
Cis- and Trans-Acting Transcriptional 
Regulation of Visna Virus 

Abstract. Visna virus is a pathogenic lentivirus of sheep that is related to human T- 
cell lymphotropic virus type IZI (HTLV-III), the probable etiologic agent of the 
acquired immune deficiency syndrome (AIDS). The transcriptional activity of visna 
virus promoter and enhancer sequences was studied by means of an assay based on 
the transient expression of the bacterial gene chloramphenicol acetyltransferase 
(CAT). The results suggest that the high level of expression of visna virus is due in 
part to cis-acting enhancer sequences that give the viral promoter a high level of 
transcriptional activity. In addition, the rate of transcription from the visna virus 
promoter situated in a plasmid expressing the CAT gene was much greater in 
infected than uninfected cells. This phenomenon of trans-acting transcriptional 
activation may involve either virally or cellularly encoded factors. 
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The lentiviruses are a group of non- 
oncogenic retroviruses that produce a 
variety of chronic progressive diseases 
with unusually long incubation periods. 
Visna virus, the prototype of this group 
of so-called "slow" viruses, causes 
chronic pneumonitis and a progressive 
demyelinating disease in sheep months 
to years after the initial infection (1). 
Interest in visna virus has increased con- 
siderably with the discovery by Gonda et 
al. (2) that the virus is morphologically 

similar to and shares sequence homology 
with human T-cell lymphotropic virus 
type I11 (HTLV-111), the presumptive 
etiologic agent of the acquired immune 
deficiency syndrome (AIDS) (3). 

Visna virus replicates to high titers in 
tissue culture, eventually killing its host 
cell, a feature that distinguishes it from 
most other retroviruses. This high level 
of expression suggests that the visna 
virus promoter sequence has a high tran- 
scriptional rate in infected cells. Regula- 
tion of such transcription may depend on 
the promoter containing strong enhancer 
sequences-segments of DNA that in- 
crease the transcriptional rate of proxi- 
mal promoters in a manner relatively 
independent of position and orientation 
(4). In addition, regulation may be 
achieved through the production of 
trans-acting transcriptional activators 
(5-8). Studies on HTLV-I, a virus asso- 
ciated with adult T-cell leukemia (5), 
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Fig. 1. (Top) Organization of 
the proviral form of visna vi- 
rus DNA. Positions of the 
g a g ,  pol, and env coding re- 
gions are approximate. The ar- 
row indicates the position of 
the Hind 111-Sst I fragment 
used for sequencing, and for 
construction of recombinant 
plasmids. The cloning of visna 
virus from unintegrated DNA 
has been described (26). (Bot- 
tom) Nucleotide sequence of 
the Hind 111-Sst I DNA frag- 
ment spanning the U3 region 
of the visna virus 3' LTR. This 
fragment was subcloned into 
bacteriophage MI3 (27) and 
sequenced by the method of 
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HTLV-11, which is associated with hairy 
cell leukemia (5), HTLV-I11 (6 ) ,  and bo- 
vine leukemia virus (BLV), which is 
associated with B-cell leukemia of cattle 
(7, 8), indicate that transcription from 
the long terminal repeats (LTR's) of all 
of these viruses is much greater in infect- 
ed than uninfected cells. Recently, tran- 
scription from the Rous sarcoma virus 
(RSV) promoter was shown to be in- 
creased by a product of the gag gene, 
providing further evidence for trans-act- 
ing factors playing a role in the regula- 
tion of retroviral transcription (9). 

Here we report the nucleotide se- 
quence of the U3 region of visna virus, 
and present evidence that both cis-acting 
enhancer sequences and trans-acting 
transcriptional activating factors contrib- 
ute to the high rate of visna virus tran- 
scription in infected cells. 

Promoter and enhancer sequences that 
govern the initiation and rate of retro- 
viral RNA transcription are located with- 
in the U3 region of the retroviral LTR (4, 
10) (Fig. 1, top). The nucleotide se- 
quence of this region of visna virus (Fig. 
1, bottom) shares little homology with 
other retroviruses, including BLV, 
HTLV-I, HTLV-11, or HTLV-111, or 
other retroviruses isolated from AIDS 
patients (11). Eukaryotic and viral pro- 
moters often contain the sequence 
CCAAT 70 to 90 base pairs (bp) 5' to the 
cap site (the start site for RNA transcrip- 
tion) (12), and the sequence T A T A ~ A ~  
(the TATA box) 20 to 30 bp 5' to the cap 
site (13). Sequences similar to the 
CCAAT consensus sequence appear in 
the visna LTR beginning with bases 352 
(CAAAT) and 364 (CAAGT). A well- 
defined TATA box (TATATAA) begins 
with base 438. On the basis of the posi- 
tion of these promoter elements we place 
the cap site on a guanine residue some- 
where between bases 460 to 480. There is 
no polyadenylation signal in this se- 
quence. 

Enhancer sequences of retroviruses 
often appear as short (40 to 80 bp) tan- 
demly repeated sequences located 100 to 
250 bp upstream from the RNA cap site. 
The U3 region of visna virus contains a 
pair of 43-bp perfect tandem repeats 
spanning the region approximately 100 to 
180 bp upstream from the putative cap 
site. These repeats do not contain a good 
example of the "core" sequence 
GTGG+++G which is found in many 
viral and eukaryotic enhancers (4), but 
the juxtaposition of the tandem repeats 
with classical promoter elements strong- 
ly suggests that they function as en- 
hancer sequences. 

We tested the ability of visna virus 
sequences to function as a promoter by 
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constructing plasmids in which portions 
of the U3 region of the virus containing 
either one (pVIS1CAT) or both (pVIS- 
2CAT) 43-bp tandem repeats, including 
the region containing the TATA 
box, were inserted 5' to the bacterial 
gene chloramphenicol acetyltransferase 
(CAT) (Fig. 2) (14, 15). These plasmids 
were transfected into a variety of eu- 
karyotic cells by the DEAE-dextran 
method (16) coupled with an osmotic 
shock (10 percent dimethyl sulfoxide) 
(17, 18). The CAT activity of cell ex- 
tracts was measured by an enzyme assay 
48 hours later (19). CAT activity is close- 
ly correlated with CAT-related messen- 
ger RNA at this time (14,15), providing a 
sensitive way to quantitate the transcrip- 
tional rate of transfected plasmids. 

The plasmids pSV2CAT and 
RSVCAT, containing the SV40 early re- 
gion promoter and RSV promoters, re- 
spectively, 5' to the CAT gene (14, 15), 
were included in the assays along with 
plasmids containing visna viral se- 
quences for comparison (Table 1). The 
percentage conversion of I4C-labeled 
chloramphenicol to its acetylated deriva- 
tives per hour of incubation was normal- 
ized to the percentage conversion by 
pRSVCAT. The results (Table 1) indi- 
cate that the visna promoter, with either 
one (pVISlCAT) or both (pVIS2CAT) 
43-bp tandem repeats, directed high and 
equivalent levels of transcriptional activ- 

Fig. 2. Construction of plas- 
mids that express the bacterial 
CAT gene under the transcrip- 
tional control of visna promot- 
er sequences. pSV2CAT con- 
tains the CAT gene 3' to the 
SV40 early region promoter 
(14). pVIS2CAT is derived 
from pSV2CAT by replacing 
the SV40 promoter and 
pBR322 sequences between 
the Acc I and Hind I11 sites 
with a 488-bp Hind III-Sst I 
fragment of visna DNA con- 
taining promoter sequences 
and both tandem repeats. The 
ends of both the vector and 
insert were made blunt ended 

B S ~ E  1 1  Hha I sst by using Klenow enzyme and 
pVlS lCAT  TATA- T4 DNA polymerase, and 

were joined so the Hind I11 

BstEl l  Hha l Sst  I 
end of the viral insert was li- 
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insert was ligated to the Hind 
111 end of the insert. pVISlCAT was derived from pVIS2CAT by cleaving with Nde I and Bst 
EII, deleting 50 bp of pBR322 sequence and 170 bp of 5' visna virus DNA. The endonuclease- 
cut plasmid was treated with Klenow enzyme and religated. This plasmid contains 170 bp of 
visna DNA which includes one 43-bp repeat and the downstream viral promoter elements. All 
plasmids were gradient-purified prior to use in transfections. 

ity in a variety of cell types. In mouse L 
cells, the CAT activity directed by pVIS- 
lCAT and pVIS2CAT was comparable 
to that directed by pSV2CAT. The re- 
sults were similar in H9 cells, a human T- 
lymphocyte cell line in which HTLV-I11 
replicates to high titers. In sheep choroid 
plexus (SCP) cells and SV4O-trans- 

formed sheep macrophages (both being 
cells in which visna virus replicates) the 
levels of CAT activity directed by pVIS- 
lCAT or pVIS2CAT were more than 
tenfold higher than pSV2CAT. 

The presence of 43-bp tandem repeats 
upstream from classical promoter ele- 
ments suggested that these repeats might 

Table 1. Transient expression of the CAT gene in uninfected and visna virus-infected cells. The results represent the average of a minimum of 
three separate transfections and are expressed as the ratio of the percentage conversion of chloramphenicol to its acetylated forms by a given 
plasmid, compared to the percentage conversion directed by pRSVCAT in cells transfected in parallel. Results were highly reproducible with 
variation between values less than 40 percent in most cases. For the methods used for transfections and CAT assays, see (18, 19). 

Cell type pVISlCAT pVIS2CAT pSV1-3'CATs pSV1-3'CATa pSVlCAT pSV2CAT pRSVCAT 
Visnalvisna* Visndvisna* VisndSV40* Visna/SV40* SV40t SV40/SV40* RSVIRSV* 

Mouse L cells 10.1 9.4 9.7 2.9 0.1 12.6 1 .O 
Human H9 cells 0.6 0.5 1 .O 
Goat synovial 2.6 2.8 1.3 1 .O 

membrane (GSM) 
Sheep alveolar 

macrophages 
Uninfected 11.2 12.0 0.5 1 .O 
Infected 40.0 33.9 1.0 1 .O 

SCP cells 
Uninfected 12.0 10.0 0.7 0.6 0.4 1.8 1 .O 
Infected 83.7 69.9 5.2 2.2 0.6 5.0 1 .O 

*Enhancer/promoter. tPromoter. 

Table 2. Expression of the CAT gene directed by plasmids with an SV40 promoter and visna enhancer sequences. The L cells were transfected as 
described in the text with the plasmids described in Fig. 2. The results represent the average of three separate transfections and are expressed as 
the ratio of the percentage conversion of chloramphenicol to its acetylated forms by a given plasmid compared to the percentage conversion by 
pSV1CAT. The range of values observed for each plasmid is indicated in parentheses. 

CAT activity related 21.9 6.8 68.7 20.7 1 .O 89.1 
to pSVlCAT 

Range of values (15.8-26.3) (6.0-7.6) (57.7-81.7) (17.6-25.0) (70.6-1 10.5) 

*Enhancer/promoter. +Promoter. 
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Fig. 3. Construction of plas- 
mids for testing the ability of 
visna virus sequences to en- 
hance transcription from the 
SV40 promoter. pSVl CAT 
has an SV40 promoter deleted 
of enhancer sequences and 
was derived from pSV2CAT 
by deleting sequences from 
Acc I to the distal Sph I site. A 
457-bp Hind 111 to Alu I visna 
fragment containing both 43- 
bp tandem repeats (in addition 
to viral promoter sequences) 
was inserted into pSVlCAT at 
the Nde I site in either the 
sense (pSV1-5's) or antisense $ 
(pSV1-S'a) orientation; this a 

fragment was also inserted 
into the Bam HI site in either the sense (pSV1-3's) or antisense (pSV1-3'a) orientation. Plasmids 
were constructed by treating both the vector and viral DNA insert with Klenow enzyme, 
followed by blunt end ligation as described (29). Plasmids were gradient-purified prior to use in 
transfections. 

function as enhancer sequences. We 
next examined the ability of these se- 
quences to enhance transcription from 
an SV40 promoter from which its own 
enhancer sequences had been deleted. 
Plasmids were constructed with the 
visna U3 region inserted both 3' and 5' to 
the SV40 promoter in both sense and 
antisense orientations (Fig. 3). These 
plasmids were transfected into mouse L 
cells, and CAT activity was measured 48 
hours later. The results are expressed as 
the ratio of the percentage acetylation of 
14C-labeled chloramphenicol by a given 
plasmid divided by the percentage acety- 
lation by pSVlCAT, a plasmid contain- 
ing the "enhancer-less" SV40 promoter 
without any visna virus DNA insert (Ta- 
ble 2). These data show that the visna 
insert, which contains both 43-bp re- 
peats, functions as a strong enhancer. As 
has been found in other viruses (20), the 
enhancer sequences showed an orienta- 
tion preference, working three to four 
times better in the sense as opposed to 
the antisense orientation. The visna vi- 
rus enhancer sequences are unusual in 
that they appear to function better when 
positioned downstream rather than 5' to 
the SV40 promoter. 

The trans-acting transcriptional acti- 
vation recently described in the human 
T-cell lymphotropic viruses, BLV, and 
Rous sarcoma virus (RSV) prompted us 
to look for a similar activation of the 
visna promoter in infected cells. We in- 
troduced the plasmids already described 
into SCP cells and alveolar macrophages 
24 hours after they were infected with 
visna virus. In SCP cells, the CAT activi- 
ty directed by pVISlCAT (containing 
the visna promoter and one 43-bp repeat) 
was substantially higher in infected than 
uninfected cells (Table 1). In infected 
SCP cells, the ratio of the activity direct- 
ed by pVISlCAT to that directed by 

pRSVCAT was approximately sevenfold 
greater than the ratio in uninfected SCP 
cells. The amount of CAT activity in 
infected macrophages was roughly three 
times higher than that in uninfected cells. 
Results for SCP cells and macrophages 
are the average of three separate trans- 
fections. Variation among values was 
less than 40 percent in infected cells and 
less than 30 percent in uninfected cells. 
To ensure that these effects were not due 
to differences in DNA uptake between 
infected and uninfected cells, DNA dot 

Fig. 4. A representative CAT assay on infect- 
ed and uninfected SCP cells. SCP cells were 
either infected or "mock" infected with visna 
virus strain 15 14 at a multiplicity of 0.1 infec- 
tious unit per cell. The cells were transfected 
24 hours later, and collected for CAT assay 72 
hours after infection. Infected and uninfected 
cell extracts contained equivalent amounts of 
protein and equal amounts of plasmid DNA as 
determined by DNA dot blots. Lane 1, pVIS- 
lCAT (uninfected); lane 2, pSV2CAT (unin- 
fected); lane 3, pVISlCAT (infected with 
visna virus); and lane 4, pSV2CAT (infected 
with visna virus). 

blots were done to quantitate the amount 
of plasmid DNA in infected and uninfect- 
ed cells 3, 24, and 48 hours after trans- 
fection. These dot blots confirmed that 
DNA uptake in infected and uninfected 
cells was equivalent, and also showed 
that the plasmids did not replicate in 
either group of cells. 

The results of the CAT assays indicate 
that the visna virus promoter is not de- 
pendent on virally encoded or induced 
trans-acting factors for activity. The high 
transcriptional activity of the visna LTR 
can be explained in part by the presence 
of strong enhancer sequences, probably 
contained within the 43-bp tandem re- 
peats of the viral promoter. That the 
visna LTR can direct high levels of CAT 
activity in both fibroblastic and lym- 
phoid cells suggests that the visna en- 
hancer sequences show relatively little 
tissue specificity and in this respect are 
similar to those of SV40. 

In addition to increasing transcription 
from the visna promoter, cells infected 
with visna virus also activate transcrip- 
tion from the promoter of caprine arthri- 
tis-encephalitis virus (CAEV) (21), an- 
other macrophage-tropic lentivirus, to 
the same extent as the visna promoter. 
Since the sequences of the U3 regions of 
the two viruses are somewhat divergent, 
but their tandem repeats are closely ho- 
mologous, it seems likely that the trans- 
acting factor interacts with these puta- 
tive enhancer sequences. In SCP cells 
infected with visna, transcription from 
the SV40 promoter was consistently in- 
creased (typically two- to threefold), 
whereas transcription from pRSVCAT 
was unaffected. This indicates that there 
is some latitude in the ability of the 
trans-acting factor to activate transcrip- 
tion from promoters other than the viral 
LTR. The result is similar to that for the 
RSV encoded trans-acting factor, which 
activates transcription of the rat pre- 
proinsulin I1 gene in addition to the RSV 
LTR (9). 

The magnitude of transcriptional acti- 
vation by visna virus infection is not as 
large as observed for HTLV-I, HTLV- 
11, HTLV-111, and BLV (5-8). We be- 
lieve that the degree of activation ob- 
served in visna-infected SCP cells is lim- 
ited in part by the cytopathic effects of 
virus replication. The absence of the R 
region in the visna viral DNA used to 
transcribe the CAT gene in our experi- 
ments may also have limited the extent 
of trans-activation we observed. Work 
by Derse et al. has shown that trans- 
acting transcriptional activation of the 
BLV promoter is reduced by almost 90 
percent when most of the R region of the 
viral LTR is deleted (8). 
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The phenomenon of trans-acting tran- (1980); J. M. Pyper et al. ,  J .  Virol. 51, 713 
f 1 QQA) 

scriptional activation occurs in several 
DNA viruses. Transcription from the 
adenovirus early transcriptional units is 
increased by the Ela gene product (22), 
and similar transcriptional enhancement 
occurs with the immediate early gene of 
herpes simplex virus type I (23). There is 
also evidence that the SV40 T antigen 
activates transcription of late region 
genes of SV40 (24). The recent discovery 
of trans-acting transcriptional activation 
in several retroviral systems has prompt- 
ed speculation that these viruses, like 
some DNA viruses, code for their own 
trans-acting enhancer proteins (5-7). In 
support of this theory, spliced RNA tran- 
scripts and protein products encoded by 
additional open reading frames have 
been detected in some infected cells (25). 
In the case of RSV, a region of the viral 
genome has been identified which acti- 
vates transcription in trans from a plas- 
mid containing the viral LTR (9). Our 
experiments suggest that cells infected 
with visna virus also produce a trans- 
acting factor. However, we have not 
identified a viral gene product responsi- 
ble for transcriptional activation of the 
visna LTR, and we cannot exclude the 
possibility that the trans-acting tran- 
scriptional activator is a cellular protein 
that is induced by viral infection. 

References and Notes 

1. B. Sigurdsson, P. Palsson, H. Grimsson, J .  
Neuropathol. Exp. Neurol. 16, 389 (1957); B. 
Sigurdsson and P. A. Paulsson, J. Exp. Neurol. 
39,519 (1958); A. T. Haase, Curr. Top. Microbi- 
01 .  Immunol. 72, 101 (1975). 

2. M. A. Gonda et al. ,  Science 227, 173 (1985). 
3. M. Popovic et al. ,  ibid. 224, 497 (1984); R. C. 

Gallo et al. ,  ibid., p. 500; J. E. Groopman et al. ,  
ibid. 226, 447 (1984); D. Zagury et al. ,  ibid., p. 
449; D. D. Ho et al. ,  ibid., p. 451; B. Safai et al. ,  
Lancet 1984.1, 1438 (1984); J. Groopman et al. ,  
N .  Engl. J .  Med. 311, 1419 (1984). 

4. Y. Gluzman and T. Shenk, Eds., Enhancers and 
Eukaryotic Gene Expression (Cold Spring Har- 
bor Laboratory, Cold Spring Harbor, N.Y., 
1983); G. Khoury and P. Gruss, Cell 33, 313 
(1983). 

5. J. G. Sodroski. C. A. Rosen. W. A. Haseltine. 
Science 225, 381 (1984). 

6. J. G. Sodroski et al. ,  ibid. 227, 171 (1985). 
7. C. A. Rosen et al. .  ibid.. o. 320. 

D. Derse er al. ,  ibid., p. $17. 
S. Broome and W. Gilbert, Cell 40, 537 (1985). 
H. M. Temin, ibid. 28, 3 (1982). 
L. Ratner et al. ,  Nature (London) 313, 277 
(1985); M. A. Muesing et al., ibid., p. 450; B. 
Starcich et al. ,  Science 227, 538 (1985); R. 
Sanchez-Pescador et al. ,  ibid., p. 484; S. Wain- 
Hobson et al. ,  Cell 40, 9 (1985). 
A. Efstratiadis et al. ,  Cell 21, 653 (1980). 
E. Gilboa et a l . ,  ibid. 16, 863 (1979); F. Gannon 
et al. ,  Nature (London) 278, 428 (1979). 
C. M. Gorman, L. F. Moffat, B. H. Howard, 
Mol. Cell. Biol. 2, 1044 (1982). 
C. M. Gorman et al. ,  Proc. Natl. Acad. Sci. 
U.S.A. 79, 6777 (1982). 
J. H.  McCutchan and J. S. Pagano, J .  Natl. 
Cancer Inst. 41, 351 (1968). 
M. A. Lopata, D. W. Cleveland, B. Sollner- 
Webb, Nucleic Acids Res. 12, 5707 (1984). 
Nearly confluent monolayers of L cells, SCP 
cells (3O), sheep alveolar macrophages (31), and 
goat synovial membrane cells (32) grown in 35- 
mm dishes were transfected by using the DEAE- 
dextran technique coupled with a dlmethyl sulf- 
oxide shock (16, 17). The SCP cells or sheep 
macrophages were infected by adding visna vi- 
rus (strain 1514) 24 hours prior to transfection at 
multiplicities of 0.1 (SCP) or 1.0 (macrophages). 

LUGUST 1985 

Cells to be transfedted were washed with serum- 
free medium and then DNA was added (3 giml 
in 1 ml of serum-free medium containing D ~ A E -  
dextran. 200 ue/ml). After 4 hours at 37°C the 
cells were treaced with 1 ml of Hepes buffered 
saline, p H  7.1 (31) containing 10 percent di- 
methvl sulfoxide for 2 mlnutes at room temoera- 
ture.-The cells were washed once with phos- 
phate-buffered saline (PBS), then modified Ea- 
gle's medium containing 10 percent fetal bov~ne 
serum (Dulbecco's modified Eagle's medium 
containing 2 percent lamb serum was used for 
the sheep macrophages) was added and the cells 
were incubated for 48 hours at 37°C. The H-9 
cells were transfected as described elsewhere 
(6) .  

19. Cells grown in monolayers were harvested for 
CAT assay by trypsinzation. The cells were 
washed twice with cold PBS (pH 7.4), then lysed 
by freeze-thawing three times in 60 y1 of 250 mM 
tris-HC1 @H 7.8). Cell debris was pelleted by 
centrifugation, and 30 yl of the cellular suptrna- 
tant was assayed for CAT activity as described 
(14, 15). The percentage acetylation of I4C- 
labeled chloramphenicol (New England Nucle- 
ar) after 1 or 2 hours was measured by separat- 
ing the acetylated and unacetylated forms by 
thin-layer chromatography, then counting spots 
cut from the plate by liquid scintillation. The 
results are expressed as the percentage conver- 
sion of I4C-labeled chloramphenicol to its acety- 
lated derivatives per hour normalized to the 

! ercentage conversion by either pRSVCAT (Ta- 
le 1) or pSVlCAT (Table 2). 

20. N. Rosenthal et al. ,  Science 222, 749 (1983); S. 
Kenney et al. ,  ibid. 226, 1337 (1984); L. Laid 
mons et al. ,  Virology 49, 183 (1984). 

21. L. C. Cork et al. ,  Infect. Disease 129, 134 
(1974); T. B. Crawford et al. ,  Science 207, 997 

22. A. J. Berk et al. ,  Cell 17, 935 (1979); J. R. 
Nevins, ibid. 26, 213 (1981); N. Jones and T. 
Shenk, Proc. Natl. Acad. Sci. U.S.A.  76, 3665 
( 1  979) 
\ - -  -,. 
C. M. Preston, J .  Virol. 29, 275 (1979); R. A. F. 
Dixon and P. A. SchalTer, ibid. 36, 189 (1980); R. 
J. Watson and J.  B. Clements, Nature (London) 
285, 329 (1980). 
J. Brady et al. ,  Proc. Natl. Acad. Sci. U.S.A.  
81, 2040 (1984); J. M. Keller and J. C. Alwine, 
Cell 36, 381 (1984):. 
T. H. Lee et a l . ,  Science 226, 57 (1984); D. J. 
Slamon et a l . ,  ibid., p. 61. 
S. Molineaux and J. E. Clements, Gene 23, 137 
(1983). 
J.  Messing, R. krea, P. H .  Seeburg, Nucleic 
Acids Res. 9, 309 (1981). 
F. Sanger, S. Nickelen, R. Coulson, Proc. Natl. 
Acad. Sci. U.S.A. 74, 5463 (1977). 
T. Maniatis et a l . ,  in Molecular Cloning: A 
Laboratory Manual (Cold Spring Harbor Labo- 
ratory, Cold Spring Harbor, N.Y., 1982). 
0. Narayan, D. E. Griffin, A. M. Silverstein, J .  
Infect. Dis. 135, 800 (1977). 
H. E. Gendelman et al. ,  Lab. Invest. 51, 547 
(1984). 
0. Narayan et al. ,  J .  Gen. Virol. 41, 343 (1980). 
We thank D. Garrett, D. Sheffer, and S. Parnell 
for technical assistance, K. Beemon for 
pSVlCAT and B. Howard for pSV2CAT and 
pRSVCAT, M. Gonda for H-9 cells, L. Kelly for 
typing the manuscript, and K. Beemon, G. 
Ketner, and H. Smith for critical review of the 
manuscript. Supported by NIH grants NS-16145 
and NS-15721. 

19 February 1985; accepted 29 May 1985 

Carbyne Forms of Carbon: Evidence for Their Existence 

The report by Smith and Buseck (I) 
casts doubt on the existence of carbyne 
forms of carbon. However, the existence 
of this carbon form was clearly estab- 
lished in a number of ways many years 
ago. In a laser-Raman study, Nakamizo 
et al. showed that a solid form of carbon 
containing triple bonds could be pre- 
pared (2). This, by definition, is a car- 
byne form of carbon. Russian investiga- 
tors produced a large body of data on the 
preparation and properties of carbynes. 
Most of their work is summarized in a 
review article by Sladkov (3), which 
gives data on the electronic structure, 
infrared and Raman spectra, and electro- 
physical, thermo-physical, and chemical 
properties of carbynes. It is difficult to 
understand how so many data can have 

Wave number 

Fig. 1. Infrared spectrum of a ca rbyne  film 
(4). 

been obtained by a dozen or more inves- 
tigators on something that does not exist. 

Recently I have been engaged in a 
study of carbyne films prepared by 
quenching carbon gas on a polished met- 
al substrate. Absorption data were ob- 
tained on these films from 0.2 to 25 pm. 
An infrared spectrum of a carbyne film is 
shown in Fig. 1 (4). The spectrum shows 
features different from those found in the 
spectra of graphite and diamond. In par- 
ticular, they show the -GC- resonance 
at -4.3 pm and a feature that occurs 
at -3.4 pm. This is close to the value of 
3.1 p,m predicted by Webster on theoret- 
ical grounds (5). In addition, these films 
gave ion-probe spectra showing carbon 
molecule ions (no silicate fragments) and 
electron diffraction patterns that corre- 
spond to those associated with carbynes 
(6, 7). 

Smith and Buseck did not make use of 
all the diffraction data available. Had 
they done this, they would not have 
confused chaoite with other minerals. 
Since they used nontronite and quartz 
extensively in their report, I will use 
these minerals to illustrate this point. It 
is rather surprising that Smith and Bu- 
seck did not include the strongest reflec- 
tion for both nontronite and a quartz in 
their table 1 (1). If the strongest reflec- 
tion for nontronite (dool = 14.7 A) had 
been included, it would have been imme- 
diately obvious that chaoite (or any other 
carbyne) could not be confused with 




