ture (Fig. 1d) was pumped from the
outside lagoon adjoining the lobster
hatchery. The animals were fed daily
in excess of demand, and uneaten food
was removed after 24 hours.

In Fig. la the increase in size per
molt of lobsters reared at the hatchery
at ambient temperature is compared
with values predicted by Wilder’s equa-
tions for growth in Canadian waters
(3). Our experimental lobsters, reared
at elevated temperatures, exhibited in-
crements per molt similar to those pre-
dicted by Wilder for wild lobsters.

The significance of the apparent dif-
ferences for molts 18 and 19 between
empirical and theoretical results is un-
known. It may be more apparent than
real, because of the small numbers of
animals studied.

The relation of carapace length (5)
to weight is shown in Fig. 1b. The in-
crease in weight per molt in these
studies can be determined by compar-
ing Fig. 1, a and b.

In addition to his studies of lobster
growth in the sea, Templeman (2) also
measured growth rates of lobsters from
stages 4 to 12 at temperatures between
19° and 22°C. The frequency of molt-
ing increased at higher temperatures in
these limited studies. Hughes and Mat-
thiessen reported later that optimum
growth for larval lobsters in stages 1
to 4 is achieved between 20° and 23°C
(6).

The size increments we observed for
the first 12 molts coincided with Tem-
pleman’s observations for the same
growth stage. We transferred 12 lob-
sters to warm water tanks (20° to 24°C)
and observed them for size increment

and molting frequency. Rates of weight-

increase in both warm and ambient sea-
water at the lobster hatchery (Fig. 1c)
are compared with a theoretical curve
for growth rate in the sea in the vicinity
of Prince Edward Island, Canada. Lob-
sters reared in warm water grew faster
as a result of a shorter intermolt period.
Lobsters molt more frequently at ele-
vated temperatures but have the same
size increment per molt as do wild lob-
sters. The apparent difference between
Wilder’s calculations and our observa-
tions of growth rate or molting fre-
quency can be explained by examining
the monthly temperatures in the three
situations (Fig. 1d). If growth rate is
temperature-dependent, it is not sur-
prising that lobsters exposed to the
warmer average temperatures on Mar-
tha’s Vineyard grow to sexual maturity
in 55 years whereas animals growing
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in the colder Canadian environment
take approximately 8 years (7).

In nature, most lobsters with cara-
pace lengths of 90 mm have reached
sexual maturity. All of the experimental
lobsters that have 83-mm carapaces and
were raised in warm water to this size
have demonstrated normal sexual re-
sponses and have mated. Also, the de-
velopmental period for fertilized eggs
is decreased by 33 percent in warm
water.

Encouraged with these results and
the potential to mate chosen parents,
we tried to select lobsters that grew
faster than average or were molting
more frequently. More than 100,000
lobster larvae were screened for rapid
growth. In two steps we selected 200
and finally 13 individual animals dis-
playing at least a 1.5-fold increase in
molting frequency. We have also se-
lected lobsters that are much larger
than average for their age. The results
of these selections suggest that it may
be possible to produce lobsters of mar-
ketable size in about 18 months.

It is possible to estimate food con-
version for lobsters from these studies.
The amount of food offered daily was
proportional to body size. When the
water temperature dropped below 5°C,
control animals ate very little. Conver-
sion factors of 4:1 and 11:1 were
calculated for the animals grown in

warm water and ambient seawater,
respectively. Uneaten food was not
considered in these calculations; there-
fore, these values are considered to be
maximum and tentative = conversions.
Precise experiments to measure actual
food conversion with a variety of in-
expensive or synthetic diets are needed.
The results of these studies indicate
that there may be a lobster farm in
the future. _

Joun T. HuGHES

JoHN J. SULLIVAN
Massachusetts Department of Natural
Resources, Division of Marine Fisheries,
Lobster Hatchery and Research Station,
Vineyard Haven 02568 ‘

ROBERT SHLESER
Institute for Marine Resources,
University of California, Davis 95616
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DNA Polymerases from RNA Tumor Viruses and
Human Cells: Inhibition by Polyuridylic Acid

Abstract. Polyuridylic acid inhibited DNA polymerases purified from three
species of oncornaviruses as well as three out of seven DNA polymerases purified
from cells. Viral and cellular DNA polymerases could not be distinguished by
polyuridylic acid inhibition, but were easily distinguished by their template prefer-

ences in the presence of magnesium.

A report appeared suggesting that
inhibition by polyuridylic acid [poly(U)]
might be useful in distinguishing DNA
polymerase (reverse transcriptase) of
RNA tumor viruses from cellular DNA

polymerases (/). That report demon-

strated that two cellular DNA poly-
merases were not inhibited by poly(U),
a potent inhibitor of a crude prepara-
tion of the RNA tumor viral enyzme
(7). The possibility that poly(U) might
be a specific inhibitor of the oncorna-
viral DNA polymerase has interesting
ramifications, especially for identifica-
tion of this or a similar enzyme in cells,
particularly human neoplastic cells.

Tuominen and Kenney (/) discussed
the possibility of using poly(U) in the
detection of oncornaviral DNA poly-
merases in cellular systems, as well as
separating these viral and cellular poly-
merases by specific elution from DNA-
cellulose columns with buffers contain-
ing poly(U). Therefore, it was impera-
tive to confirm and extend their obser-
vations, particularly those relating to
the specificity of poly(U).

We have examined the inhibitory
effects of poly(U) on ten partially
purified DNA polymerases, three from
RNA tumor viruses and seven from
cells. Three types of templates were
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used: (i) a synthetic hybrid of poly-
thymidylic acid and polyadenylic acid
units [poly(dT) ¢ poly(A)], (ii) a syn-
thetic copolymer of alternating dcoxy-
adenylic acid and thymidylic acid units
(poly[d(A-T)]), and (iii) salmon
sperm DNA which had been subjected
to a mild deoxynuclease treatment
(activated DNA) (2).

The three viral DNA polymerases
used in this study were isolated from
avian myeloblastosis virus (AMV) (3),
Rauscher murine leukemia virus (RLV)
and Mason-Pfizer monkey tumor virus
(M-PMTV) (4). These DNA poly-
merases exhibited template preferences
reported for reverse transcriptase (5).

Fig. 1. The effect of poly(U) on DNA
polymerases. Viral DNA polymerases
were prepared from virus lysed at 0°C
with 0.25 percent Triton X-100 in a tris-
HCI buffer, pH 7.9, containing 0.5M KCI.
The mixture was sonicated and then cen-
trifuged at 30,000g for %2 hour. The
supernatant containing the enzymatic activ-
ity was subjected to chromatography first
on DEAE-cellulose and then on phospho-
cellulose. In some cases the enzyme that
eluted from phosphocellulose was chro-
matographed on Sephadex G-200 gel
(11). A minimum purification for the
viral DNA polymerases was estimated to
be 30- to 50-fold, as judged by activity
with the synthetic DNA - RNA duplex,
oligomeric thymidylic acid and poly-
adenylic acid, and minimum detectable
amounts of protein (12). An estimate of
protein concentration was also made by
staining electrophoretic gels with Coomas-
sie blue dye (13). All human cellular
DNA polymerases were purified by a
similar procedure. The two DNA poly-
merases from normal human lymphocytes
were designated normal human lympho-
cyte DNA polymerases 1 and 2, with
reference to their order of elution from
phosphocellulose (7a). The two DNA
polymerases from leukemic cells, leu-
kemic DNA polymerases 1 and 2 (14),
and those from NC-37 cells, NC-37 DNA
polymerases 1 and 2, were similarly des-
ignated. The two DNA polymerases
from normal human lymphocytes were
subjected to chromatography on Sephadex
G-200 gel after elution from phosphocel-
lulose. Normal human lymphocyte DNA
polymerases 1 and 2 were purified 220-
fold and 290-fold, respectively (7a). Pro-
tein concentrations of leukemic DNA
polymerases 1 and 2 and NC-37 DNA
polymerases 1 and 2 were not measured.
The DNA polymerase activity was- mea-
sured as in Table 1 except that only the
poly[d(AT)] template was wused (60
wg/ml), and that the concentration of
poly(U) was 100 pg/ml. The solid lines
represent control activity [no poly(U)],
while the broken lines represent activity
in the presence of poly(U). (A) AMV

Seven cellular DNA polymerases were
used in this study; one from Escher-
ichia coli (6), two from human
lymphoblasts of patients with acute
lymphoblastic leukemia, two from nor-
mal human lymphocytes stimulated for
72 hours with phytohemagglutinin (7,
7a), and two from NC-37 cells (8) in-
fected with M-PMTV.

The DNA polymerases isolated from
the three types of human cells are
similar to the cellular DNA polymer-
ases described independently by Weiss-
bach et al., Baril et al., and Chang and
Bollum (9). The two leukemic DNA-
dependent DNA polymerases discussed
here should not be confused with a

- A
AMV, M-PMTV and RLV

20

1.6

1.2

0.8

04

third DNA polymerase recently iso-
lated from the same cells. This third
DNA polymerase is distinguished from
the major normal cellular DNA poly-
merases 1 and 2 by its ability to tran-
scribe viral 708 RNA (10).

The eflects of poly(U) on the cel-
lular and viral DNA polymerases with
poly[d(A-T)] as template are shown in
Fig. 1. When conditions similar to
those previously reported were used
(1), poly(U) did not display a speci-
ficity for the viral DNA polymerase.
As seen in Fig. 1A, each viral DNA
polymerase was inhibited by poly(U).
However, three of the seven cellular
polymerases were also inhibited, as

so- B ’ /

NC-371, NC372 7/
and E. Coli

3H - TMP incorporated (103 count/min)

16 4+ ‘
NHL 1 and NHL 2 Leukemic 1 and
Leukemic 2
12 - P 3
7~
7~
7~
8 /// 2
sl // 1
p——
— !
0 20 40 60 0 20 40 60

Time (minutes)

DNA polymerase (@ ); M-PMTV DNA polymerase (O); and RVL DNA polymerase (J). (B) NC-37 polymerase 1 (@); NC-
37 DNA polymerase 2 (Q); and E. coli DNA polymerase 1 ([J). (C) Normal human lymphocyte DNA polymerase 1 (@)
and normal human lymphocyte DNA polymerase 2 (Q). (D) Leukemic human lymphocyte DNA polymerase 1 (@) and leu-
kemic human lymphocyte DNA polymerase 2 (O).
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shown in Fig. 1, C and D. Normal
human lymphocyte DNA polymerase 1
activity was reduced by 90 to 95 per-
cent; leukemic DNA polymerases 1
and 2 activities were reduced approxi-
mately 50 percent. The inhibition of
these three cellular DNA polymerase

activities is comparable to that obtained

for the purified viral DNA polymerases
under identical assay conditions. In
fact, the greatest inhibition was ob-
tained with the cellular enzyme normal
human lymphocyte DNA polymerase
1. Poly(U) had little or no effect on
the other four cellular DNA poly-
merases. Escherichia coli DNA poly-
merase 1 was unaffected, confirming
the previous results (I). Likewise,
poly(U) did not inhibit DNA poly-
merase 1 from NC-37 cells and had
only slight effects on DNA polymerase
2 from both NC-37 cells and normal
human lymphocytes. '

The relative inhibition by poly(U)
with different templates is compared
in Table 1. Most of the enzymes
were tested at two concentrations of
poly(U) with each of three templates,
poly[d(A-T)], poly(dT) * poly(A), and
activated salmon sperm DNA. The
viral polymerase was inhibited to some
degree by poly(U) at both concentra-
tions tested with all three templates.
When a DNA polymerase was sensi-
tive to poly(U) with the poly[d(A-T)]
template, a similar sensitivity was ob-
served with the activated salmon sperm
DNA template. Likewise, those DNA
polymerases not inhibited by poly(U)
with poly[d(A-T)] template exhibited
no inhibition with activated salmon
sperm DNA template.

In contrast to the results with DNA
duplexes as the template, potent inhibi-
tion by poly(U) was noted for all ten
partially purified DNA polymerases
when the template was poly(dT) ¢
poly(A). These data demonstrate that
the degree of inhibition by poly(U)
may be influenced by certain templates.
However, this inhibition might be an
effect of poly(U) upon the hybrid tem-
plate rather than upon the enzyme.

The data in Table 1 imply that the
dissociation constant (K;) of poly(U)
for normal human lymphocyte DNA
polymerase 1 is lower than that for the
tumor virus DNA polymerases tested.
Competitive inhibition kinetics between
poly(U) and the poly[d(A-T)] tem-
plate were observed for both the
M-PMTV DNA polymerase and nor-
mal human lymphocyte DNA poly-
merase 1. The apparent K;s for
poly(U) with these two enzymes were
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Table 1. Inhibition by poly(U) of DNA
polymerases with double-stranded DNA or
an RNA:DNA hybrid as template. The
DNA polymerase activity was measured at
37°C in 50-yl reaction mixtures containing
S0mM tris-HCl, pH 7.6; SmM MgCl,; 50
mM NaCl; 5mM dithiothreitol; 80 uM de-
oxyadenosine  triphosphate,  deoxycytidine
triphosphate, and deoxyguanosine triphos-
phate; 5.6 4 M *H-labeled thymidine triphos-
phate (18,000 count min-! pmole?) and the
DNA double-stranded templates, poly[d(A-
T)] and activated DNA at 60 pg/ml and
poly(dT) -poly(A) at 20 ug/ml. Poly(U) was
present at two concentrations, Reactions
were linear up to 30 minutes. Incorporation
of [*H]thymidine monophosphate was cal-
culated from 20-minute time points. Gen-
erally 10 4l of the enzyme preparation was
used in the assay. The reactions were termi-
nated with the addition of 50 ug of carrier
transfer RNA and subsequent precipitation with
2 ml of 10 percent trichloroacetic acid con-
taining 0.02M pyrophosphate. The product
was collected on Millipore filters and counted
in a liquid scintillation counter. All enzymes
except RLV(DEAE) were purified through
the phosphocellulose chromatography step;
RLV(DEAE) denotes the DNA polymerase
from RLV which was purified through the
diethylaminoethyl-cellulose chromatography
step and required added template for activity.

Percent
inhibition
DNA Tem- by poly(U) at
polymerase* plate —_—
20 100
wpg/ml  pug/ml
NHL 1 d(A-T), 80 90
DNAt 5 90
(dD),-(A), 100§ 100
NHL 2 d(A-T), 0 25
DNA 10 15
(dT),-(A), 95§ 100
Leukemic 1 d(A-T), 55
DNA
(dT),-(A), 100
Leukemic 2 d(A-T), 50
DNA
(dT) .- (A), 100
NC-37 1 d(A-T), 0 0
DNA 0 0
(dT)a - (A), 90§ 95
NC-37 2 d(A-T), 0 20
DNA 0 20
E. coli 1 d(A-T), 0 0
DNA 0 0
(dT) .- (A), 75§ 100
AMV d(A-T), 40 60
DNA 70
(dT),-(A), 75§ 100
M-PMTV d(A-T), 45 55
DNA 45 60
RLV d(A-T), 50 70|
DNA 45 60
(dT),.-(A), 90§ 100
RLV(DEAE) d(A-T), 60 90

* Designations of the cellular and viral poly-
merases are given in the text except NHL 1 and
NHL 2 which are normal human lymphocyte
DNA polymerases 1 and 2. + DNA-native
salmon sperm DNA which has been activated by
a mild deoxynuclease treatment (2). 1 Poly
(dT) - poly(A). § The poly(U) concentration for
these determinations was 10 ul/ml. || In agree-
ment with the earlier report (/), this crude on-
cornavirus  DNA polymerase was strongly in-
hibited by poly(U). However, after further
purification of the enzyme by phosphocellulose
chromatography, inhibition was less.

determined. Expressed in micrograms
per milliliter, the K; with normal hu-
man lymphocyte DNA polymerase 1
was 6.2, while that with the M-PMTV
DNA polymerase was 20. The differ-
ence in these K;’s demonstrates that at
least one cellular DNA polymerase has
a greater affinity for poly(U) than one
oncornavirus DNA polymerase.

Differences in sensitivity to inhibition
by poly(U) (when the DNA duplex
templates were used) might be attrib-
uted to ribonuclease contamination of
the various DNA polymerases. Ribo-
nuclease in the DNA polymerase prep-
arations could result in either loss or
enhancement of inhibition, depending
on the properties of the degradation
products of poly(U). Three DNA poly-
merases—normal human lymphocyte
1, NC-37 1, and M-PMTV, were used
to test the possibility of a ribonuclease
effect. (i) To check for “inactivation”
of poly(U), the homopolymer was first
treated with NC-37 DNA polymerase 1
before incubation with the M-PMTV
polymerase 1 and normal human lym-
phocyte polymerase 1. The. poly(U)
thus treated was as inhibitory as un-
treated poly(U) to both M-PMTV
polymerase and normal human lympho-
cyte polymerase 1, demonstrating that
NC-37 DNA polymerase 1 did not
contain an inactivator of poly(U),
such as ribonuclease. (ii) To eliminate
enhancement of inhibition by degrada-
tion products of poly(U) as an expla-
nation of the results, we included
uridylic acid in the DNA polymerase
reaction mixtures at a concentration
of 100 ug/ml [the highest concentra-
tion of poly(U) tested). Uridylic acid
was not inhibitory for any DNA poly-
merase tested.

Our findings confirm the inhibitory
effect of poly(U) on DNA polymer-
ases of RNA tumor viruses (/) and
extend this observation to three classes
of virus: avian, murine, and primate.
However, inhibition by poly(U) is not
a specific property of these DNA poly-
merases since some cellular DNA poly-
merases are inhibited at least as much
as the viral enzymes. Thus, sensitivity to
poly(U) cannot be used to distinguish
reverse transcriptase from all cellular
DNA polymerases.

JoHN W. ABRELL
Bionetics Research Laboratories,
Bethesda, Maryland 20014
R. GRAHAM SMITH
MARJORIE S. ROBERT
RoBERT C. GALLO
Laboratory of Tumor Cell Biology,
National Cancer Institute, Bethesda
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Antigen Solubilized from Human Leukemia:

Lymphocyte Stimulation

Abstract. Soluble antigen was extracted with hypertonic (3 molar) potassium
chloride from the malignant cells of seven patients with acute leukemia. The anti-
gen and leukemia cells were used to stimulate autologous patients’ and allogeneic
normal donors’ lymphocytes in mixed lymphocyte cultures. The lymphocytes of
six patients showed significant blastogenic responses to autologous antigen. In con-
trast, the lymphocytes of only one of seven normal donors responded to the soluble
antigens. Both patients’ and normal subjects’ lymphocytes responded to the intact
leukemia cells. The use of these antigens should facilitate the study of specific

tumor immunity in human leukemia.

The existence of tumor-associated
antigens on human leukemic cells has
been suggested by the reports of posi-
tive lymphocyte responses to autolo-
gous leukemia cells in mixed lympho-
cyte cultures (/, 2). A point of debate

is whether a positive blastogenic re-
sponse to autologous leukemia cells
represents a primary response in vitro
or whether it actually represents evi-
dence of preexisting immunity (1). As
a result of the reported successful ex-

Table 1. Blastogenic response to autologous leukemia ce]ls‘(LC) and soluble leukemia cell

antigen.
Sgltligzr;d Type of Inc{;g:%‘:;ﬁ‘;:jn?f Stimulation index*  pgo of
leukemia . therapyt

number : LC Antigen LC Antigen

1 AML 1.7 2.4 3.1 5.4 R

2 AML 5.9 21.8 10.8 39.6 R

3 AML 9.2 1.0 30.5 4.4 R

4 AML 19.5 1.6 38.0 6.4 R

5 AML 0 0.62 0 1.1 R

6 ALL 0.72 0.56 3.6 2.8 F

7 CML-BC 0 0.64 0 3.1 F
* Maximum response in autologous or allcgeneic serum. + R, remission; F, failure.
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traction of tumor-associated antigens
from guinea pig hepatoma cells with
hypertonic KCl (3), we have applied
similar techniques to the extraction of
soluble antigens from human leukemia
cells. These soluble preparations have
been assayed in lymphocyte cultures
with both autologous leukemic patients’
and allogeneic normal donors’ lympho-
cytes. In addition to demonstrating the
feasibility of salt extraction of antigens
from human leukemic cells, our data
suggest that the in vitro lymphocyte
responsiveness represents specific tumor
immunity.

Blast cells were collected from the
peripheral bloods of seven leukemia
patients on admission to the hospital.
The cells were collected with the 1IBM
or the Aminco blood cell separators
(4). The red blood cells were removed
by exposure of the collected cells to
five volumes of tris-buffiered ammo-
nium chloride (5). The leukemia cells
were suspended in media with 10 per-
cent fetal bovine serum and 10 per-
cent dimethyl sulfoxide and frozen and
stored in liquid nitrogen.

For extraction of tumor antigen, the
method described by Meltzer and co-
workers (3) was used with some modi-
fications. Depending on the availability
of cells, 3 X 108 to 3 X 101 leukemia
cells were used. Ten milliliters of 3M
KCl in potassium phosphate-buffered
saline at pH 7.2 were added to every
3 X 108 cells in screw-cap glass tubes
25 by 200 mm. This mixture was equi-
librated at 4°C for 16 hours. The con-
tents were then centrifuged at 100,000g
for 60 minutes at 4°C. The super-
natant was dialyzed against 20 volumes
of potassium phosphate-buffered saline
for 24 hours, with a change of solution
every 8 hours. The dialyzed extract was
centrifuged at 40,000¢g for 15 minutes
at 4°C. The supernatant was concen-
trated by ultrafiltration at 4°C, and
the concentrate was mixed with an
equal volume of 3.8M ammonium sul-
fate for 1 hour at 4°C to precipitate
the protein. This mixture was centri-
fuged at 40,000g for 15 minutes at
4°C. The precipitate was dissolved
in 5 ml of phosphate-buffered saline,
pH 7.2, and dialyzed against this buffer
for 4 hours. The protein concentration
was estimated by measurement of op-
tical density at a wavelength of 280
nm. The final preparation was sterilized
by filtration through an 0.45-um Milli-
pore filter and stored at 4°C.

For the lymphocyte culture studies,
peripheral blood Iymphocytes were
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