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Secretion and Expression of Enzymes in the Nicotinamide Mononucleotide
Synthesis Pathway and the Optimization of the Catalytic System in

Escherichia coli
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Abstract: Nicotinamide mononucleotide (NMN) is a precursor of NAD* with important medical value. Escherichia coli BL21(DE3)
expresses and secretes the enzymes nicotinamide phosphoribosyltransferase (Sfnampt), phosphoribosyl pyrophosphate kinase (Tkprs), and
ribokinase (Erbks), which catalyze the synthesis of NMN through the signal peptide PelB. The enzymatic characteristics of three enzymes were
analyzed, and the results showed that the optimum reaction temperatures of Sfnampt, Tkprs, and Erbks were 45 ‘C, 50 “C, and 37 C
respectively, and the optimum pH values were 7.5, 8.5, and 5.5 respectively. In terms of thermal stability, Sfnampt was found to have good
thermal stability at 35 °‘C and poor stability at 40~55 °C. The thermal stability of Tkprs was optimized at 40~60 ‘C, whereas that of Erbks was
best at 25~40 ‘C and poor at 45 ‘C. The results of the enzyme kinetic analysis showed that the V., values of Sfnampt, Tkprs, and Erbks were
0.65, 2.37, and 12.58 umol/(L min), respectively, and K, values were 2.87, 25.48, and 74.13 umol/L, respectively. Compared with the
characterized Prs and Rbks, Tkprs and Erbks had better substrate affinity. The three enzymes were used for the catalytic synthesis of NMN, and
the optimum catalytic conditions were 37 ‘C and pH 8.0. The substrate ATP and enzyme Sfnampt were the key factors in the reaction system.
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After optimizing the ratio of substrate and enzyme, 5.5 umol/L of NMN could be obtained after 7 h of catalysis by the three enzymes. In this

study, the enzymes for the pathway of NMN synthesis were determined to be successfully expressed and secreted in E. coli, which indicates a

new direction for the synthesis of NMN.
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(AT PEAK TH AR RRTE 90% L, HatFa et BRIt
WAEA N TR AL IR S e BT T, Thkprs FRIZE 6 [
FEINTEIZ o Xt Erbks, £85: 3 h 7F 25~40 'C NI &,
Erbks HI5R RS K IHREFAE 90%LA b, AT LAHENT
FEMCIRFERA REFNIT ], HAER e 1 R 4F; T 45 C
TiFE 3 hJE, HEREEEE RFIRL 30%. Hitkn]
HIEIREA ST 40 ‘CI, Erbks F#AEETE R, 1M
MR T 45 Cla, H#GeeEiArz. #eixisi
TR A SRR, FEA T 40 CRIZAME R kHT
AT TR CRAF L e B 12
234 FHhFHH
2.34.1 Sfnampt (113 71245500 5E

PR 1.2.4.4, £ Sfnampt [KIEIREA pH
BT, WEAFKIEY NAM KE, e Kz
SR, SRE 7a . 3@ Origin 2019 44tk
T A H M, H Vie=0.65 pumol/(L-min),
Kyn=2.87 pmol/L. 43K, X Nampt 7E3) 777 H 1)
AR, 1972 48, Lin PR 2gn
afitk i Nampt, Z& T4 NAM (1) K B4 0.07 pmol/L.
2002 4F, Rongvaux %58, J54% 444 Haemophilus
ducreyi SRUF I nadV 2wt f)—7Fh 8 (98 Nampt,
PLNAM NJEYD, 153 Ko {64 1.24 pmol/L. 2004
4, Revollo ZMER T Nampt & NAD & rIFR
P, LD NAM NS K B8 0.92 pmol/L.
Burgos 25M817E 2008 4EH3E 1 AJEI Nampt 5 ATP ()
SIRVE LG, ATP 7K S Nampt (FE AR 5
1100 %, YRR RERT, FTIRY) NAM llfS
(] Ko 1849 0.01 pmol/L. 2010 4, £ /Neplolzesy 1
Nampt/Visfatin BvE A, 175 Nampt 7 NAM AJEK
YR Ky {5 0.16 pmol/L. @it *tEL, AW
Sulfurovum sp. FS06-10 >R ] Nampt 2T NAM 1] Kp,
{65 2002 - (ARIER, BT e T P UakiaE, vied
XA NAM [RSEF ) FFAS B A&
2.34.2 Tkprs 130 7152400

&8T5 1.2.4.4, 1 Tkprs [NESEIEEFR pH 2%
R, BEEAFEREZE-5-0R (R5-P) K,
EHBN )1 ZH, SR E 7o Fizs. @i Origin 2019

BAFHAT tZA AT T, H Vinw=2.37 pmol/(L-min),
K=25.48 umol/L.

2010 4F, Lucarelli Z2°1¢Ex%} Mycobacterium
tuberculosis U5 Prs BEAT S5 MIRFIERT T I, 10
BEH: M® AT, ZEARERIN Mg™* 5% 5 mmol/L
(¥ Mg® %14~ HbL R-5-P IR I Ko (853514
71.00 umol/L F1 70.00 pumol/L. 2012 4, Zakataeva
26PUZE ST Bacillus amyloliquefaciens Skt EFAE 7
KPR GANEZAER Prs fIRFEH, WlE T RFEE AR
RUZE N FIPUFh Prs JEF )Y R-5-P /) K, Horp AR
)24 50.00 umol/L, —F5¥4r 7 D58H, N120S. L135I
()53 %)} 86.00.60.00 A1 94.00 umol/L . 2016 £, Esipov
22243 5% 1) Thermus thermophilus HB27 3k i 3 [l
TT_C1184 #1 TT_C1274 ZwmiSiIpiFh Prs & Tth
PRPPS1 fl Tth PRPPS2, £+ R-5-P JERAIT) Ki 7334
11.00 pmol/L 1 34.00 umol/L. Bibi Z£®I7E 2016 4k
A% Pyrobaculum calidifontis SJ5 I Prs FIFF5E,
R-5-P FIfJ Km 14 60.00 umol/L. 2017 4F Donini Z£2*
X} Mycobacterium smegmatis SRJ&1) Prs FIAALRISE 4 2
Mg, R5-P T KnfEH 4 59.00 pmol/L. B 2016 4
W3R 2] Tth PRPPS1 1) Ky [ ACAHT 57 () 2
K, HRWE T AWK, OF 8 A w5
Thermococcus kodakarensis KOD1 S K] Prs %t 4%
WE-S-T SR AN AT, MR B B35
2.3.4.3 Erbks {12 /155400 E

YZ8 7% 1.2.4.4, 1E Erbks FISIEIEER pH 1H
KA, WEAFMIRY) D-AZVEREE, e K715
ZH, ARE 7e fn. 18id Origin 2019 #fFdtAT
2 L& I 1, H Vw1258 pmol/(L-min) ,
Kw=74.13 pmol/L. 2006 4F, Chuvikovsky 25111k 4(
1% T E. coli >R Rbks, H K, {4 0.28 mmol/L.. 2007
4, Ogbunude %5157l 73k Leishmania major
Rbks ZE[H, FHAERMF SRS, H Ky EN
0.30 mmol/lL. 2012 4F, Li ZPU4R4s T —HiokH
Staphylococcus aureus 1] Rbks [ iA4i ), 7R 1 H
W BH e Rbks (VEAILE], HAEARIN KT 5%
7100 mmol/L ) K Ky, 43514 4.66 mmol/L J%
2.19 mmol/L. 2013 4, Sato 25”"KiFEH T Thermococcus
kodakarensis 71 #) 25 [ TK2285 A Rbks Flkmiin, H
Xt F D-AZKER) Koy A4 951.00 mmol/L. 2016 4E, Riggs
s )2 b A 2 L T T 5 N K AT T S U
Rbks AT 5, ik HAER RS 7+ 4778 Rbks
MR AIRBSK 1, FHllEH s %S5, HxXT
D-ZHE) K {84 150.00 pmol/L. A7 i B )
Escherichia coli K12 SKJFRIPIIZ T, AR FIRHETT
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Fig.7 The analysis of kinetic parameter
24 ZERREAME A R NMN KR B9 471
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L FE 22 SO AN R AR 22 R A 14 o AR AR T 30
HF 7%, Sfnampt. Tkprs. Erbks IHGE IR 535 45 °C.
50 C. 37 °C, MR#E=MgMHciainfE, &E 35~55 C
EERARE, I LB FIEE T NMN & R oL
25, TR E SRR A SOSORE o 7E pH AE 7.5 26 4%
TR 2 h i, %095 1.2.3.2 347774 NMN 5%
JEREI, HLL NMN B s AE iy 100%, 153135 A
FNMN FEX= RIS RE, 2558 uE 8. M HAT
LB, 7EIREEAN 35, 37. 40 CEMEF, NMN [~
BN R, T 37 C AL 40 C o4 = ik
w5 ATDMEA TGS A A NMN R EERRR 5 26 A
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RIS E 45 CIE, NMN P~ O 4 RIREE R %
A 40%LL T, MiRSETF A 50 ‘CHI 55 CHY, AT
PR RAAE 10%. L5622 BIHGRE RS, HE
SRR Sfnampt 7RIS 2544 T ASRE SR RFC I 1R
PEYE, 76 2 h B R S s BE M B 1
O, FECNMN AR 1. BRI JE 228 & %
B[R] A R B R 2, Sfnampt (1)
PFRE AR AN AT 2 1 R R 3=
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Fig.8 Synthesis of NMN at different temperatures
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Fig.9 Synthesis of NMN at different pH value
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B T 5.0~10.0 (1) pHAEREEE, &2 h 5, $&IBT7E
1.2.3.2 BT NMN 260 L NMN (155
AERGEEA 100%, 7331 pH AEAT NMN A =26 &
Kl 255 9. 24 pH BN 8.0 B, NMN AEXS =
i 024 pH A~ 7.0 17, NMN FIAHX P8B40 8
AR 60%; TEHARM pH (EAF T, HAEX &
HKT 60%. (Rl m] %0 pH {E 8.0 NEALHT NMN A5k
fE. ARAE =BG pH (A SMEEMESCR, £ NMN 1)
ERH, 2 pHAEN 7.0 B, Erbks BE4ERF 80%LA LT
RS, JFLRR i 14 K 2 U BE AT e & Sfnampt 5 Tkprs,
R TE pH 1H 7.0 BTEREE DA FEZ 40%LL ;1
24 pH N 9.0 I, JREF Tkprs 55 Erbks HIBRE I AE4E
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Fig.10 Synthesis of NMN under different substrate ratios

N TIRFA R FEAE N NMN A RS oL
ZE5t, LMETIEG B SR AR . )
PR, NMN B =BG o, 5l IR 42 ik
B NAM. ATP =Ry o e iR b Rk 2 S a ik
FERY 5 4%, DARFUEE S BT R B . DA AR
SRV L1 AR AR, BN 100%, AR AR
XPRTREZE =, g5 R 10, HFEIRHE S ATP Al
NAM FRFE, AHXS =24 s B, ARTEZa 4.3
% EIFE R ATP FIAZNEIRRE, AHX =2 B%A
HIRARTE, k3] 7 RHEZH 1.3 £ 1 24 [F 4
FZHEAT NAM IR E , NMN AR = S mi e R
B 2= X R ZE 1) 30%. P BAKIEZE NMN FIfifL A e,
2 NAM BAZBEREESE EfEbEE ATP WRELHE S
i, GRIT NMN = sde s, 1A ATP ke
IR NAM FIRZBE R EE AR T NMN R % .
7£ Ngivprom 2251 TR AT 3 MAKE(EAL 2 NMN
R, I T $Em D-EZFERI I E NMN 7= &
M NFE. HEaT A, 5HF NMN (&R, ATP 5177
EIHEFHBOICEE, TR SR F I R AZ AR A R U
ATEEXT NMN [ A AEARI g0 o HED i R B 4
F: MBurgos %3, 7E NAM 5 PRPP 4/ NMN
() s ST, ATP FRIZKARST Nampt R AR A
W, AT T s, R T RS
17. Bk, ATP fEG R RERE] IRYIMIER, Wil
) 7R RS Nampt LG IIER - @Zhou %
TEXT NMN IR A R R R, AMP #il
ATP 1E N PRl #E, 1 NAM 3465 NMN
AR XU T TR R TP E

ATP 5 NAM 242 NMN [17=&, HmEziEis0)
AR RUR . @FE NAM KRS, Hk R
Y NAM B HEE ISP si A ™= 75 iR 30 o
244 BEFribfiib

AL R, BEAOECEL AT DL AR,
BEM S P= AR 2o TR R NAR R S B AR
PSSR, IR SO B LU, R
HHEA NMN A RRIIEE . LL=FE{ER RN
B PELL) 1210 R IRA, 0 100%, 4N
PR, g5 R 11, Y R e —Fhg
g PELCINT, 32 Sfnampt %F NMN 7= B2 7HA
HEh, Hr=EARHE A RN 1.3 fiF; S Tkprs
X NMN F= 3T A 35 560 1 243 & Erbks
I NMN 7= 8 TR B R 60%. 24 AR
AR IR P OIS, RIS £ Sfnampt 55 Tkprs,
NMN 72 B A IR 15 fi5; [FIB 82 e
Sfnampt. Erbks, NMN {7 &4 50 AR5
& Tkprs 5 Erbks, NMN fP= B0 R 5t
HRZHTY 56%. MTIHFLENIH NAD RIS& R4 1)
WA ARE TP IR AT 4, Nampt /& NAD RS o i
H BRI, X R T TR Sfnampt 7EfEAL
AP ERS LA R T NMN P2 008, HAE
S B AN AT 4, Sfnampt FERAISEAN AN
PUAFARIE A ) Nampt B8 52534, R, 7E Sfnampt.
Tkprs. Erbks FI=RgMEMIKRZRF, Sfhampt FRHIME
(R, 4RI S Tkors 5 Erbks 7EAK & TS
LI, PE% T Sfnampt 78 [ ik R eh N &,
RIEANR) T ST FHIEIARA S T %0, $en
ATP I EA R TR BT, ARy ATP 7K
fiidiE 1 Stampt (ITEYE, XAERH T Sfnampt 75 M
RRPIEEM, e N, BB
P Sfnampt TEAEAL AR R ERETE, JFTiE 3Tt
Tkprs HIFEREALAR 2 P () BT, 11 Erbks 0 BETE
MYERTHE P AR, OS2
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Fig.11 Synthesis of NMN under different enzyme ratios

83



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.3

245 Mg* HAngbgraL

SJRE T MgP RN, XS4 22 ) Prs. Rbks
P BAT R 0L, 3 B ATP (1 8 72 Mg
(AN, IR 2R PG Mo IR JEE (RIS S AN ] 22 Fg R
. ERPRZRTEF 2 mmol/L ) ATP. 100 pmol/L
(I8 B2 100 pmol/L Y NAM I}, @I INAS [F)Zak
I Mg™ s DARR T EL RN X S S PRI, 45 SR ]
12,24 Mg? B9 EE A 100 pmol/L $27+2 2 mmol/L i,
NMN [IFEX P e R T o T 244k T Mg™ it
NMN IR P R AT, B34 MoP Ik
FEFH 2 10 mmol/L B, HAHXS F=EA A M. AL,
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Fig.12 Synthesis of NMN under different concentration of Mg?*
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Fig.13 Catalytic reaction curves of NMN before and after
system optimization
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PR 1415, RIS S TR (AL
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L 5.50 pmol/L. FZRAY THE GRYID FIRAF
PL NAM. ATP. #¥EAJ5EL, 7 Nampt. Prs. Rbks
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PTG ORE, AR ) 2% 0T P R 2= s mm 2 AL
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3 ZHig
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Erbks A B TS B NMN, - AL S SR EE
pH 1B S JEA)  BEHC LS5 26 ARAL, PRI T HREAL SR
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PR Z PR OB SO, fEAR R ) B 2 A0t
NMN 7= &4 BRI . 20105 R /AT
7 h [ NMN 58 A RIEY NAM Bz ATP 269K
JESEE 5 A5, NMN B~ 845 14 15, 0L
R 71 5. EMKFT NMN 7~ & 248
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