
input produced local postsynaptic changes 
in the target neuron that increased eficiency 
of VL input heterosynaptically (18). 

Our results indicate that associative LTP 
is induced only in neurons in the superficial 
layers, which contain only noncorticofugal 
neurons, many of which are local interneu- 
rons. These neurons receive nonspecific in- 
put from the VL (19) but specific input 
from the SCx (20).This result suggests that 
associative LTP is produced only in intra- 
cortical neurons, which then modulate the 
activity of a small group of cortical efferent 
neurons. 

One possible role of associative LTP in 
motor learning may be the following: In the 
early stages of learning a motor skill, a set of 
movements is practiced slowly, with heavy 
reliance on sensory feedback. After repeated 
practice, the movement becomes faster and 
snloother, and eventually the sensory feed- 
back becomes unnecessary. At this stage, 
removal of the SCx does not impair the 
learned motor skills (8). It is possible that 
the function of CC LTl' is to facilitate 
learning and retention of motor skills and 
the latter function is transferred to VL LTl' 
as the learning proceeds. 

~- ~-
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The Mechanism of DNA Transfer in the Mating 
System of an Archaebacterium 

The genetic transfer system in the extremely halophilic archaebacterium Halobacterium 
volcanii is the only archaebacterial mating system known. The mechanism of genetic 
transfer of this archaebacterium was studied by using the immobile plasmids pHV2 
and pHVll as cytoplasmic markers. It was found that the cytoplasms of the parental 
types do not mix during the mating process, that each parental type can serve both as a 
donor and as a recipient, and that cytoplasmic bridges, with dimensions of up to 2 
micrometers long and 0.1 micrometer in diameter, were formed between the parental 
types. These bridges appear to be used for the transfer of  DNA from one cell to 
another. If so, this archaebacterial mating system is Werent from both eubacterial 
conjugation and eukaryotic sexual cell fusion. 

F INDINGS IN COMI'AKATIVE TAXONO- 

my led to the division of prokaryotes 
into distinct urkingdoms, that of the 

eubacteria and that of the archaebacteria (1). 
This division was based on a comparison of 
T1  catalogs of 1 6 s  and 23s ribosomal 
RNAs, characteristic features of the cell 
envelope, membrane lipids, and the DNA- 
dependent RNA polymerases. A similar 
comparison between archaebacteria and eu- 
kaqlotes appears to indicate several common 
characteristics. For example, as in yeast, 
some archaebacteria contain introns in 
transfer RNA genes (4,and the RNA poly- 
merase of archaebacteria shows a consider- 
able immunological cross-reactivity to the 
RNA polymerase of yeast (3). Most of the 
archaebacteria grow in unusual ecological 
niches: methanogens are strictly anaerobic, 
the sulfur-metabolizing archaebacteria are 
thermoacidophilic, and the halobacteria 
grow only in concentrated salt solutions. 

The archaebacterial genome resembles the 
eubacterial genome it1 its size and comples- 
ity (1 x 103 to  3 x lo3 kb) (4). However, 
the lack of a well-developed genetic analysis 

l~epartrner~tof Mlcroblology, George S. W ~ s e  Faculty of 
r.,fc Sciences, Tel University, Ramat A\riv, 69978 
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system has restricted functional studies of 
the archaebacterial DNA. The extremely 
halophilic archaebacteria of the genus Halo-
bactrviurn are probably the best model system 
for the study of the genome organization in 
archaebacteria. These bacteria are easy to 
grow and maintain, and auxotrophic mu- 
tants are readily ol>tainable. 

The existence of a natural genetic transfer 
system in Halobacteviurn volcanii has been 
demonstrated (5 ) .This transfer system has 
the following characteristics: it requires 
physical contact between the two parental 
cells, the two parental cells have to be alive, 
and no distinction can be made between 
donor cells and recipient cells. This system is 
the only genetic transfer system known so 
far for archaebacteria. 

Eukaryotic organisms and eubactcria use 
different basic strategies for cell contact- 
dependent DNA transfer. In all eukaryotes, 
two haploid cells fuse to form one diploid 
ccll. In eubacteria, cell contact-dependent 
DNA transfer (conjugation) involves pore 
formation between juxtaposed donor and 
recipient cells (6).  We examined the basic 
strategy of cell contact-dependent DNA 
transfer in archaebacteria. 

Cytopla~mic markers are used to &stin- 
guish between the two DNA transfer mech- 
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Flg. 1. Colony hybridization analysis of the pm-  
ence of pHV2 (A2 and B2) and pHVll (All 
and B11) in % recombiant colonies generated 
by crossing WR358 and WR344 (13). The loca- 
tion of the parental type con& is indicated by 
(+) for the positive control WR358 and by (-) 
for the negative control WR344. Colonies that 
hvbridize strondv with D H V ~  and faintly with 
phv11 were U e r  tesied for the presence of / 
pHVll by plasmid preparations. In all cases, the 
colonies contained both pHV2 and pHVl1. Ha- 
lobacterium volcanii strains were crossed by a previ- 
ously described prot0~01(.5), with minor mod%- 
cations. Cells were grown to absorbance of 0.8 to 
1.2 (measured at 550 nm) in complete medium; 
then filmed 0.5 through ml of each a nitroceUulose parental type filter was mixed (diameter and 30 - % % -  

L . * '  
25 mm, BA85, Schleicher & Schuell, Keene, New 9 
Hampshire). The filters were placed on complete 
medium agar plates and incubated for 18 to 24 
hours at 42°C. For segregation, the filters were removed and placed in 5 ml of complete medium, and 
the cultures were suspended by vigorous shakmg. The suspended cultures were then grown for 24 to 36 
hours in a shaker at 37°C. Before being plated for selection, the cells were washed twice with SMT 
(3.5M NaCI, 0.15M MgS04, and 10 mM nis-HCI, pH 7.2). Recombi t s  were recovered &r 8 days 
of incubation. Both parental types were tested for reversion in the same way as the recombiiants. 

anisms. If cells fbse before recombination, 
all the recombinants have the cytoplasmic 
markers of both parents. If, however, the 
chromosomes are transferred by conjuga- 
tion, half of the recombinants have the 
markers of one parent and half have the 
markers of the other parent. When plasmids 
are used as cytoplasmic markers, the results 
of the crossing experiment can be conclusive 
only if the plasmids are immobile and the 
bacteria use a conjugation-like mechanism. 
If all the recombinants are found to contain 
the plasmids (apparently proving the fusion 
mechaniim), it could be argued that the 
plasmids are conjugative and move with the 
chromomme through the conjugation 
"bridge." 

The strains WR335 (7) [containing the 
plasmids pHV2 and pHVll  (8)] and 
WFDl 1 [which does not contain these plas- 
mids (9)] were mutagenized, and auxo- 
trophic strains were isolated. The auxo- 
trophic strains WR358 (containing the two 
plasmids and requiring serine for growth) 
and WR344 (requiring purines for growth) 
were crossed and recombinants were recov- 
ered, at a normal frequency (lo), on minimal 
selective plates. When 96 recombinants 
were analyzed for the presence of p W 2  and 
p W l l  by in situ colony hybridization, 
only 50 of the recombiiants contained both 
plasmids p W 2  and pHVl1; the other 46 
recombinants did not contain either of these 
plasmids (Fig. 1). S i l a r  results were found 
when other strains were used for the same 
type of experiment [WR359 (containing the 
two plasmids and requiring methionine for 
growth) crossed with WR338 (requiring 
arginine for growth)]. 

These results demonstrate that the plas- 
mids pHV2 and pHVll  are not mobilized 
by the DNA transfer system and therefore 

are suitable cytoplasmic markers; that cell 
h i o n  is not involved in the DNA transfer, 
and therefore only chromosomal genetic 
infbmtion moves from one cell to the 
other; and that both parental types can serve 
as donor and as recipient. In 50% of the 
cases the cells that contained the two plas- 
mids were the recipients and in 50% of the 
cases the cells that did not contain any 
plasmid were the recipients. 

The natural DNA transfer system of H. 
volcanii is most e5cient when the cells are 
mated on solid support (5). In the original 
description of this archaebacterium, Mullak- 
hanbhai and h e n  (11) showed that cells 
that grow on solid support appear to be 
connected to each other by intercellular 
bridges. These bridges maintain cytoplasmic 
continuity between the two connected cells 
and are made of the regular H. volcanii 
membrane and cellular envelope. They inter- 
preted this phenomenon as a failure in the 
completion of cell division. If so, we should 
not find more than one bridge connecting 

Flg. 2. Scanning electron microscopy of the inter- 
cellular bridges. (A and B) Pairs of cells that are 
connected by more than one bridge. (C) A net- 
work of cells co~cted by intercellular bridges. 
scale bar in (A), (B), and (C), 1 pm. H a l ~ b a ~ u m  
volcanii cells grown on solid support (agar plates) 
were scraped from the plates and were suspended 
in S m ,  100 pl of suspension was mounted on 
cover slips coated with polylysine (14). After 1 
hour of incubation at room temperature, excess 
cells were moved  and mlaced with 100 d of 
2% gluddehyde in SMT. The preparah~ns 
were incubated for 1 hour at room temoerature 
and then washed with water. The fixed dlls were 
dehydrated through a gradient series of ethanol- 
water a+ ethanol-Freon TF and coated with 
carbon. A scanning electron microscope (JEOL- 
840; JEOL, U.S.A., Peabody, Massachusetts) 
operating at 30 kV was used for examining the 
cells. 

any two cells. However, if these bridges are 
made de novo, more than one bridge might 
be fbrmad between adjacent cells. Scanning 
electron m i m p y  (SEM) showed that 
many pairs of cells are connected by more 
than one bridge (Fig. 2, A and B). Moreover, 
many H. volcanii cells fbrm a network of 
intercellular bridges (Fig. 2C). These results 
suggest that solid support or contact between 
ceh induces differentiation of the unicellular 
H. volcanii cells into the network fbrm. 

We fiuther predicted that if H. volcanii 
cells grown on solid support are connected 
by continuous cytoplasmic bridges, destabi- 
lization of the bridges would cause cells to 
fke. Cell fusion could be monitored by 
using the plasmids p W 2  and pHVll  as 
cytoplasmic markers, as in the first expcri- 
mat .  If cell fusion occurred, all the recom- 
binants would contain the two ~lasmids. 
The cytoplasmic bridges were dekbilized 
by lowering the ~ 8 '  concentration to 
remove the cell envelopes (12). 

Two auxotrophic mutants, WR358, 
which contains the plasmids p W 2  and 
pHVl1, and WR34-4, which does not con- 
tain them, were crossed on two nitrocellu- 
lose filters. The culture on the filter that was 
used as a control was suspended and plated 
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for recombinant selection on minimal dates. 
n ,  

as in the first experiment. The envelopes of 
the cells on the other filter were removed 
before suspending the cells and plating for 
selection on minimal medium. A 100-fold 
increase in recombinant recovery was ob- 
served when cell envelopes were removed 
before plating. All 24 of the recombinant 
colonies recovered from the second filter 
contained both pHV2 and pHV11, as 
shown by colony hybridization (Fig. 3). Of 
the 24 recombinant colonies recovered tiom 
the control filter, 16 contained both plas- 
mids and 8 did not contain any of them. 
This result shows that (i) removal of the 
envelopes of cells grown on solid support 
allowed the cells to fuse, probably as a result 
of destabilization of the structure of the 
cytoplasmic bridges; (ii) cells originating 
from WR344 were fused to cells originating 
from WR358, suggesting that cytoplasmic 
connections were formed de novo between 
cells originating from the two strains, and 
(iii) the increase in recombination frequency 
due to cell fusion shows that the bridging 

Fig. 3. The prexnce of (A) pHV2 and (8) 
pHV11 in 48 recombinant colonies generated by 
crossing WR358 with WR344 was examined by 
colony hybridization (13). Crasscs were per- 
formed as described in the legend of Fig. 1 on two 
separate filters. The culture on one of the filters 
was immersed in 1M NaCI for 30 min bdbre the 
cells were suspended and plated. This treannent 
caused the cell envelopes to discxiate and the cells 
to become sphemplasts (8). The upper 24 colo- 
nies in (A) and (B) originated from this treated 
filter; the lower 24 colonies in (A) and (B) serving 
as a control originated from the untreated filter. 

frequency is higher than the DNA transfer 
fkquency. The same conclusion could be 
made by comparing the bridging frequency 
in the SEM images to the efficiency of the 
genetic transfer. 

From the data described above, the fol- 
lowing model for the mechanism of DNA 
transfer in H. volcanii is proposed: cytoplas- 
mic bridges are formed between the cells. In 
this process the membranes and envelopes 
of the cells fuse to form cytoplasmic conti- 
nuity between the two cells. The dimensions 
of these bridges are up to 2 pm long and 0.1 
pm in diameter. The cells are not fully fUsed 
and their cytoplasms do not mix, as is the 
case in the sexual fusion of eukaryotic cells. 
The cytoplasmic continuity between H. vol- 
canii cells seems to be restricted to the 
movement of certain molecules. Although 
chromosomal DNA moves through the 
bridges, the plasmids pHV2 and pHV11 do 
not move through the bridges. 

The H. volcanii mating system has a h c -  
tional resemblance to the eubacterial conju- 
gation system in that cytoplasmic markers 
cannot be transferred in the process. How- 
ever, the cytoplasmic bridges are a distinc- 
tive propcrry of the halobaaerial system. 
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Type I and Tgpe 11 GAB&-Bemodhepine 
Receptors Produced in Transfected Cells 

' e receptors expressed in mammalian GABAA (y-aminobutyric acid A)-- 
cells and assembled h m  one of three difFmnt a subunit variants (a], a2,  or  a3) in 
combiaation with a and a y j  subunit display the pharmacological pmperties of 
either type I or type II receptor subtypes. These receptors contain high-afEnity binding 
sites for beazodiazepines. However, CL 218 872, 2-0xoquazepam, and methyl f3- 
carboline-3-carboxylate (f3-CCM) show a temperature-modulated selectivity for a1 
subunit-containing receptors. There were no significant differences in the binding of 
donazcpam, diazepam, Ro 15-1788, or  dim&oxy4ethyl-f3-carboline-3~xylate 
@MCM) to all three recombinant reqtms. Receptors containing the a3 subunit 
show greater GABA potentiation of -ine binding than receptors containing 
the al or  a 2  subunit, indicating that there are subtypes within the type 11 class. Thus, 
diversity in b e w d i a q i n e  pharmacology is generated by hetemgeneity of the a 
subunit of thc GABAA receptor. 

activity of the GABA-gated chloride -ent of Moleculv N m w ,  Zen- 
tnun Rir M + d a r c  Biol 'e, Univecsiat H d b a g ,  GABA~ rw Im Namhcma Fdd 2823-6900 Heidelbaz. Federal 

tors (1).  Although mast benzodiqines Republic of Camany. ' 
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