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When nuclei from many types of orga- 
nisms are partially digested with deoxy- 
ribonuclease I, the active genes are 
found to be in a special sensitive confor- 
mation (1-3). The nuclei are usually ex- 
amined in cells at interphase when these 
genes are actively being transcribed. It 

murine leukemia virus (MuLV) se- 
quences in mouse cells growing in mono- 
layer cultures. These genes are known to 
be active, as determined by the produc- 
tion of viral RNA (4) and by the observa- 
tion that they are three to four times 
more sensitive to deoxyribonuclease I 
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that the viral genes in metaphase nuclei 
are about three times more sensitive to 
digestion than total DNA is. These re- 
sults are identical to those obtained with 
unsynchronized ceils (5). When the same 
DNA was hybridized to a mouse p- 
globin probe, this gene was not preferen- 
tially digested by deoxyribonuclease I. 
Furthermore, the inactive endogenous 
mouse viral sequences that cross-hybrid- 
ize to the MuLV hybridization probe 
were insensitive to deoxyribonuclease I 
in metaphase nuclei of NIH Swiss mouse 
cells (5) (data not shown). These experi- 
ments indicate that the chromatin con- 
formation of both active and inactive 
genes as measured by nuclease sensitiv- 
ity is the same in metaphase and inter- 
phase chromosomes. The high mobility 
group proteins NMG 14 and 17 are di- 
rectly involved in maintaining the sensi- 
tivity of active genes to deoxyribonucle- 
ase I in interphase nuclei (6). Removal of 
these proteins from metaphase nuclei by 
treatment with 0.4M NaCl caused these 
viral genes to revert to a nonsensitive 
conformation (results not shown), an in- 
dication that the factors controlling the 
structure of active genes are similar in 
interphase and metaphase cells. 

While this finding suggests that the 
active viral gene remains exposed to 
enzymatic probes during metaphase as 
well as during interphase, it was deemed 
necessary to show that this is true for a 
wide range, if not all, of the active genes 
being expressed in any cell. Previous 
studies have shown that active genes can 
be uniformly labeled by nick translation 
of nuclei (7). In this method, deoxy- 
ribonuclease I preferentially introduces 
nicks in the DNA at active regions, and 
DNA polymerase then replaces the adja- 
cent DNA with radioactive nucleotides. 
Such labeled DNA is representative of 
the deoxyribofluclease I-sensitive frac- 
tion of the nuclei and corresponds to the 
sequences expressed as RNA (7). To 
demonstrate that genes active during in- 
terphase are in a deoxyribonuclease I- 
sensitive conformation in metaphase, we 
labeled metaphase chromosomal DNA 
by nick translation to high specific activi- 
ty and hybridized the labeled DNA to 
total DNA and to DNA isolated from 
interphase nuclei after minimal deoxyri- 
bonuclease I digestion. The latter DNA 
presumably lacks active gene sequences. 
The labeled DNA representing the de- 
oxyribonuclease I-sensitive regions of 
metaphase chromosomes did not hybrid- 
ize well to this deoxyribonuclease I- 
resistant DNA, indicating that the sensi- 
tive regions of metaphase chromosomes 
are equivalent to the sensitive regions of 

the interphase chromosomes (Fig. 1B). 
This observation was confirmed by a 
converse hybridization experiment with 
nuclear nick-translated interphase DNA 
and an excess of total and deoxyribonu- 
clease I-resistant fractions from meta- 
phase nuclei (results not shown). These 
experiments show that the active genes 
expressed during interphase are in a de- 
oxyribonuclease Esensitive conforma- 
tion during metaphase. 

This observation is potentially impor- 
tant since it may permit the detection of 
active gene sequences on mitotic chro- 
mosomes present during metaphase. Cell 
preparations rich in mitotic cells were 
fixed and spread 6n microscope slides 
for visualization of mitotic chromo- 
somes. The chromosome mounts were 
incubated in buffer with various concen- 
trations of deoxyribonuclease I, then 
with DNA polymerase in the presence of 
tritiated deoxynucleoside triphosphates. 
The slides could then be autoradio- 
graphed, stained, and examined with the 
light microscope. Grains were observed 
in both interphase nuclei and in mitotic 
chromosomes. As expected, the number 
of observed grains was proportional to 
the extent of deoxyribonuclease I diges- 
tion before labeling (Fig. 2A), indicating 
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that this assay is indeed specific to de- 
oxyribonuclease I-sensitive regions, 
which presumably represent the active 
fraction of the genome. At every deoxy- 
ribonuclease I coricentration, the num- 
ber of grains seen in interphase chromo- 
somes was eauivalent to the number of 
grains appearing for each set of mitotic 
chromosomes on the same slide prepara- 
tion. This supports the biochemical evi- 
dence that deoxyribonuclease I sensitiv- 
ity is quantitatively preserved during 
metaphase. 

The specificity of the nick translation 
labeling reaction was analyzed by label- 
ing mitotic chromosome preparations at 
low deoxyribonuclease I concentrations 
in order to obtain approximately one or 
two grains per chromosome. Since each 
mitotic chromosome consists of two 
identical chromatids, most of the label 
might be expected to be symmetrically 
placed on the two sister chromatids of 
each chromosome. In fact. more than 70 
percent of the grains were'found side by 
side (Fig. 2B). 

Active genes in dividing cells have 
generally been found in a deoxyribom- 
clease I-sensitive chromosomal confor- 
mation (5, 8-10). Since most genes are 
expressed during the interphase stage of 

Fig. 2. Nick translation of metaphase chromosomes in situ. (A) Human fibroblast cells growing 
in suspension were synchronized by Colcemid, treated with hypotonic KC1 (0.5 percent) 
solution, fixed with a mixture of methanol and acetic acid (20: l ) ,  dripped on microscope slides, 
and immediately washed with nick translation buffer (see Fig. I). These slides, which contained 
mitotic chromosomes as well as interphase nuclei, were treated with several concentrations of 
deoxyribonuclease I in nick translation buffer for 15 minutes at room temperature. The slides 
were then washed and incubated in the same buffer containing DNA polymerase and the 
deoxynucleoside triphosphates, as described in the legend to Fig. 1B. After this labeling 
procedure, slides were dipped in emulsion and autoradiographed after 1 or 2 days (15). The 
numbet of grains appearing in nuclei (a) or on chromosome spreads (0) was then determined, 
and the background level of four grains per cell obtained without deoxyribonuclease I treatment 
was subtracted from the data. The fact that this curve does not pass through the origin probably 
indicates that the generation of nicks in chromosome DNA is not linear wsh deo~~hbonuclease 
I concentration. (B) Slides rich in metaphase chromosomes were prepared and nick-translated 
with deoxyribonuclease I at a concentration of 7 ng/ml to obtain approximately one or two 
grains per chromosome. After autoradiography, the preparations were stained with Giemsa and 
photographed. The chromosomes shown were selected from two separate cells. Many 
chromosomes in these cells were completely unlabeled and some chromosomes contained 
isolated grains. Seventy percent of the grains from each cell were found to be symmetrically 
placed on sister chromatids. The chromosome shown in the upper left position was from a cell 
labeled with a higher concentration of deoxyribonuclease I to a level of about ten grains per 
chromosome. 
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the cell cycle, it was not clear whether 
the active conformation is present exclu- 
sively during the interphase or also dur- 
ing cell metaphase, when most genes are 
temporarily silent. It had been demon- 
strated earlier that metaphase chromo- 
somes have a nucleosomal structure sim- 
ilar to that of interphase cells (11). Our 
studies show that the deoxyribonuclease 
I-sensitive conformation associated with 
gene expression is an integral part of the 
gene environment during all stages of the 
cell cycle regardless of the activity of the 
gene. Although we have shown this only 
for cells growing in culture, it is probably 
true for somatic cells in general. 

The deoxyribonuclease I-sensitive 
conformation is transferred to newly 
synthesized DNA during the process of 
replication, and in this way, this special 
structure is carried on from generation to 
generation (12). Once formed, this con- 
formation appears to be quite stable and 
is retained even during metaphase, when 
genes are relatively inactive. This is con- 
sistent with the idea that deoxyribonu- 
clease I sensitivity is correlated with 
potential gene activity and is retained 
even when the gene is temporarily silent. 
The hemoglobin gene, for example, is 
deoxyribonuclease I-sensitive in avian 
erythrocytes, even though the cells have 
ceased to transcribe hemoglobin RNA 
(I). Furthermore, erythroleukemia cells 
have deoxyribonuclease I-sensitive he- 
moglobin genes both before and after 
induction with dimethyl sulfoxide (8). All 
active genes have been shown to be 
sensitive to nuclease action to the same 
degree regardless of the extent of activi- 
ty of the particular gene (3). Thus, while 
this conformational marker indicates po- 
tential activity, factors other than deoxy- 
ribonuclease I sensitivity appear to be 
involved in the regulation of gene 
expression. 

The technique of nick translation of 
mitotic chromosomes should be useful 
for identifying and mapping active re- 
gions of the genome. In preliminary ex- 
periments, we have succeeded in using 
this technology to identify the active add 
inactive X chromosomes in female fibro- 
blast cells and have characterized sever- 
al specific locations on homologous 
autosomal human chromosomes that ap- 
pear to be in an active conformation. 
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Spiking Local Interneurons Mediate Local Reflexes 

Abstract. A local spiking interneuron in the locust is excited by particular sensory 
stimulation of a hind leg and forms an inhibitory connection with one hind leg motor 
neuron. Its behavioral effect is to mediate a local postural rejlex. This interneuron is 
one of a population of interneurons with similar morphology and physiology that 
participate in the same local circuits as  the better known nonspiking local interneu- 
rons. 

Local interneurons outnumber princi- 
pal interneurons within the central ner- 
vous systems of vertebrates and arthro- 
pod invertebrates, but relatively little is 
known about their physiological proper- 
ties (1-3). Recently, however, it has be- 
come possible in some arthropods to 
study the same local interneurons in dif- 
ferent individuals, and in the locust in 
particular to record simultaneously from 
these interneurons and from other neu- 

rons pre- or postsynaptic to them (4, 5). 
In the segmental ganglia of arthropods, 
most local interneurons described are 
nonspiking ones, which coordinate and 
control patterned motor activity ( 4 , 6 ,  7). 
Only one spiking local interneuron has 
been characterized, the omega neuron in 
the prothoracic ganglion of the cricket, 
which responds to auditory stimuli (8). 
Many more spiking local interneurons 
have been described in the brains of 

Fig. I. Drawings of a spiking local interneuron in the metathoracic ganglion of the locust, 
stained by the intracellular injection of cobalt with subsequent silver intensification. An 
interneuron with this morphology and with the same physiological properties has been stained 
in four locusts. (a) The right half of the ganglion, viewed dorsally, showing the more ventral 
branches of the interneuron. Stippling indicates the two regions in which cell bodies of spiking 
local interneurons have been found that are affected by the right leg. (b) The same view of the 
ganglion, showing the more dorsal branches of the interneuron; the major ventral branches are 
stippled. (c) The ganglion viewed from the side, showing the ventral and dorsal extent of the 
branches. The extent of the neuropil is indicated by the dashed line. The edge of the most 
posterior-medial branching coincides roughly with the boundary between the thoracic and 
abdominal portions of this fused ganglion. Lateral nerves 1 to 6 are numbered; more posterior 
ones are omitted. The paired anterior connectives to the next segmental ganglion are at the top. 
The drawings were made of the whole ganglion with the aid of a camera lucida attached to a 
compound microscope. 
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