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NIACIN METABOLISM IN MYCOBACTERIA*

Quinolinic Acid as a Precursor of Niacin Ribonucleotide and the

Difference in Niacin Biosynthesis among Various

Species of Mycobacteria
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Niacin biosynthesis of various species of mycobacteria was studied with cell-free extract.
3-Hydroxyanthranilic acid was not decomposed and was not utilized by mycobacteria and trypt-

phan pathway was excluded in mycobacteria.

In mycobacteria, quinolinic acid was converted to niacin ribonucleotide in the presence of
5-phosphoribosyl-1-pyrophate. Free niacin was excluded as an intermediate of the pathway
and quinolinic acid was established as an intermediate in the biosynthesis of nicotinamide adenine

dinucleotide in mycobacteria. Among mycobacteria, human tubercle bacilli revealed remarkably

high quinolinate transphosphoribosylase activity which converts quinolinic acid to niacin ribonu-

cleotide. The enzyme activity of human tubercle bacilli was 9 to 20 times more than other

mycobacteria except twice of BCG. The enzyme activity was parallel to the niacin production

of mycobacteria in the culture media.
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PR, CXIvERETTARIF Y, Ve
VEIODBEDERY L D b ARIREERIC X S RE
LCHFD IR 714 7 v vEEET DY, LD
F 47V VERRBIHBED > b I ANBBENRS
S, FRMFAT VYT AL DERL DTN B0PY
HMEDF 4 7 & VAR L SR TR,

— B 4 7 + vk Niacin ribonucleotide (dea-
mido-NMN) #%-#%C Nicotinic acid adenine dinucleo-
tide (deamido-NAD) ¥ 7z 0, & b Nicotinamide

adenine dinucleotide (NAD) ZAARIN Do

o, 1%, FALIRY 5y MFoEMEMmE T x
2V vigs deamido-NMN DRk e 7ch, +47 ¥
VX FDRERIE L 7 S\ 2 & &R, Andreoli 93
E.coli ¢1x 0+, v vEgst NAD o iRk L5
L AR T\ B,

ikt BIEF 2 UV vE: PRPP o fETic deamido-
NMN % &3 5 ##% Quinolinate transphosphori-
bosylase ¥ 311718, = DWFZRIL, MBE THF/
Y VRS NAD LA ROFERA L 7 Bh L 5 Ha BT
Brriie, FOESRICE\WTHEEEDS% species D
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HTEREN L BDENE AL D TH %S,
II B % ##

A) HiBEEOEMMIT
AFUER S - H37Rv, H37Ra (Dr. William Steenken,

Jr. Trudeau Laboratory, Trudeau, N.Y., USA x 9
#5)0

FER T : BCG (AW T BCG vaccine ZHliE L
T BH),

BAIEY : 11755 (American Type Culture Collection
XY a5

p-8 (photochromogen) % X ¢¢ p-6 (Scotochromo-
gen), (Dr.Ernest Runyon, Veterans Administration
Hospital, Salt Lake City, Utah, USA X bhZ5),
100616 (Nonphotochromogen) (Battey State Hospital,
Battey, Georgia, USA X v /35.),

Sato (Rapid-grower) (FEEEEBFZEATIC TZ OHIC X
BIGEREEE XV IE 38 S,

M. phlei, M.smegmatis (FiEEERIFFEITRTE) o

Ll EDE% Sauton WARMICEEEEL, WA
LA TS B L0, Wi 2 RO & 1065
EORERE ML N SER L, Ebic Norit A %7
&0 16% iz 12,000r.p.m. GEOHL, BRI
Norit. A 2 JEHCCRE L B L EEZ R Lo

FOEHEOWECIE Biuret OJFED I,

B) C* 51 7> v (-CHOOH) (spec.act. 0.65mc/
m. mole) XE—(LFIEM X D A,

Cl %,y v (2.45x105c. p. m. [u. mole) (B-car-
boxyl carbon %[\ ~T uniform i 5L X i D)
TERHFEACABER R BEER, EREEDEE L v O
*’3‘“‘5%7}:0

deamido-NMN i X 0% deamido-NAD 3788, BA
BOFENT X o THLE Uk, NAD(Nicotinamide ade-
nine dinucleotide) 3 X ©8 PRPP (5-Phosphoribosyl-
1-Pyrophosphate) | Sigma Chemical Co. X DA,

C) Leuconostoc mesenteroides (ATCC 9135, i
DA 7YV EDTOREET B) BEHATIED
IR BALE BB RARK B2 X v 5 S hie,

I % 3

1) C-2, vy VX b » deamido-NMN s X Ok st
# COy DA

NEE % H37Ra fEfifaiiii E AR 2 mg, Ci-2
7V vk 162 mu. moles (39,600 c.p.m.), PRPP 600
my. moles, BEfiEE % (pPH 7. 0) 600 mu. moles, MgCl,
100 mu. moles, 4=& 3ml % Thunberg 3% B REKGD
I A 37°C 6 W] incubate 3%, #0D# 5N-H,S0O,
0.5ml &hnxFe Uit CO, % Geiger-Miiller
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Gasflow counter CHIE Lo 23\ T RILIKIC Ba
(OH), iz < pPH7 RL, ko Carrier &Nz 7,
TiHbbF A7y 2u moles, NAD 4 4. moles, v =
Y Vi 2 u. moles, deamido-NMN 6 u. moles, deamido-
NAD 2 u. moles %0z 3E 0 L CILBEER 2o EWTS
i aiEss) Dowex 1x8 7 4 (HX0.8cm, KX
29 cm) T LIRE XD H 100ml OKTH T &%
Yol U ki i i Concentration Gradient 72 X9
10m! g fraction 4 E L7z, ZEHEE L L TIK
PRl Co. o> Automatic fraction collector Ty 2
%\ 1o T 7ok mixing chamber ik 0.01N g
a AR, E@c 0.05N 300ml, %&ic 0.4N 300 mi,
X 5ic 2N 500ml o % mixing chamber LT
515 AMBEH Ui, 10 ml 5§ © % H¥IT speetropho-
tometer “C 260 mu OWHERPE L, & HIT Geiger-
Miiller Gasflow counter THitHes HIE L7zo

2) Niacin ribonucleotide ¢> Paper-chromatography
X B FE

Bk 10ml 5> fraction I HE Lich DD 5 b,
deamido-NMN fraction 12424 3 % 5 % SEOIRERE
L, bk deamido-NMN % fii z C ascending pa-
per-chromatography % 47 7¢ *2 7z, Whatman, No. 1
paper % A \»,
7), isobutyric acid-ammonia-H,0 (66 :1.7:33, pH
3.8) ®ULL Uiz, spot iX~wFAAESS v (UV-
LSI) (Manaslu (b3 T2%) # AW TR L,

BT spot BTN LHE M L T gt iE% Geiger-
Miiller Gasflow counter THIZE L%,

3) -« PR O Sl IR X 2 At 2 Y v
MR X b bk COy AR

BUEOYIEEE O MR O BE & 0.5 mg, Hbt
M 7 Y VR 52.6 mu. moles (14,000 c. p.m.), PRPP
200m . moles, MgCl, 100 mu. moles, BifEe#EE (pH
7.0) 400 mu. moles, 4=& 1.5ml % i Thunberg 44
Z A, 37°C 6 [ incubate 7, 5N-H,SO, 0.5 m!
Mz CTHKE L 7 CO, % 0.5N-NaOH ¢ & b %,
Geiger-Miiller Gasflow counter THEfEx HIE Lo

4) Whole cell & fEfffahitikic X 2 KbgHEs 7V
VEEX b JhE COy AR

NI H37Ra o Ml lafh e 19 & 0. 5mg & Whole
cell 6mg ZHIRD KIS F TR X & BibgHE: CO, »
ERE &

5) v x 3 vk X % Bioassay

Leuconostoc mesenteroides (ATCC 9135) [ZgERED
FATYVDOERG L, ¥ 7 Y ViR, Nicotinamide, dea-
mido-NMN, NMN, deamido-NAD, NAD 7 » 131 KIG
Lig®,

Deamido-NMN % 0.1 N-NaOH ¢ 100°C 30 4-fnK

1M ammonium acetate-ethanol (3 :
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BRI D LD F 14 7 v VISR X T T T Leuco-
nostoc mesenteroides DRE (LT 5, THAHRED
ARG, BEE 2meg, ¥ 7 Y v 2 g moles,
PRPP 4 u. moles, MgCl, 100 mu. moles, B2 E IR
44, moles, # 3ml % 37°C 6 [ incubate LJhniKZ-
fi#3- % §ijo> Leuconostoc mesenteroides i3 % R HF {2
YEVEFR & ok SRt D{RAMEVE FA 2 B AR & iz deamido
-NMN oE&ER& L,

6) 3-Hydroxyanthranilic acid (3 HOAA) X b @
F A7 VEROFE

3HOAA 2 p.moles &, EioF/ Vv vB I DH O
deamido-NAD 4t jg & [§ U4k PRPP, MgCl, % hn
%, X e ATP 5pu.moles %1% T, 37°C 6 Wi in-
cubate 1, 0.1N-NaOH ¢ 100°C 30 4+ jn K 4 f## L
Leuconostoc mesenteroides TE®R L7720

7) ARG HEE LB 0 1 7 v VEL

Sauton WAL 4 DHIEAE % 5 2. (Slow grow-
ers |1 388, rapid growers (% 1J8[H) 5 rPicpE
HEXhicF 4 7 v V% Leuconostoc mesenteroides %
ffﬁﬁ L"C%Jﬁqﬂ_ L7z

8) CY-3 1 7 v v X b deamido-NMN DA% D7

Cl-g.4 7+ v 100 mu. moles %, Cl- ) vgh
50 deamido-NMN AR : M UL, BO &Mt
WEHE 2mg, PRPP 600 mu. moles, BfERiEME 7 600
mu. mole, MgCl, 100 my. mole, £ & 3ml % Thun-
berg B RBREIC AN, 37°C 6 By incubate U7z,
o Ci-3, v Vs L » deamido-NMN D AR DO
fEe T, Dowex 1 »J AIRESE & b I IEMH
concentration gradient pEiIc X » H L fraction 4y
il L deamido-NMN o [FEx 1T 75270

X BIIEBEED 74 7o v R CE-2 7 Y v I ) dea-
mido-NMN 0D S\ 2z TR COz D AzBLA3H
EINDNEIE R

v # #

1) C4-%,y vk b deamido-NMN s X OV it §F
P COp DAER

£ 1 MleabhsdZ e, Clt-% Y v 162mu.
moles (39,600c.p.m.) % ABEERE H37Ra o 4% {1
HashHiye & 37°C ¢ incubate L, Dowex 1 g5k &l iz
W &, X bICEEER concentration gradient TR
W35y, BEELRITWE, carrier X LTz
F 7Y VEEE L8 deamido-NMN ¥ —F L7, ¥ =2V
vHk, NAD, Niacin, deamido-NAD DBPriciT e
Bl E NI Dl, F e C140, 1% 1,320 c. p. m. T,
32.2 mu. moles A X hic, B & M7z deamido-NMN
135,100 c. p. m. T 7ci>H 24.9 mu. moles Th 27,

X B deamido-NMN o 45 i # 2y EiE M7 L C pa-

il

Table 1.

FAOE H2F

Distribution of Radioactivity of Enzymic

Products from Quinolinic Acid-C* by
Human Tubercle Bacilli H37Ra

The details of the experimental conditions
were described in the text

Radioac- Amount | Amount

Product 't:ngté’l . rs:%f;éfés rec;gée
Co, | 1,320 | 32.2% | 19.9
Niacin 0 0 0
Niacin-ribomucleotide 5,100 | 24.9 15.4
Deamido-NAD 0 0 0
NAD 0 0 0
Quinolinic acid 30,160 | 123.1 75.9
Total 36, 580 92.5

* The value was calculated from the specific activity of
1 carbon which was one-sixth of that of original sub-
strate.

** The value was calculated from the specific activity per
5 carbons. Five carbons out of the original C#-car-
bons should remain in the products.

Fig. 1. Column Chromatography of the Reaction
Products of Quinolinic Acid-C* With Extract
of Human Tubercle Bacilli H37Ra

0.7
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a ANMN dens.
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h
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The mixing chamber contained 300 m/ of 0.01 N formic
acid, followed by 300m! of 0.05N, 300m! of 0.4N and
500 m! of 2N formic acid.
PA ; picolinic acid, NA ; niacin, dNMN ; niacin ribo-
nucleotide, dNAD ; deamido-NAD, QA ; quinolinic acid.

per-chromatography #1372 35 &, 2R TI LK
Heea R TWE L deamido-NMN ¢ —F 1T, Ci-F
7V VERSBHER e deamido-NMN Th %52 & 53
RSN,

2) vx3IviElrex
NMN 4o E &

H37RamfEHIfamHE L 7 ) vERE X D AEEh 5
3 DY deamido-NMN o & Tffid niacin nucleotides
TAERINR G, L3 2oTHF /7 Y v DERSIhic
deamido-NMN %k 5fE L CF 4 7 & v S €
D% Leuconostoc mesenteroidos CEEfED F 4 7 v
ERETD L %2 ¢ deamido-NMN NEBEIN Do

OB TRERLEERNDL PRPP, %) vigy

120

¥ 7V VEEX h deamido-
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Table 2. Identification of Reaction Products
by Paperchromatography
—> Rf values T
(paperchromatography)
. Isobutyri
Samples IM :(r:xértx;tzgium z;l (55 élng%g(g
ethanol (3:7) 17233 2pH 3.}3)
Product 0.23 0.38
Product after alkaline
hydrolysis 0.75 0.89
Niacin ribonucleotide 0.23 0.38
Nicotinamide ribonu-
cleotide 0.27 0.56
Deamido-NAD 0.11 0.34
NAD 0.13 0.48
Niacin 0.75 0.89
Nicotinamide 0. 80 0.94
Quinolinic acid 0.41 0.53
Picolinic acid 0.67 | 0.83
| -
Table 3. Niacin Ribonucleotide Formation from

Quinolinic Acid by Human Tubercle
Bacilli H37Ra

Niacin ribormcleotide
. formed (mu mples)
Reaction system " Before |  After
hydrolysis hydrolysis
Complete 3 91
Complete minus PRPP 2 3
Complete minus
ST A 1 2
quinolinic acid
Complete with boiled 0 0
enzyme

The reaction mixture contained same as Fig. 2 (phos-

phate buffer, pH 7.0)
BELARB I OWALCHEE CRIGYR & 22 3
L, RIRARTZLL, ¥/ VU v 2 moles J h5g
ERTIRMKSREIL, WD F 4 7k O mp.
moles 4 % & h % 2%, PRPP % [\~ 7 R Tlk 3mu
moles, ¥/ Y VA /K \ 7R TlE 1mu. moles, fphlL
7o Extract 7R TR ERER IRV, Tib
+ H37Ra ofEHIlashHE % 7 vV vig X v deamido-
NMN %2535 Kk PRPP dependent ThHoto

3) F oV VEEL D deamido-NMN 4L D X\
pH, EE ¥ X o isoniazid ofsH8E

F2CRTZeBEL VS LAT B VYT
7V Vg b deamido-NMN DAER %\, 30
BB DI pPH 7.0 THO, RIEERARFT L
m#T % & 60°C 5 cixdEmsic b~ 21.8% ks
100°C 1 Z3ppn#d% LiEMEIL 0 & 7o,

isoniazid &R L 2 -1z 0.1 g mole 3510 1.0
w.mole Nz T 7 VY VEESBHD deamido-NMN 4=
B I N EREE I NI DT,

Rl e 7 v vER 2B D deamido-NMN A:zjia
2B, M3RATTLL, 6kfH incubate LTHiE
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Fig. 2. Influence of pH on Niacin Ribonucleotide
Formation from Quinolinic Acid by Human
Tubercle Bacilli H37Ra
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The reaction mixture contained 2y moles of quinolinic
acid, 4w moles of PRPP, 100 my moles of MgCl,, 4 uw mo-
les of buffer (pH 5.0 to pH 10.0) and 2mg of charcoal
treated extract in a total volume of 3.0m/. Incubated
at 37C for 6 hours. Free niacin was determined using
Leuconostoc mesenteroides (ATCC 9135) before and after
hydrolysis (0.1N NaOH, 100C 30min.) of the reaction
product.

Fig. 3. Niacin Ribonucleotide Formation from

Quinolinic Acid by Human
Tubercle Bacilli H37Ra
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The reaction mixture contained same as Fig. 2 (phos-
phate buffer, pH 7.0)
Table 4. Influence of Heat on Niacin Ribonucleo-
tide Formation from Quinolinic Acid by Human
Tubercle Bacilli H37Ra

Tex;xfpiléztture Time of heat Niaﬁgle ?gal?‘?llégleo—'
(mu moles)
Not heated 89.5(100%)
60°C 5 min. 19.5(21.8%)
100°C 1 min. 0(0%)

The reaction mixture contained same as Fig. 2 (phos-
phate buffer, pH 7.0).

BEDF A4 7o NRT L A LERI e ho7- ) deami-
do-NMN [ ZEINTAER 235 < 7o Dt

4) ExDPEEO BT X 5% 7 U vgh
5o deamido-NMN 4%

4 DHBEOEMIHER LA TF 7 ) VB S
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Table 5. Evolution of Radioactive CO,
from Quinolinic Acid-C1*

C14Q, evoluved
Strains |————7
c.p.m. mpy moles

Species

{ H37Rv 506 12.5

M.t i
uberculosis H37Ra 432 10.5

M. avium 11755 46 1.0
Photochromogen p-8 48 1.0
Scotochromogen p-6 30 0.7
Nonphotochromogen 100616 30 0.7

The reaction mixture contained 57.2 mu moles of quino-
linic acid-C1% (14,000 c. p.m.), 200 my moles of PRPP, 100
my moles of MgCl,, 400 my moles of Phosphate buffer
(pH7.0) and 0.5mg of charcoal treated bacterial extract
in a total volume of 1.5m/. Incubated at 37° for 6 hours.

Table 6. Niacin Ribonucleotide Formation from
Qulnohmc Acid by Mycobacteria
[Niacin ribonucleo-
tide formed
Speies Strains “Befor eiﬁfgnﬂz% r
hydrol- | hydrol-
ysis | ysis
H37Rv 3 94
M. tuberculosi {
ereuiosis H37Ra 3 91
M. bovis BCG 1 42
M. avium 11755 0 6
Photochromogen p-8 0 4
Scotochromogen p-6 P00 10
Nonphotochromogen 100616 | 0 8
Rapid grower Sato | 0o 0
Nonpathogenic { M. phlei ‘ 0 4
mycobacteria M. smegmatisi 0 4

The reaction mixture contained 2u moles of quinolinic
acid, 4y moles of PRPP, 100 my moles of MgCl,, 4 u moles
of phosphate buffer, pH 7.0, and 2mg of charcoal treated
bacterial extract in a total volume of 3.0m/. Incubated
at 37° for 6 hours. Free niacin was determined using
Leuconostoc mesenteroides (ATCC 9135) before and
after hydrolysis (0.1 N NaOH, 100° 30 min.) of the rea-
ction mixture.

o deamido-NMN DA% hic, Tiodoh Cl-F Y
VB X D O COp D4R E JIE L, iz Leuco-
nostoc mesenteroides T4 X7z deamido-NMN %~
IR RLUCHEE L e 1 7o vRME L L2 A, F
51Iehbis s & Cé-% ) Yy Vg 57.2 mu. moles 7>
SOEE COp AL, ABEREN oL b5 <
12. 5 mu. moles 3 X O¢ 10. 5 mu. moles TH oz, &
TS & OFEERHIE T 124 7 { 1mu. moles LIF
©, NEEO#H 1/10 LT Th ot Whole cell » fEHH
Mg oF 7 v vk b deamido-NMN o A:p %
H37Ra A% &, MEMaIRIIE 2V vEROBIR %
7o Tl COy w4zl L7c2d Whole cell Tid4
BHCEHE COy AMER S Mgk Dtce Tinbb ¥/ V) v
BIIREOMBEE A ERTE RV D LE L b,

B HAOE B2F

Table 7. Free Niacin Production by Mycobacteria
in Liquid Culture Medium (Ssuton’s medium)

| Free niacin

| s | gtmgel
M. tuberculosis {i HB7Rv } 17.6
. H37Ra | 168
M. bovis . BCG | 32
M. avium i 11755 | 0.7
Photochromogen p-8 0.6
Scotochromogen i p-6 0.8
Nonphotochromogen 100616 0.4
Rapid growers { Sato \ 0.2
Nonpathogenic {i M. phlei 0.2
mycobacteria IM smegmatis | 0.3

Determined by bioassay using Leuconostoc mesenterox—
des (ATCC 9135)

Leuconostoc mesenteroides CHIE L7z 2 V VD
5D deamido-NMN DARHZ, E6LHRbID I LS,
U3 AR H37Rv 2340 34 < 2 . moles D/
Y Vg h 94mu. moles o deamido-NMN 734 B &
7o BCG % 42 mu. moles ¢ ABBEDKIZE L, BE
B, JREREA R X OIRRRMR B IEE AT <,
10 mu. moles LI TABUERED 1/9 BT Th 2o,

5) ARIGEREHIC ST AMBEOF1 7 v v OEE

FTRALND D ANEERE H3TRY 22 b ok
% HilpE 1mg ¥4 17.6 ug ¢, BCG1%.3.24g T,
fioPiEEEL 1ug BT THOT,

6) 3Hydroxyanthranilic acid X » ¢ deamido-
NMN B 4 4%

deamido-NMN o4t 7 vV vERHHDARKEE
UL 5 CRIEE % k5% L Leuconostoc mesenteroi-
des #H AT % HE CHEL, ¥/ 3HOAA oxidase
% b JUSE Lico BOMEATNIHHIK €l Leuconostoc me-
senteroides % i\~ % i ¢ % deamido-NMN (348K 2
L, F7- 3HOAA oxidase jEME® 4, H37Ra i3]
-3 (NI Nl

7) Cl-34 7w v Xy deamido-NMN DA

H37Ra DAl © Cl-+ 7 v vEE D deami-
do-NMN %253 584 L R CAE T, C-54 7 ¥ v
% H37Ra o Efilakkhti & incubate L, Dowex 1 T
3% X%, 1% Concentration gradient < /;EAHI L
7278, Ci-deamido-NMN DAEFITA biv/eosDtze F
7- H37Ra gk Cl-F /) v RS ¥

o SWIEBEHEF 4 7 o v ing Th A 5 g CO,
@gﬂ@ﬁ%k#oho

vV & =

B ciaR, AAIER IV T Ty vERFATE
52, B TL Neurospora crassa s ¢ Xanthonro-
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nas pruni 23N Y 77 » VEFIATAZ LB RT
Wa,

Zrz Neuroépora crassa TlL - DOEREAPHE DT
Tryptphan-niacin pathway 238§ 5 X TED,
Xanthonronas pruni ‘G{Z#%& Wilson and Henderson
S50 5t Tryptphan, 3 HOAA, %/, v viEg, A1
7> v LT Tryptphan-niacin pathway %-3E3K
L, Bt Tryptphan, 3HOAA, ¥4 7 & vasBfkN
CEISHEIANRDBRTWAZ L HHEL T\ 5,

—J E.coli 't/ Yanofsky!Dyt Tryptphan 235 1
7 ¥V ORERE T Hisn o & 4L, Ortega and
Brown 5123 E. coli t B\~ TH A 7 & vOEAT Gly-
cerol, 4-carbon dicarboxylic acid, ribose s J ¢¢ ade-
nine OFELETIRE DL b Eh D7 DT 5,

X b1z Imsande!®, Imsande and Pardee!® 5513 E. coli
BT FAL 7> b NAD /=% pathway %
FHEHCER LT B, Fhb I A7V VLD dea
mido-NMN, deamido-NAD %#%C NAD ic\~7- %%
B2 TED D 23D F D AR Nicotinic acid mononucleo-
tide pyrophosphorylase iz . v>C regulate X5 = &
TRD TN 5B,

TOMM—BOMETHF 17 ¥ VERBLELT5
2%, 7147 vix NAD ofiERfk + % 2 bh T
T, BOEVEE, BAELY XS v » Ol CF
7V VDS deamido-NAD DRiERETH 5 & L HIEH
L, >3\ C Andreoli 591 E.coli Gd 3/ V VEH
deamido-NMN DRER{EThH S & L #BR LT 5,

PREILZORBFEL LTIV S Y 7 » v, AT
VEMRLUSRSLERF A 7Y v M TORENL D
RBIFEiebZ i3\ 7TARTEY, VY VEE
O EDOFR L 0 7 B LS RBLTH 4
TV VBB EET B, FAT Y VTR MIEDS
A7 VBRI UTHBED 5 b ABEER b D
LFATYVEERSNZ LEFIF LD Th D, &
D F 1 7 & VEEAI D\ Tk Mothes 55193 DL-as-
partic acid-4-C* % i\ CEHa o< b, Fhic BCG
%1% CTF X & iz DL-aspartic acid @ carboxyl
FENF A 7D carboxyl FCA S & L AL TS,
¥ 7c Rio-Estrada B 3EEEORHRIC 7 2 25 &
V, FNEIVEIREDT I BERIZIYV Y v, =
NI EEMELTHA T Y VOERYZ TIN5,

IR S0 3 T OV AR, 485 BHERE
IR RIS 28 LRSI S X OBtk D> 1 7 o
vV, =aFv7 <4 FEX0O NAD % Bioautogram iz
IOTHAERL T T, W, FAELY X5y
F Off homogenate |5 ¢ C®-3Hydroxyanthranilic
acid #fnx 7= & = % deamido-NMN 234 X hienhs,
ZOFMNRBED L LTF 2 ) VERERARDHh, F
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17 ¥ VIERE N DT, deamido-NMN (3D
deamido-NAD, NAD iz & h %D T NAD DFijER
BBV VR TR D F A4 T U VTR T LR
LT\w%, bbhDERIZ LOTH, FIBEZ LIk
17 ¥ VEEBTEMPCES TS ABEZER, *
Y VR 5 deamido-NMN %433 gEhaik &\ 2
EDGEH &Ntz TOBEIIHIMBED 5 b ATE DO HM
EXRELFATYVEREET DL \5 FEE T T
Do FATYVIIFBECRN TSy MFX RACL
deamido-NMN oDRF{ER{E L 7t b % 75\ Moat 520 %
FIVVBIFA T VOREMEE b v AL
TWb, L LT DEET Whole cell TfF /e 2T \»
DB, F 7Y VERiThbhbhOERIC L B L fiREOHE
R A B 72\ O TR & i 7 B s
Wy

PMEDF 17 v vERRIZT AR F ¥y, 4C-nn
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