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(NAD"). NMN exists widely in a variety of organisms, and B isomer is its active form. Studies
have shown that B-NMN plays a key role in a variety of physiological and metabolic processes.
As a potential active substance in anti-aging and improving degenerative and metabolic
diseases, the application value of B-NMN has been deeply explored, and it is imminent to
achieve large-scale production. Biosynthesis has become the preferred method to synthesize
B-NMN because of its high stereoselectivity, mild reaction conditions, and fewer by-products.
This paper reviews the physiological activity, chemical synthesis as well as biosynthesis of
B-NMN, highlighting the metabolic pathways involved in biosynthesis. This review aims to
explore the potential of improving the production strategy of f-NMN by using synthetic biology
and provide a theoretical basis for the research of metabolic pathways as well as efficient
production of B-NMN.

Keywords: p-nicotinamide mononucleotide;
pyrophosphate; chemical synthesis; biosynthesis
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1-2 (NRK 1-2); HLFAL#55(ETC)

Figure 2 Main metabolic pathways of NMN and NAD" in human body. NAD" levels are maintained by
three independent biosynthetic pathways. The following are key enzymes and substances: Tryptophan (Trp);
Indoleamine 2,3-dioxygenase (IDO); Tryptophan 2,3-dioxygenase (TDO); N-formylkynurenine (FK);
Arylformamidase (AFMID); Kynurenine 3-monooxygenase (KMO); 3-hydroxykynurenine (3-HK); Kynureninase
(KYNU); 3-hydroxyanthranilic acid (3-HAA); 3-hydroxyanthranilic acid oxygenase (HAAO); o-amino-§3-
carboxymuconate-g-semialdehyde (ACMS); a-amino-f-carboxymuconate-g-semialdehyde decarboxylase (ACMSD);
Quinolinic acid (QA); Quinolinate phosphoribosyltransferase (QAPRT); Nicotinic acid (NA); Nicotinic acid
phosphoribosyltransferase (NAPRT); Nicotinic acid mononucleotide (NAMN); Nicotinamide mononucleotide
adenylyl transferases (NMNATSs); Nicotinic acid adenine dinucleotide (NAAD); NAD" synthetase (NADSYN);
Nicotinamide adenine dinucleotide (NAD'); Poly (ADP-ribose) polymerases (PARPs); Nicotinamide
mononucleotide transporter (SLC12A8); Cyclic ADP-ribose synthases (including CD38, CD73, CD157);
Intracellular nicotinamide phosphoribosyltransferase iNAMPT); Extracellular nicotinamide phosphoribosyltransferase

(eNAMPT); Nicotinamide N-methyltransferase (NNMT); Nicotinamide mononucleotide (NMN); Nicotinamide
(NAM); Nicotinamide riboside (NR); Nicotinamide riboside kinase 1-2 (NRK 1-2); Electron transport chain (ETC).

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



FRFR F/p-BBIRERTRNEEFESSHMRHE

o IR, TIORLEE B2 IR I L B A 222 ADP
T2 WE R A TS5 W 2 SO0 ) 8 T Kb S 200 B P 1) AR
Jz(nicotinamide, NAM)!""1 75k Ik iz e B A2 b
% %% I (nicotinamide phosphoribosyltransferase,
Nampt) 9 1F I T ] % b NMNUOYL B S
NMN 5 = #% g B 1F (adenosine triphosphate,
ATP) 25 G, 76 M ok e B0 A% 11 BRI 1 % % i

(nicotinamide mononucleotide adenylyl transferase,
NMNAT) B 4 5 T 45 & 4 NADTL, BT
NMN %A BE 42, M8 % B2 (tryptophan, Trp)
TF i 9 DA 3k & A 42 5 MR R (nicotinic acid,
NA)JF U & WY Preiss-Handler #4481 7] #h 58
NAD',

1 NMN tAEENEEZaH

WA AE YR N A NMN 5 NAD K,
A AERT DS MR AT PR PO R
RS D R EEEM . i NMN
UPLTEE | K FH A B0 o N PY, Gomes
VL BANTE NMN /N AR NAD & i
i, #h7E 7 d SERERS K 22 4 A KBS/ N ALk 1A
FRAFNLN TR e E bR PRIk R 2 5 6 1 H
KA/ AR R NMN Gef8 ek sl
e 5 B BRI REERG 2T 590 ANFE
ZALM M NS Th B 2E SRR R, 204 A
FE NMN fE A Rk kP, 4k, NMN
SHEA TR B RAFRIETT FE R AR, Wang
SR B NMN EVERFEEET-B (amyloid-B, AB)
FEREEF AT BRI 65% (Gil®
500 mg/kg, MEREW), kel ph 28 ools I, ek
FHRE A A A T A A R, AT BHL LR TR
PR B FCRE (Alzheimer’s disease, AD)AYMEAL ;
Yao ZEFIXBZELE %P NMN Al 0 =15 5 1Y
KE 2R C-Jun 23K Ui i i (C-Jun N-terminal
kinase, JNK), fgM% 0 &R AR 3 RIA AL,

&: 010-64807509

Wike AD /N EUIAZN R0 e e
PR 7T, Uddin ZP% B, NMN AT LU i il
PR30 NAD KSF, i3 7 25 W i
i, W2 H B 3 5 Yoshino %P2 £
7 d RN 10 d G351 1oy P AR A e /N R S
NMN (5l & 500 mg/kg, MRS, 450 0EB /N B
FA) 1 5 AT 32 PR 2 0 3 s, /N R ke
SN 5 o KB [A) R MG U 3 EA T S5
GERFW], EIEWARHATSMT, #r R
itk NMN 25 25 RR8 A A50 5i 45 A A Ji 41 21
NAD' A& AL, IEIRIAZ | LR
BERERT AR EEC M A P, DL R g R Ry —
A NMN R 2E BTG 1 5 5 S a5 i
NMN % B 7 fiff A& S (1 3).

BEE X NMN L P E B BE A 88, NMN
LARVRAZ ] TR, Bk NMN [
Kol R I8 B L A HEME (U NCT03151239,
UMINO000021309, UMIN000030609 .
UMIN000036321 F UMIN000025739 %), ¥
NMN HFR57 &R, Caton A5
B, /N2 S T) F iR NMN (GFilE 300 mg/kg),
HA R R 20 . Trie ™7 0
NMN 56— B BE D I AR B0 6 BT, NMN 76 A 2%
HHA BRI 2T, Nagliika . B
K T ATE S RIAE 5 Tgarashi 258 R TH I R
RIS R, 2 BRI 6 5L 12 J5 NMN
(il 250 mg/d), A BUATATA RN, I
. e, 'BIIResEts —VIIEH ; Altay %%
PTG RS 25 S 2 B, i NAD R fR 1%L
ol LAt 4 5 20 B ) XS R T B RE BT e R
MRS TR AR TE 40% Y5 Z2 I PR 45 SR Al
T E—UE T NMN 2 —FhiE & A28
(e a2it, 2020 4, HAEA ST s A e
NMN T hh =0, 2022 45, ERZ50 0%
B R R SLAEMEZ T NMN Al o8 sk

B<: cjb@im.ac.cn

519




520

ISSN 1000-3061

CN 11-1998/Q A¥ T.#22=#  Chin J Biotech
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Improved brain function and

Ageing 1
Altered NAD™ metabolism
NAD" level decline

protection from neurodegeneration

Vasculature
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Ttherapeutic intervention

Diet, lifestyle changes
(eg. supplemental NMN)

Rejuvenation

Restoration of NAD™ levels

Reduce cardiovascular disease, improve
heart disease and vascular dysfunction

Muscle
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function and increased physical activity

Liver
Improved liver function, reduced hepatic

steatosis and increased capacity to regenerate

Pancreas

Improved B-cell function, increased insulin
secretion and reduced inflammation

)
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3 NMN 1 NAD E¥5 a0 97 4 Bl &=

Adipose tissue
Reduced dysplipidaemia and prevention of
insulin resistance

Figure 3  Prospects for therapeutic NMN and NAD " modulation.
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Figure 4 Chemical synthesis of NMN with AMP as substrate. The following are key substances: Adenosine
monophosphate (AMP); Hydrogen chloride (HCI); Sodium hydroxide (NaOH); Ammonia (NH3); Ethylene
glycol (C,HgO,); Ribose 5-phosphate (R-5-P); Ribosamine 5-phosphate (RA-5-P); Nicotinamide mononucleotide
(NMN); 1-(2,4-dinitrophenyl)-3-carbamoylpyridinium sodium chloride (NDC).
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Figure 5 Chemical synthesis of NMN with 1,2,3,5-tetra-O-acetyl-D-ribose as substrate. The following are
key substances: Hydrogen bromide (HBr); Sulfur dioxide (SO;); Methanol (CH;OH); 1,1,1,3,3,3-
hexamethyldisilazane (HMDS); Chlorotrimethylsilane (TMSCI); Trimethylsilyl trifluoromethanesulfonate
(TMSOTY); Phosphorus oxychloride (POCIs); Trimethyl phosphate (PO(OCH3);3); Nicotinamide mononucleotide
(NMN); Nicotinamide (NAM).
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Table I Comparison of NMN production using different chemical methods

Substrates Time Conversion (%) Steps References
AMP 1980 25 3 [46]

AMP 1984 NA 3 [48]
1,2,3,5-tetra-O-acetyl-D-ribose and NAM 1999 80 4 [49]
1,2,3,5-tetra-O-acetyl-D-ribose and NAM 2002 58 4 [50-51]
1,2,3,5-tetra-O-acetyl-D-ribose and NAM 2004 NA 3 [52]
1,2,3,5-tetra-O-acetyl-D-ribose and ethyl nicotinate 2018 NA 4 [55]

NA: Not available.
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R WOCR AR, BN ORI T A& RL IR
(Shewanella oneidensis)f) 2.4 f51°, B — ) 4 2
i R FEY) NAM 20152505 2 pEAl
J& , BEFETE R AT T v ik 2 0k 21 68 B A0 B TR
(Meiothermus ruber)>E 5] Nampt, L PRPP Fl
NAM H YA T BEHEAL BV 10 min, NMN j=
ik 34 mg/L, AE AL A 3 mg/(L-min)*,
PR BT LA, AR E AL A2 NMN
1 55— R B SE X Nampt #E77 0000, 108 22 db A
SERITT R BT Nampt W78 28 A8 0 15 B 1
DA 52 R g i BEME B 5 1 b4k, o
TG 7922 BB Nampt 22, 5
11 MR 10 MNEF, IF4 2 357 bp
1) cDNA, Nampt ZK[1&A 491 MEERR, 7
TR 52 kDal*" 7 X LR T A S5 4 % B Nampt
J& T I B R AL B L R i) — RS, —IRAA
RTHA 2 NEEALR, BEEZES 2 D NMN
oy, HA i ORAFER L His247 . Asp313 45 57
P NMN 25507 i AH 2B (& 6), Al BEXHMiEAL I
ZOCHE O (o B A L B T AR, LU
M. ruber DSM 1279 3R A K4 i R 4 AL 1
PEH) Nampt ZR7284K, %F F180A . FISOW 2§ £/
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6 Nampt SRR XEIRALGEE PDB 32, PDB fX7%: 3DHD)

FEA5,, NMN 24tk

— DO ERE, —1

Figure 6 Crucial sites for Nampt enzymatic activity (from Protein Data Bank, PDB code: 3DHD). One
monomer is green, the other is orange, and NMN is shown in green stick shape.

LTI G RS, S AR AR I 1 Ay B A A
) 1.2-6.9 511, BAMBABITIE H, ik AR
A REZ BN H 4 2 5 Ak iy HoAh I = 52
2008 4, Burgos %FilEH] ATP /Kfif5 NMN &5
AH2E , Nampt fE46 S 0 1 &) =47 PPi A] {2 ik ATP
KA, SESREYISERM Y], (i Nampt #ELRCRR
B91 100 457,

n b frik, PRPP JE& A NMN 5 i o ]
&, HIELTEREAE, Hhgmsios
SRR 2 BT, 2 DA AT B A DR (AN A
R L ABE I 4G 5 55 ) & OCHE IR YY) PRPP A
DL Z Rl el

(1) DIRZHEFE A% ORI, 28 3 e
SRR NMN (7 19 A BB 208 i) O
WL ATP VE A il iR 3k A1 I 1A, 7 A2 0 g
(ribokinase, RK)HE{L T A= it R-5-P 5/l —
% 2 B (adenosine diphosphate, ADP); @
R-5-P 75 IR 1% Wl £& W% B2 ¥ 88 (phosphoribosyl
pyrophosphate synthetase, PRPPs)F‘ ik T 541k
i PRPP, fEUE¥K: ATP 1) PPi #4344 5] R-5-P

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

) C1-¥23k |, NI 4: PRPP 5 &l ™= 4) AMP;
@PRPP 5 NAM 7£ Nampt HEALAE F R 454 4
M NMN 5 &|7=4%) PPi, Maharjan %3tk
Nampt $:[N 5 PRPPs1 #1 PRPPs2 J:[H CEIE T
B N Homo sapiens))5 , VA 1% M 0IEY),
Pl 0.5% NAM N3RSy, RIEHEM 1 mmol/L
Mg> FIieEh , 4 b5 T NMN 7= 5
K 7715 mg/L™, SRR ELICRIET M. ruber
DSM 1279 1) Nampt 78R ZE5 &4 MEAN N PRPPs
A RK 4ifbfiff, itk NAM:ATP:#Z%Hi=1-4:1:14
P BE R LU BT, e Ab R iy T IA 100%, S0
8 h 5 25 Al K75 8.3 g/L NMNUV4_ A {25 ) R-5-P
R, NAM A3EEY), 8 e S A
Nampt F1 PRPPs 9 JE R TR 18, 38 43 4= 40 it
A 13.3 g/L NMN, #6465 N 99.5%, HAf
AR E E LA PT 7E— e FR R E s, B
AR o2 7= A

(2) VABRAT MR & L NMN, - [RlFE 7]
Iy 3 AR T B A IS AR O
17 JC il 1 PR A7 P i (adenosine kinase, Adk)F
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WEALVE TN #E 1 01 ATP 4L AMP HE|r™
) ADPU); @) H i W04 Tl 92 A% 1 % 7% 1t (adenine
phosphoribosyltransferase, APRT) i 1k , i &
AMP #l PPi & PRPP FIIRIENS; G& R
PRPP 5 NAM 7t Nampt f£7E F #4460 NMN 5
Bl =1 PP JR W 5 Ok H K AT B (Escherichia
coli)¥] APRT, VMRTFEVEAZOIEY), NAM Myt
Y, TEANEANIN Adk, APRT . Nampt Zi{LEET)
Al b A NMN Wik 19.67 g/L, i
FeAL NI IR 96%, BAMUCRAN 65%-70%""7),
HIRHESE L) AMP VEAZOIRY) , AT Ui APRT
5 Nampt &R 4alifb i, 5EmJGE 2 2 O Ra]
A NMN, 4 NAM: £ ff iR o H &8 :AMP=
1-4:1-2:1 $ZBE/R B, [ 8 h fes
32.3 g/L ) NMN HL7= S pbsh, o
S8 L AMPAEIZ.OIRY) , 7 AMP 1 iR AMP
nucleosidase, Amn)JYER T , 1H#E H,O & i R-5-P
FIRRIZERS  FEHy PRPPs 1 Nampt 3t [)4E F A
NMN; 4 NAM:ATP:AMP=1-6:1:1-2 B /R kb
PO, il B BOR T R, & AR NMN
HL™ I 12.9 /L BR T L AMP 1R RZ0 )
Yy4h , X B F7 R (inosine monophosphate, IMP) 1, A]
VIFAVERZOIRY) , 38 U B B R A e X I
(hypoxanthine-guanine phosphoribosyltransferase,
HPRT)/”4: PRPP 5@/ ¥k BelEns . HLanqe
HPRT # Nampt ZEfLEERIVERT T, 24 NAM:f&
PR sl L ER IMP s Eh=1-3:1-2:1 # R A%
I, EEIREEALRATIE 80%-100%, kgl
ST #5205 42 fk Jif (xanthine oxidase, XOD),
R B IEERSBE AR, N 8 h JEn3kfF 14.6 g/L
NMN KL= ™ 5 AR 0 R,
AMP 88, IMP 11224 £ 7 JEORE Y A fi e , 7652 B
Az R B

(3) LABIAGHAE IAZ DRI A L NMN (#] 7
1) C iR oraf i, L8 bnit): O %

&: 010-64807509

M AL R O IR AR A B 5 R A% I (ribulose
5-phosphate, RUSP); @ 5-# 2 #% Wi 5 4 1§
(ribose 5-phosphate isomerase A, RpiA)f LA
RUSP 2442 R-5-P, Bfij5 i #2FILL R-5-P )it
B4 B NMN A8[A], BI7E PRPPs 1 Nampt f 4t
AR AR 454 A4 % NMN . Liu %553 1 AR5
AR A A pE A, RIS AR
WU E. coli NTEME YgeS KR ik, fi NMN
= FEIK f# i (NMN aminohydrolase, PncC), NMN
BRFT 5 2 B3 (NMN adenylyltransferase, NadR) .,
Amn F) 2 % 5 D DU SR iR PRPP F1 ATP fY i
N, R IR T D3R 3 ZF 48 4 B (Bacillus
velezensis) Y = G Nampt -5 % I8 T FR I B2 A
(Saccharomyces cerevisiae) ] i 11 lif (adenosine
kinase, Adol), # 5 3R iEJ5 0] sk ATP 7G5,
DA% BE5 NAM WGP, 1 37 °C L pH 6.0
Fl ODgoo=50 511~ AT diMififk., NMN Y
e o 496.2 mg/LB ) Shoji &3t ik 6
WIEE LR (pgi . zwf. pgl. gnd. rpid. rpiB)
ISR T BERR R A, 1RSI AR PRPPs Al
CP Nampt JA4 [F] IS finas 7 NMN %%z, RI7E
E. coli W5 IRZRIB I L 1 AR T B ZAn 5o
B IR QB (Burkholderia cenocepacia) ) Jl TR
%12 % M (niacin transporter, NiaP), e iF T EH0Mk
KT (Bacillus mycoides) i) ST B 2 AR 4% iz
% H (nicotinamide riboside transporter, PnuC, HJ
AR NMN i 5232 B A1), 2 TR
REAS LA A5 58 A NAM R A0 IR [ ) 8 h 3R7%5
6.79 g/L NMN, LI NAM 18 1954 h 87%L%),
(4) AWERFERT LIAE A0 IRYH T NMN
BRI (B 7 1) C daraafit). 1\t
TEAHH A JFR i (xylose reductase, XR)WEF T ik
JEAKE I ARERE, B 5 7E AR B S (xylitol
dehydrogenase, XDH)/E N A ALTE BUA BB
T2 AT i 4 i (xy lulokinase, XK)TH#E 1 701
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Extracellular mllieu

."
o " %
= o Cytosof A
,\g A(E( ?GPD ,\q PGLS a\ °\/K/\/'\ NNNN
Glucose D—glwcose 6-phosphate 1,5-lactone ,L PGDI), NADFI: oo

P <f ‘?‘T<\f\ WCO

. Xanthine " e

v _’ @ \‘ " PNP/UPP/NRK Q\,&) NRK ‘ (J*H Pm&—’ N3 /)\Y
o ¢\,
O eeeee AUQ* H/—/ M
‘ k‘ NA NAMN J .4
e, s’
7 ERATERYN NMN EMERIRE  LUR S5 . % B (GK); %0 B -6-BE iR

[ S (GOPD); 6~ AR M WH IR N IR (PGLS) s IR I FHIR B M (PGD); S-WRIRAZME S+ A (RpiA); B
ALV AR DRI A (PRPPs) ; ISR B IR A% I RS T (Nampt) s S-BE R W BE (RUSP) ; S-B IR %M (R-5-P);
BRI AZ M FE BRI (PRPP) ;s JHTE i (NAM) 5 M THE e AL I BR(NMIN) 5 AOBE I8 Il (XR) 5 AW I L 7l
(XDH); AME A (XT); ABIHHEEG(XK); ZHE-3-0502 5 R RPE); W RK); AMP 1
i (Amn); BRIFIGERAK); JRIEMSBERR A2 BEEE RS BE(APRT); —EMRIZTF(ATP); —#iRRIRTT(ADP); —
WM AR TY (AMP); FEBFIRER (PPI); 35 IR A fL i (XOD); UCHE T B (IMP) 5 U B WL I W P A2 A e 75 il
(HPRT); JRHFWEARNE(UPP); W 0EAZ 1 DR IR AL B (PYNP) ; BRI AZ H B IR AL B (PNP) 5 ik R A2 Wl 722 37 il
(PPM); HWE-1-BEIR(R-1-P); MHERAZME(NR) ;s MHISEMAZ W RO (NRK) 5 JRBE I AZ B 12 45 11 (PnuC) ;
MR 5% 32 76 11 (NiaP) ; MHFR(NA); MHFR BA% T B2 (NAMN); NMN 4 il (NadE); NMN 24 3t /K fi# il (PncC)
Figure 7 Biosynthetic pathways of NMN using different substrates. The following are key enzymes and
substances: Glucokinase (GK); Glucose-6-phosphate dehydrogenase (G6PD); 6-phosphogluconolactonase
(PGLS); Phosphogluconate dehydrogenase (PGD); Ribose 5-phosphate isomerase A (RpiA); Phosphoribosyl
pyrophosphate synthetase (PRPPs); Nicotinamide phosphoribosyl transferase (Nampt); Ribulose 5-phosphate
(RUS5P); Ribose 5-phosphate (R-5-P); 5-phosphoribosyl-1-pyrophosphate (PRPP); Nicotinamide (NAM);
Nicotinamide mononucleotide (NMN); Xylose reductase (XR); Xylitol dehydrogenase (XDH); Xylose
isomerase (XI); Xylulokinase (XK); Ribulose-phosphate 3-epimerase (RPE); ribokinase (RK); AMP nucleosidase
(Amn); Adenosine kinase (Adk); Adenine phosphoribosyltransferase (APRT); Adenosine triphosphate (ATP);
Adenosine diphosphate (ADP); Adenosine monophosphate (AMP); Inorganic pyrophosphate (PPi); Xanthine
oxidase (XOD); Inosine monophosphate (IMP); Hypoxanthine-guanine phosphoribosyltransferase (HPRT);
Uridine phosphorylase (UPP); Pyrimidine nucleoside phosphorylase (PyNP); Purine nucleoside phosphorylase
(PNP); Phosphopentomutase (PPM); Ribose 1-phosphate (R-1-P); Nicotinamide riboside (NR); Nicotinamide
riboside kinase (NRK); Nicotinamide riboside transporter (PnuC); Niacin transporter (NiaP); Nicotinic acid (NA);
Nicotinic acid mononucleotide (NAMN); NMN synthetase (NadE); NMN aminohydrolase (PncC).
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ATP BEFRAVIE A EBE-5-BE R , e Jo FEAZ b -3 -
W52 S+ A4 i (ribulose-phosphate 3-epimerase, RPE)
AIVE T AR BB -5-BE R A5 #4 24 RUSP, H itk
HEABEIR M AR, #ET7E RpiA BEMPERTTR
¥ RUSP JE A R-5-P, fE PRPPs il Nampt fiy 3t
IR fiEAL T 28 i NMIN (8 52 B S AR 3R DL B a4
TEIF AT WA AL B E, A AN A AR S5 AL il
(xylose isomerase, XI)H Mt Mg A 5% £t A vk i TP
A A LB SR BT AR, PURHERT NAM
TERZ DR, 24 NAM:ATP: K Hi=1-4:1:1-4
P E IR OIS, BEMEALRON 8 h 5, Sl
AT 7.35 g/L B NMN HL™ sk, IR AL
AT LUGE 80%-100%" DA | 2 Fhikfs mAR T
SN A P B Y R A A R A, (HIERES
DR R AN N X (SR RN ik R
NMN, i#f—HFEKT NMN W& BURA, h
NMN # Tolb A A = 4R 1 737 i R

Tt W —F G 8 PRPP HiR AR AR 2K
O 5 P BEIR R A ——ATP, Tl I3 5 44 2
ATPEIN R GEp AL I T2 Y ATP I AL, 1140 -
5] A 3 F £ 5 W BR I I (polyphosphate kinase,
PPK)f¥) ATP fHFF Z2 48 1] 2 % KA ATP JHAE, A
IS AR 5 1 NMN Tolkfb A=, 7
Feegrieh, ATP IHAERY B2 A Rl = )
PPi, i i S AR BRI (pyrophosphatase, PPase)
¥ PPi B BEIREL , RIS NMN 1Y) 5L 1S
2y 50%, kA RER PN R P RE R AR E T
I AR
3.1.2 HHELE—FUNR "L R

B T Z RO R Y o L AT H
2 B FIAKESE ) DA AL M 45 15 5 PRPP 1Y i 14
HER A, DLEA RO SRR e 5L NR Ch E
PN IEAT AR SN, B A% sl O folf AN A8
HoRIEZBRAY PRPP, 042N 1705 NR
5 1 50F ATP 454, 76 NRK MHEIL/E T ik

&: 010-64807509

FRALAE BT 143 F NMN F1 1 5Tl 74 ADP.
2016 4, FgZER4E ) NR N HIERY . LI ATP
NILJEY), TE S. cerevisiae H M) NRK 1 1k
YEF T A1 NMN, #4b385K 90%L) |5 &+
ARG B VR T S A A S A5 B
NMN 4l RTF 95% %, 2019 45, #iRE Mt 5
H PCR, DNA HHE, PHRMR T = g5
P ML E AR R AR 1) NRK SRR GRAS SR A
T v B B4k B Kluyveromyces marxianus),
5% D45, D58, R161, Y164 U4 s EF T
PARAS, MEIRE 1.94-6.39 ff%; UL 10 g/L
1) NR MY, B4 ATP 4K T163 2 5347
20 h HEAL R & B NMN, AL 3R KT 90% 4784
B T R EREETE A NRK JEFT 9 A5 e 4h
NRK 7 7E BER e T 3 0l 4 25 A m) R, 42 455
NRK PFEE A 1] T 78 SR 25 B 4 a2 @)
RN, Todgadraith, H AR RDRE TR
TR 0 5C 5 (Thermothielavioides terrestris NRRL
8126, LIHIFRA Thielavia terrestris)ff) NRK, H:
il W IR 70 °C L, I 65 °CHVL 3 15 min
J B9 NRKCHIR , DL NR HRLOEY), ATP it
JIEY), 75 40 °C, pH 5.0-6.0 £ R F2Ji 4 h, NMN
IR AT IL 939%™, #AESE4T X H. sapiens e
JRA NRK, 388 K3FEBEAR, FIHE SR
ARBEAIRER (AR RS/ A B RE, AN 15 A TTRES
P 2R U RRE MR O G L a5 R O e S 2 AR R
NRK15, BLA E. coli K5 PPK2 SZI ATP 1
I, DANRSERIRY), 7€ 42 °CHKAFTiEfb 3 h
JG, NMN 5 0 F>99%0 X g 25 K
S. cerevisiae RIFMREER M EE A flol Fl
NRK & [ HBRIL,  NRK SRR TR
P B 20 R R T, ) P A i R T 4 ) g
TR E PRI 1 NRK, 1% LA NR 460
KW, 7E 40 °CIZ I 4 h A] A= i 16.44 g/L NMN,
bRk E] 98.3%*7, HAEIHTEM NR iR
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A B, FETEAR 22 B B XU, ELAN A B
Bty A BEANIGE NR A ] 7= P 4 At
AR T B L ) A e % 1 G o 2 R iR A
i, EARRERAE T .

(1) DB 0P, 5 PRPP RGN
WARARRL, Pizs 4 BRSOV AR NMN (BRI 7
) a BB 1 (0 R R HERL ) . ORZBELL ATP 1E
MR IL AR, 76 RK 4L T4 R-5-P 5
7 %) ADP; @ R-5-P TE Wk W2 % WE A2 i i
(phosphopentomutase, PPM)I1E T Az BAZAE-1-
f# W& (ribose 1-phosphate, R-1-P); ®R-1-P 7E
NRK BB AE R & B NR; @WNR T #E
1 43§ ATP 7£ NRK HYBERR L AEHI T & i NMN
Y5 ADP. 2022 4, #5382 1 /8 T NRK H)
MHRE, BIX) R-1-P BA B R/ FH AR NR
BA R AEN, 2R A kT
S. cerevisiae W] RK [# € AL . SR T 7K A= W54
W& (Thermus aquaticus)f) PPM [# % £k 1 1k I
T H. sapiens ] NRK [& & L, LI NAM .,
ATP JJIEH), 7E 25 °CI)V 4 h AT#5-%) 30.73 g/L
) NMN, JEMFEAL R 92%,

(2) VI Wiz Ryt al s 3 A0 E
B A B NMN (BB 7 B b 343 €0 i 2R HE A
Py O 5 Bk IR #h 76 B 08 % 1 0 iR 1k i
(purine nucleoside phosphorylase, PNP)x; % I 4%
MR L (pyrimidine nucleoside phosphorylase,
PyNP)HIAE T, i 2 AH 0 Ay IS e s s g A=
R-1-P ; @ R-1-P 7E JR % B2 B (uridine
phosphorylase, UPP)al, PNP #JffL T, 5 NAM
Az OB R E] ) NR; @#RJ5 NR 7E NRK 1
YEHIFI#E 1 451 ATP, A4 1 4 F NMN 5
1 73§ ADP. 2020 4F, JE3CHSE LS 550 E
Y1, 7€ PNP fil UPP RAEKRCEANRIET E. coli)
FIIE T S. cerevisiae S288C M NRK VEFH T —4%
PARAL A B NMN, e Mk AT ik 768.7 mg/L™),

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

Zhou FF¥IT T NR BERRILRAR 4 L NMN, fE
g LLR S5 R EY), 3558 NR BYRTAEEN , @
1tk 5 R4tk 5 PyNP . PNP, NRK ., PPK2
DU R IR R GE S BE 3 g/L ) NMN =i P
SHAARIG A TR ECT, DU %0
Y, FEKIETF 4 (Bos taurus)i) PNP EFHT &
A R-1-P, T J5 78 Ok I8 T i O I A B
(Haemophilus influenzae ATCC 51907)f*) NRK
AL T A2 Bl NMN, I H A K 5 T4 ¢l 5
HL 7 (Pseudomonas aeruginosa ATCC 15692)1]
PPK J5 W] 523 ATP JEFRRRAR 22 MA, 43 2%
LT 1 L S5 40HE 38 °CRZIV 15 h, e il A=
B 75.15 g/L 1 NMN, JEMIEEALER N 90%.

DL EAEYIEAG AR 7 NMN 758, %
SR AR . KBRS DL R A A
A P R E ] D IR, FEIE NAM
R I PR ARSI 5 I e L, 3698 PRPP
NR AYRTABER, LA NMN &35 . I
IERTBURON A iUE Sk N i A ATY CNE 1S R [TB 2
RV Z b RG22 hidlfl, #—2
PETHT NMN A6 RSCE
3.2 WEMABEE

B T AED AL G L NMN 7E IR 45 32 K
0, AR IR A NMN 8 [RI R EO T 8
IBFFE e, HAZ.O R m R s, Bk
SR 30 A G I B RR T 2 T 1 (B 7 19 Cif a4,
e, 2L AE Sk ARE): Sugiyama %5 DA NR ‘& ##
BRBA R BE R O e TR, N 174 BRI
P2 A TP O S AR AT 3 R BT A P TR R A TR AR [ 24K
B 28 AT 1 )& (Fructobacillus)), = REWE1E
YPD K5 5% Bk (BN o> 2 — ) A
1.5 mg/L ) NR 1 2.1 mg/L NMNP & i 5 25
DL NAM i) R A 1 v i i 68 7 1 1 B 0
T 18 (Enterobacter chengduensis 2021T4.7)%
#4272 NMN, 15 min A& 22.6 mg/L ) NMN
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e

R TARGE R BRI O i 0h, Al A X
PR AT R TR . A AR S5 Oy X0 i iy
7 B MR . Black %R L, ML NMN 7K
AU F PncC XF NMN () [%A# . HAE ApneC
R A T e 3 08 R TR T - A o B VG S A
(Francisella Tularensis)) NMN & i i (NMN
synthetase, NadE) 1 & I F 7 H & /K K @#
(Ralstonia solanacearum) ) 1 I 1 ol 12 2% W s
W NadV (HPHTSCHT A Nampt), DA 1 mmol/L
NA NJEY), £ nlE NMN =542 5] 501 mg/L,
KB T EFA T 130 F5 (BD B 7 AT o (0, 5 2
REBTHOPY. BREEBRFEARIRARAL , LTI TS 15
PP B SR ET AL N . 2018 4, Marinescu 5§
LI NAM FIFLBEAEY), e R # gt
RO fz 5Kk, ¥k A v H vg i
(Haemophilus ducreyi)it) Nampt FIK H f# 7E6y
LR I (Bacillus  amyloliquefaciens)] PRPPs
(BA L1351 578 fifk bt S i il ) e A6 30 K
FF BL21(DE3) pLysS H', & kB 12 h 3k15
NMN #7735 15.42 me/L (8% 17.26 mg/g & &
FUT0) (R 7 AT o348 €0 SR AE AL L) o)

5 ER g At A A AR NMN # £

#x2 FRAEEMEBEE NMN BEEER

HHRRARRL(E 7 1 C ARy i, 2%k
FRiE), 2022 4E, Huang %5 DIFZ58EFI NAM N
W) K& A B NMN, 38 o XF R i T 240
PEIE IS, S8 5 1 01 6 Nampt [R5 T I A
WE AR Vibrio bacteriophage KVP40 (VpNadV)]
[ri) R L 2 38 At B B0 S it ] 19 PRPPs ik [
BaPRS“"**' GEIET B. amyloliquefaciens), M4k
5l ASRIEF B. mycoides W) PnuC 5 RIEF
B. cenocepacia i NiaP, ik NMN [ g ie b
NadR .PncC ,UDP /K fi# il (UDP-sugar hydrolase,
UshA)Fl PRPP %% [ 1 (PRPP regulatory factor,
purR gene) Y gif LA, i H B4 F]F NMN H#Y
G RUMARR . R Ja b s B At bRl
T2, 18 5 LAY RO AR K- b, NMN A3
JEiE#] 162 g/L, NAM $4L5R K 97.0%, SCH
F & Bk m i) NMN R RREEY &
B R BAR L 2,
4 FhERZ

VARG Z WM, NMN A3
TG PRI 98 B 25 1 U B IE S, R AR

JEIT I B f) 5 S Ml B DA A G i AR B T, Oy
A v TR B E WD M T B T AR

Table 2 Comparison of NMN production using different biosynthesis methods

Substrates Strategies Time NMN production (g/L) References
Biological catalysis

PRPP, NAM Nampt 1957 NA [60]

PRPP, NAM Overexpression Nampt with mutation 2018 NA [69]

PRPP, NAM Overexpression Nampt (from M. ruber) 2021 0.034 [64]

NAM, ribose, Overexpression Nampt (from H. sapiens), PRPPsl and 2021 0.772 [73]

phosphate PRPPs2 (from H. sapiens)

NAM, ribose, ATP Overexpression Nampt (from M. ruber DSM 1279) 2016 8.322 [74]

with mutation, PRPPs, RK (conversion=80%—100%)
NAM, ATP, Overexpression Nampt, PRPPs 2018 13.300 [75]
R-5-P (conversion=99.5%)
(G
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(8:3R 2)
Substrates Strategies Time NMN production (g/L) References
NAM, ATP, Overexpression Nampt, APRT (from E. coli), Adk 2020 19.670 [77]
adenosine (conversion=96%)
NAM, PPi, AMP Overexpression Nampt with mutation, APRT 2016 32.252 [78]
(conversion=80%—100%)
NAM, ATP, AMP Overexpression Nampt, PRPPs, Amn 2016 12.868 [79]
(conversion=80%—-100%)
NAM, PPi, IMP  Overexpression Nampt, HPRT, XOD 2016 14.639 [80]
(conversion=80%—100%)
NAM, glucose Overexpression Nampt (from B. velezensis), Adol 2021 0.496 [81]
(from S. cerevisiae), PRPPs, G6PD, PGLS, PGD,
RpiA, YgcS, deletion of pncC, nadR and amn
NAM, glucose Overexpression Nampt (from C. pinensis), NiaP (from 2021 6.790 [63]
B. cenocepacia), PnuC (from B. mycoides) and PRPPs, (conversion=87%)
G6PD, PGLS, PGD, RpiA, GPI (from E. coli)
NAM, ATP, Overexpression Nampt, PRPPs, XR, XDH, XK, XI, 2016 7.353 [82]
D-xylose PRE, RpiA (conversion=80%—-100%)
NR, ATP Overexpression NRK (from S. cerevisiae) 2016 (conversion>90%) [83]
NR, ATP Overexpression NRK with mutation (from 2019 (conversion>90%) [84]
K. marxianus), PPK
NR, ATP Overexpression NRK (from T. terrestris NRRL 8126) 2020 (conversion=93%) [85]
NR, ATP Overexpression NRK (from H. sapiens), PPK2 (from 2020 (conversion>99%) [86]
E. coli)
NR, ATP Overexpression NRK (from S. cerevisiae) and flo1 2021 16.444 [87]
(from S. cerevisiae) (conversion=98.3%)
Ribose, NAM, Overexpression PPM (from T. aquaticus), RK (from 2022 30.730 [88]
ATP S. cerevisiae), NRK (from H. sapiens) (conversion=92%)
Guanosine, Overexpression PNP, UPP (from E. coli K-12, 2020 0.769 [89]
NAM, ATP, MG1655) with mutation, NRK (from S. cerevisiae
phosphate S288C)
Uridine or AMP  Overexpression PyNP, PNP, NRK, PPK2 (or Amn, 2022 3.000 [90]
PRPPs, Nampt)
Adenosine, Overexpression PNP (from B. taurus), NRK (from 2021 75.150 [91]
NAM, ATP H. influenzae ATCC 51907), PPK (from P. aeruginosa (conversion=90%)
ATCC 15692)
Fermentation
Glucose Fructobacillus 2021 0.002 [92]
NAM E. chengduensis 2021T4.7 2021 0.023 [93]
NA Overexpression NadE (from F. Tularensis), NadV 2020 0.501 [94,97]
(from R. solanacearum) and deletion of pncC
NAM, lactose Overexpression Nampt (from H. ducreyi), PRPPs (from 2018 0.015 [95]
B. amyloliquefaciens with L1351 mutation)
NAM, glucose Overexpression Nampt (from Vibrio bacteriophage 2022 16.200 [96]

KVP40), PRPPs (from B. amyloliquefaciens with L1351
mutation), NiaP (from B. cenocepacia), PnuC (from
B. mycoides), deletion of pncC, nadR, purR and ushA

(conversion=97%)

NA: Not available.

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