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The exposure of cells for 60 min to a serum free medium at ice temperature followed by a return to normal 
culture conditions (30 min at 37°C) caused a dramatic decrease in NAD+ levels. This decrease in NAD’ 
was prevented by 3-aminobenzamide. Alkaline elution analysis of DNA from cultures that were sisters to 
the ones utilized for measuring cellular NAD+ content revealed an absence of DNA breakage. These data 
suggest that poly(ADP-ribose)transferase may be induced in conditions not involving DNA fragmentation. 
The mduction of this enzyme could therefore represent a cellular emergency reaction and not just a response 

to DNA damage. 

Cold shock NAD+ Poly (A D P-ribose) transferase 3-Aminobenzamide DNA damage 

1. INTRODU~ION 

Current knowledge on ADPRT, a chromatin 
bound enzyme, suggests that the synthesis of 
ADPRT is stimulated by various types of DNA 
breaks [ 1,2] and that histone and non-histone pro- 
teins serve as acceptors for ADP-ribose residues 
[3]. The source for ADP-ribose units is NAD+ 
and, therefore, damage to DNA results in a rapid 
decrease in total size of the cellular NAD+ pool 141. 
Jacobson et al. [S] have demonstrated that the 
drop in NAD+ which follows DNA damage is not 
dependent on a decreased biosynthesis of NAD+ or 
increased NAD+-glycohydrolase activity. The 
biological role of protein modifications by 
ADPRT centres around the fact that this enzyme 
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Abbreviations: NAD+, nicotinamide adenine dinu- 
cleotide; ADPRT, poly(ADP-ribose)transferase; 3-AB, 
3-aminobenzamide; CHO, Chinese hamster ovary 

has an absolute requirement for DNA and, as 
previously mentioned, can be activated by DNA 
breaks [1,2,6]. Thus, several authors have sug- 
gested that ADPRT is involved in the regulation of 
the activity of one or more enzymes of the DNA 
repair system [7,8]. However, increasing ex- 
perimental evidence demonstrates that DNA 
fragmentation is not a singularly rate-determining 
factor in controlling ADPRT activity [9,10]. We 
herein report that cellular NAD+ content is 
lowered by returning chilled cells to normal culture 
conditions (37°C) and that this effect can be 
prevented by 3-AB, We suggest that ADPRT may 
be induced by cold shock, a condition which does 
not involve DNA breakage. 

2. MATERIALS AND METHODS 

2.1. Cell culture 
CHO cells were grown in McCoy’s Ja sup- 

plemented with 10% fetal bovine serum, penicillin 
and streptomycin in a CO2 incubator at 37*C. Ap- 
prox, 8.5 x 10’ cells were seeded in 50 mm plastic 
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Petri dishes and experiments were performed 24 h 
later. 

2.2. NAD+ levels 
Monolayer cultures were washed twice with cold 

PBS and 1 ml of cold 2.5% perchloric acid was 
added to each plate. After a 10 min incubation in 
an ice bath the solution was removed and the ex- 
traction procedure was repeated. Cell extracts were 
neutralized with &CO3 and the precipitate was 
removed by centrifugation. Aqueous solutions of 
nucleotides were filtered through 0.22 pm pore size 
microfilters and analyzed for NAD+ content by 
reversed-phase high-performance liquid chroma- 
tography. Chromatographic apparatus and condi- 
tions have been described [l l]. 

2.3. DNA damage 
DNA strand breaks were determined in intact 

cells by the alkaline elution procedure described by 
Kohn et al. [12] with minor modifications [13]. 

3. RESULTS 

NAD+ levels were assayed in CHO cells after 60 
rnin of chilling on ice followed by a return to nor- 
mal culture conditions at 37°C (30 min) and com- 
pared with those obtained with control cells 

Table 1 

The effect of chilling followed by incubation at 37°C on 
NAD+ levels in cultured CHO cells 

Experimental condition? NAD+ b 

nmol/106 cells % control 

A 1.14io.05 100 
B 1.06~0.08 93.0 
C 0.65 rt 0.05’ 57.7 
D 1.02+0.06 92.7 

a Experimental conditions were: A, control cells (grown 
at 37OC); B, cells exposed for 1 h at 4’C; C, cells ex- 
posed for 1 h at 4°C and then for 30 min at 37°C; D, 
cells exposed for 1 h at 4°C and then for 30 min at 
37°C in the presence of 5 mM 3-AB 

b Cell extracts were prepared as described in section 2 
and NAD+ analysis was performed by reversed-phase 
HPLC on a Supelcosil LC18 column. Values represent 
the mean + SE from 4-5 separate experiments 

’ pcO.001 as compared with controls (Student’s t-test) 

Table 2 

The effect of Hz02 exposure or chilling followed by in- 
cubation at 37°C on the induction of DNA breakage in 

cultured CHO cells 

Experimental conditionsa Strand scission factorb 

A 
B 0 
C 0.01 t 0.00s 
D 0.01 * 0.006 
E 0.81 f 0.096 

a Ex~riment~ conditions were: A, B, C, and D were the 
same as described in the legend of table 1; E, 30 pM 
Hz02 for 1 h at ice temperature 

b CHO cells were analyzed for DNA damage by the 
alkaline elution technique (see section 2) and strand 
scission factor (SSF) was calculated from the DNA elu- 
tion profiles according to the following relationship: 
SSF = -log A/B, where A = fraction of DNA retain- 
ed in the filter after 9 h of elution, in treated cells, and 
B = fraction of DNA retained after 9 h of elution, in 
untreated cells. Values represent the mean + SE from 
3 separate experiments 

(grown at 37’C) or with cells that were chilled but 
not post-incubated at 37°C. Results shown in table 
1 indicate that the return of chilled cells to normal 
culture conditions resulted in a dramatic decrease 
in NAD+ levels (line C) with respect to the ones 
found in control cells (line A) or in cells that were 
chilled but not post-incubated at 37°C (line B). In 
the latter instance a small lowering in NAD+ con- 
tent was observed. This decrease, however, was 
not statistically significant. The results so far 
presented may be compared with those obtained 
when 5 mM 3-AB was present during the 30 ruin 
incubation at 37°C (table 1, line D). The inhibitor 
of ADPRT largely prevented the drop in NAD+ 
levels. Since a reduction in NAD+ content is caus- 
ed by ADPRT induction which follows treatment 
of cells with various DNA damaging agents [6], we 
tested for DNA break cells that were cultured in 
parallel with the ones assayed for NAD+ content. 
Under the experimental conditions used in this 
study, no damage could be detected by the sen- 
sitive alkaline elution technique (table 2), whereas 
Hz02 (30 FM for 1 h at 4°C) utilized as a positive 
control, resulted in extensive DNA breakage (table 
2, line E). 
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4. DISCUSSION 

In this study we have shown that the chilling of 
cells for 60 min followed by a return to normal 
culture conditions caused a profound decrease in 
NAD+ content and that the drop in NAD+ levels 
could be prevented by the ADPRT inhibitor, 
3-AB. This suggests that an augmented ADPRT 
activity is responsible for the drop in NAD+ 
though the participation of other mechanisms such 
as a decreased synthesis of NAD+ or an increased 
NAD+-glycohydrolase activity cannot be ruled 
out. However, the hypothesis that the drop in 
NAD’ content is caused by ADPRT induction is 
supported by the fact that the potent and selective 
inhibitor of this enzyme, 3-AI3 [14], was able to 
prevent the drop in NAD+ levels. It should be 
noted that 3-AB does not affect NAD+-glyco- 
hydrolase activity [6]. Nuclear ADPRT is 
stimulated by a variety of cellular insults resulting 
in the induction of DNA breakage [6,15-171. 
Under our conditions we found no evidence that 
activation was due to the appearance of DNA 
strand breaks. An induction of ADPRT in the 
absence of DNA fragmentation was also reported 
by Wallace et al. [9] in polyamine depleted cells 
and by Jackowski and Kun [ 101 in cardiocytes (car- 
diocyte nuclei of neonate rats had ten times more 
ADPRT activity than cardiocyte nuclei from adult 
rats). 

We conclude therefore that ADPRT induction is 
an event which does not necessarily follow DNA 
damage. ADPRT may serve to decrease cellular 
NAD+ content, thus slowing down energy requir- 
ing reactions. Wintersberger and Wintersberger 
f 181 have made an attractive hypothesis on 
ADPRT induction by DNA damaging agents, sug- 
gesting that a slow-down of energy requiring reac- 
tions, such as replicative DNA synthesis, would 
give cells more time to repair DNA damage. Our 
data indicate that cells may respond to other types 
of stress in a similar fashion and, as previously 
hypothesized by Wintersberger and Wintersberger 
[ 181, ADPRT may represent a cellular emergency 
reaction. 
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