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Figure 1 The molecular structure of vitamin B,
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Figure 2 The representative researches of vitamin B, in synthetic biology
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Figure 3 The key research advancements on vitamin By, in the early fields of medicine and chemistry
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Figure 4 The natural biosynthetic pathway of vitamin B, in microor
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ALA™Y (ECSHRAR, AR M- tRNAS U
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LT AENS-ALA. A A0 S-ALA B Se e 8 (0 28 S50
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TMMRE, AR LA P A 6 R 5 (porpho-
bilinogen). PO JH {2 2% Ji 78 JIH 2,28 i i 2 it (porphobi-
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BE, ATk K IE G H AR Z (hydro-
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AL K P ER, T BURIMBE T (uroporphyrinogen
1), tRLAEAE R B, R I 2450, RN
TLLLE BR B SR 32 55 7% B (uroporphyrin-T1T*7)-
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HEHA, ST RIS 2. TR H 3B, ARk
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TV SRV . RIEAENE, RZAA CBAD(E4).
TEUA A RGEET, precorrin-2200 ) 2t — Z 41 FH 3
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A RV, JERICBAD. U464 BGEAR FIR & A ik
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FEGIMCBAD Y T2 05, HAEB & HRE K
PR S BB 3 FEA LS . CBADYE7ECBADIE i
(Cob(Il)yrinate a,c-diamide reductase, CobR,
EC2.5.1.17) Ak F LIFMNH, J3 5 k4,
Frrfu A B F-Co™ B Co TIE I, & i Cob(I)yrinate a,c-
diamide(CBAD(I)), SCHR[S3THREFR .0V B 38 i
ST ORI SN b BE25 . Gk Al
THIEIRZ 5, CBAD()TES i i I 5% 7 Bt (cobi-
namide adenosyltransferase, CobA, EC2.5.1.17)°>fy
AT, MATPAr iR —Jp iR p, 4T
OEE T b, BHER, PRt IR IR 5 U (ade-
nosyl-cobyric acid synthase, CbiP, EC6.3.5.10)" "4k,
VIATPSr TN B AESS, DAL-A S mehe b & L fitik, it
Ay IO EE ) S A A, T8 UM B PN IR (adeno-
sylcobyrate, AdoCby). ZIt A1k, 4EEEB 10
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ZJ5, AdoCby s~ S 7E I 1 Al kI e &
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F-2-FINEEO-2-W% R ((R)-1-amino-2-propanol  O-2-
phosphate), P75l B IE I BER & 1 4% F i (cobina-
mide phosphate guanylytransferase, CobU,
EC2.7.7.62) AL MGTPS> 1 15635 1 314 =
b0 SO AREATEOS B EERE IR 6 A8, 5 Ul bk
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PPt e - GDPAE it 1 4 e 25 5 Wi 2 15 i (adenosyleoba-
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I3 IR R R 1) e A % (K1 4).
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Pt ok Joie Sk kA 5 0, AR ISP AL 5 U 4 fre
RIEAR. MM AL G Y s 2 s A AN N — ik
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FikcebiX. sirdv hemAXCDBLARY\F FicbiXJCDETLF-
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/\[70]743_?5%@”%@}1@%1" adhaerens Casida A)"P R
SAEVE D M R A IR R EEA, AR S A i A=
By IR TF45.1%, UEWI BRS04 ik
TR A ] LA RO R T PR B A 2B

TEAEE R B, MR G B, BT X (ribos-
witch) & —FEZ I T H. BT — e de
KB AL A B i i 3L I mRN A ) 5" E BH 155 X 35,
BRI EE A 5 51 & BIRN ALE R 2 28 St i 2 56 (R )
ik, SRR A T E Y Vi
treschak 5 N2 ST T — B /e 41 1 v 23 1775 (RN A
5K, TERZITERT A R B AN s i R
RERZEH, FEEMN66N AT LN A bz a1k
200 AHIRNATCHE. Fowlerds N RI I 4EA4: 2B, 4%
BEFH S btuBITA R THE A (sensor), JFLAMCH TR, #£
5T RIGFF R HEEB S A% 2 1 7. Moore s
NS EB, B. megaterium™ i) chiff I\ T P51 1) 3
IR BB T O s i, I AT
TR R B B2 S nmol/LEHE ], 15 11 #2290 T4
TOFE R R 5. FET X — &, B9 A\ L REBRAIZ AT &
A2 )5, EAMB. megateriumn] IAEANTEH 15
INEEFR ISR 2B KRR T

JE LR F A2 T HA A 2B, A R R
ME AT IR, (H, T RARGEAEEB B R R
Z%, ARBI N RIE 22, B RR S s LA A R A
L RN R PR ER B AR AR A A R B, R R T B 1 R S
M, AR R B A R WA T KRG A R
R FETF RARRARI 8 [ HEAL RN E. [RIE, 7 R AP
RN AR R SE, T LU AR R B, A s
f R T, Cai A58 5 e e B T 6 S0,
1921S. typhimurium3IR K btuBF& R HIARE T,
VIR A, EESr 13T om0 RS v 3 £t BH TR
PRV I, 456 % M % i 55 B (atmospheric  and
room temperature plasma, ARTP)IEZAS 7k, Pusiffist
RALS. melilotiZ&AE FMRI XL RMR I FEH 4L T T 8
WIF53HT, RIS R AR A KRB, i i A=
EE21.9%, 7Jik156 + 4.2 mg/L. 57 W BT eAE
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AR B BN TG Z AN, DU 2R A e e A L il
WAV A B Rl 5 v i T B, 72,
B R A Bz MetH FTM et E R i 73 i i Ak 58
B, HAMetEf#AL H B DU S B2 (methyltetrahydrofo-
late) | %) FHEHEAL 2 2 bR, & T B 2R ; MetHfiE
U LR G 2R LA B IR 2 P IR, A A R
FR. PrLL, MetHAEA A R H B 22 2 S A () B e 22 44K
WAL RN, LA R 3, FES. typhimuriumRIE. coli
R PR MetERG A A P, 0% B Rl e 25 MR A1 AL Tl
MetHZmtSSE,  FHAVEAHN A5 3L R e, A g — R
INAELE B B URTIN A IE, TR/ NG R Al kAT
il e 2 LB A e T,

bR T BRI bREGE . DL 2o, R gt
AR R R [RIREXT AELE B A B PR 1Y 2 A6 52 0 8K
IR SO, BRT4EAEZRB B R LA R SR kA
KB, A R R AL R FE R ) SE AL B AR O 3. SR,
KRG ARG K IGFF IR« BB A Ak — 4
A5 R e I B R gt R R, 38 R R % A
T AL G R B R 1 S H R A T st A i, B
ST A ) R G g, PR, JERECE AP b p o A g
DR B AR B T K X T4 R B, 1 & T B ™ e []
REEE. Cui%h N RIH M TE KR4 B L, &N
RS, meliloti H#E 5| AFET Cas 1 2k B BRI 8 H A
CI12KGET, ZH AN R EH, "JLASEI10 kbR
A BER B, RCRIR E100%. 1EH LA S 3036 K 2
BT HAESUES. melilotiKEANERIIER 4 FS), 8
1A RIKR. capsulatus TG cobAFEH, T HETH R #R
Y KB 1m25%.

3 AN LRREYEA:EB,,

UL R B, B MR AAZ I G R T201H 22 904F-1C,
S, NFER XL RN T ARG R IEE
W TS AT, U e LA e e L, i
HEN TR MOk & A B, 8 44 KB,
A & AR WA A SC TARAE T Se AR AR ki E,  H
T EHRIE TARRIE R AT s g al.

3.0 B Ane £ ke B Rl A

20044, McGoldrick%5 A g iiF B 22T 40 1
(Rhodobacter capsulatus) 5 1) CobZ i AL DIRE,
IR RS 751 (0rf663) 5 HARR. capsulatus IR T
Cobfi 3L % Ff1“Link and Lock” i) Bk 4 H 5 =X

IR T AT RR R T L, 5IAKBITE
BL21(DE3)#tkH, SEEAN T A KT G et
ZB,HAIKHBA. 20124F, DeeryZ AP AR LA A
THPF PTG, WHE—RINET KGR
B HBA P ARG SRR, IFLUZ R I BN
PR IEBHTEHBAG g2, Z24-CobfifbigS HA
AR W) (B AE R R BB 5 BIRA, TR
— WG5S KA A AR RDIRE, FE R IR TR
ZE AR DT S RHBAG U Al R e
% N B FR%: (enzyme-trap approach)”. 20054F, Roess-
nerZs NP KIGHFFE ALK P. freudenreichii B I
CobAZ K FIfGE TP 1] G TR (Salmonella enterica)lK
EA BB RIEMChIA. C. Dy Ev T+ F. G, H.
Jo Ko L. PHRASEEM, SCEUAESE ALK i b & it
HEB, P EAG R, c- Bk (cobyrinic acid a, c-
diamide, CBAD), J{-UEW] T CbiD i H B AL At Ak S v
20244F, TanflZhang KA 1EH I & R DG A ik
VIR sUA RS A0 TAE, sk b4 2B L%
PIRNCRAL S W R B B0 A & 6 AR A T 5 1Y
R, — RIS R A A A A R AL
S B S APRERR(1£12).

3.2 N RO RGBSR e

19964, RauxZ AR BFSE BAFEVD 1 TG (Sal-
monella typhimurium) ViR A BGEAR, 4.S. typhimur-
ium ™ CobMHEIN 175 5| AR IHAT T, F i
AEREAGIN, A5 A R R AT T E 2 B T LA Sk
BIREIR AR K. 20144F, Ko AWM AU
MR (Pseudomonas denitrificans) KR IR 25l
R TERE R AR B, IS AKX EBL21(DE3)
JIEALANAL D, JE e PR W RO R R,
FHAE 12 K E 2 R A T A R P A B, TIERH
R AT B T AT LA P2 B . 20184, FangZ A1
AT T YA R B IR E WU B S S IR
IREE LR IR 1 & LI, SRS AR BB, & R
R LSRR, SR A T M L RSRICRRR.  capsula-
tus EAECH (Brucella. melitensis). S. meliloti. S.
typhimurium~ JRPELL BN E (Rhodopseudomonas pa-
Lustris) LA UR 284 S IR FE PR 51 A K7 F1 B JiC 2540
FRLR SR R R R 2 ey, R RT DUMK BUEAE B, 1Y
KA BECELANN,  AHOC A G SR B R - B ik
HEATHEE . IR N BOR XA MR T R AR A, 55
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BT RN TEHRBGITEG B4R RB " ik
307 pg/g(#90.67 mg/L).

T N THEAGEE KB & B KT E, 58
BT e Z B M O BUE W 9 0 B IR R A,
R AL B, & BUE PR R AT TR H A ) 2L
FE T ARMEE. TESLITFE A I, dm A T AR AL SR s A
K T RRAA e ™ e 28 iy il A W2 I R R
ik, DAKIGHFF BRI AR5 e A= 2B, Sl i
HBAR - A S HE— 4R T, AN, Noh% A*im
TR E 2 B AR A R By B B AT BRJES 8 4 L e R 5
metEHED, F L Eh e 3B IR B E B AT, et e
KIGHFF A G N E e, ST ARG B R g
P, DR UJE K T CRISPR-Cas9 filMetCloZi
e T R 8O A Ak 35 A 56 PR 4 4 8 7 R (standardized
iterative genome editing, SIGE)[%], H TR st
T2 R BWEREAA, B ZmE AN T
HAEAEERB M TEARKE RIS, Lo
R PRGH 2 P AR A R, RIS A
A R 2 i T BT

U I 2047 K SCRRHRE 9 A4E ) & i A= R B, 1Y
Ry B ZE BRI TIHGNCR, R dE R H R AR A
?\:Bu/ﬁ\)ﬁ*ﬂi\ Aiigﬁgﬁ;ﬁi%Blzﬁﬁkjﬁ%ﬂ:*ﬂ
TCANMAEA AR R SR 2 2E 2B L, A U L.

4 N T Jcanipfs 2Hb A kil £B,,

U KB RIRAIRRIURK, AL R AR A
TEZ TP ZIRYIENLE. N T IREE RN R IR R R
B, & MU PR S HEAALE], DR SR R T
HY5ZH A THGIALEERB I, 2l i
EONEBIE  HEACBERAIE AT Z MR IC & iR R
B HA A A2

4.1 %ﬁ&fﬁﬂﬁ%ﬁkéﬁﬁi%lﬁzqﬁﬁjﬁg

1994F119954F, RoessnerZE A7 % K g FE i b
SEURRIRP. denitrificans Kl i) — Z2 51 Coblif 4 i 3k
[, I HSDS-PAGE I Y S 221k, JF4l &0 4k
f15-ALA S BihemB. PBGi & ifhemC. JR APk
JRITA BB hemD Y 2 fL B W, LAS-ALA. SAM.
NADHHMINADPHE M), fEALG M 4EAE R B, T HIA
HBA. 20084F, Lawrence A e K FF i vh S5 3615
B. melitensis i ) CobREE I #1144k, FEBE LA
Z HHIE B CobR G 1S M wbkid I B AL TG P, 1T LUIHAL
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CBADHULAE B F 9 5. 20094F, LundqvistZE A"
FIF K AT R S AN S IR R KB, melitensis KR A
CobN. CobS. CobTHiFFiEfT4lifk, TEMRINRIF T
BXEANEAER—NKROEAR S, IEHHF
CobSHICobT ] LB B4 R/INR 520 kDaft)7s ik
B I HAZzr 5k LIHBARIEY), 25 ACobNST
SEARBERATP. Co” A IMiEAL 21, IR &
.CBAD. 20164F, FangZs A\ e KT v F IR 3234
P. denitrificans i A0hemB. hemC. hemDFIR. capsu-
latus K IR ) CobARGH- 17461k, MHAM FS-ALA.
SAMAN U HEAL A TL IR R A Biprecorrin-2, 13 1
IO TR A Bl BRI BC e, 4R precorrin- 2k A Lk
JE1K0.19 pmol/(L min)ZE47. 19994, Maggio-HallFlEs-
calante-Semerena'** D) i 5 4 WK Bk B . DMB .
NMN. GTPRIKY), FIHFIREIENS. typhimurium*e
JEfICobU. CobS. CobT. CobCHEfLA MM 14k e 2
SRR AR A R, JHHHIE T CobSHICobCRH#fL 2
2. 20234F, Xiao%E A A FHEEIHSAMPLE FB AL
JIE, IR AR HBAA s 12 12 ML, LAS-ALA
VERIES  VAL-F B2 B i A 28 mb R 34k I 1 A i
H, SCEL T AN A B HBA A AR A
Tt

VIR TAE AR YA KB, & R R AL A
5N, M B2 A A B, P AR 223, 4
1 E B, KRG R AR IRFFE AL RE I RE B b S
T RIS R T, o A i A
EBL AR KRB T EFNHEARS S,

4.2 JCHIEAEIN AR B,

Bl YA B, KR BB R B AT, BEfEIL
SN LB A: T R e B AL B R A i i A= 2K B,
f2zit. 20234F, Kang N KAR4EA: 2B, & W%
a1 o0 ol TR, BEA T AR 1
P, MK 5FT3E. IFH, VEEBTEIAS M L K
RSN T RE R G, A 2 2% 36K TG 4N A
ERSG, SCBLT LAS-ALAK Y& e L 2B L IR &R
Mg, IR E R AL T LIHBA K WAl & 4k 2%
BRI A fbiR R, R4 H i ean it & mide A
KB B AR = M AR S DAY Z K, HIF5E A
Bk, MBI R S R B, RSN
B, XPWFIE RIRYEA Z B, B B AR AT P L
N, BB SR P A TGN AL Ty
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Table 1 Some reported strategies of fermentation and synthesis of vitamin B, in recent years

Btk E RFHBE PPhRmgL) FFFAN0) FERme/(Lh)  KEREN
LB PRI I B SRR, R 15 L 58.8 160 0.368 201257
Propionibacterium freudenreichii YINRRESER, DMBAbSE 7L 43.04 0269
CICC 10019 BB LA K 7L 56.76 160 0.35 2020
eI v )44 K% DM B A 100 L 39.15 120 0.326 20125
Proplamba]sﬂtreggrr{ é‘;iudenrelchu o7 FHE 25 AR S BB 20 4 100 em’ 274 140 0.020 201519
S BV SRR B AN TR A W 50 L 239.7 168 1.427 20161
e
“'Lﬁ”%ﬁﬁ*iiﬁwﬁﬁ iA3pH 214.13 168 1275 2008
T
Pseudomonas denitrificans i R R AR e s
Nz 5 “’E}”i‘ & 120m 198.27 180 1.102 2015
W R A 198.9 168 1.183 201204
e IPASE 7 > i A2
By ﬁlﬁ%bﬁﬁ%ﬁﬁﬁ%ﬂ# 40 168 0.833 201644
. . . . . P PR ké‘ =R
Sinorhizobium meliloti 320 %ﬁimﬁc%;g%’%fﬁiﬂ [H  250mL 9 168 0.548 202211
(=}
ARTPIFAL i 5 5 7 PRI ik 156 168 0.929 20187
. AT F k0 B R S5 1Ak 130.1 180 0.723 1951
Ensifer adhaerens hmm P 250 mL 1712 228 0761 2022
F DDA AR
Ensifer adhaerens S305 ALY TR P VB pBERE 50000 245.6 120 2,047 20231
PR JR
Bacillus megaterium SR, R R 250 mL 0.204 36 0.006 20147
DSM 319
Lactobacillus reuteri ZJ03 LA K 250 mL 0.180 72 0.003 2015
¥ 4 Fa i
AIQ(E*QE;&%%BIZ ENL N, 067 24 0.028 201813
Escherichia coli Tekr N TR Kk, B s 250 mL
FCRISPRAYH I K 4 it T L 1.49 24 0.0621 20245
P
AL L, 43 LAS-ALA R 0.42 29 0.0014 ,
Tt ik % DIHBAN Y AL A e 1.5 mL 578 1 041 20231

HFEB),

VLR 2B R 7 AN 5 A7 7 SR B TR
Y BIE 5 B S

N TE AL ZRB & O B A 85 oA
AL S AR E R B IR R K, BI/REDT TN SRS
RIRE WHEA R B BRI IRASRAT. IR i Al
AW HOR R RAE YA F B, & U8 T i B R A 1K
B, HRTEIAETHARIALH BL. PR ARTTIES AL,
Tk AR5 BARA A [ RO EE 5 BRI AR
. PO AT B R A AEA: R B BRI T 2L
KR, FIAHAR T EME SRR AR
HH, ANTEHEBABRIRERNS, K80 5
M, AUEAE—E R EAR AT R, AR T

A 5 T A B A B T 1 A Tean i fEfk
LA R B BRI R . OB ATy
il [HZRER T A ST SR BB A A 3
i, BRI, B ANE TR Tl A, (AL,
TCAMIAEAL 5 AR A 3B, B IS H TR K AR AL
IRARMFEAT TR BB RS Az T B, BT/
PSRRI Y G BT A KB U T A L K
FARRHAIF T S ITE.

5 ABRAEYPEREHESNLEE: 2B, IS
it KB 2 F TR B S 2 i 2 2 50 722
—, WRE -SSR TR, WHEIEIIG
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PGS RERFSY, 4eD5 T AT A AERRTRL. DN FH A R U,
TR TS5 LMo ML R N, SR B
AW HE A S AN AT D — R BE RN TR, A
FRABORUL, 20TV G R E AR, KAy
AP B s L2 fh . 240 AR
KR, FIE SR R AR & R I /N T B )
IBFFEIEAR. PR, TR EH AR, 4EE 2B LA e 5T
— H A2

AP AE R 23 TR R 3 T YA EB LA
AR S, T T HIR AR : O KR
FMRAZIE 508 IIZ R IF I RO SR & IR RTKS.
meliloti 320", TF %% T FSR T b 14 v 108 o 7 20 07 ok ok
177" JETFCRISPRIGAR, TF& T RARTEMRIEH 4
4t T HC12KGET ¥ fICRISPR/Cas12eGET! ), ¥t
THAEZEB YL SEE R rE"". @ A
T HEHERMN A SCEGE R E A T R
B 2B, W TR AR S T R
7B, AARHBA 8™, R & TR T T
B A B, TF R v kb v T R 2 4
T H, SCEBEA KT R =4 KB, A B s $2
TH. @ B BEA ST A ik SE36
ANBE, SEL4EE B LR AN KL A T

RPN

IR RISAM PR R, (AL TCA R AL 5 CHBA
14:/%[104].

TEARIEZ B BT TE Y, B A AR 5T
HAR—H L EE AL T RN 44 RB K
WAL A0 AR AEAE KB 2R 4EERB,,
MR AT DL Y) RS A M B 4 A2 3B, K
i TRERORIEAE, BRRIA T HA S ML KRB JR
A AR AL N G T HIT & . el
NG AEA KB T I K, B IR AE A A G
SHARFGFRAYERB IS AR R
WP R I R Bl T80 B 5 AR W B U B9 A
Bro Beit W, AWEsh4EA: KB AR5 R
TR, AT S BRFC AR )5 FIE A D <) 3™ i 1)
FERiDET N

TEA TR RSP TE SEOR M A it R vh, HELEL
FHAYP AR ARG G . N TR BEBOR AT
Lk, T LLT UL OB HESh 4k AR R B 1 G AR
FEE N TN L WA e, AR B |
KRBT BLavsr T EHOER, deRs DR R S
DAL AR AR BT, 255 22 MR ALB AR T a2 1]
MR B IR R, A BEY A TR EANE N 4
JEHEA R B MR RY 3 AT ) TR
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Synthetic biology, which approaches biotechnological problems with an engineering mindset, integrates knowledge from
disciplines such as physics, chemistry, and computer science, aiming to transform, design, and construct novel biological
systems. This interdisciplinary field is distinct in its systematic, modular, and design-oriented methodology, which
contrasts with the more traditional trial-and-error techniques of biology. By applying engineering principles, synthetic
biology enables precise manipulation and optimization of biological processes, leading to significant advancements in
biotechnology. One particularly valuable compound that has benefited from this approach is vitamin B,,.

Vitamin By, is a valuable compound with diverse applications in medicine, chemistry, and biology, which has inspired
continuous research for nearly a century. Early breakthroughs in vitamin B,, research, especially those related to its
chemical structure and biological functions, earned several Nobel Prizes and contributed to fundamental knowledge in
medical and chemical fields. Currently, the production of vitamin B,, has traditionally relied on natural microbial strains,
which synthesize the compound through complex biochemical pathways. Recently, its biotechnological production has
received a fresh impetus due to advances of synthetic biology.

This paper explores the important achievements of vitamin B, research since its discovery in 1926, including the Nobel
prize-winning achievements during the early periods of medical and chemical investigation, which laid the groundwork for
understanding the compound’s structure and function. Additionally, since the 1980s, the isolation of naturally occurring
strains that synthesize vitamin B,, along with the analysis of their catalytic pathways, has sparked a surge of interest in the
biotechnological production of vitamin B,,. Subsequently, the development of genetic tools of natural strains capable of
synthesizing vitamin B, has significantly advanced its biosynthetic production. Recently, construction and optimization of
engineered vitamin B, production strains using Escherichia coli, along with synthetic systems based on cell-free
multienzyme catalysis, have been reported. These advancements highlight promising new strategies for the future of
biotechnological vitamin B, synthesis.

In summary, this article particularly highlights the significant promotion of vitamin B, biomanufacturing by the
introduction and advancement of systematic synthetic biology research methods in the past decade. These advancements
have propelled vitamin B;, production from a simple “manufacturing” process based on natural strains towards a more
sophisticated, intelligent, technology-driven approach. By introducing systematic synthetic biology methods, such as
developing efficient genetic engineering technologies for natural synthesis strains, creating artificial strains capable of
producing vitamin B,, and assembling flexible cell-free vitamin B, synthesis systems—The production process has
become not only more efficient but also highly controllable, enabling precise regulation of biosynthesis. The integration of
computational tools, systems biology, and high-throughput screening has further accelerated the optimization of production
systems, making the process more intelligent and design-driven.

Furthermore, the intricate natural synthesis pathway of vitamin B, serves as a paradigm for synthetic biology research.
Its complexity and the challenges associated with its synthesis offer an excellent classical example of how synthetic
biology can be applied to solve intricate biological problems. By studying and modifying this pathway, researchers can
better understand the principles of pathway engineering and apply these insights to other complex biosynthetic processes.
In doing so, synthetic biology continues to drive the evolution of vitamin B,, production and other biotechnological
applications, promoting innovation and furthering the development of the field.

synthetic biology, vitamin B,,, biological manufacturing, cell factory, cell-free synthesis
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