figure 4 The expression vector pCM80-muts restriction digestion verification (A) and the PCR identification
results of MB200sHBc and MB200sHB(q replenishing strains (B). M: GeneRuler 1 kb Plus DNA Ladder. A: 1:
Restriction digestion verification of recombinant plasmid pCM80-muts digested by Ps¢ I and Hind III. B: 1:
Tc resistance gene was contained in the complementing strain MB200sHBc; 2: Tc resistance gene was
contained in the complementing strain MB200sHBq; 3, 4: MB200 was not found Tc resistance gene.

5000

1 500

2.5 EZHEF MB200sHBc #1 MB200sHBq 753 T fie i FEE T 32 14k 44 o/L (TR R, UKLk

EKIFRSH EREESR 8 RIGIEHFREMEIRAE, XTAERKIMR
2.5.1 HE#E MB200sHBc 894 K157 WAL SRR MB200sHBe, 7F 44 g/L FHI TS

¥ WKk MB200sHBc %?FEF@JEF'@%‘?ZU#K%} PF R AR A E, W& 5 AT AR A1,
PR SR P HEI T R, &b mifT Qi WEEE A S5 2wk MB200sHBC
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fE 44 g/L N T AKRE, 256K 1 LA
i, Ttk MB200sHBc 1 44 g/L 408 F A
A K AT LUK B B AE T MR MB200 78 H vk
R 8 g/L WKV, i ODgoo AT LAIKEI 4.2 /2
4, MB200sHBc ) H i 57 1 be T AR 0 4
5.5 o 76 W BEAR VR B 00 25 00 BT A B bk
MB200 & 7155 5 1 Bk MB200sHBc S ik 3|
STEC, MB200 7E 40 h A° A7 ik 2% 5
MB200sHBc iR T 36 h 247k S X 50, 15
AT v R 32 1) R X B R A R B T — 2 A
YERL
2.5.2 E#k MB200sHBq 94+ K 15R

Bk MB200sHBq #2131 128 45 412 i HH i
WP REFR 3, ke BT Ak e e PR T A2 4
0.45 g/L, X HALACKE 5% 8 Mgk HAS & M IF IR
17 Atk MB200sHBq 7E 0.45 g/L HEEZ&1F T /Y
ARAESLANE 6 BT, AILUIE 2 HEE 1175
S, BRI THREAZ 0.45 g/L B HE R
MB200sHBq, Ff Hif & HA A ph 4 v] LI H R

PRI R RS B TR, A T AR R
5.0
——MB200
MB200sHBc¢
4.0+
_ 3.0
3
)
2.0+
1.0+
0 T §—% * * + + + + * *
0 8 16 24 32 40 48 56 64 72 80 88 96 104

1 (h)

Bl 5 E ¥ MB200sHBc 5 MB200 7£ 44 g/L B2
FHTE KL

Figure 5 Growth curve of strain MB200sHBc and
MB200 under 44 g/L. methanol condition.

0.5
+ MB200
0.4 MB200sHBq
03 g
Q‘ﬁ 2 2 -3
Sost S =
0.1+
i
0.0

Y0 8 16 24 32 40 48 56
t(h)

6 ¥k MB200sHBq 5 MB200 7 0.45 g/L HJ
HAEBEHTIEKHZ

Figure 6 Growth curves of strains MB200sHBq
and MB200 wunder 0.45 g/L formaldehyde
conditions.

Pk MB200 9 1.69 1%, d BB bk A% FH R s 52 1k
BT AR BT, R RKERE, D
FH I Ry BB TR 25 1F R 5 SR I R BAR, H
TS o T e A A ELAT SR I A i 1

3 L& #

F 5L 5 7 T R LA YRR AR5 1) hg e — i T8 2k
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Table 2 Some researches about methanol and formaldehyde tolerance in Methylobacterium sp.
Strain Method Trait change References
Methylobacterium extorquens Plasma mutagenesis combined Up to 40 g/L methanol tolerance, significantly [29]
AM1 with laboratory self-evolution improved mevalonate MEV production and cell
breeding growth
Methylobacterium extorquens Laboratory continuous culture The highest methanol tolerance is 80 g/L, and the [30]

TK 0001 and AM1
Methylobacterium sp. MB200

technology

Mutation and
laboratory-directed
mutagenesis of the mutL gene
Methylobacterium extorquens
AMI

Methylobacterium sp. XJLW

Laboratory basic training

Domestication in the
laboratory

Industrial synthetic Adaptive lab evolution
methylotrophic host

(Escherichia coli)

production of lactic acid is significantly improved

The highest methanol tolerance is 56 g/L, and the

[31]

yield of L-serine is improved

The minimum tolerance level of cells in [32]
formaldehyde tolerance is between 0—0.24 g/L

The highest formaldehyde tolerance of the strain  [33]
can be increased to 1.2 g/L

Growth rate and biomass of cloned strains [34]

increased by >50% in the presence of high

methanol concentrations

AWFFELL MB200 FE AR A & bk, Gl 4
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