
18. PCR on reverse-transcribed RNA was as described 
(5, 19). Control reactions in which reverse transcrip­
tase was omitted were done for each sample. Because 
of the presence of closed circular EBV episomes in 
some samples, reverse transcription was preceded by 
treatment with ribonuclease-free deoxyribonuclease 
[F. A. W. Fuqua, S. A. Fitzgerald, W. L. McGuire, 
Biotechniques 9, 206 (1990)]. Under these condi­
tions, BCRF1 RNA was detected in the JDV and 
NPR (H. Yssel, H. Gascan, P. Schneider, H. Spits, 
J. E. de Vries, in preparation), Daudi, and 
RPMI8866 cell lines. 

19. S. O. Gollnick et al, J. Immunol. 144, 1974 (1990). 
20. J. Dillner and B. Kallin, Adv. Cancer Res. 50, 95 

(1988). 
21 . C. A. Smith et al, Science 248, 1019 (1990). 
22. PCR was done as described (19) with the following 

primers: 5'-ACAGGAATTCGATGGAGCGAAG-
GTTAGTGGTCACTCTGCAG-3' (sense) and 5'-
GTAGGAATTCCTCACCCTGGCTrTAATTGT-
CATGTATGCTTCTAT-3' (antisense), where the 
Eco RI sites for cloning are indicated by underlining 
and the translation start and stop sites are bold. The 
PCR product was extracted with phenol and ethanol 
precipitated, and subjected to a second round of 
amplification (40 cycles) under the same conditions. 
After phenol extraction and ethanol precipitation, 
the amplified fragment was digested with Eco RI to 
generate cohesive ends for cloning. After purifica­
tion by agarose gel electrophoresis, the BCRF1 
fragment was cloned into a modified form of the 
pcDSRa296 plasmid (8). 

23. Rats were immunized with 50-fold concentrated, 
serum-free COS-7-BCRF1 transfection supernatant 
in complete Freund's adjuvant, then boosted 1 
month later with the same immunogen in incom­
plete Freund's adjuvant. Sera were collected before 
the first immunization and 10 days after the second. 
COS-7 cells on day 3 after transfection were cul­
tured in methionine-free medium supplemented 
with 35S-methionine at 1 mCi/ml (Amersham) for 4 
hours at 37°C. Solid-phase radioimmunoabsorption 
was done (9) with the following modifications in 
cases where rat antisera were used. Each well of a 
round-bottom 96-well microtiter plate was coated 
with 20 (xl of goat antibody to rat immunoglobulin 
G (100 (xg/ml) (Jackson Immunoresearch) over­
night at 4°C. After blocking in 10% fetal calf serum, 
(FCS), the plates were washed, incubated with 
immune or control rat serum (1%) for 1 hour at 
37°C, and washed again. A mixture of 50% of a 3-
day mock COS-7 transfection supernatant and a 1:4 
dilution of 35S-methionine-labeled transfection su­
pernatant in 5% FCS, 0.02% Tween-20 was then 
incubated in each well for 1 hour at 37°C. After 
subsequent washing, samples were processed as de­
scribed (9) for SDS-PAGE and autoradiography for 
1 to 10 days. 

24. Human PBMC were isolated from bufiy coats from 
healthy donors by centrifugation over Ficoll-Hy-
paque and cultured at 106per milliliter with varying 
amounts of COS-7-BCRF1 or COS-7 (mock) su-
pernatants and PHA (0.1 jig/ml) for 3 days, or with 
recombinant IL-2 (20 unit/ml) for 5 days in YssePs 
medium with 1% human AB+ serum [H. Yssel, J. E. 
de Vries, M. Koken, W. van Blitterswijk, H. Spits, 
J. Immunol Methods 72, 219 (1984)]. Cultures were 
done in triplicate in 96-well plates, 200 (xl per well. 
IFN-7 in culture supernatants was measured by 
enzyme-linked immunosorbant assay (ELISA) [C. 
Favre et al, Mol. Immunol. 26, 17 (1989)]. The limit 
of sensitivity of the ELISA was 0.3 ng/ml. Because 
COS-7 supernatant may contain transforming 
growth factor-p (TGF-(5), which can inhibit IFN-7 
production (1), experiments were done with a neu­
tralizing monoclonal antibody to TGF-(5 (anti-
TGF-0) (10 ng/ml) [J. R. Dasch, D. R. Pace, W. 
Waegell, D. Inenaga, L. Ellingsworth, J. Immunol. 
142, 1536 (1989)] included in the cultures. The 
profile of inhibition was unchanged in the presence 
of anti-TGF-p, showing that inhibition of IFN-7 
synthesis in the cultures was primarily the effect of 
BCRF1. 

25. PBMC (24) were cultured in the presence of the 
anti-CD3 monoclonal antibody SPV-T3b [H. Spits 
et al, Hybridoma 2, 423 (1983)] at a 1: 3000 dilution 
of ascites fluid. Where indicated, COS-7-BCRF1 
and COS-7 (mock) supernatants were included at 

10% of culture volume. Cells were harvested after 
24 hours and total RNA was prepared as described 
[H. Yssel, J. P. Aubrey, R. de Waal Malefyt, J. E. de 
Vries, H. Spits, J. Immunol. 139, 2850 (1987)]. 
RNA blot analysis was performed with 10 \xg per 
lane. The 1.1-kb Pst I-Hinc II fragment of pcD-H-
IFN-7 [T. Yokota et al, Lymphokines 13, 1 (1987)] 
and a mouse (5-actin cDNA were used as probes. 
Hybridization conditions were substantially as de­
scribed (5, 19). 

The report by M. P. Chang et al. (1) 
proposing a "second pathway" of cell killing 
by diphtheria toxin (DT) by means of a 
putative toxin nuclease activity contradicts 
genetic evidence concerning the toxin killing 
mechanism. Biochemical studies (2) demon­
strate that DT inhibits cellular protein syn­
thesis by adenosine diphosphate (ADP)-
ribosylating and thus inactivating protein 
synthesis elongation factor 2 (EF-2). Muta­
tions in the EF-2 gene producing amino 
acid substitutions near the site of ADP-
ribosylation of the factor render the cell 
resistant to the biologic effects of the toxin 
(3). Cellular resistance to DT is also caused 
by mutations in the pathway of enzymes 
that synthesize diphthamide, the unique 
posttranslational histidine derivative in EF-2 
that is ADP-ribosylated (4). Cells bearing 
these mutations are unaffected by the intra­
cellular production of otherwise lethal levels 
of the catalytic DT fragment A (5). In these 
mutant cells toxin resistance results from 
alterations in EF-2 that prevent its ADP-
ribosylation by toxin. Conversely, a muta­
tion producing a single amino acid substitu­
tion in DT abolishes its ability to ADP-
ribosylate EF-2 and yields a nontoxic 
molecule (6). Thus, cell killing by DT re­
quires ADP-ribosylation of EF-2, and fail­
ure to ADP-ribosylate EF-2 prevents killing. 
The genetic evidence therefore demonstrates 
that there is only one biologically relevant 
pathway of cell killing by DT. 

JAMES W. BODLEY 

Department of Biochemistry, 
University of Minnesota, 

Minneapolis, MN 55455 
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The potent toxicity of diphtheria toxin 
(DT) is widely attributed to its ability to 
catalyze the adenosine diphosphate (ADP)-
ribosylation of elongation factor 2 (EF-2) 
resulting in the inhibition of protein synthe­
sis (1). Recently, M. P. Chang et al. (2) 
proposed a second cytotoxic pathway for 
DT. They reported that DT exhibits a nucle­
ase activity that is stimulated by Ca2+ and 
Mg2 + , is susceptible to inhibition by anti­
toxin, and migrates with the A subunit of 
the toxin. They further suggest that DT-
induced cell lysis is not simply a conse­
quence of protein synthesis inhibition, but 
may instead involve direct chromosomal at­
tack by intracellular toxin molecules. While 
this is an intriguing proposal, it does not 
explain why cells that cannot be ADP-ribo­
sylated because of mutations in EF-2 are 
resistant to DT (3). 

It was observed that the DT used to make 
DT-based immunotoxins contained nucle­
ase activity, whereas the purified immuno­
toxins had no detectable nuclease activity. 
Since DT-based immunotoxins are subject­
ed to purification by high-performance liq­
uid chromatography (HPLC) gel filtration, 
the loss of nuclease activity could be the 
result of either the chemical linkage with an 
antibody or the HPLC purification step. To 
test this hypothesis, we obtained DT from 
one of the same sources used by Chang et al. 
(2) and chromatographed it on a TSK-3000 
gel filtration HPLC column, collected the 
DT peak, and evaluated the nuclease activi-
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ty. The original commercial preparation ex- 
hibited signi6cant nudease activity, whereas 
the HPLC-purified DT had no detectable 
nudease activity (Fig. 1A). However, the 
ability of the purified toxin to inhibit pro- 
tein synthesis by the ADP-ribosylation of 
EF-2 was unaltered by the gel filtration step, 
demonstrating that, even though the puri- 
fied toxin lost nudease activity, it retained 
full toxicity (Fig. 1B). 

5 . 1 .  Nudease activity 
of DT removed by 
HPLC gel filtation. IA) 
DT (I& ~iologicbj  
was further p d e d  by 
gel filtration with a 
TSK-3000 HPLC col- 
umn. The major pcak 
with approximate M, 
58,000 was collcctcd, 
concentrated with a 
Centricon-10, and quan- 
tified by Lowry protein 
determination (4) with 
bovine scrum albumin 
used as a standard. DNA 

These results raisc the possibility that the 
nudease activity associated with DT repre- 
sents a contaminant. To investigate this 
possibility, we subjected nicked DT (Calbio- 
chem) to HPLC gel filtration and analyzed 
individual tiactions for nuclease activity. As 
shown in Fig. 2 4  HPLC of the sample 
yielded one major peak (tiaction 33/34) and 
several minor peaks. Analysis of these peaks 
fbr nudease activity showed that the major 

I V 

Concentratit 

- - - - - - - - 

(2 pg of 1-kilobase smndud, Life Technologies, Inc.) was incubated in 10 mM ais, pH 7.5, containing 
2.5 mM CaCh, 2.5 mM MgCI2, and varying amounts of DT fbr 1 hour at 37°C. At the end of the 
digestion period, sample bu&r was added, and the DNA was separated in 1% agarose gels and 
visualized by ethidium bromide staining. Lanes 1 and 8, undigested DNA conaol; lanes 2, 3, and 4, 
digested with 10 pg, 1 pg, and 0.1 pg, respectively, of DT bdbre HPLC gel filtration; lanes 5,6, and 7, 
digested with 10 pg, 1 pg, and 0.1 pg, respectively, of DT after gel filtration. (B) Protein synthesis 
inhibition was assayed in 10' Vero cells in 100 pl of leucine-frec RPMI medium contahmg 2% fetal 
calf serum in 96-well microtiter plates. DT befbre (m) and after (0) HPLC gel filtration was added and 
cells were incubated with the toxin fbr 5 hours followed by a 1-hour pulse with ['4C]leucine. The results 
are e x p d  as a percentage of the ['4C]leucine incorporad in mock-treated control cultures. 

10 20 30 33 

Fraction numb 

peak contained little or no activity (Fig. 2B, 
lanes 4 and 5) compared with the starting 
material, while one of the minor peaks, 
fraction 37, had nudease activity that was at 
least ten times higher in specific activity than 
was the original material (Fig. 2B, lanes 6 
and 7). 

We also examined nuclease activity using 
DNA-containing gels (Fig. 2C) similar to 
those used by Chang et al. (2). These gels 
hther  demonstrate that DT subjected to 
additional purification by HPLC gel fiitra- 
tion lacks nudease activity and that the 
nudeasc activity can be separated and recov- 
ered independently fiom DT. In addition, 
these gels indicate that the nudease activity 
docs not co-migrate with the DT A subunit, 
but instead appears to migrate with a molec- 
ular mass (M,) smaller than that of DT 
fragment A (arrow, Fig. 2C). 

The nuclease activity &&re appears to 
be a contaminant that associates with DT 
during purification but which can be re- 
moved by HPLC gel filtration. Although 
Gang et al. (2) demonstrate that nudease 
activity can be inhibited by antibody to DT, 
the possibility exists that the antibody was 
raised against a DT preparation containing 
contaminating nudease. In this case, a por- 
tion of the antiserum may be against the 
nudease itself and not DT and could ac- 
count tbr the inhibition of the nudcase 
activity by the antitoxin. 

The ability to separate the nudease activi- 
ty from the ADP-ribosylation activity of DT 
raises doubts concerning not only the rele- 
vancy of the nudease activity as a proposed 

Fig. 2. (A) HPLC pwiiiaaon profile of DT. Nicked DT (Calbiochun) was 
applied to a TSK-3000 HPLC column and chromatographed with 0.1 M 
phosphate buEer, pH 7.2. Thc major peak (fraaions at 33 and 34) 
corresponds to DT with -M, 58,000. (B) Nuclease activity of DT after 
HPLC chnnnatography. Fractions at 33 and 34 minutes and at 37 minutes 
were isolated and concentrated, and the protein was quantified (4). A 
ADNA/Hind III fragment (0.7 pg) was digcstcd as desaibed in Fig. 1 with 
10 pg and 1 pg of nonpuritied DT (lanes 2 and 3, respectively), 10 pg and 1 
pg of purified DT (fraction 33/34) (lanes 4 and 5, respectively), and 1 pg 
and 0.1 pg of f i o n  37 (lanes 6 and 7, respecdvely). Lanes 1 and 8 show 

- nondigested control DNA. (C) Nudease activity of HPLC frictions. 
L Proteins were solubilizcd in SDS-sample bu&i containing 0.05% p- 

60 mercaptocthanol and separated by elecnophoresis in 12% polyaaylamide 
containing heatdenatured calf thymus DNA (20 Mml) (2, 5). These gds 
were poured without stacks and prerun at 170 V fbr 1.5 hours before protein 

1 samples were loaded. After dectrophorcsis, the nudclsc pomon of the gel 
was renatured by washing in 40 mM ais, pH 7.5 (three washa, 1 hour 
each), and then in 40 mM ais (pH 7.5) containing 2 mM MgClz (24 hours 
at 30°C). The gels were subsequently incubated in 40 mM ms containing 2 

DT mM MgClZ and 2 mM CaCIz and examined for dcoxyribonudease activity 
after ethidium bromide staining (1 &ml, 1 hour). Nudease activity was 
apparent after 8 hours and reached a maximum at 72 hours. Lanes 1,2, and 3 
contain 5, 10, and 15 pg, respectively, of nidted DT before HPLC gel 
filtration; lanes 5,6, and 7 contain 5,10, and 15 pg, respectively, of HPLG 
purified DT (fraction 33/34); lanes 9,10, and 11 contain 5,10, and 15 pg, 

A respectively, of fraction 37; lanes 4 and 8 are empty. Part of the gel was - separatedaftere1 and stained wieh Coomassie blue: lanes 12, 
13, and 14 c o n m m n i c k c d  DT before HPLC pdcation, HPLC 
fraction 33/34, and HPLC fraction 37, mpectively. A, DT fragment A, B, 
DT fixgment B. 
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second pathway of toxicity but also concern- 
ing the more basic issue of whether the 
nudease activity can be attributed to the 
toxin itself. 

VIRGINLA GRAY JOHNSON 
Surgical Neurology Branch, 

National Institute of Neurological Disorders 
and Stroke, Bethesda, M D  20892 
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Recently, a number of papers (1-3) have 
alleged that the catalytic A fragment of 
diphtheria toxin (DT) has strong deoxyribo- 
nuclease (DNase) activity. The well-charac- 
t e d  adenosine &phosphate (ADP)-rib 
sylation of elongation factor 2 (EF-2), 
which blocks protein synthesis, has been 
generally assumed to be the sole enzymic 
activity of DT and to account entirely for 
the toxin's lethal dims. It was inidally 
reported by Chang et al. (4) that several 
hours after it inhibited protein synthesis, 
DT induced extensive -internucieosomal 
degradation of cellular DNA, followed by 
cytolysis. In contrast, DNA fragmentation 
and cytolysis were not observed when pro- 
tein synthesis was inhibited by alternative 
means, such as by addition of cydohexi- 
mide. an antibiotic that reversiblv inhibits 
polypeptide chain elongation in mammalian 
cell cultures (5). Subsequent communica- 
tions (1-3) asserted that nuclease activity is a 
property of the toxin molecule itself and that 
this activity resides specifically within the 
amino-terminal A fragment, in a region 
distinct from the active site for ADP-ribosy- 
lation. The authors fiuther proposed (3) "a 
model for cell killing in which toxin acts as a 
double-edged sword, using apparently non- 
overlapping sites to effect translation inhibi- 
tion and chromosomal cleavage." 

It has long been known that even highly 
p"6:ed preparations of DT may show DNase 
activity (6), and a dose correlation between 
secretion of DNase by strains of Corynebacte- 
rium diphtheriae and toxigenicity has been 
reported (7). Earlier workers assumed (6), 
and presented evidence (8, 9), that nuclease 
was present as an impurity Ad  was not part 
of the toxin molecule itself. We have rein- 

vestigated the question of whether the nu- 
dea& activity & an integral property of the 
DT molecule. Our results confitm those of 
previous workers: DNase activity present in 
hos t  preparatiom of DT is a contaminant 
that can be chromatographically separated 
from the toxin or its A fragment. 

We have confitmed th2  even relatively 
pure preparations of DT, as well as frag- 
ments or mutant forms of the toxin pro- 
duced by C.  diphtheriae, possess ~ a + ~ -  and 
Mg+2-dependent DNase activity that comi- 
grates on SDS-polyacrylarnide gels with DT 
fragment A (DTA) (Fig. 1). However, 
cloned toxin fragments produced in Bche- 
richia coli, indudmg hgment A and each of 
four toxin fusion proteins containing flag- 
ment A, showed no detectable DNase activi- 
ty (less than that of DNase I; Table 1). 
Furthermore, we found the level of nudease 
activity in preparations produced by C .  
diphthetiae to vary from preparation to prep- 
aration, and the specific activity was consis- 

-- -. 
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tently many orders of magnitude lower than 
that ofbovine pancreatic DNase I (Table 1). 
In contrast, Chang et al. (2) reported toxin 
having specific DNase activities on the same 
order of magnitude as DNase I. 

The DNase activity in fragment A prepa- 
rations from C. diphtheriae could be readily 
separated fiom fragment A protein (and its 
associated ADP-ribosylation activity) by an- 
ion-exchange chromatography on a Mono 
Q FPLC column (Fig. 1A). Separation of 
DNase from whole toxin could also be 
&ed in this manner. A f k  this p d c a -  
tion step, fragment A no longer showed 
DNase activity, as determined by three sepa- 
rate assays: release of radiolabel from 
[3~]thymidine-labe1ed plasmid DNA (Fig. 
1A); degradation of plasmid DNA as ana- 
lyzed by electrophoresis on agarose gels 
(Table 1); or degradation of salmon sperm 
DNA embedded in SDS-polyacrylarnide 
gels (Fig. 1B). Also, we found that mild 
trypsinization of intact DT leads to ddestruc- 

) + DTA 

Fig. 1. Resolution of DNase activity &om DT fragment A by anion-exchange chromatography. (A) 
Partially purified DTA (100 pg), prepared (17) fiom nicked whole toxin (Connaught), was equilibrated 
with bu&r A (200 d. 10 mM tris-HCL pH 7.5. 10 mM 0-mercap&anoL 0.2 mM EDTA) and 
chromatographed on Mono-Q HR 515.a~licm-exchange fa& liquid dvomatography (FPK) 
column (Pharmacia: 5 bv 50 nun. bed volume) with a linear madicnt of 0 to 200 mM NaCl in buffer A. 
Column'fiactioris (0.5 A) were &mitored f& relative absor~bance at 280 nm (U) and assayed for both 
DNase (A) and ADP-ribosylansferasc (ADPRT) (e) activity. DNase activity was assayed by 
incubating portions (1 pl) in 10 plof DNase reaction buffer (10 mM ais-HCi, pH 7.5,2.5 mM MgC12, 
2.5 mM CaC12) cantaining [thyn&ee3H]pBR322 DNA (0.23 pg; 20 p.Ci/mg) at 25OC for 24 hours. 
The reactions were terminated by addition of 20 pl of 100 mM EDTA, 20 p.1 of salmon sperm DNA (1 
p.g/cJ), and 500 pl of cold 10% mchloroacetic acid (TCA); after 30 minutes at PC, the precipitate was 
centnfu%ed at 16,OOOg and 4°C for 15 minutes. Pomons (500 pl) of the Supernatant were removed and 
the radioactivity was counted in 3 ml of ACS Fluor (Amersham). ADPRT activity was assayed by 
incubating 1-4 pomons of the column fractions in reaction buffer (50 mM Hcpcs-KOH, pH 7.5,20 
mM dithiothreitol) containing [&mine-2,8-'H]nicotinamide adenine dinucleotide (NAD) (0.68 pM, 
29.3 mCi/pmol) and partially p d e d  wheat germ EF-2 (0.2 )LM) in a total volume of 50 pl at 25°C for 
16 minutes. Pomons (45 pl) were removed and applied to 3 MM (Whatman) paper saturated with 
mchloroacetic acid (TCA), washed with 5% TCA and methanol, air-dried, and counted in 3 ml of ACS 
Fluor (Arnersharn). (B) Samples of DTA (11 pg) before (lane 1) and afm (lane 2) FPLC purification 
and a sample of cloned DTA (20 pg) (lane 3), obtained from E. coli periplasmic extracts, were 
solubilizcd in 1% SDS-sampk buffer containing 20 mM B-mercaptacthanol and separated by 
electrophoresis on a 12.5% polyacrylamide gel that was polymerized in the presence of heat-denatured 
salmon sperm DNA (200 e m l ) .  The DNA-containing gel was first run for 1.5 hours at 150 V &re 
a 4.5% staclung gel was poured, the protein samples were loaded in duplicate, and the gel was run at 70 
V. After electrophoresis, halfof the gel (left) was stained with Coomassie blue. The other halfof the gel 
(right) was washed three times for 60 minutes each time in buffer (50 mM tcis-HCI, pH 7.5) and 
incubated in DNase reaction buffer containing 0.02% NaN3 at mom temperature for 48 hours; it was 
then stained with ethidium bromide (1 pglml) for 1 hour, destained in wash buffer for 1 hour, and 
examined under ulnaviolet light. 
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tion of the DNase concurrent with genera- strain of C .  diphtheriae (belfnti 1030) we 
tion of the enzymically active A fhgment found a DNase in the culture medium that 
(Fig. 2). This, together with the fact that the coelearophoreses with fhgment A on SDS- 
DNase is thermolabiie (>90% of activity polyacrylarnide gels and shows optimal con- 
lost after 5 minutes at 50°C or 2 minutes at ditions similar to or identical with those 
9S°C), confirms that it is proteinaceous. reported for the putative DT-associated 

In parallel studies with a nontoxigenic DNase activity (1,2). Thus production of a 

C DTB + 

20 30 40 50 60 70 t 
Time (mln) 

.) + DTA -+ 

Fig. 2 Nuclease activity associated with intact DT is sensitive to trypsin treatment. (A) Intact DT (50 
kg, predominantly unnicked, List Biologicals), conraining nuclease activity, in nicking bu&r (50 mM 
tris-HCI, pH 7.5,30 mM DTT, 0.1 mM EDTA) was incubated at 25°C in a total volume of 100 pI 
with bovine pancreatic aypsin treated with L-l-tosylamide-2-phenylethyl-chloromcthyl ketone (0.5%, 
Sigma), in the pccsence of 10 mM NAD (BoehringerIMannheim) to protect the fi.agment A fiom 
protaw. At designated time intervals, 10-pl portions were removed, and proteolysis was terminated 
by addition of soybean aypsin inhibitor (10 (12 5 &(12 Sigma). The samples were each assayed for 
both DNase (@) and ADPRT (m) activity as described in Fig. 1. (B) Nudease activity of intact DT (8 
~lg) before (lane 1) and after (lane 2) nypsin treatment at 25°C for 60 minutes. Samples were run in 
duplicate on a DNA-embedded 12.5% SDS-polyacrylamide gel and either stained with Coomassie blue 
(left) or incubated first in DNase reaction buffer and then stained with ethidium bromide (right), as 
described in Fig. 1. DTB, DT fragment B. 

Tabk 1. Nuclease activity associated with DT, or fragments or mutant forms thereof, produced in C. 
diphthmiae or E. coli. Toxin samples were incubated for 6 how at 22°C with 0.2 pg of 4x174 RFI 
plasmid DNA, in 10 mM tris-HCI, pH 7.5,2.5 mM MgC12, 2.5 mM CaCI2, and nudease-fiee bovine 
serum albumin (100 ~glml) (Sigma). Incubations were terminated by addition of ethylenediaminetetra- 
cetic acid, and samples were electrophoresed on agarose gels in tris-borate b&er as described (3,16). 
Degradation of DNA was estimated by visual inspection after staining with ethidium bromide as 
described in caption to Fig. 1. One DNase I unit was defined as the degree of degradation dfected by 10 
ferntograms per milliliter of the bovine pancreatic DNase I. The values reported represent the average of 
at least duplicate assays. 

Bacterial strain 

DNase 

Product activity Reference 
(unit/* 
protein) 

C. diphtheriae 
PW8 
PW8 
PW8 
PW8 
PW8 
C7(p)CRM22 
C7(p)CRM45 
c7(p)CRM'w' 
bel$nti 1030t0"- 

E. coli 
E. coli 
E. coli 
E. coli 
E. coli 

Bovine pancreatic DNase I 

Toxin (List) 
Toxin (Connaught) 
Purified, nudeotide-fi-ee toxin (Camaught) 
Toxin A fragment 
Toxin A fi-agment after purification (Fig. 1) 
CRM22 
CRM45 
CRMlOOl 
DNase, punfied 
Toxin A h p e n t  
DABul9 a-MSH 
DAB,, IL-2 
DAB, IL-4 
DAB389 IL-6 

1 x lo8 

2 x  104 
6 x lo4 
6 x  10'' 
2 x 104 
ND* 
2 x 1 v  
2 x 105 
2 x 1 v  

>5 x 106 
ND* 
ND* 
ND* 
ND* 
ND* 

*Not detectable; lcss than one unit pcr microgram of pratein. 

DNase similar or identical to that contami- 
nating DT preparations is a property of a 
nontoxigenic C .  diphtheriae and hence is 
genetically distinguishable fiom toxin pro- 
duction. This correlates with independent 
evidence showing that mutant C .  diphtheriae 
strains that cannot synthesize a secretable 
DNase can still be fully toxigenic (9). 

We may summarize the evidence that the 
DNase activity that is ofien fbund in prepa- 
rations of DT and its A fhgment resides on 
a separate contaminating molecule as fol- 
lows. 

1) DNase activity can be separated fiom 
DT or fi-agment A by chromatography, as 
demonstrated here, or by specific precipita- 
tion with antitoxin at antibody equivalence 
(5, Q. ~n the latter case, the nudeaie remains 
in the Supernatant fraction. 

2) DNase activity declined as DT was 
"nicked" by aypsin to generate the enzymi- 
cally active fragment A. 

3) DNase activity has not been found in 
cloned fragment A or fhgment A-contain- 
ing fusion gene products (Table 1) isolated 
fiom E. coli (10-14). 

4) Mutants of sensitive mammalian cell 
lin& that are unable to synthesize the 
diphthamide residue, a posttranslationally 
modified histidine of EF-2 that is the site of 
ADP-ribosylation, are resistant to even very 
high levels of the toxin [ > l d  cytotoxic 
d m ;  (141. 

5) Mutant C .  diphthetiae strains that can- 
not synthesize a secretable DNase can still be 
fully toxigenic (9), and certain strains of 
nontoxigenic C. diphtheriae secrete DNase 
into the culture medium. In the case of the 
C .  diphtheriae belfanti 1030 strain, the DNase 
showed chromatographic and enzymatic 
properties similar to those found in toxin 
preparations. 

Given that DT apparently has no intrinsic 
nudease activity, the DNA fragmentation 
and subsequent cytolysis observed in DT- 
treated cells remain interesting conse- 
quences of toxin action that warrant fiuther 
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Responre: Diptheria toxin (DTx)-induced 
cell death has been an intriguing research 
problem for decades. Our demonstration 
ha t  target cell lysis is not a simple conse- 
quence of protein synthesis inhibition to- 
gether with the enigmatic observation of a 
DTx nuclease activity has now sparked a 
lively debate as to whether the observed 
nudease activity is intrinsic to the DTx 
molecule itself or is attributable to a s p d c  
contaminating protein. We can only specu- 
late as to the relevance of the experiments 
that focus on target cell mutations &d trans- 
fections with DTx-resistant elongation fac- 
tor 2 (EF-2) genes that render cells insensi- 
tive to DTx. First. it is ~ossible that transla- 

' I 

tion inhibition is a prerequisite for extensive 
DTx-induced chromosomal degradation, 
because it would preclude the synthesis- 
expression of DNA repair enzymes at a time 
when their levels are crucial to cell swival. 
Second, to discount (as does Bodley) the 
role of DTx nuclease activity on the basis of 
an experiment (1 )  in which an E F - ~ ~  gene 
fiom mutagenized hamster cells was trans- 
fxted into -muse cells that were then tested 
for Pseudomonac toxin (PTx) resistance (since 

mouse cells are "naturally" resistant to DTx) 
is to assume that PTx displays a nudease 
activity as high as that of DTx. It does not 
(2). The question is, What would have 
happened if the E F - ~ ~  gene had been trans- 
ferrod back into unselected, unmutagcnized 
hamster cells, and these cells had then been 
tested for DTx resistance (including assays 
for chromosomal and membrane integrity)? 
Third, equating cell death with having an 
adenosine diphaphate (ADP)-ribosylata- 
ble fbnn of EF-2 or an inability to use [3H]- 
leucine for protein synthesis does not tell us 
how many cells su&r DNA degradation or 
cytolysis later. One cannot expea to discov- 
er how many resistance loci exist and how 
they segregate when only one phenotype 
(EF-zR) is being monitored (3). The sole 
phenotype assayed by tetrad analysis afkr 
DTx-resistant yeast ceUs were mated with 
DTx-sensitive yeast cells (3) was the resist- 
ance of cytoplasmic extracts (that is, EF-2) 
to ADP ribosylation. As the segregation of 
resistance to DTx-indud killing was not 
addressed bv Bodlev and his co-workers. the 
possibility ~ernains' that the mutag& 
resistance-selected haploid cells carried more 
than one mutation.-As long as killing is 
assumed to be equal only to low translation 
levels or to EF-2 sensitivity to ADP-ribosyl- 
ation, or both, then the way in which DTx 

provokes other e&m on eukaryotic cells 
will remain an enigma. Have Wilson et al. 
characterized the sequellae of DTx treat- 
ment on yeast cells? Are yeast the ideal cell 
system in7which to assess-the mechanism by 
which DTx causes the cytolysis of mammali- 
an cells? Now that a second enzymic activity 
has been observed for DTx, the possibility is 
raised that there might be a second cytotoxic 
pathway. Assessing DTx involvement in 
chromosomal fragmentation will require a 
diflknt experimental approach fiom those 
used to date. 

The data of Wilson et al. on the aypsin 
sensitivity of the nudease activity (their-fig- 
ure 2A) reveal biphasic kinetics in the disap 
pearana of nuclease activity, where after 30 
minutes of trypsin treatment there is a resid- 
ual 30% activity. This may be interpreted as 
demonstrating either two separate nucleases 
or a s q l e  nudease that retains 30% of its 
activity -after aypsin treatment. How could 
one isolate and identify a nudease that has 
been either destroyed or m d e d  and atten- 
uated with trypsh? It would seem more 
reasonable to use argGdeaved preparations 
(the form of DTx we used) in any attempts 
to &te our condusions. Since W i n  et al. 
do not show where their nudease-active 
fragment runs on an SDS gel that contains 
DNA, there is no evidence that they isolated 

Flg. 1. Nudease activity A B 
of DTx. (A) Endopro- EB SS 

0' 5' 30' d 5' 30' 

DTx showing nuclease 
a- -DTx & 

activitv in a DNA ecl 
- --4 1 3 a ~ x - -8 

-y jlq.  TO^ 3 ig; I - -B .- -6 ' Q m -A 
-90% intact monomer) 
was deaved and then de- 
natured in the absence - A  a 
(lane 1) and presence -NF q 
(lane 2) of 0.01% mer- 
captoehnol. Lanes 1' 1 

b 
and 2' show the same gel 
p i e  afier staining with Q 
Coomassie blue. The as- 
say for nudease activity - I - L 
in DNA-conmining gels 1 i /  

was paformed as described [(If), figure 21, except that the gels we uscd were twice as long. ?he 
positions of DTx and the B and A subunits of DTx are indicad, NF refers to a nudease active 
fngmcnt. (B) Nudease-active bands associated with d u c e d  -95% intact DTx monomer (lane 1) 
and reduced argC4eaved DTx (lane 2). Lanes 1' and 2' correspond to samples in lanes 1 and 2 silver- 
stained immediately after electrophoresis. The three cracks across lane 1 occurred during gel handling. 
(C) DTx fragment A-associated nuckase activity increased by argC treatment. Intact (-95%) 
monomeric DTx and proteinase argC (at 0.22 pg/pl and 0.022 pg/pl, respectively) were incubated 
togaher in 150 mM NaCl and 20 mM tris (pH 7.6) for 5 minutes or 30 minutes at 37°C; portions were 
then removed, mixed with reducing SDS loading buffer (0.5% p-ME) and b o i i  immediately for 2 
minutes. Samples were stored at -2O"C, thawed, and then boiled again for 1 minute before l&g 
onto a gel. The SDSf12.596 polyaaylamide gel contained denatured calf thymus DNA (20 &ml, 
Sigma) and 2 mM EM'A. The stacking gel contained 2 mM EDTA, but no DNA, the running buffer 
contained 2 mM EDTA. The gel was prerun at 170 V for 1.5 hours bdbre the samples were loaded. 
After the gel was run, it was washed three times for 40 minutes in 300 ml of 20 mM tris (pH 7.6), 
0.04% NaN,, at room temperature and dKn incubated for 14 hours in 300 ml of tris (pH 7.6), 2mM 
CaCI*, 2 mM MgQ, and 0.04% NaN3 at 30°C. It was then stained in 0.5 %of ethidium bromide per 
milliliter for 1.5 hours and de-stained in 20 mM tris (pH 7.6) and 0.04% NaN3 for 45 minutes. The gel 
was photographed under ultraviolet illumination and then silver-stained. EB, cthidium bromide-stained 
gel; SS, silver-smined gel; lane 0' contains 4 pg of untreated whole DTx; lanes 5' and 30' contain 3 pg 
of DTx after argC cleavage for 5 minutes and 30 minutes; Mjr, B, and A mark the positions of whole 
DTx, fragment B, and fragment A, respectively. 
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Fig. 2. HPLC profiles of 
intact DTx dima (mp 
p e l )  and monomer 
(P"= *) preppn- 
sons. The rmddle panel 

I shows a mixture of the 
I JL A two preparations. TIK 

arrow indicates the in- 
jcction point; elution 
positions of molecular 
weight standards (in 
kilodaltons) are indicat- 
ed. HPLC was per- 
f o d  as described 
(14). 

the same nudease-active band that comi- 
grates with hgment A of DTx [that is, a 
single protein band (size -24,000 kD)]. It 
is possible that they isolated an unrelated 
conmminant or generated a new hgment A 
that exhibits nudease activity but no ADPrT 
activity. To check for molecular weight con- 
sistencies, one should run &-cleaved DTx 
next to several aypsin-cleaved DTx and 
p d e d  A fhgment preparations (in figure 
2B of the comment by Wilson et al., aypsin- 
generated hgment B appears to be identical 
in size to fiagment B in their untreated 
preparation, while aypsin-generated frag- 
ment A appears to be slightly mallet than 
fkagment A in their untreated preparation). 

The use of ADP-ribosylation activity as a 
marker for W e n t  A is problematic. While 
trypsin treatment of DTx generates frag- 
ment A that is ADPrT-active but nudeolyti- 
cally-inactive (as shown by Wilson et al.), 
argC treatment generates fragment A that is 
active in both m p .  Because fragment A 
contains many lysines (10%) and fkw acgin- 
ines, the deavage products generated by 
trypsin treatment of DTx vary in size and 
quantity fiom preparation to preparation 
(5). In contrast, argC cleavage of DTx, even 
if allowed to proceed for hours, leads to an 
A band of co&istent size and amino termi- 
nus(thecearenoacgininesinthefirst124 
amino acids of fragment A). It is possible 
that argC treatment products more frag- 
ment A-associated activity, while w i n  
brearment destroys DTx nudease activity 
because the aminb terminus of A is crucial 
fbr DNA b i i - d e a v a g e  (note that ayp 
sin-sensitive lysines occur at positions 10 
and 24, among others). Furthermore, toxin 

fhion products and cloned fragment A (the 
sequence identity of which is not stated by 
Wilson et al.) may exhibit contbnnations 
that are inconsistent with DNA binding or 
nuclease activity, or both. Wilson et al; are in 
an excellent position to test how argG 
deaved and -undeaved preparations of 
CRM22, CRM45, and other mutant forms 
behave on SDS gels that contain DNA. Do 
any of the truncated forms of DTx renature 
and display nudease activity? Do any of 
these truncated forms display comigrating 
nudease activity after electrophoresis under 
nondenaturing conditions, as we have seen 
with both DTx and CRM197 (4)? 

Bands of nudease activity can be seen in 
Fig. 1A that are associated with d u d  
(lane 1) and reduced (lane 2) acgGdeaved 
DTx: This particular preparation of mono- 
meric DTx contains a second active peptide 
(labeled NF), similar in size to the one seen 
by Johnson (lanes 9 through 11 of her 
figure 2C). In addition, a nudease-active 
band that comigcates precisely with the A 
subunit of DTx appears in our reduced 
sample (Fig. lA, lane 2) and in Wilson et 
al.'s reduced DTx and DTA samples (their 
figures 1B and 2B). The appearance of 
subunit Aassociated nudease activity de- 
pends on the peptide's ability to renature 
after SDS-PAGE. Too much reducing agent 
or too much protein per sample, or both, 
can lead to compacted protein bands that 
show little or no nudease activity. Contami- 
nants in SDS as well as residual persulfate 
and other potentially deleterious chemicals 
in the gel maaix compound the problem of 
optimiz,ing renatucation conditions (6). Add 

to this the potential for protein leadung 
fiom the gel and one has a situation in 
which the ability to demonstrate subunit A- 
associated activity requires not only strict 
adherence to published procedures but also 
some trial and e m r  testing. 

Our preparation of DTx monomer dis- 
plays only whole DTx-associated activity 
(Fig. lB, lane 1) in an undeaved, unceduced 
sample and only A-associated activity after 
argC deavage and reduction (Fig lB, lane 
2). Preparations of DTx purchased fiom 
List Biologicals and Calbiochem gave re- 
sults similar to those shown in Fig. 1B; the 
cytolytic activities of the three toxin prepara- 
tions were also similar. Wilson et al.'s toxin 
samples (their figures 1B and 2B) also ex- 
hibit only DTA-associated activity. The 
band marked by an arrow in Johnson's 
figure 2C may represent a fragment of the A 
domain that was able to refold and express 
nudease activity more effectively than the A 
domain itself. We have seen nudease active 
bands smaller than A in some aypsin- 
deaved and naturally deaved toxin prepara- 
tions (for example, Fig. 1A). As discussed 
above, the generation of active peptides by 
trypsin deavage of DTx is less reproducible 
than such generation by argC deavage. How 

Fig. 3. Ndcasc activity Eomigradng with fng- B 

ment A of CRM197 a f h  FLM: on a Mono-Q 10 11 12 13 14 1: 
-- - - - -  ~- - - - -  

column. (A) Analysis of CRM197 by FPLC? 
anion exchange chromatography. CRM197 (100 
pg; Swiss Serum and Vaccine) was loaded onm a 
Mono-Q HR 515 anionuchangc FPLC cdumn 
(Pharmacia, 5 x 50 mm bed volume) equilibrated 
with 10 mM tris-C1 (pH 7.5) and 0.2 mM EDTA 
(bu&r A). After the sample (1 ml) was loaded 
(arrow), the column was washed with bu&r A for 
10 minutes; a linear elution @cot was then 
developed in 50 minutes from 0 m 200 mM NaCI 
in buffer A. The flow rate was 1 mVmin (1 rnl per 
fraction), 280 nm detection at 0.2 absorbance 
units (B) Nudeasc activity of FPLC fractions. 
Portions (10 4 )  offractions 10 to 29 and 37 m 
42 were mixed with DNA digestion buffer m give 
h a 1  canccntratiom of 2 mM CaCl% 2 mM 
MgCL, and 10 mM uis (pH 7.6) in 40 4 total 
volume, with 0.1 pg of phage lambda DNA. 
Samples were incubated for 2 hours at 3% and 
activity was stopped by addition of 5 4 of loading 
buffer (containing 25 mM EDTA) m 20 4 of the 
sample. Samples were elecaophoresed on a 1% 
a g a y c  g? as described (15) and viewed by 
ultrawokt dumination aftcr cthidium bromide 
mining. Lana - and + correspond m digdon 
assayscvriedoutwith lOpIofbufferA,and41~g 
of CRM 197 in 10 pl of bu&r A, mpdvely. 

30 40 50 

Fraction (No.) 
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Johnson's 1)Tx \\:as cleavecl is not stated. 
The fact that we see a strict correlation 

between the level of subunit A-associated 
t~ucleasc activity and the extent of  argC 
cleavage of L>Tx (Fig. 1C) makes it unlikely 
that we are dealing with a t ~ ~ ~ c l e a s econtami-
tlatlt. The discovery (4) that nuclcasc activity 
also conligratcs with the A subunit of the 
ClWI197 mutant for111 of L>Tx, cvct~ 
though CRM 197's A subunit I-LIIIS witli a 
distinctively higher molecular weight, 
strengthens tlie argument for an A-associat-
ed ~lucleasc activity. As we have obse~ved 
i~lhibition of  IYl's nuclease activity witli the 
~ [ s eof antibody from two diffcrcnt sources 
and 1)Tx from tlircc difircrit sources, it 
appearsttiat this nuclease is a ubicluitous 
"contaminant." This so-called "contami-
nant" cxliibits nucle~ise activitv at molcc~~lar  
wc~glits correspondrng to tlioae of both 
wholc 1)Tx '111d the A s u b u n ~ t  ( b ~ g .  1). 

It  would be valu,~blc to kclow the ae-
q u c ~ ~ c e sof tlic band liiarked by an arrow in 
lane 1 4  of. Joli~lson's figure 2C and the 
n~~clcase-activefast protein liquid chroma- 
tography (F1'1,C) fraction of  Wilson cJta / .  If 
they ,Ire protcolytic fragments of the A 
domain of  IYTs, it would expain why John- 
son and Wilson c.1 a / .  wcrc able to separate 
the ADI'r'T activity from the nuclcasc activ- 
ty of tlie toxin; however, fraction 3 7  (in 
Joli~lson's f i g ~ ~ r c  2A) does not appear to  
have been tcstcd for its ability to AL>I'-
ribosylatc EF-2 in vitro or t o  shut offcellular 
lxotein sy~~tlicsis. a domain, it Without I<  
could not bind r o  cells. 

Sodiurn phospliatc i~lliibits DTx iruclease 
activity (by 50%) at 0.01 M; data not 
sllown). This Inay explain why Joli~lson 
could not detect I)NA digestion in solution 
wit11 1)Tx purified by liigli-pcrforrnance liq- 
uid chromatograpl~y (Hl'LC) (her fig~u-cs 

to Johnson's fraction 3 7  (that is, after our 
monomer peak). Altl~ough our intact dimer 
pret-7aratiot1s (Fig. 2) cxhibitcd no n~~clease 
activity in solutiot~, sonle nuclease activity 
was recovered after treatment with I)MSO, 
a reagent tliat elicits dimcr dissociatiot~ (8). 

In light of the reported ability of Wilsot~ 
cl a / .  to  separate the t~uclease activity from 
wholc I)Tx by chromatography (data not 
shown), we note that, when VJC s~tbjected 
intact CRM197 to Fl'LC on  a rnono-(2 
col~um~l(Fig. 3A) and then treated tlic frac- 
tion witli argC, fragrncnt A19T-associated 
nuclcase activity was detected in fraction 26  
(eluting at 6 4  I ~ M  activity gels NaCl). O L ~ -  
contained 20  k g  of 1)NAIrnl (co~npared 
with 200 kglml uscd by Wilson cJta / . )  and, 
because of  the srnall sarnple size, they wcrc 
inc~tbated witli divalent cations for several 
days and ~nonitorcd daily. When we assayed 
for nuclcasc activity in solution (a ~ n u c h  
Inore sensitive assay that does not dcpcnd 
on protein renaturation), only two regions 
of  nuclease activity were observed (Fig. 3B), 
namely fractions 25  through 29  and 3 7  
tllrougll 40. Botli sets of fractions contained 
CRM197-derived protein. Although 
CRM 197 was used initially because of  its 
higher specific activity, similar results were 
obtained with 1)Ts (3). We did not detect 
any evidence of ~~ucleasc activity in fractions 
corrcspondi~~gto tliosc in which Wilson cJt 
a / .  obsen:cd a ~~uclcasc-activepe'ik (that is, 
eluting at 4 7  mM NaCI). 

Collicl-'s data showing tliat antitoxin pre- 
cipitates the Al)l'r'T but not the n~~clcasc 
activity of DTx (10) scclns to  indicate that 
tlic two enzy~iies in his preparation do not 
associate with each other. Howcvcr, our 
data demonstrate that nuclease activity co- 
~nigrates with wliolc D T s  and C R M  197, 
and with fragments A and AIy7 during clcc- 

1A and 2B). Although L>Tx expresses n ~ ~ c l c -  trophorcsis under denaturing as well as in 
asc activity in the presence of ~ g '  alotie native conditions [Fig. 1; (4, 11) 1. Collier 
(peaking at 1 nuM hTg2+), 250 p.M of the does not appcar t o  have tcstcd his antibody- 
(:a2+-chelator E W A  abolislics this activity; precipitated DTx for nuclease activity, nor is 
tlius we conclude t h ~ t  the ~ g ' + - s t i m ~ ~ l a t c d  it clear tliat liis reaction b~~ffi-r was suitable 
activity of 1)Tx depends o n  some (:a2+ 
impurities (7). Johnson's use of 0 .1  M plios-
phate (counterion not indicated) during 
Hl'LC would inhibit DNA degradation in 
solution beca~~sc  of  its (:a' -precipitating 
'~ctivity and because I< and Na+ botli 
inhibit 1)Tx nucleasc activity (7). Her rneth- 
ods arc not llctailed enought to  ascertain tlic -
l>hosphatc content oi the n ~ c l c ~ ~ s c  reactlon 
huger conta~ning fraction 3 7  versus tliat 
containing fractions 33134. Alternatively, 
her two HI'LC peaks may well represent 
nTs monolner and dinlcr rattler tlian IYTx 
rnonomer anci J snlaller pept~de (her f-ract~on 
37). HI'I,C profile5 of our Intact DTx 

ahow [lo evidence of a peak corrcspo~lding 

for detecting Drx-nuclcasc activity. Morc- 
over, tlic specificity of liis antibody prcpara- 
tion is not stated. Since the antibodies, as 
c1nplo~7cd 10, did not neutralize tlic AL>l'rT 
activity of IYTx, it is difficult to  interpret the 
observation that they did not destroy the 
~~ucleaseactivity in the supernatant (indeed, 
it increased by 50?4i). There is no evidence 
that all Drx-related pcptidcs were prccip-
itatcd; indeed, Inany antibody preparations 
actually contain nuclcasc-active ~naterial. 

The reason k>r the large discrepancy be- 
tween tlic enzymic activity values obtained 
by Wilson c.1 01. and those we reported 1nq7 
be due to  tlic Gct that Wilson c.1 a / .  measured 
extents of cleavage aftcr 6 liours (the source 
of  their DNasc standard is not stated), while 

we measured initial ratcs (typically aftcr less 
tlian 10 minutes) and uscd the historically 
accepted rate assay of  IC~~nitz  t o  establish 
rate constants. Interestingly, (:oilier previ-
ously found (10) that the n~~clcasc activity 
associated with his ~urif ied L>Tx was 1150 
that of L>N<isc o t ~  a weight to  weight basis. 
This value, based on  ratcs, is much closer to  
the one we reported. 

The DNaae test agar (Dlf-co) ~[scd  by 
Gro~nan  and l)e,ln 112) contains - 100 nlM 

\ 	 ? 

NaCl and less tlia~i optimal concentrations 
of divalent cations. Wc have shown that 100 
n M  NaCl co~nplctcly i~~li ibi ts  1YTx n~~clcase 
activity (7) .Hence, the 11~1clease activity that 
they (12) were assaying rnay not be tlie sarnc 
nucleasc activity that co-purifies with DTx. 
The test conditions uscd bv Messinova cJt a / .  
(who fou~ld ,I 1-to- 1 correspondence be- 
tween tox~gen~citvand 11~1clcasc activ~tv) 
were better suited to  tlie nuclease activiiy 
requirements of Db'x ( 1.3). At present, there 
is no reason to believe that (1. diplzllzcviac 
secrete a single nuclease. 

111 short, we do not believe tlic intclprcta- 
tion of our data is in\~alidated by the evi- 
dence presented by Bodlcy, J o h ~ ~ s o n ,  and 
Wilson cJt(11. If we arc dealing witli a n ~ ~ c l c -  
ase contaminant, it is one that enig~natically 
but consistently bcliaves like an integral 
cornponcnt of  both D T s  and CRM197. 
Until tlic points raised above are satisfactori- 
ly addressed, we consider it prernaturc to  
dismiss our original concl~~sion. 

S. 1,. LESSNICK, C . BRUCE, 
R.  I , .  BALDWIN, M.  1'. CIIANG, 

I,. 'r. NAIMURA, B. J .  WISNIESKI 
Dcpavtwwnf of Mirvoh io lo~y  

at~tiMolcculav Genetics, 
I l n i ~ ~ c ~ v s i t yof'(,'a/ifbvnia, 
Los Aiycjlcs, (1.4 30024 
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