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SUMMARY 

I. A highly active NAD nucleosidase (NAD glycohydrolase, EC 3.2.2.5) is 
synthesized by the snow mold Fusarium nivale. The activity appears in cell-bound 
or soluble form depending on the composition of the growth medium and the cultural 
conditions ; formation of the enzyme seems related to the process of sporulation. 

2. From shake cultures in a fortified glucose-containing Czapek medium NAD 
nucleosidase was purified I9o-fold over the crude extract to a specific activity of 
996 #moles NAD/min per mg protein with a yield of 38.5%. The purification pro- 
cedure, primarily based on the high acid stability of the enzyme, is described. 

3. NAD nucleosidase from Fusariurn nivale shows maximal activity at pH 5 6 
with low dependence on pH and its Km for NAD was found to be o.4I mM. Its 
molecular weight was estimated at 27 ooo and its isoelectric point at about pH 7.8. 
The enzyme shows high specificity for the oxidized pyridine coenzymes and negligible 
activity toward NAD analogues. I t  is not sensitive to several adenine and pyridine 
compounds tested, but is strongly inhibited by thionicotinamide NAD. 

INTRODUCTION 

NAD nucleosidases (NAD glycohydrolases, EC 3.2.2.5, or NADases) are known, 
regardless of their origin, to cleave hydrolytically the nicotinamide-ribose linkage 
of NAD to yield nieotinamide and ADPribose. In addition, the enzymes from 
mammalian tissues (EC 3.2.2.6) also catalyze an exchange of the nicotinamide 
moiety with various substituted pyridines with formation of the corresponding 
NAD analogues 1. 

The tissue enzymes are nonsoluble, firmly attached to cellular subunits. Some 
transglycosylases have been solubilized by proteolytic and lipolytic t reatment  and 
purified to various degreesY-5; also, a notable case of solubilization in vivo has been 
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observed in tuberculous tissues and implicated in the mechanism of infection 6. More 
recent evidence suggests that  the cell-bound enzymes are intracellularly regulated 
by compartmentat ion 7 or end-product inhibition by nicotinamide 7. 

A different picture is presented by the enzymes from procaryotes (Myco- 
bacteria*, 9, Streptococci1°, 11, Bacillus subtilis 12, Pseudomonas fluorescens 13) which, 
though soluble and insensitive to nicotinamide, are accompanied by  specific endo- 
genous inhibitors. 

The enzymes purified thus far from fungi (highly active Zn2+-deficient Neuro- 
spora crassa 14 and Aspergillus niger 15) are soluble and show none of the above forms 
of inhibition. In contrast, in the widespread plant pathogens Fusaria NAD nucleo- 
sidase has been detected mainly in the particulate fractions16,17. Furthermore, this 
fungus is a several-fold richer enzyme source than the above14,15. We undertook the 
study of the snow mold Fusarium nivale with the intention to seek growth con- 
ditions which induce the synthesis of soluble enzyme and allow its purification, and 
also to gain some insight into the role of the bound enzyme and the mode of its release 
under controlled conditions. In the present report the formation, purification and 
certain properties of the enzyme are described. 

MATERIALS A N D  METHODS 

Chemicals 
NAD +, NADH, NADP + and NADPH were obtained from Boehringer (Mann- 

heim); 3-acetylpyridine adenine dinucleotide and its reduced form, deamino-NAD 
and its reduced form, 3-acetylpyridine deamino-NAD, 3-pyridinealdehyde deamino- 
NAD, thionicotinamide NAD and nicotinamide mononucleotide from P.L. Bio- 
chemicals (Milwaukee, Wisc.) ; nicotinamide, isonicotinamide, I-methylnieotinamide, 
N-methylnicotinamide and 3-acetylpyridine from Sigma Chemical Co. (St. Louis, 
Mo.); N,N,N',N'-tetramethylethylenediamine, acrylamide and N,N'-methylene-  
bisacrylamide from Eastman Chemical Co. (Rochester, N.Y.); Ampholyte solutions 
from LKB (Rockville, Md.) ; bovine serum albumin, ovalbumin, chymotrypsinogen A 
and myoglobiu from Schwarz/Maun (Orangenburg, N.Y.). 

Growth conditions 
The strain of Fusarium nivale, originally from the culture collection of Dr 

W. C. Snyder, was obtained from the Laboratory of Plant Biology, Nuclear Research 
Center Demokritos, and maintained on potato-dextrose slants at 26 °C. For the 
preparation of inoculum the conidia were washed from the surface of 8-day-old 
cultures with sterile distilled water, sieved through nylon mesh under aseptic con- 
ditions and adjusted to approximately 2"Io 7 conidia/ml. Enzyme formation was 
studied in the following growth media: Czapek liquid medium, fortified with 2 g/1 
yeast extract (Difco), containing per 1:2 g NaNO 3, 2 g MgSO4, 0.5 g KC1, I g KH2PO~, 
o.oi g FeSOa, and as carbon source 3o g of the carbohydrate indicated in the text ;  
chemically defined medium and potato-dextrose broth were prepared according to 
Imholte and Schramm is. The cultures were shaken in i-1 spherical flasks on a wrist- 
action shaker (stroke : IO em) at the indicated frequencies. The samples were filtered 
under low vacuum through Millipore filters (MF 0.65 #m) for assay of extracellular 
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enzyme activity. Total enzyme activity and protein were determined in samples 
homogenized for 4 rain at 4 °C (immersion homogenizer Ultra Turrax I8/2, Janke 
and Kunkel) or subjected to 4 rain sonication (20 kcycles/min, MSE Sonic Disinte- 
grator) according to experimental needs. For the estimation of soluble enzyme the 
sonicated suspensions were centrifuged 9 ° rain at 125 ooo × g (Spinco L). NAD 
nucleosidase was assayed in the supernatant solution and the washed precipitate. 

Enzyme assay 
During the growth of the fungus and throughout the purification steps, enzyme 

activity was determined by the cyanide-addition method according to Kaplan 19. 
The enzyme suspension or solution was incubated with NAD in 5 ° mM phosphate 
buffer (pH 6) at 37 °C. The cyanide solution was added after 8 rain and the samples 
were read at 334 nm in an Eppendorf photometer (micromolar extinction coefficient : 

5.53). 
In studies with purified fractions (as the enzyme became more labile), the 

incubation time was shortened as indicated in the text to secure linearity of initial 
rates. The Eppendorf Microliter System was used and photometric measurements 
were carried out at 2max of the cyanide-addition product of each substrate in a 24oo 
Gilford spectrophotometer. 

Unit of activity 
I unit is defined as the amount of enzyme which cleaves I #mole of NAD/min 

under the above conditions*; specific activity is given in units/rag of protein. 
Protein determination 
Protein was determined according to Lowry et al. 22 with bovine serum albumin 

as standard. 

Determination of isoelectric point 
Isoelectric focusing experiments were conducted as described by Drysdale 

et al. 23 in a Metaloglass gel electrofocusing apparatus on 5% polyacrylamide gels 
(3 m m ×  Io ram), containing 1% ampholytes, with 200 mM phosphoric acid and 
IOO mM NaOH as anolyte and catholyte, respectively. At the end of the run the gels 
were sectioned at 4-mm intervals and the slices were eluted for 2 h in 0.5 ml distilled 
water (conductance approximately 5 °/~2-1) under mild stirring at 4 °C for deter- 
mination of pH and enzyme activity. 

Chromatography on Sephadex 
All experiments were carried out at 4 °C in Pharmacia iacketed columns, 

equilibrated for 4 days in upward flow regulated by an LKB peristaltic pump; the 
elution profile was monitored by a ultraviolet absorption meter (LKB-UVICORD I) 
connected to an LKB recorder. 

" For the purpose of comparison it may be noted that enzyme activity has been traditional- 
ly expressed in/~moles NAD cleaved/h, i.e. 1/6o of the above unit. In few exceptions, the purifi- 
cation of NAD nucleosidases has been described in units which correspond to 1175o (Neurospora 
crassa x4, Mycobacterium butyricum 8, Streptococcus pyogenes2O), 1/6ooo (•spergillus niger 15) or 1/6 
(rat intestine 2x) of the unit as this is defined here. 
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RESULTS 

Enzyme formation 
In all growth experiments we observed that  the amount of inoculum, above 

the threshold of lO 7 conidia/1, was not critical for the course of total  enzyme pro- 
duction as shown in Fig. I. After inoculation, during the stage of germination (approx. 
18 h) and formation of the mycelium, no activity could be detected either in the 
medium or the forming hyphae (Fig. I, Phase A). Immediately  after the onset of 
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Fig. i .  Format ion of  N A D  nucleosidase in shake cultures o f  Fusar ium nivale. The inoculum (IO; 
conidia in o. 5 ml) was added to 5oo ml o f  Czapek medium containing glucose as carbon source. 
The  flasks were s h a k e n  (25 ° osci l la t ions/min)  a t  27 °C. Samples  were w i t h d r a w n  at  the  ind ica ted  
t imes,  sub jec ted  to 4 min  son ica t ion  and  a s sayed  for e n z y m e  ac t iv i ty  ( 0 - - 0 )  and  to ta l  p ro te in  
(O---O). The  ac t iv i ty  of  t he  soluble e n z y m e  ( & - - A )  was  de t e rmined  in t he  s u p e r n a t a n t  a f te r  
cen t r i fuga t ion  (90 m i n  a t  125 ooo × g); ex t race l lu la r  ac t iv i ty  (K]--IB) was  de t e rmined  in fil- 
t r a t e s  o f  t he  cu l tu re  (pore size 0.65/~m). 

sporulation, at approx. 2o h, a rapid synthesis of NAD nucleosidase started (Fig. I ,  
Phase B) and reached maximal activity at approx. 40 h (Fig. I ,  Phase C), after which 
a stat ionary phase was attained, followed by slow autolysis of the culture. Also in 
other growth media (Table I), where the duration of these developmental events 
ranges from 40 to IiO h, parallel initiation of sporulation and appearance of enzyme 
activity were consistently observed. On the other hand, the levels of soluble enzyme 
formed are strongly affected by  variation of the medium and the rate of agitation as 
shown in Table I. Fig. I represents growth conditions considered as optimal for the 
production of soluble NAD nucleosidase ; the culture, interrupted at 4 ° h, served as 
source for the purification of the enzyme. 

Purification of NAD nucleosidase 
The purification from a typical 4-1 culture is summarized in Table I I  and 

proceeded as follows: 
Step I. Preparation of extract. The whole culture was homogenized for 2 min; 

the resulting suspension was filtered in succession first through a 4o-#m and then 
through a 2-#m sintered-glass filter. All following steps were carried out at 4 °C. 
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TABLE I 

F O R M A T I O N  A N D  S O L U B I L I T Y  O F  N A D  N U C L E O S l D A S E  O F  Fusarium nivale I N  V A R I O U S  GRO~VTH M F D I A  

All cultures were grown simultaneously and under the experimental conditions of Fig. i. 

Growth medium Maximal Solubility 
enzyme activity (%) 
(units/ml) 

Potato-dextrose broth 18 5.25 <8 
Chemically defined medium 18 4.3 3 t 
Czapek medium (C-source: sucrose) 4.75 35 
Czapek medium (C-source: glucose)* 4.5 71 

" In cultures grown on a rotating platform (5 ° 7 ° rotations/min) instead of a shaker, 
maximal enzyme activity ranges from 1.6 to 2 units/ml and solubility from 8 to 2OO/o . 

TABLE II 

P U R I F I C A T I O N  O F  N A D  N U C L E O S I D A S E  F R O M  Fusarium nivale 

Yractionation step Vol. Total Total ,Specific 
(ml) activity protein activity 

(units) (mg) (units/mg) 

1 Crude extract 
l [  Acid precipitation 
l I I  Desalting and 

lyophilization 
IV Chromatography on 

Sephadex*'G-5o 
(Fractions 38-43 of 

3800 io 200 195 ° 5.23 
io2 8 460 43 196.2 

25 7 870 30.8 255 

Yield* Enrichment* 
(%) &fold) 

83 37.5 

93 1.3 

Fig. 2) 34 3 935 3.95 990 5 ° 3.9 

* Referring to the foregoing step. 
** On recycling (LKB ReCyChrom) the specific actiivty rose to 144o units/rag with a re- 

covery of approx. 26%. 

Step I I .  Acid precipitation. I M HC1 was  a d d e d  dropwise  to t he  f i l t ra te  u n d e r  

m i l d  s t i r r ing  un t i l  t h e  m i x t u r e  r e ached  p H  2 (in no less t h a n  60 min) .  The  p r ec ip i t a t e  

was a l lowed  to  fo rm w i t h o u t  s t i r r ing  for 9 ° rain a n d  the  suspens ion  was  c e n t r i f u g e d  

(9 ° ra in  a t  9000 × g). The  s u p e r n a t a n t  was  a s p i r a t e d  off and  d i scarded .  The  preci-  

p i t a t e  was  r e s u s p e n d e d  in I00  ml  of  200 m M  c i t r a t e - p h o s p h a t e  buffer  (pH 7.2), 
s t i r r ed  m i l d l y  for 36 h and  r ecen t r i f uged  as desc r ibed  above .  

At  p H  2 N A D  nuc leos idase  p r ec ip i t a t e s  q u a n t i t a t i v e l y  and  w i t h o u t  i n a c t i v a t i o n  

o v e r  seve ra l  hours .  H o w e v e r ,  th i s  process  is no t  r ead i ly  revers ib le .  A t t e m p t s  to  ex-  
t r a c t  t he  p r e c i p i t a t e d  e n z y m e  w i t h  o t h e r  buffers ,  such as 50 m M  Tr i s -HC1  or 7 ° mM 

s o d i u m - p o t a s s i u m  p h o s p h a t e  a t  p H  5 or  7.2, were  no t  successful .  
Step I I I .  Desalting and lyophilization. 2 g S e p h a d e x  G-25 coarse  were  a d d e d  

per  IO ml  of  t he  s u p e r n a t a n t  o f  S t ep  I I  u n d e r  s t i r r ing.  A f t e r  30 min ,  t he  s lu r ry  was  

f i l tered a t  8 k g / c m  e (Ge lman  47 m m  pressu re - f i l t r a t ion  funnel ,  F i l t e r  GA-8,  m e a n  
flow pore  size 0.2 # m )  and  the  f i l t ra te  lyophi l ized .  The  ensu ing  p o w d e r  was red i sso lved  
in t he  s a m e  buffer  to  a f inal  v o l u m e  of  a p p r o x i m a t e l y  30 ml  and  f i l tered t h r o u g h  

W h a t m a n  No. 4 f i l ter  p a p e r  for r e m o v a l  o f  und i s so lved  p rec ip i t a t e .  
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This t r e a t m e n t  wi th  Sephadex  G-25, on a co lumn or in the  ba t ch  procedure  
descr ibed  here,  cons i s ten t ly  gave an ac t iva t ion  of the  enzyme ranging up to  40%,  
poss ib ly  due to  r emova l  of inh ib i to ry  ma te r i a l  b y  the  gel. 

Step IV. Chromatography on Sephadex G-5o. The enzyme solut ion from Step I I I  
was fur ther  ch roma tog raphed  on Sephadex  G-5o fine wi th  an overal l  yield of  65% ; 
Fig. 2 shows the e lu t ion profile. F rac t ions  38-43 were pooled and  lyophil ized.  The 
powder  was kep t  in small  pre-weight  a l iquots  a t  - - 9  ° °C and - -20  °C. Before each 
expe r imen t  the  enzyme was brought  to  o °C. The unused  por t ion  was not  refrozen, 
bu t  d iscarded.  
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Fig. 2. Fractionation of NAD nucleosidase on Sephadex G-5 o. The enzyme solution (25 ml con- 
taining 30.8 mg protein) was applied on a 2. 5 cm × 95 cm column, equilibrated with 200 mM 
citrate-phosphate (pH 7) in upward flow; fractions of 5-5 ml were collected every 12 rain. The 
solid line represents transmittance at 254 nm; A - - & ,  enzyme activity; 0 - - 0 ,  protein. 

Enzyme stability 
During  the growth  of Fusarium the  ac t ive  mycel ia l  suspensions or the i r  homo- 

genates  re ta in  the i r  a c t i v i t y  overnight  a t  - - 20  °C, and  for several  hours at  4 °C. After  
ac id  prec ip i ta t ion ,  the  enzyme becomes increas ingly  labile on s torage;  wi th  fract ions 
of specific a c t i v i t y  over  900 uni ts / rag  approx.  30% inac t iva t ion  was observed af ter  
2 h at  4 °C. The lyophi l ized  powder  showed no loss of ac t i v i t y  when s tored  for several  
weeks at  - - 20  °C, or for several  mon ths  at  - - 9  ° °C. 

pH optimum 
NAD nucleosidase from Fusarium nivale shows highest  a c t i v i t y  at  p H  5-6,  

wi th  low p H  dependency  wi thin  the  range p H  4.5-7 as shown in Fig. 3- Broad  p H  
op t ima  have also been repor ted  for fungal  and  bac te r ia l  NAD nucleosidases8,14,15, 2° 
wi th  the  except ion  of the  enzyme from Mycobacterium tuberculosis 9 which exhib i t s  
a sharp  p H  o p t i m u m  at  p H  6. 4. We did  not  observe significant differences in ac t i v i t y  
wi th  the  Fusarium enzyme dissolved in 7 ° mM s o d i u m - p o t a s s i u m  or sod ium phos- 
pha te ,  50 mM Tr i s -ma lea t e  or 200 mM c i t r a t e - p h o s p h a t e  buffer a t  about  p H  6. 

Effect of substr ate concentration 
Dete rmina t ions  of in i t ia l  ra tes  were carr ied  out  up  to 4 rain in 5 ° mM Tr i s -  
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Fig. 3. Effect  of pH  on the  a c t i v i t y  of N A D  nucleosidase.  A c t i v i t y  was measured  under  s t a n d a r d  
a s say  condi t ions ,  a f te r  4 rain in ioo  mM c i t r a t e - p h o s p h a t e  (pH 3-7) (Q---O) or 5 ° mM T r i s - m a l e a t e  
buffer (pH 5-9) ( A - - , ) .  The o rd ina te  represen ts  m u n i t s  of a c t i v i t y  in the  assay  mix ture .  

maleate (pH 6) at 37 °C; their dependence on substrate concentrations plotted after 
Lineweaver-Burk was linear. The Km for NAD, estimated about o.41 mM, falls 
within the range of reported values for microbial NAD nucleosidases, an extreme 
case being the enzyme from Aspergillus niger (Kin = 7.7 #M) 15- 

Substrate specificity of N A D  nucleosidase 
Mammalian enzymes exhibit a ratio of NADP to NAD hydrolysis ranging from 

0.3 to 0.98 (ref. 24). On purification these ratios remain largely constant2, 4, although in 
rabbit  erythrocytes two enzymes specific for NAD and NADP, respectively, could 
be separated and purified 25. Microbial enzymes show ratios in the range o.75-IS,9,14,15 
with the exception of NAD nucleosidase from strains of Streptococcus pyogenes with 
absolute specificity for NAD and no activity whatsoever toward NADP 2°. 

The relative rates at which NAD nucleosidase from Fusarium nivale cleaves 
NAD, NADP and some analogues of the pyridine coenzymes are shown in Table I I I .  

T A B L E  I I I  

R E L A T I V E  R A T E S  O F  H Y D R O L Y S I S  O F  P Y R I D 1 N E  N U C L E O T I D E S  B Y  N A D  N U C L E O S I D A S E  

The assay  m i x t u r e  con ta ined  1.25 mM of the  s u b s t r a t e  and  5 ° mM sod ium p h o s p h a t e  buffer 
(pH 6) a t  37 °C in a fianl vo lume  of I ml. Samples  were w i t h d r a w n  every  m i n u t e  and  the  oxid ized  
nuc leo t ides  a s sayed  by  cyan ide  addi t ion .  The reduced  coenzymes  and  ana logues  were read  d i rec t ly  
a t  the i r  abso rp t ion  m a x im a .  

Substrate Relative hydrolysis 

NAD+ ioo  
N A D H  2 
N A D P  + 83 
N A D P H  3 
3 -Ace ty lpyr id ine  N A D  6 
3 -Ace ty lpy r id ine  NAD  (reduced form) < I 
D e a m i n o - N A D  < i 
D e a m i n o - N A D  (reduced form) < I 
3 -Py r id inea ldehyde  d e a m i n o - N A D  < i 
3 -Ace ty lpyr id ine  d e a m i n o - N A D  <: i 
Th ion i co t i namide  NA D  < [ 
N ico t i namide  mononuc leo t ide  < t 
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These rates, determined after each step throughout the purification procedure, and 
also after long storage of the final fraction (Table II ,  Step IV), did not show deviations 
exceeding i 2% of the above values. 

Inhibition 
NAD nucleosidases from microorganisms are not inhibited by pyridine com- 

pounds. Metal inhibition and similar effects of S H -  reagents have been reported for 
the enzymes from Aspergillus niger 15 and Mycobacterium tuberculosis 9. Under stan- 
dard assay conditions, the NAD nucleosidase from Fusarium nivale is inhibited less 
than IO% at concentrations up to IO mM of MnC12, MgC1 v CoC12, ZnC12, Fe2(SQ) z, 
sodium azide and EDTA in 20 mM Tris-HCl buffer (pH 7.1). Compounds related to 
the NAD moieties, namely:  adenine, adenosine, AMP, ADP, ADPribose, ATP, 
isonicotinic acid hydrazide, nicotinic acid and NMN were also ineffective (inhibition 
by adenine compounds has recently been reported for the soluble NAD nucleosidase 
from bull semen26). 

T A B L E  I V  

I N H I B I T I O N  OF N A D  N U C L B O S I D A S E  

A s s a y  m i x t u r e  a s  in  T a b l e  I I I .  T h e  i n d i c a t e d  c o n c e n t r a t i o n s  o f  t h e  i n h i b i t o r  w e r e  p r e i n c u b a t e d  
w i t h  t h e  e n z y m e  f o r  IO r a i n  a t  37 °C. T h e  r e a t i o n  w a s  i n i t i a t e d  b y  a d d i t i o n  o f  N A D .  

Reagent Concentration Activity 
(mM) (%) 

N i c o t i n a m i d e  i o 8 I 

I s o n i c o t i n a m i d e  i o 83 
I - M e t h y l n i c o t i n a m i d e  i o 77 
N - M e t h y l n i c o t i n a m i d e  IO 79  
3 - A c e t y l p y r i d i n e  I o 72 
Iodoacetamide i 77 
p-Chloromercuribenzoate i 6 i 

o.I 74 
HgCll i 62 

o.i 76 
Thionicotinamide NAD i o 

0 . 2  0 

As shown in Table IV, some pyridine compounds as well as HgC1 z, p-chloro- 
mercuribenzoate and iodoacetamide had an inhibitory effect only at high concen- 
trations. On the other hand the thionicotinamide analogue of NAD proved to be a 
very potent inhibitor of the Fusariurn enzyme. This effect, now under investigation, 
has been previously encountered and studied in detail with the Neurospora enzyme 27. 

Isoelectric point 
The gels were prerun for 20 min at I mA/gel prior to application of the enzyme 

sample (approximately I enzyme unit from Step IV, Table II). I t  was estimated that  
equilibrium was reached after 6 h in both pH ranges, 3-1o and 7-1o. Under these 
conditions NAD nucleosidase from Fusarium nivale focuses at about pH 7.8. On 
stained gels (sample applied: 20 /~g) the puri ty  of the enzyme was estimated at 
approx. 20%. 
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Molecular weight 
The determination of the molecular weight was carried out in 200 mM citrate-- 

phosphate buffer (pH 7), on a Sephadex G-ioo column, (2. 5 cm × IOO cm ; flow rate : 
5 ml .h  l ' c m  2) calibrated with albumin, ovalbumin, chymotrypsinogen A and 
myoglobin as markers. Under these conditions the enzyme shows an estimated mole- 
cular weight of 27 ooo, i.e. of the same order as the "small" NAD nueleosidases of 
mammalian origin--pig, beef, and sheep tissues 24 and the enzymes of Neurospora 
crassa (31 ooo) and Bacillus subtilis (2 4 ooo) as determined on Sephadex 12. 

DISCUSSION 

A NAD nucleosidase from Fusarium nivale has been partially purified to a 
spec. act. of 99 6 units/mg (Table II), to our knowledge the highest reported so far. 
I t  shows a pronounced resistance to low pH values--shared at various degrees by 
other NAD nucleosidases2, '4,28 which also provides an efficient shortcut to its puri- 
fication (Table II). 

All obtained preparations cleave NAD, NADP and NAD analogues at constant 
relative rates (Table I I I ) .  The consistency of these values throughout the purification 
is considered as an adequate criterion to exclude the possible presence of a second 
enzyme with different specificities for the two coenzymes2°, 25. 

In Fusarium nivale--an exceptionally rich source of NAD nucleosidase under 
most growth conditions (Table I ) - - the  enzyme levels appear to depend on the age 
of the culture and the differentiation stage of the organism (Fig. I). Most charac- 
teristic is the lack of enzyme activity during germination, followed by a dramatic 
increase after the onset of sporulation. Observations of Zalokar and Cochrane 29 and 
more recent studies of Stine a° have ascertained a similar behavior of the enzyme in 
Neurospora crassa, its suggested function during sporulation being to inhibit other 
fermenting microorganisms al. 

The cell-bound NAD nucleosidase in Fusarium nivale presents an unusual case 
among the enzymes characterized so far from microorganismsS,9,n,l~, ~5,29,s°. I ts  role 
is presently unknown. I t  may be noted, however, that  total  NAD nucleosidase in 
Fusarium nivale can exceed 0.8 units (/~moles NAD/min) per nmole intracellular 
[NAD + NADP 1 (Stathakos, D and Bugge, B., unpublished); the magnitude of this 
ratio strongly suggests the presence of a regulatory mechanism. Accordingly, if one 
considers the possibility of compartmental  regulation of NAD nucleosidase as 
proposed for the microsomal enzyme in mammalian cells 7, the question can be asked 
as to whether the environmentally induced variations of cell-bound activity in 
Fusarium nivale could part ly account for the protection of endogenous coenzymes 
from cleavage by restricting their accessibility to the enzyme. 
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