lysed, there were resistant organisms in
both groups.

Plaque-forming units were assayed
only on Nostoc muscorum (Fig. 1b)
and Plectonema boryanum with the
conventional double-agar overlay tech-
nique. Lysed areas are caused by dis-
solution of the algae after digestion of
cell walls by the myxobacterium. Heter-
ocysts and akinetes are more resistant
to C.N-5 than are vegetative cells.

When plaques form, isolated and dis-
crete Cytophaga colonies appear among
the algal overlay within 2 weeks. Little
or no lysis of algae occurs before 2
weeks, when bacterial colonies are less
compact and more flattened. After 3
weeks most C. N-5 colonies are gone,
but plaques of lysed algae evince the
presence of Cytophaga cells. The ratio
of viable bacterial cells to plaque-
forming units in a culture of C. N-5 is
1.28, as determined with N. muscorum.

In contrast to viral lysis, lysis by
C. N-5 is extracellular, However,
Cytophaga and blue-green algal virus
(LPP-1) plaques are microscopically
similar in overall appearance, and both
types of plaques can be enumerated.
Selective dissolution of Nostoc vegeta-
tive cells, as opposed to heterocysts and
akinetes, parallels the action of an un-
identified bacterium (4) and an algal
virus (5).

Cytophaga N-5 grows in chemically
defined medium or on autoclaved or
living algae in liquid or agar media.
We believe this is the first account of
growth of Cytophaga on green and
blue-green algal substrates in which
lysis is maintained regardless of cultur-
ing methods. Wu et al. (6) isolated a
myxobacterium (probably Myxococ-
cus) which lysed seven blue-green
algae, but lytic activity was lost upon
subculturing. We have tested nine
Gram-negative and four Gram-positive
eubacteria, and all are lysed or in-
hibited (or both) by C. N-5 (7). The
nature of the killing and lytic phenom-
ena and whether Cytophaga could be
used for biological control of algal
blooms are unknown.

JAMES RAY STEWART

R. MaLcoLM BROWN, JR.*

Department of Botany, University of
Texas, Austin 78712
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Limited Periods of Gene
Expression in Immunoglobulin-

Synthesizing Cells

Abstract. In synchronized human
lymphoid cell lines, production of im-
munoglobulins G and M is greatest
during the late G1 and S phases of the
cell’ cycle. Little immunoglobulin ap-
pears immediately before, during, and
immediately after mitosis. The results
indicate that transcription of immuno-
globulin genes takes place during a
limited part of the mitotic cycle.

Cell proliferation and differentiation
to immunoglobulin formation are es-
sential elements of the antibody re-
sponse. Established cultures of human
lymphoid cells synthesize immuno-
globulins (). These cell lines provide
an opportunity to study immunoglobu-
lin synthesis in actively dividing cells.
In exponentially growing lymphoid
cultures usually about 15 percent of
the lymphoid cell population contain
detectable immunoglobulin when ex-
amined with specific fluorescein-con-
jugated antiserums (I). The majority
of the cells, however, are negative.
Positive cells might represent (i) clones
of immunoglobulin-producing cells ex-
isting in culture with clones of nonim-
munoglobulin-producing (fluorescence-
negative) cells; (ii) cells which have
differentiated to immunoglobulin-pro-
ducing G, (nondividing) cells; or (iii)
cells of the general population which
synthesize immunoglobulins during a
limited portion of their mitotic cycle.
Our studies of several IgG-producing

cell lines indicate that immunoglobulins
are produced by the majority of cells
in the population and that production
is restricted to a portion of the cell
cycle.

Cell line WiL2, derived from the
spleen of a patient with hereditary
spherocytic © anemia (2) synthesizes
immunoglobulin G (IgG) and immu-
noglobulin M (IgM) with «-type light
chains (IgG-x and IgM-k). Cell line
IM-4, established in this laboratory
from an American patient with Bur-
kitt’s lymphoma, produces IgG.

Synchronization in mitosis was
achieved by thymidine followed by
colcemid blockade (3). After exposure
to thymidine for 16 hours, cells were
grown in fresh medium with 10-%M
deoxycytidine and 0.02 ug of colcemid
per milliliter for 8 hours. The culture
was then allowed to grow in fresh
medium. After synchronization, portions
of cells were taken, and cover-slip
smears were made every 2 hours. Con-
trols consisted of cultures growing ex-
ponentially in standard medium. We
detected immunoglobulin in cells by
staining representative cover-slip smears
with fluorescein-conjugated antiserums
specific for human y chains, for human
u chains, and for human « chains (I).

A colcemid-synchronized WiL2 cul-
ture at mitosis had 3 percent im-
munofluorescing cells (Fig. 1a). The
percentage of IgG-containing cells
increased during the G1 phase,
reaching 40 percent at 8 hours (S
phase). The number of cells showing
immunofluorescence fell during the G2
phase to 6 percent at mitosis. Thus the
number of cells containing immuno-
globulin is greatest in late G1 and S
phases and low during mitosis. Con-
trol cultures consistently showed 10 to
15 percent fluorescing cells.

Similar results with immunofluores-
cence were obtained with cell line IM-4
when thymidine-colcemid synchroni-
zation was used. Cells containing im-
munoglobulin varied from 5 percent
at mitosis to 39 percent at 10 hours
(S phase) and then decreased to 7
percent at the time of the mitosis. Thus
colcemid arrested the cells in a stage of
their cycle where immunoglobulin
synthesis was markedly limited (that
is, during mitosis). Further studies
were undertaken to investigate early
S phase where immunoglobulin for-
mation was marked.

Synchronization in early S phase
was achieved by double thymidine
blockade (4) as follows. After expo-
sure to 2.5 mM thymidine for 16 hours,
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the cells were washed and suspended in
fresh medium (108 cell/ml). Eight
hours later, thymidine was added for a
second 16-hour period. Cells were then
washed and suspended in fresh medium
with 10—6M deoxycytidine.

When the cell cycle was arrested
early in S phase by double thymidine
blockade, 80 percent of the cell popu-
lation contained IgG, as judged by
immunofluorescence (Fig. 1b). This
number rose to 91 percent, then fell
sharply during G2 to 20 percent at
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Fig. 1. Variations in immunoglobulin con-
taining WiL2 cells during synchronous
growth. Population arrested (a) at mi-
tosis by thymidine and colcemid treatment
and (b) at the onset of S phase by double
thymidine treatment. Smears were made
at intervals after synchronization and
stained with fluorescent antiserum to hu-
man IgG (v chain) and with Giemsa
stain. The data were plotted so that
mitosis corresponds in (a) and (b). O,
Fluorescing cells (%) in the synchronized
culture; M, fluorescing cells (%) in the
control culture; A, percentage in mitosis,
synchronized culture; and A, percentage
in mitosis, control.

mitosis. These results indicated dif-
ferences in cell content of immuno-
globulin G during the cell cycle.

The immunofluorescence technique
did not distinguish between synthetic
differences and differences in storage
due to variations in the rate of secre-
tion of IgG from the cell. Therefore,
synchronous cultures were examined
for variations of radioactive amino
acid incorporation into specific pro-
tein. Synchronized WiL2 cells (4 X 107)
were incubated in 2 ml of medium
with 1 uc of H3-leucine per milliliter
for 2 hours. The extracellular medium
was examined for H3-labeled IgG and
IgM by specific coprecipitation (5).
Rates of DNA synthesis were deter-
mined by the incorporation of Hs-
thymidine into acid precipitable (5
percent cold trichloroacetic acid) cel-
lular material (6).

Appearance of IgG and IgM in the
culture fluid of synchronized Wil2
cells was greatest during S and lowest
during mitosis and the early G1 phase
(Fig. 2c¢). Immunoglobulin synthesis
correlated with the intracellular dem-
onstration of vy, u, and « determinants
by immunofluorescence (Fig. 2d),
again confirming that immunoglobulin
synthesis is restricted to a part of the
cell cycle.

The demonstration that immuno-
globulin synthesis occurs primarily in

Fig. 2. Correlated events in synchronized
WiL2 cells. (a) DNA synthesis is mea-
sured by 1-hour incorporation of H3-thy-
midine (1 uc/ml for 10° cells); CPM,
counts per minute. (b) Mitotic curve.
(c) Incorporation of H3leucine into new-
ly synthesized and released IgG and
IgM; 2 x 10° cell/ml were incubated
with H%leucine (10 uc/ml) for 2 hours.
The culture fluid was analyzed for H*-
labeled IgG and IgM by specific coprecipi-
tation; G, IgG; M, IgM. (d) Percentage
of fluorescing cells. Smears were stained
with fluorescein-conjugated antiserums to
v chain (G), u chain (M), « chain, and
A chain (A).

one part of the cell cycle is relevant
to other observations on immunoglobu-
lin synthesis in human lymphoid cell
lines. Recent quantitative studies on
human lymphoid lines inoculated into
fresh medium reveal that IgG, IgA,
and A-chain synthesis is greatest
when the cells are proliferating ex-
ponentially (7). Our results indicate
that this finding may reflect the pres-
ence of relatively more cells passing
through the late G1 and S periods,
that is, periods during which immuno-
globulin synthesis takes place.

The restricted expression of genes for
immunoglobulins implies a limited
period of gene transcription. Sequential
gene transcription during the cell cycle
has been demonstrated for bacterial
(8) and yeast (9) enzyme synthesis.
Tyrosine aminotransferase induction in
hepatoma cells (6), histone synthesis
in HeLa cells (10), and coordinated
transcriptional and translational events
prior to mitosis (Z1) represent sim-
ilar phenomena in mammalian cells.
Our observations indicate that limited
gene transcription is also characteristic
of the genes for immunoglobulins in
human lymphoid cells. These obser-
vations clearly apply to genes for y
and u polypeptide chains. Fludication
of mechanisms controlling immuno-
globulin gene transcription in lymphoid
cell lines should lead to an understand-
ing of similar events during active im-
mune responses.

DonALp N. BUELL
JouN L. FAHEY
Immunology Branch, National Cancer
Institute, Bethesda, Maryland
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