cells are inducible for globin polypeptide
synthesis suggested that these cells
would be suitable for studies of globin
gene expression (6), the level at which
hemin acts was not previously exam-
ined. Our studies indicate that the effect
of hemin is at the level of transcription
and that it should be possible to use
K562 cells in DNA-mediated gene trans-
fer experiments to identify sequences
necessary for the regulation of human
embryonic globin gene transcription.
PATRICK CHARNAY
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Pulsing Electromagnetic Fields Induce Cellular Transcription

Abstract. Weak, pulsing electromagnetic fields can modify biological processes.
The hypothesis that responses to such induced currents depend on pulse characteris-
tics was evaluated by using transcription as the target process. Two pulses in clinical
use, the repetitive single pulse and the repetitive pulse train, were tested. These
pulses produced different results from each other and from controls when transcrip-
tion in dipteran salivary gland cells was monitored with tritiated uridine in transcrip-
tion autoradiography, cytological nick translation, and analysis of isolated RNA
fractions. The single pulse increased the specific activity of messenger RNA after 15
and 45 minutes of exposure. The pulse train increased specific activity only after 45

minutes of exposure.

Basic cellular phenomena such as
growth, differentiation, ' dedifferentia-
tion, and repair have been modified by
weak direct current (/). Electrical cur-
rents induced in tissues by weak, pulsing
electromagnetic fields (PEMF’s) are also
biologically active in regeneration and
repair (2). Recently, the repetitive pulse
train (PT) has been shown to have a
significant clinical impact in repairing
recalcitrant bone fractures (3), while the
repetitive single pulse (SP) has had bene-
ficial effects in avascular necrosis and in
osteoporosis (4). These different effects
appear to depend on specific waveform
parameters in the driving pulse and in the
asymmetrical induced pulsing current,
parameters that may be determined in
part by passive electrical characteristics
of the target tissue.

We tested the hypothesis that exoge-
nous PEMF’s trigger selected cellular
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responses (5) by studying alterations in
normal RNA transcription patterns in
the salivary gland chromosomes of the
dipteran Sciara coprophila. The nuclei
of the nondividing cells of the salivary
gland contain four polytene chromo-
somes engaged in interphase synthetic
functions, including RNA transcription

200 Msec
msec
Repetitive
[| PT (15 Hz)
- 28 usec
/380 usec

J\L/f_—rl/, Repetitive
SP (72 Hz)
4.6 msec (diode-clipped)

and cyclical DNA replication (6). Nor-
mal transcription patterns during cellular
differentiation in salivary gland chromo-
somes of this organism are known from
transcription autoradiography. Thus,
transcription can be followed at the cyto-
logical level and correlated with chromo-
some structure by studying banding or
puff formation in the giant chromosomes
6).

Salivary glands of late fourth-instar
female larvae were dissected in
Schneider’s Drosophila medium contain-
ing [*Hluridine (250 pCi/ml; 40.8 Ci/
mmole) (New England Nuclear). Whole
glands (attached to the larval bodies) in
medium were placed in PEMF’s for vari-
ous periods (5 to 90 minutes). Controls
for these experiments were established
under conditions that were identical ex-
cept for the absence of the fields. The
waveform and other characteristics of
the fields are shown in Fig. 1.

Transcription was measured in three
ways. First, nascent RNA chains at-
tached to specific chromosome regions
were identified by conventional autora-
diography. Second, regions of the chro-
mosomes sensitive to deoxyribonuclease
I were examined by nick translation
(with ['*I]deoxycytidine triphosphate)
directly on the DNA of the cytological
preparations (7). Deoxyribonuclease I
preferentially attacks transcriptively ac-
tive regions of chromatin (8). Autoradio-
graphic patterns resulting from either
approach are similar, but the use of nick
translation produces greater specificity
in the labeling pattern. Third, RNA’s of
various size classes were isolated by
sucrose density gradient centrifugation
and analyzed for changes in the pattern
of [*Hluridine incorporation. These tests
showed characteristic alterations of tran-
scription by each of the pulse patterns.
Various size classes of RNA were influ-
enced by both waveforms in a different
manner. Furthermore, the responses to
different periods of exposure were differ-
ent for the two pulse types.

The transcription autoradiogram of a
cell incubated in [*H]uridine in the pres-

Fig. 1. Major waveform characteristics of the
SP and PT stimuli (Biosteogen system 204,
Electro-Biology, Inc.). Pulse amplitude, on a
calibrated coil probe of 15 mV (coupled to a
Tectronix 5103N oscilloscope), was equal to
1.5 mV per centimeter of cortical bone (2).
The glands were exposed to PEMF’s in 0.5 ml
of Schneider’s Drosophila medium in petri
dishes (60 by 15 mm) between a pair of 10 by
10 cm Helmbholtz aiding coils, delivering an
average magnetic field parallel to the floor of
the dish. Coil orientation was vertical. The

rate of change of the magnetic field (dB/dt) was approximately 0.1 G/usec for PT’s and 0.05 G/
wsec for SP’s (15). Frequency content of the two pulses, derived by discrete Fourier

transforms, differs significantly (16).
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ence of the SP field for 45 minutes are
compared to a control autoradiogram in
Fig. 2, A and B. The pattern of incorpe-
ration seen after 15 minutes of exposure
was almost identical to that observed
after 45 minutes. At 15 and 45 minutes
this pulse produced a marked and specif-
ic increase in RNA transcription in most
of the bands and interbands of the chro-
mosomes. At 30 minutes transcription
was low (approximately equivalent to
that seen in the controls). Thus a bimod-
al response occurred with respect to time
in the SP field. Figure 2C shows a nick-
translated cytological preparation from
glands stimulated for 45 minutes with
SP’s. Compared to the transcription
autoradiograms, more specific ‘‘hot

spots’’ can be seen in the nick-translated
chromosome preparation. The results of
placing the cells in the PT field for 45
minutes are compared to control results
in Fig. 2, D to F. This pulse resulted in a
gradual increase in transcription up to 45

minutes. Even after 45 minutes of stimu-
lation, transcription autoradiograms of
chromosomes exposed to the PT field
showed much lighter labeling than auto-
radiograms of SP-exposed chromo-
somes. They were, however, labeled
more heavily than the control prepara-
tions. After nick translation some specif-
ically active regions were detected; they
were most prominent after 45 minutes of
exposure to either field (Fig. 2, C and E).
Control preparations (not shown) were
indistinguishable from the controls
shown in Fig. 2, B and E. Effects of both
pulses declined, however, after 60 min-
utes of continuous exposure.

Direct sucrose gradient analysis of
RNA confirmed the results of the tran-
scription autoradiography. Although a
fourfold increase in total RNA was seen
after 15 and 45 minutes of salivary gland
exposure to the SP field, the messenger
RNA (mRNA) size class increased 11-
fold (Fig. 3A). At 45 minutes mRNA

Fig. 2 (left). (A) Transcription autoradiogram of salivary gland chromosomes from cells
incubated in the presence of SP’s and [*H]uridine for 45 minutes. Labeling is heavy and specific
on chromosomal bands and interbands (arrowheads). Roman numerals denote chromosome
numbers. Exposure time, 3 days. (B) Transcription autoradiogram of control chromosomes
from salivary glands incubated in [*H]uridine in the absence of SP’s. The relatively few grains
are distributed in a random pattern. Exposure time, 3 days. (C) Nick-translated cytological
preparation of chromosomes from salivary glands stimulated with SP’s for 45 minutes. DNA
sites more heavily nicked by deoxyribonuclease I were labeled with ['*I]deoxycytidine
triphosphate after repair with DNA polymerase and prepared for autoradiography. Arrowheads
indicate transcriptively active regions (‘‘hot spots’’). Exposure time, 18 hours. (D) Transcrip-
tion autoradiogram of salivary gland chromosomes from cells incubated in the presence of PT’s
and [*H]uridine for 45 minutes. The general labeling pattern over the chromosomal bands and
interbands is less intense and less specific than the pattern depicted in (A). Specific deviations
are indicated by arrowheads. Exposure time, 3 days. (E) Transcription autoradiogram of
control chromosomes from salivary glands incubated in [*H]uridine in the absence of PT’s.
Exposure time, 3 days. (F) Nick-translated cytological preparation of chromosomes from
glands stimulated with PT’s for 45 minutes. DNA was labeled with ['?’[ldeoxycytidine

exceeded the control values 13-fold (Fig.
3B). In cells treated with PT’s, all RNA
size classes were at control levels after
15 minutes; thereafter there was a linear
increase in size classes up to 45 minutes.
After 45 minutes all RNA size classes
had increased (Fig. 3B).
Time-dependent induction of RNA
synthesis by exposure to PEMF’s has
been detected by three independent
methods. Different pulse characteristics,
however, induce different qualitative and
quantitative responses in the patterns of
RNA synthesis. There are distinct differ-
ences in the pattern of RNA transcrip-
tion induced by PEMF’s as compared
with other experimental stress condi-
tions, such as heat shock or premature
administration of ecdysone (6, 9). For
example, the most notable response of
Sciara salivary gland chromosomes to
heat shock is an unusually marked in-
crease in the transcription of ribosomal
RNA (9). In ecdysone-treated cells, tran-
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triphosphate and prepared for autoradiography. Hot spots are denoted by arrowheads. Exposure time, 18 hours. (All magnifications

x1240).

Fig. 3 (right). Tritiated RNA isolated after exposure to SP’s or PT’s (/7). Approximately 100 salivary glands (2 X 10 cells) were used

for each set of time points (four experiments each). Gradients of 5 to 30 percent sucrose were run for 17 hours at 32,000 rev/min in an IEC ultra-
centrifuge. The gradients were collected with an automatic fraction collector to monitor optical density. A portion was removed from each
fraction and its radioactive pattern was determined. The only major difference in the radioactive pattern (compared to the profile of optical
density) consisted of highly radioactive fractions of less than 45, probably reflecting partially transcribed RNA. Fractions of each size class were
combined on the basis of these profiles and specific activity was determined and compared to RNA of unexposed cells run in parallel gradients.
Analysis of SP’s: Specific activity of RNA in experimental samples, 10,000 to 15,000 dpm/j.g. Specific activity of RNA in controls, 2000 to 4000
dpm/pug. Approximately 50 ug of the experimental and control samples was used for each gradient. Size classes greater than 18S were combined
since relative incorporation was not significant when compared to controls. Analysis of PT’s: Specific activity of RNA in experimental samples,
8000 to 10,000 dpm/pg. Specific activity of RNA in controls, 2000 to 4000 dpm/ug. About 50 pg of the experimental and control samples was used

for each gradient.
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scription patterns are confined to regions
of the salivary chromosomes that will
eventually form puffs (6). Neither of
these effects has been observed in cyto-
logical preparations after PEMF induc-
tion. Other types of pulses have been
shown to initiate the uncoiling of DNA
(10, 11).

It is appropriate to consider whether
these findings can be correlated with the
results of clinical studies in which the
skeletal system was exposed to PEMF’s.
If transcription is affected by the avail-
ability of Ca®", as was suggested by our
preliminary findings (12), this may affect
the mode of SP and PT action both
molecularly and clinically. Pulse trains
are used clinically to elevate cellular
calcium and to trigger calcification of
fibrocartilage in disunited fractures (3).
Single pulses, on the other hand, lower
cellular calcium in chondrocytes (/3) and
stimulate bone accretion in patients with
osteoporosis (/4) and avascular necrosis
(4). It is possible that PEMF’s will find a
variety of uses in other cases of cellular
dysfunction. This study supports the hy-
pothesis that PEMF’s induce specific
modifications in normal cell function. At
least one effect can be directly related to
transcriptional induction.
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Localization of a Plasmodium Surface Antigen Epitope by

TnS Mutagenesis Mapping of a Recombinant cDNA Clone

Abstract. A recombinant complementary DNA clone from Plasmodium knowlesi
makes a B-lactamase fusion polypeptide in Escherichia coli that reacts with a
monoclonal antibody to a Plasmodium surface antigen. An epitope of the surface
antigen was localized by transposon Tn5 mutagenesis mapping of the complemen-
tary DNA clone. The Tn5 mutation having the farthest 5' insert into the complemen-
tary DNA portion of the chimeric gene, giving the shortest truncated protein that
maintained the ability to bind monoclonal antibody, defined the location of the

epitope.

We reported earlier the isolation of a
complementary DNA (cDNA) clone
(pEGS81) from Plasmodium knowlesi (1).
The cDNA clone makes a B-lactamase
fusion polypeptide in Escherichia coli
that reacts with a monoclonal antibody
(2G3) to a circumsporozoite or CS pro-

pEG81

Hind Il Eco Rl

0.5 kb

tein (2). Since the cDNA insert into the
pBR322 vector is only 340 base pairs (bp)
long, the epitope against which antibody
2G3 reacts is limited to a region of the CS
protein comprising about 110 amino ac-
ids. We now report further localization
of the epitope to a 40—amino acid region

@ Ab binding™
ﬁt) Ab binding™

F—— 100 bp

Pst |
1.0 kb

1.5 kb 2.0 kb

Fig. 1. A transposon Tn5 map of plasmid pEG81. The map shows the physical location of 57
independent TnS inserts (/3). The insertion mutations were mapped with respect to the unique
Hind III site of pEG81 by Hind III digest of purified plasmid DNA. Inserts on the right side of
pEG81::Tn5-121 were digested with Pvu II plus Bam HI to demonstrate they were on the proper
(Ap" gene) side of pEG81. The TnS hops into the cDNA insert were confirmed by Pst I
digestion; the disappearance of the 340-bp restriction fragment generated from Pst I digestion of
pEG81 was judged as being due to TnS insertion into this fragment. The circled numbers
indicate inserts that had no effect on the ability of lysate from cells bearing this plasmid to bind
2G3; lysates from cells containing plasmids with inserts indicated by numbers enclosed in
diamond shapes no longer bound antibody (also see Table 1).
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