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Eeoxyribonuclease activities were examined in isoelectric focusing 
fractions of non-histone chromatin-associated and nucleoplasmic proteins of 
isolated nuclei of normal human and xercderma pigmentosum, complementation 
group A, lymphoblastoid cells using parallel procedures. In the nucleoplasm 
of both cell lines, a very similar series of both m erdo- and exo-nuclease 
activities were found; in chrcmatin a series of similar erdonuclease but no 
exonuclease activites were present. Several differences were observed in the 
xeroderma pigmentosum cells, however, notably a striking increase in IMA 
erdonuclease activity in a chromatin fraction at p1 4.6 against linear duplex 
DNA an3 a decrease in a chromatin endonuclease activity focusing at p1 7.8. 

INI'P.OEUCTION 

The autosomal recessive disease, xeroderma pigmentosum HP), is 

characterized by marked sensitivity to ultraviolet (W) light and by the 

development of secondary skin changes and of large numbers of skin cancers 

early in life (l-4). Extensive studies have shown that mst cases of XP are 

associated with a cellular defect in the initial, incision step in excision 

repair of thymine cyclobutane dimers, the chief photoproduct of W light in 

CNA (l-6). In addition, cultured XP cells have been shown to be defective in 

excision repair of damage produced by certain drugs and chemical carcinogens 

(4,7-13). To date, 110 specifically defective excision repair enzyme has been 

isolated or purified in XP cells even though a defective apurinic endonuclease 

activity has been reported in extracts of XP cells (14,15). W light specific 

DNA endonucleases have been partially purified in several types of manunalian 

cells (16-18); however no deficient activity has yet been identified in XP 

cells. 

We have recently developed a system for simultaneously examining multiple 

DNA errdonucleases in mammalian cell nuclei, and have found a series of such 

*To whan reprint reguests should be sent. 

Abbreviations: Xp, xercderma pigmentosum; W, ultraviolet: XPA, XP 

!canplementation group A). 

0006-291X/82/180576-09$01.00/0 
Copyrighf 0 198.2 by Academic Press, Inc. 
Aif rights of reproduction in any form reserved. 576 



Vol. 108, No. 2, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

nucleases in the chrcmatin proteins of mouse melanoma cells (19). We now 

report a similar analysis of DNA endonucleases as well as exonucleases in 

nuclei of normal human lymphoblastoid cells and lymphoblastoid cells fran a 

patient with XP, complementation group A &PA), in which several abnormalities 

appear to be present. 

Normal (@l 1989) and XPA (@l 2345) lymphoblastoid cell lines (transformed 
with Epstein-Barr virus) were obtained from the Institute for Medical 
Research, Camden, New Jersey. The cell lines were grown in suspension culture 
at 37oc in sealed flasks in FXFMI 1640 medium buffered to physiological pH 
with Hepes' buffer (Grand Island Biological Co., GIBO), supplemented with 15% 
fetal calf serum (GIBCO), and were harvested under conditions of maximal 
proliferation. Cultures were routinely tested. for mycoplasma (20) and steps 
were taken to insure that the cells were not exposed to UVL and that other 
light exposure was minimal. Cell nuclei were isolated following the methcd of 
Berkowitz et al. (21). Chrcanatin-associated and nucleoplasmic proteins were -- 
extracted from the purified nuclei as previously described (19,221 ard 
subjected to isoelectric focusing (19). Fractions collected from the 
isoelectric focusing columns were assayed for DNA erdonuclease and exonuclease 
activity against calf thynus DNA (19,23) and 3H-poly d(A-T) (24) 
respectively. Peaks of endonuclease activity were pooled, dialyzed into 50 ti 
potassium phosphate, pH 7.1, 1 &l dithiothreitol, 1 mM Na2EDTA, 40% ethylene 
glycol, ard stored unfrozen at -2ooC. The protein content of each fraction 
was determined by the method of Lowry et& (25). 

DNA endonuclease activity was measured using a DM\ polymerase primer assay 
and linear calf thymus DNA (Worthington Biochemical Carp) as substrate 
(19,231. DNA et-donuclease activity was also assayed usirq circular, duplex, 
supercoiled PM2 bacteriophage IXA as substrate. The enzymatically treated PM2 
l&A was subjected to electrophoresis on 0.9% agarose gels which were 
subsequently stained with ethidi*um bromide, photographed under ultraviolet 
light (19) and the negatives scanned using a Zeineh Soft Lazer Scannirxj 
Densitometer UB). Er-donuclease activity, as measured by the number of 
enzyme-induced breaks per DNA molecule, was detected by the conversion of 
superhelical DNA (Form I), to nicked circular DNA (Form II) and linear unit 
length DNA (Form III). Guantitation of the amount of cut versus superhelical 
l%IA was made from integral analysis of densitometric tracings of negatives of 
photographs of the gels, and the number of breaks per DNA molecule was 
estimated by the Poisson formula, number of breaks = -In x, where x = fraction 
of superhelical molecules (26,27). 

DNA exonuclease activity was assayed according to the method of Lindahl et 
al. which measures the ability of the enzyme to convert radioactively label2 
%A to acid :;oluble products (24). 

All experiments were repeated 6-8 times using enzymes obtained from 6-8 
different cell extractions. 

RESULTS 

A series of eight clearly separable DNA endonuclease activities active 

against native calf thymus IXA, but no TWA exonuclease activity, was found 

uPn isoelectric focusing of normal human and XPA lymphoblastoid cell 

chromatin (Fig. 1). The activities were very similar between the two cell 

lines except for a major increase in activity in XPA cells focusing at p1 4.6 

and a lesser decrease in activity in XPA cells at p1 7.8. XPA activities at 

p1 4.1 and at pIs 6.3 and 6.8 appear to correspond to normal activities at pIs 

3.8 and 4.1 and at p1 6.6, respectively. 
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Figure 1: Isoelectric focusing patterns of chromatin-associated IMA 
errlonucleases from : A, normal human and B, XP lymphoblastoid cells. c3 , 
M&se activity on calf thymus M:W , pH gradient. 

Fractions of chromatin-associated proteins were pooled according to their 

I33.A erdonuclease activities against calf thymus DNA, and each pooled fraction 

was tested for activity against PM2 IS@. (Fig. 2). Fractions at lower pIs were 

much more active than those at higher pIs, but the XPA fractions at lower pIs 

were less active than the corresponding normal fractions. In particular, tile 
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Figure 2: Activities of chromatin-associated INA erdonuclease fractions (35 
UCJ) incubated with F'MZ IN.4 (0.15 ug) for 3 hours at 37%. The number of 
breaks in non-enzymatically treated DNA has been subtracted from each value. 
Vertical lines represent + standard error of the mean. 

XPA activity at p1 4.6, which was markedly increased against calf thymus CNA, 

was markedly depressed against FTC? WA ccmplred with that of the corresponding 

normal fraction. 

Isoelectric focusing of the normal ard XPA nucleoplasmic fractions 

revealed a series of both DNA endo- and exo-nuclease activities (Fig. 3) which 

were quite similar between the two cell lines except for an increase in the 
XPA endonuclase activity at p1 4.6, a decrease at pIs 6.7, 7.7 and 8.3, and a 

decrease in the XPA exonuclease activity at p1 7.6. Each pled nucleoplasmic 

fraction that did not have exonuclease activity (i.e., those with lower ~1s) 

was assayed against PM2 INA (Fig. 4). All three activities assayed were quite 

similar between the two cell lines, including a markedly elevated activity at 

p1 4.6. 

The protein content of each pooled fraction was measured and compared with 

its DNA endonuclease activity against calf thymus DNA. The relative specific 

activities of the various pooled fractions do not markedly differ from the 

relative absolute activites, indicating that the differences observed between 

the two cell lines, particularly in the chrcmatin fraction at p1 4.6, are not 

due to major differences in bulk protein content of the respective fractions. 
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Figure 3: Isoelectric focusing Patterns of nucleaplasmic IX&es from: A, 
normal aml B, XP lymphoblastoid cells. w , tNA endonuclease activity on 
calf thymus I%% e---O , DNA exonuclease activity on poly d(A-T): M , 
pH gradient. 

DI8CUSION 

The data presented here shm several striking differences between normal 

and XPA nuclear DNases, particularly DNA endonucleases. The chrmatin- 

associated DNA erdonuclease activity at pI 4.6, which shows the most marked 

differemes in XPA cells, is especially interesting because this fraction 

shows a marked ircrease in activity against calf thymus JXA and a decrease in 

activity against PM2 DNA. It is possible that the discrepancy in activity 

usirq the two different types of substrate may be due to differing 

requirements for optimal incubation conditions by the enzymes, to variable 

ability of the enzymes to act on supercoiled or otherwise distorted ENAs, or 

to a reguirement of the enzymes for substrate sequences not present in PM2 

DNA. It is of interest that we have recently found this fraction to have 

markedly increased activity against anthramycin treated DNA in normal cells, 

and that this increased activity is ccnpletely absent in XPA cells (28). 

Although XP cell lines frcan the same complementation groups have been 

shown to be heterogeneous in their ability to repair certain types of 
alkylated DNA (11,29), at-d transformation with 8V40 virus may induce a defect 
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in repair of such DNA (12), these variations appear to be essentially 

restricted to O6 alkylguanine residues (1). Moreover, both the increase in 

XPA tYS erdonuclease activity of the chromatin fraction with pI 4.6 against 

calf thymus DM and the decrease at p1 7.8 are at least as great as any 

quantitative difference we have previously observed even when comparing Ilhlases 

from such disparate sources as human lymphoblastoid arxl mouse melanoma cells 

@ambert et al, in preparation). We therefore believe that these differences 

are significant. 

Whether, ard in what ways, the chromatin and nucleoplasmic nuclease 

activities observed here may be related is not clear at present. It is 

pssible that some of these may represent modified versions of the same 

proteins, which, if true, would itself be of interest, since such 

modifications are likely to affect both enzyme activities and their control 
mechanisms. Also, certain of these ENase activities may be similar to several 

previously reported mammalian DNases. For example, the chrcanatin-associated 

enilonuclases at p1 4.7 in normal human and pI 5.5 in XP lymplloblastoid cells 

may be similar to chromatin-associated erdonucleases from rat small intestinal 
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Figure 4: Activities of nucleoplasmic DNA erdonuclease fractions (25 ug) 
incubated with FM2 DJA (0.15 ug) for 3 hours at 37oc. The number of breaks 
in non-enzymatically treated m has been subtracted from each value. 
Vertical lines represent + statiard error of the mean. Cl normal human and B1 
xercderma pigmentosum lymptiblastoid cells. 

mucosa, p1 4.7, and from HeLa cells, p1 5.1 + 0.2, which create single- and 

double-strand breaks in W (22,301. These fractions, along with the 

nucleoplasmic fractions at p1 4.6/4.7, may also be similar to N 

endonucleases which have been isolated frcan several mammalian cell types which 

show partially site-specific cleavage of duplex INA and produce single and 

double strand cuts (31-34). The chromatin-associated erxdonuclease activities 

at p1 8.3/8.4 and 8.7/8.8 in the two lymphoblastoid cell lines may be similar 

to a chrcmatin-associated DNA endonuclease frcm bovine intestinal mucosa, p1 

8.5 + 0.1, which produces only single-strand scissions in duplex DNA (35). In - 
addition, the activity at p1 6.6 shares some similarities with a single-strand 

specific erxlonuclease from W cells, p1 6.4 + 0.2 (36). 

To date, no specific DNA endonuclease has been isolated and purified from 

Xp cells which is different frcxn that isolated from normal cells, although IN 

repair abnormalities are known in Xl? cells (l-13). There is, moreover, seine 

evidence that a defective nuclear protein other than a CNA endonuclease may be 

present in Xp cells (37). The atirmalities in nuclear DNA endonuclease 

activities against undamaged iXA in XPA cells described here, particularly 
those at pIs 4.6 and 7.8 of chromatin, indicate that molecular changes in Xl? 

may be more extensive than has bzen previously suspected. These changes, 

whether primary or secondary, may account for these apparently conflicting 

results as well as for such changes in XPA as neurological defects and poor 
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growth of cells in culture under certain limiting conditions (Lambert et al, -- 
in preparation) that are not clearly related to defective DNA repair. 

This work was supported in part by Basil O'Connor Grant #5-287 from the 

March of Dimes Birth Defects Foundation, the Dermatology Foundation and the 

Fourrlation of the UIW. 
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