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Research Progress on Regulation of Coenzyme I Metabolism

SUN Hui , ZHANG Chunyi , JIANG Ling"
Biotechnology Research Institute , Chinese Academy of Agricultural Sciences, Beijing 100081, China

Abstract : Nicotinamide adenine dinucleotide (NAD") is a coenzyme that plays an important role in glycolysis, gluconeogenesis,
tricarboxylic acid cycle and respiratory chain. It is widely involved in DNA repair, histone deacetylation and other life processes.
In recent years, studies have shown that NAD® substrates and intermediates (molecules with vitamin B3 activity, such as
nicotinic acid, nicotinamide, nicotinamide nucleoside and nicotinamide mononucleotide) have many important effects on taking
precautions against pellagra, delaying aging, curing diseases such as nerve and cardiovascular diseases, regulating insulin secre-
tion, regulating mRNA expression and so on. This paper reviewed the synthesis and metabolism of coenzyme and the regulation
of coenzyme metabolism during the aging process, and provided a theoretical basis and technical support for the enrichment of

NAD" intermediates in Escherichia coli and other organisms by synthetic biology.
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Fig. 1 Chemical structures and interconversion of coenzyme | and its precursor and intermediate product
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Fig.3 Life processes that NAD" participates in
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during aging

NAD' W FERE , T BB AETE DNA FUBE K 2447 o5, 71
i Al NAD 4 A 3 ADP & B 3 AL sh 8 &2 it
PRSI AE R B NAD . b, 2 I 1 1%
PEE B =4, NI 5 2 E — 25 19 DNA 454557
PARP 7E NAD H H1 T NAM FIAZ M 2 ] i gt |
PR NAM , FE B ADP A% 4 T 7 422 51 5 5 1Y)
R b, A J5 B2 025 8 v AS W 1] e 403 B2 1)
ADP M FR R N TE £2 (9 ADP AZME BT, Wi 77 4
ADP-E M 0 REWAE RIS &1 . ADP & HE
Sl —FP 2T RE 0 B IS 181 , 514 2 R
YRR O, ADP A% B EAL AR FE FN I T DNA
S AR 2 SR RN 5 T 5 LA R AT X
i QU ST I B A d [T

222 X E  NAMPT BEAFE A KW FEAY
Ty — A I R AT B 2 A5 ol A0 i 7 8 | A 1 1 1 R
HE o A% JITJEL 1, 3 S A0 6 17 38K 2 B A 114 1
I3, IFAE 2k 2 AR 4 2L Can R 1D 21 28 B
WU IR ) 0 P RRE o 18 M 4 0 175 5 4 i 240 i
PRI BT, 32— D AR T NAMPT (3R 357K
C A fiRIEIEW] NADVHAERE CD38 fE R E il b &

FNAD FRE™, CD38 &4 P 32 2 /) NAD 45
PE ADP B AL , 7] 45 NAD® F& A g 30 B — W 2
1B (eyclic adenosine diphosphoribose ,cADPR)™!,
Bl 5 A I8 B 3 K, CD38 B H /K B T, Tk
NADTHFER AN, UL, 80 72 i 12 vk S
(38 i AT R 4L 2 CD38 L M 35 LAY
filt & I . A cADPRAE b —F 5 500 F &
FEVE R, ol & 40 B 9AR 5 0 0T = 30085 85+ F
o CD38 /N FLRE PR FF 4L =5 1 NAD K-, IF
A S 7 I PR AR £ I Y A=, 3 AT DL i
NAD /K F-F AR A B Sirtuin S5 BEAY TG PE
2.2.3 B H A microRNA B TN ELL
BN & NAMPT Bifi 5 220 F R 2 — . s
38 , CLOCK:BMALL J& 5 7% 77 Ht 4% St N 7 1 %
OEAY i S A NAMPT 195 31 X el ok
T NAMPT (335 . [A] A, SIRT1 WA IE I & &
L SRk 1 JE T 7. F55C 1, SIRT1 Y
P of T B0 B R IR A BRI . Uk, NAD A
NAMPT /K F B ox B & 7 &k %, 8o
NAMPT-NAD*-SIRT1 ¥ 35 i K , 4 3% 0l LA AR I
TS R G R R B, b — 2 BT
TR RE A B NAMPT 3 #: HI NAD 7K 41,
MicroRNA RJ DL 12k I8 42 4% A ik DR 3R 3k 1 4
NAD' V-1 . miR-34a 25 T I JE NAD" Bifi 41 i
BT A A TR 45 0 B miR-34a 38 i B ELE S
#| NAMPT H1 SIRT1 4 3'UTR X 33k 4 i & 118Y
SR A, b, BB AR B, RE
miR-34a 17KV 1 2 o RS S miR-34a
(723K, i f £ 234 miR-34a $:3 NAMPT /K F- ¢
TRATAE I o AH B, HEJHE 2 v miR-34a I TTTER AT
Pk 52 NAMPT 1 NAD" (1) 7K °F- , Jf 38 iF NAMPT/
NAD*/SIRT1 (4 b [l 4 FH e ST Al 17 60 A8 P 4%
KiE A OB O W A2 SN Y, At 8 4
microRNAs 8 AT & 5 9 240}l NAMPT 97K F- 5 %
I, BT 2 5 5 2 B 5 T A T R
BT HEAT microRNA P45 NAD' A $E AR L [A]
#B= NAMPT, & g it i) & 11 0T AR 426 11 25 £ Tk
AL T Sirtuin 38 15 B 2 BEAL TG o Sirtuin A9 BTG
PEE AR T NAD BB R . BTG RS
NAD" e B 0 38 i ir 5 i, i Bl 2 A7 % i 15 K
NAD V& FE (1) FACAE B NAMPT A1 Sivtuin 3 H4 11
R, Sirtuin 3 B8 M 2035 AE T U I AL
B Ban 2418 2T e S 6 5 25 0 2R  Sir-



532 ‘ A #HE R# & Current Biotechnology

tuin 38 ] LAAE A 55 PR 4 ol (R 8 1 b 4
AR PR B3R R AR Rk . L, Sir-
tuin {6 M5 19 T B (B AN7E NAD B = (95 00 T ) 2
R AN At £ Sk A b A 7 S AR BB ™, T
LI AR IR R4 Sirtuin B R0 157 40 i P Y
NAD* ¥ B F1 41 A 14 S8 AL 38 JEOIR 285, TR Sir-
tuin 5 A NAD™ {4 #E R (PARP1) 2L [7] 55 4+ {4 P4
) NAD", & A LA o 25 2 Bk fk BL 42 T 5 PARP1
TS R ST % B NAD T #E il (PARP1 .
CD38 Fil Sirtuin) 1 H. 2 [A] NI 5% 5% ) LRI 2%
J5 SN A2 T 354 NAD E 45 NAD P-4 .

3 RE

25 TR R R ) NAD G SRR K2 Hh a4k
AW (A A 2 B3 W ) XA NAD /K-l 5
BT . A i, NA i &) 5 | 1 45 47 5K
5 i 3 S I R P RE PR 55 R S, A IR 25 1 A8
TR IR BB, NAM 22 530 NAMPT B {2k /1
[ A T E R ) e A s I 2 7 . A
Xk, NMN F1NR A 5 A 242 5 i 2L 3h W 1)
NAD 7K, H H i b 75 2 H) F 31035 i 5k
4 R AR 25 R W9 5 4% NAD AH G
W 2% 754k, B NMN A1 NR (19 25 BiVE F 22 57 BR
T #E NMN FlINR Z [a] fi e PR A1, A 75 2 TERG o
F4) 7] R 5 R A A A LB 9 e it — 5 S B
NAD G ) B A 4

IEAE  NAD R 25 B2 2 1w b 5 380s vl LA
BCA AR E NAD R 55—~ %88 . T NAMPT
B NAD G B4 B , T A 38 in i 7L
YA NAD /K () 25 24505, C A BRI & 1
P7C3 3% Fh ] LR NAMPT AL 90, ok &
PLBE AL PTG NMNAT  HoAt NAD 4 18 it 25 19 A il
{18 TG 2 () AL A5 400, 3 S il 1 S5 791 1 O 2 B
TEVRTT 3 B AR DGR h R A 22 -

AEE  NAD RIS ) B A1) 6 L E 2L
SRR RURHESU  AF SE S . NAD S
B 2ok TR A AR A Bl 2R 55 A 7E KB AT
v [R5 B BN
SE AL B WAz BT LUK 7= e 1)
kA&, B, BT NMN = 58w A
WO RLEE T 24 NAD B IR, B Sl 1e K
FE A 42 AL 2 6% 1Y) 5 26 B 6 2 PRPP 25 R AL

PRAL R0 NAMAVE AR s HoRGE IR A 5 AGTA
(Ralstonia solanacearum) W 15 1% 4 NAMPT, 7] DA
FR-IE NAM #3554k ) NMN ;5 #¢ J £E K T 5 TR
58 Ak AP 2R HE NMN B 36 4 ) e 5% 32 25 4 (NiaP
F1 PnuC) {15 NMN HE ik 21 41 fg 75 , £ 28 NMN (1)
A A DL A 6.79 o LY S Ak AL GE R 40 P
kA BGEAE BJIEYE t0 2 R , 2021 48 SoB it
5% 2 W AE K AT 181 28 AT R A il A 43 57 TR )
NAD PN T A st (5 T 485 N C3N i
1) SEI T M43 S T 3] WS AR R 11 2 A, g T
IR A5 Ry 38 ik 5 SR AR R = s Ak A= W IR Iy
NAD KA T 5 i F 57 18 %

& % x

[1] HEGYIJ, SCHWARTZ R A, HEGYI V. Pellagra: dermatitis,
dementia, and diarrhea [J]. Int. J. Dermatol., 2004, 43(1):1-5.

[2] HONG W, MO F, ZHANG Z, et al.. Nicotinamide mononucleo-
tide: a promising molecule for therapy of diverse diseases by
targeting NAD" metabolism [J/OL]. Front. Cell Dev. Biol.,
2020, 8:246[2021-06-25]. https://doi: 10.3389/fcell. 2020.
00246.

[3] CANTO C, MENZIES K J, AUWERX J. NAD" metabolism
and the control of energy homeostasis: a balancing act between
mitochondria and the nucleus [J]. Cell Metab., 2015, 22(1):
31-53.

[4] ANDERSON K A, MADSEN A S, OLSEN C A, et al.. Metabol-
ic control by sirtuins and other enzymes that sense NAD",
NADH, or their ratio [J]. Biochim. Biophys. Acta., 2017, 1858
(12):991-998.

[5] YAKU K, OKABE K, NAKAGA W A. NAD metabolism: im-
plications in aging and longevity [J]. Age. Res. Rev., 2018,47:
1-17.

[6] KIRKLAND J B, MEYER-FICCA M. Niacin [J]. Adv. Food.
Nutr. Res., 2018, 83:83-149.

[7] BIEGANOWSKI P, BRENNER C. Discoveries of nicotinamide
riboside as a nutrient and conserved NRK genes establish a
Preiss-Handler independent route to NAD" in fungi and hu-
mans [J]. Cell, 2004, 117:495-502.

[8] YANG Y, SAUVE A A. NAD" metabolism: bioenergetics, sig-
naling and manipulation for therapy [J]. Biochim. Biophys. Ac-
ta., 2016, 1864:1787-1800.

[9] BADAWY A A. Kynurenine pathway of tryptophan metabo-
lism: Regulatory and functional aspects [J]. Int. J. Tryptophan
Res., 2017, 10:1-10.

[10] FUKUWATARI T, SUGIMOTO E, SHIBATA K. Growth-pro-
moting activity of pyrazinoic acid, a putative active compound
of antituberculosis drug pyrazinamide, in niacin-deficient rats
through the inhibition of ACMSD activity [J]. Biosci. Biotech-
nol. Biochem., 2002, 66(7):1435-1441.

[11] FELDBLUM S, ROUGIER A, LOISEAU H, et al. Quinolinic-

phosphoribosyl transferase activity is decreased in epileptic



PNIF A R LR IRHR BTG | 533

[12]

[13]

[14]

[15]

[17]

[18]

[19]

[21]

[22]

[24]

[25]

human brain tissue [J]. Epilepsia, 1988, 29(5):523-529.
PREISS J, HANDLER P. Biosynthesis of diphosphopyridine
nucleotide. 1. Identification of intermediates [J]. J. Biol.
Chem., 1958, 233:488-492.

CONFORTI L, JANECKOVA L, WAGNER D, et al.. Reduc-
ing expression of NAD" synthesizing enzyme NMNAT1 does
not affect the rate of Wallerian degeneration [J]. FEBS. J.,
2011, 278:2666-2679.

GILLEY J, ADALBERT R, YU G, et al.. Rescue of peripheral
and CNS axon defects in mice lacking NMNAT2 [J]. J. Neuro-
sci., 2013, 33:13410-13424.

VANLINDEN M R, DOLLE C, PETTERSEN I K, et al.. Sub-
cellular distribution of NAD" between cytosol and mitochon-
dria determines the metabolic profile of human cells [J]. J. Bi-
ol. Chem., 2015, 290:27644-27659.

BERGER F, LAU C, DAHLMANN M, et al.. Subcellular com-
partmentation and differential catalytic properties of the three
human nicotinamide mononucleotide adenylyliransferase iso-
forms [J]. J. Biol. Chem., 2005, 280:36334-36341.

GROZIO A, MILLS K F, YOSHINO J, et al.. Slc12a8 is a nico-
tinamide mononucleotide transporter [J]. Nat. Metab., 2019, 1:
47-57.

NAKAHATA Y, SAHAR S, ASTARITA G, et al.. Circadian
control of the NAD" salvage pathway by CLOCK-SIRT1 [J].
Science, 2009, 324:654-657.

REVOLLO J R, KORNER A, MILLS K F, et al.. Nampt/PBEF/
Visfatin regulates insulin secretion in beta cells as a systemic
NAD biosynthetic enzyme [J]. Cell. Metab., 2007, 6:363-375.
YOON M J, YOSHIDA M, JOHNSON 8, et al.. SIRT1-Mediat-
ed eNAMPT secretion from adipose tissue regulates hypotha-
lamic NAD" and function in mice [J]. Cell Metab., 2015, 21:
706-717.

WANG B, HASAN M K, ALVARADO E, et al. NAMPT over-
expression in prostate cancer and its contribution to tumor cell
survival and stress response [J]. Oncogene, 2011, 30:907-921.
FANG E F, KASSAHUN H, CROTEAU D L, et al.. NAD" re-
plenishment improves lifespan and healthspan in Ataxia telan-
giectasia models via mitophagy and DNA repair [J]. Cell.
Metab., 2016, 24:566-581.

KLIMOVA N, FEARNOW A, LONG A, et al.. NAD" precursor
modulates post-ischemic mitochondrial fragmentation and re-
active oxygen species generation via SIRT3 dependent mecha-
nisms [J/OL]. Exp. Neurol., 2020, 325:113144[2021-06-25].
https://doi:10.1016/j.expneurol.2019.113144.

WAKADE C, CHONG R, BRADLEY E, et al.. Low-dose nia-
cin supplementation modulates GPR109A, niacin index and
ameliorates Parkinson’s disease symptoms without side effects
[J]. Clin. Case. Rep., 2015, 3(7):635-637.

ZHAO C, LI W, DUAN H, et al.. NAD" precursors protect cor-
neal endothelial cells from UVB-induced apoptosis [J]. Am. J.
Physiol. Cell Physiol., 2020, 318:C796-C805.

YAMAMOTO T, BYUN J, ZHAI P, et al.. Nicotinamide mono-
nucleotide, an intermediate of NAD® synthesis, protects the
heart from ischemia and reperfusion [J/OL]. PLoS ONE, 2014,
9: €98972[2021-06-25]. https://doi: 10.1371/journal. pone.

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[35]

[36]

[38]

[39]

[40]

0098972.

DE PICCIOTTO N E, GANO L B, JOHNSON L C, et al.. Nico-
tinamide mononucleotide supplementation reverses vascular
dysfunction and oxidative stress with aging in mice [J]. Aging
Cell, 2016,15:522-530.

ASSIRI M A, ALI H R, MARENTETTE J O, et al.. Investigat-
ing RNA expression profiles altered by nicotinamide mononu-
cleotide therapy in a chronic model of alcoholic liver disease
[J/OL]. Hum. Genomics, 2019, 13:65[2021-06-25]. https://doi:
10.1186/540246-019-0251-1.

MORIGI M, PERICO L, ROTA C, et al.. Sirtuin3-dependent
mitochondrial dynamic improvements protect against acute
kidney injury [J]. J. Clin. Invest., 2015,125:715-726.

CHEN Y, LIANG Y, HU T, et al.. Endogenous Nampt upregu-
lation is associated with diabetic nephropathy inflammatory-fi-
brosis through the NF-kBp65 and Sirtl pathway; NMN allevi-
ates diabetic nephropathy inflammatory-fibrosis by inhibiting
endogenous Nampt [J]. Exp. Ther. Med., 2017,14:4181-4193.
CHOI S E, FU T, SEOK S, et al.. Elevated microRNA-34a in
obesity reduces NAD" levels and SIRT1 activity by directly tar-
geting NAMPT([J]. Aging Cell, 2013,12:1062-1072.
BENAVENTE C A, SCHNELL S A, JACOBSON E L. Effects
of niacin restriction on sirtuin and PARP responses to photo-
damage in human skin [J/OL]. PLoS ONE, 2012, 7(7): e4227
[2021-06-25]. https://doi.org/10.1371/journal.pone.0042276.
FREDERICK D W, LORO E, LIU L, et al.. Loss of NAD ho-
meostasis leads to progressive and reversible degeneration of
skeletal muscle [J]. Cell Metab., 2016, 24:269-282.

IMAI S, GUARENTE L. It takes two to tango: NAD" and sirtu-
ins in aging/longevity control [J/OL]. NPJ Aging Mech. Dis.,
2016, 2(1): 16017[2021-06-25]. https://doi. org/10.1038/
npjamd.2016.17.

CAMACHO-PEREIRA J, TARRAGO M G, CHINI C C S, et
al.. CD38 dictates age-related NAD decline and mitochondrial
dysfunction through an SIRT3-dependent mechanism [J]. Cell
Metab., 2016, 23:1127-1139.

MASSUDI H, GRANT R, BRAIDY N, et al.. Age-associated
changes in oxidative stress and NAD" metabolism in human
tissue [J/OL]. PLoS ONE, 2012, 7(7): e42357[2021-06-25].
https://doi.org/10.1371/journal.pone.0042357.

KIM M Y, ZHANG T, KRAUS W L. Poly(ADP-ribosyl)ation
by PARP-1: 'PAR-laying’ NAD" into a nuclear signal [J].
Genes Dev., 2005, 19:1951-1967.

PALAZZO L, MIKOC A, AHEL L. ADP-ribosylation: New fac-
ets of an ancient modification [J]. FEBS J., 2017, 284:2932—-
2946.

MALAVASI F, DEAGLIO S, FUNARO A, et al.. Evolution
and function of the ADP ribosyl cyclase/CD38 gene family in
physiology and pathology [J]. Physiol. Rev., 2008, 88:841-886.
ESCANDE C, NIN V, PRICE N L, et al.. Flavonoid apigenin is
an inhibitor of the NAD"ase CD38: implications for cellular
NAD" metabolism, protein acetylation, and treatment of meta-
bolic syndrome [J]. Diabetes, 2013, 62(4):1084-1093.

PEEK C B, AFFINATI A H, RAMSEY K M, et al.. Circadian

clock NAD" cycle drives mitochondrial oxidative metabolism



534‘ A HEAR#E Current Biotechnology

[42]

[43]

[44]

[45]

in mice [J/OL]. Science, 2013, 342(6158):1243417[2021-06-
25]. https://doi.org/10.1126/science.1243417.

YAMADA Y, ARAI'T, SUGAWARA 8, et al.. Impact of novel
oncogenic pathways regulated by antitumor miR-451a in renal
cell carcinoma [J]. Cancer Sci., 2018, 109:1239-1253.
MICHAN 8, SINCLAIR D. Sirtuins in mammals: Insights into
their biological function [J]. Biochem. J., 2007, 404(1):1-13.
GOLDIE C, TAYLOR A J, NGUYEN P, et al.. Niacin therapy
and the risk of new-onset diabetes: a meta-analysis of random-
ized controlled trials [J]. Heart, 2015, 102:198-203.

RAJMAN L, CHWALEK K, SINCLAIR D A. Therapeutic po-

tential of NAD-Boosting molecules: the in vivo evidence [J].

[46]

[47]

[48]

Cell Metab., 2018, 27:529-547.

WANG G, HAN T, NIJHAWAN D, et al.. P7C3 neuroprotec-
tive chemicals function by activating the rate-limiting enzyme
in NAD salvage [J]. Cell, 2014, 158:1324~1334.

SHOJI S, YAMAJI T, MAKINO H, et al.. Metabolic design for
selective production of nicotinamide mononucleotide from glu-
cose and nicotinamide[J]. Metab. Eng., 2021, 65:167-177.
DING Y, LI X, HORSMAN G P, et al.. Construction of an
alternative NAD" de novo biosynthesis pathway[J/OL]. Adv.
Sci., 2021, 8(9): 2004632[2021-06-25]. https://doi: 10.1002/
advs.202004632.



