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Table 1. Accumulation of NAD in various yeasts

, Growth NAD
Strains (mg dry cell/ml) (mg/g dry cell)

Saccharomyces cerevisiae 11.0 32
Saccharomyces coreanus 14.3 3.0
Saccharomyces carlsbergens 44 39
Saccharomyces delbruckii 44 0.7
Saccharomyces diasticus 11 ND?
Saccharomyces fibuligera - 10.9 32
Saccharomyces peka 83 2.3
Saccharomyces sake KBA No. 6 9.2 59
Candida fragilis 152 31
Hansenula saturnus 7.2 11
Hansenula capsulta 85 2.6
Pachysolen tannophilus 129 2.8

All media contained 2% Glucose, 1% yeast extract and
2% peptone. Nicotinamide (3 mg/m/) was added at a
24 hr culture period.

dND=Not determined.
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Table 2. Effect of various carbon sources on accumulation of NAD

Growth

Carbon source (%)

Accumulated NAD

mg dry cell/m/ mg/g dry cell mg/100 m/ medium
Arabinose 1.2 72 0.9
Ribose 13 53 0.7
Xylose 0.7 6.2 04
Galactose 0.9 6.2 0.6
Glucose 10.1 7.3 74
Maltose 9.9 34 34
Sucrose 10.8 6.8 7.3
Raffinose 59 5.5 32

All media contained 2% peptone, 1% yeast extract, 0.5% KH,PO,, 0.5% K,HPO,, 0.5% MgSO,-7H,O and 0.0001%
ZnSO,-7TH;0. Nicotinamide (3 mg/m/) was added at a 24 hr culture period.
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Fig. 1. Effect of glucose on NAD accumulation.

In addition to glucose, all media contained 2% peptone,

1% yeast extract, 0.5% KH,PO, 0.5% K,HPO, 0.5%

MgSO,-7H,0 and 0.0001% ZnSO,-7H,0. Nicotinamide

(3 mg/m/) was added at a 24 hr culture period. Cultiva-

tion was carried out for 72 hrs at 30 C.
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Fig. 2. Effect of bactopeptone on NAD accumuiation.
In addition to peptone, all media contained 4% glucose,
1% yeast extract, 0.5% KH,PO,, 0.5% K,HPO, 0.5%
MgS0,: 7TH,0 and 0.0001% ZnSO,- 7HO. Nicotinamide
(3 mg/ml) was added at a 24 hr culture period. Cultiva-
tion was carried out for 72 hrs at 30 C.

-

Table 3. Effect of nitrogen sources on accumulation of NAD

Growth

Nitrogen source (2%)

Accumulated NAD

mg dry cell/m/ mg/g dry cell mg/100 m/ medium
None 10.5 7.9 8.3
Casein hydrolysate 132 6.7 8.8
Yeast extract 13.0 8.1 10.5
Peptone 134 84 11.3
Tryptone 137 81 111
Soy bean meal 135 41 55
Corn steep liquor 12.8 7.8 9.9

All media contained 4% glucose, 1% yeast extract, 0.5% KH,PO,, 0.5% K,HPO,, 0.5% MgSO,-7H;O and 0.0001%
ZnS0,-7H;0. Nicotinamidde (3 mg/m/) was added at a 24 hr culture period.
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Fig. 3. Effect of nicotinamide on NAD accumulation.
Cultivation was carried out for 72 hrs at 30 T in the
medium containing 4% glucose, 2% peptone, 1% yeast
extract, 0.5% KH,PO,, 0.5% K,HPO,, 0.5% MgSO,-7H,
O and 0.0001% ZnSO,-7H,0. Nicotinamide was added
at a 24 hr culture period.

Table 4. Effect of metal ions on accumulation of NAD
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Fig. 4. Effect of adenine addition on NAD accumula-
tion.

Cultivation was carried out for 72 hrs at 30T in the
medium containing 4% glucose, 2% peptone, 1% yeast
extract, 0.5% KH,PO,, 0.5% K,HPO,, 0.5% MgSO0,-7H;
O and 0.0001% ZnSO,-7H,0. Nicotinamide and adenine
were added at a 24 hr culture period. 0—0O . Adenine
was not added, ®—M @ 1mg/m/ adenine, O—O 3
mg/m/ adenine, ®—@ : 5 mg/m/ adenine.

Metal ion Growth Accumulated NAD
(200 ve/D mg dry cell/m/ mg/g dry cell mg/100 m/ medium
None 135 15.0 20.2
Ca** 13.0 14.5 18.9
Cu 135 144 194
Fe?* 134 14.2 19.0
Mn?* 13.1 15.6 204
In** 13.5 18.1 244

All media contained 4% glucose, 2% peptone, 1% yeast extract, 0.5% KH.PO,, 0.5% K:HPO, and 0.5% MgSO,- 7H,0.
Nicotinamide (4 mg/m/) and adenine (3 mg/ml/) were added at a 24 hr culture period.
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Fig. 5. Effect of Zn?* ion on NAD accumulation.
In addition to the metal ions, all media contained 4%
glucose, 2% peptone, 1% yeast extract, 0.5% KH,PO,,
0.5% K,;HPO, and 0.5% MgSQO,-7H,Q. Nicotinamide (4
mg/m/) and adenine (3 mg/m/) were added at a 24 hr
culture period. Cultivation was carried out for 72 hrs
at 30T,

Table 5. Effect of initial pH on accumulation of NAD
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Growth Accumulated NAD
Initial pH
mg dry cell/m/ mg/g dry cell mg/100 m/ medium
3 12.0 17.0 204
4 13.0 172 224
5 13.6 18.1 24.6
6 134 16.7 224
7 120 141 16.9
8 115 14.9 17.1
9 11.3 14.7 16.6
10 6.7 136 91

All media contained 4% glucose, 2% peptone, 1% yeast extract, 0.5% KH,PO,, 0.5% K;HPO,, 0.5% MgSO,-7TH;O
and 0.0001% ZnSO,-7H,0. Nicotinamide (4 mg/m/) and adenine (3 mg/m/) were added at a 24 hr culture period.
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Fig. 6. Effect of temperature on NAD accumulation
Cultivation was carried out for 72 hrs in the mediu
containing 4% glucose, 2% peptone, 1% yeast extract,
0.5% KH,PO,, 05% K;HPO, 0.5% MgSO,-7H,0 and
0.0001% ZnSO,-7H;0. Nicotinamide (4 mg/m/) and
adenine (3 mg/m/) were added at a 24 hr culture pe-
riod.

Table 6. Effect of surfactants on accumulation of NAD
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Surfactant® Growth Accumulated NAD (mg/100 m/ medium)

(%) mg dry cell/m/ Intracellular Extracellular Total

None 13.8 246 - 246
CTAB 0.01 10.2 8.8 - 8.8
0.1 5.8 0.4 23 2.7

CpC 0.01 8.8 10 32 42
SDS 0.01 12.7 259 - 25.9
0.1 11.3 16.9 64 233

Tween 40 0.01 12.8 232 - 23.2
0.1 119 242 = 242

Tween 80 0.01 12.7 132 - 132
0.1 13.8 12.8 - 12.8

Trition 0.01 12.6 225 - 225
0.1 124 24.2 - 242

All media contained 4% glucose, 2% peptone, 1% yeast extract, 0.5% KH,PO,, 0.5% K:HPO,, 0.5% MgS0,:7H,0
and 0.0001% ZnSO,-7H,0. Nicotinamide (4 mg/m/) and adenine (3 mg/m/) were added at a 24 hr culture period.

?Added at 24 hr culture period.
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Table 7. Effect of sodium dodecyl sulfate on accumulation of NAD

SDS? Growth Accumulated NAD (mg/100 m/ medium)

(%) mg dry cell/m/ Intracellular Extracellular Total
None 13.8 24.6 - 24.6
0.001 13.3 249 - 249
0.005 13.0 24.8 - 248
0.01 12.9 26.1 - 26.1
0.05 119 22.1 53 274
0.1 11.6 16.8 6.8 23.6
0.2 11.1 7.9 9.6 17.5
0.3 10.9 14 89 10.3

All media contained 4% glucose, 1% yeast extract, 0.5% KH,PO,, 0.5% K,HPQO,, 0.5% MgSO,-7H,0 and 0.0001%
ZnSO,-7H,0. Nicotinamide (4 mg/ml) and adenine (3 mg/ml/) were added at a 24 hr culture period.

dAdded at 24 hr culture period.
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Fig. 7. Time course of NAD accumulation by Sac-
charomyces sake KBA No. 6.

Cultivation was carried out for 72 hrs at 30 T in the
medium containing 4% glucose, 2% peptone, 1% yeast
extract, 0.5% KH,PO,, 0.5% K,HPO,, 0.5% MgSO,-7H,
O and 0.0001% ZnSO,-7H,0. Nicotinamide (4 mg/m/)
and adenine (3 mg/ml/) were added at a 24 hr culture
period.
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Production of NAD from adenine and nicotinamide by Saccharomyces sake
KBA No.6 ‘

In-Girl Choi, Ki-Chul Hwang and Won-Gi Bang(Department of Agricultural Chemistry,
Korea University, Seoul 136-701, Korea)

Abstract : In order to produce nicotinamide adenine dinucleotide (NAD) which is a pyri-
dine nucleotide coenzyme, Saccharomyces sake KBA No. 6 having high NAD content was
selected from 12 strains of yeast and various factors affecting the production of NAD were
investigated. For NAD production, 4% of glucose was effective as a carbon source and
2% of bactopeptone was the best nitrogen source. The optimum pH and temperature was
5.0 and 30 C, respectively. Also, when 4 mg/ml of nicotinamide and 3 mg/m/ adenine were
used as precursors simultaneously, NAD production was the best. To increase NAD produc-
tion, 2 valence metal ions were used during cultivation and Zn?* was very efficient. Among
the surface active agents, anionic sodium dodesyl sulfate (SDS) was effective. Under the
optimum conditions, the maximum amount of produced NAD was 35 mg/100 m/! medium
after cultivation of 144 hrs and 89% of total NAD amount, 31 mg of NAD, was leaked
into culture broth.



