
cosal~exaenoic fatty acids (in fish) are more 
unsaturated (two double bonds compared 
to five and six double bonds, respectively), 
of a longer chain length (18 carbons com- 
pared to 20 and 22 carbons, respectively), 
and of the 0 - 3  rather than w-6 type. In 
addition to this last point, differences in 
metabolism of w-6 and w-3 fatty acids corre- 
late well with altered production of various 
prostaglandins, thromboxanes, and prosta- 
cyclins (18), but the exact relation of these 
end-products to insulin action is unknown. 
It may be that the combination of w-3 fatty 
acids and increased chain length is cl-ucial. 
Studies with linolenic acid (an 18-carbon 
w-3 fatty acid found, for instance, in linseed 
oil) would help to claric this issue. 

Another possible mechanism involves the 
altered membrane fluidity that results from 
the substitution of fish oil in the diet (19). 
Although more rigid membranes with the 
same number of receptors are capable of 
binding more insulin (20)) events subse- 
quent to binding, such as aggregation, inter- 
nalization of the insulin-receptor complex, 
and movement of the glucose transporter to 
the cell membrane, could all be facilitated by 
changes in membrane fluidity. 

Finally, w-3 fatty acids are potent inhibi- 
tors ofvery low density lipoprotein (VLDL) 
synthesis in the liver (21). Since VLDL- 
triglycerides are an important energy source 
in peripheral tissues, a mechanism based on 
fuel switching with reduced fatty acid and 
increased glucose utilization (the glucose- 
f am acid cycle of Randle) cannot be ig- 
nored. 

Care must be taken when extrapolating 
results from rats to humans. The amount of 
fat in the high-fat diet (59% of the total 
calories) is greater than the a~~erage intake 
estimated for individuals in Western socier- 
ies (40% to 45%). Further, the relation of 
fat intake to insulin resistance in humans has 
been established largely on the basis of 
epidemiological studies, and there is little 
evidence concerning alterations in insulin 
sensitivity in humans after the kind of 
changes in dietary fat described here. Final- 
ly, the substitution of 0 - 3  fatty acids in the 
rat diets, while small in terms of percentage, 
would still represent a large intake (8 to 9 g 
per day) in humans. Nevertheless, therapy 
combining modest increases in 0 - 3  fatty 
acid intake with general reduction in total 
fat may be particularly effective in the di- 
etary treatment of non-insulin-dependent 
diabetes mellitus. 
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The soy Gene of HIV-1 Is Required for Efficient 
Virus Transmission in Vitro 

The genome of the human immunodeficiency virus HIV-1 contains at least eight 
genes, of which three (sor, R, and 3'0131 have no known function. In this study, the role 
of the sor gene was examined by constructing a series of proviral genomes of HrV-1 
that either lacked the coding sequences for sor or contained point mutations in sor. 
Analysis of four such mutants revealed that although each clone could generate 
morphologically normal virus particles upon transfection, the mutant viruses were 
limited in their capacity to establish stable infection. Virus derived from transfection of 
Cos-1 cells (OKT4-) with sor mutant proviral DNA's was resistant to transmission to 
OKT4' ccsusceptible" cells under cell-free conditions, and was transmitted poorly by 
coculture. In contrast, virus derived from clones with an intact sor frame was readily 
propagated by either approach. Normal amounts ofgag-, env-, andpol-derived proteins 
were produced by all four mutants and assays in both lymphoid and nonlymphoid cells 
indicated that their trans-activating capacity was intact and comparable with wild type. 
Thus the sor gene, although not absolutely required in HIV virion formation, 
influences virus transmission in vitro and is crucial in the efficient generation of 
infectious virus. The data also suggest that sor influences virus replication at a novel, 
post-translational stage and that its action is independent of the regulatory genes tat 
and trs. 

C ONSIDERABLE PROGRESS HAS BEEN and orf-A) lies benveen the pol and tat 
made in defining the genetic struc- genes, overlapping at its 5' end with the 
ture of HIV-1 and delineating the former (2). It is an open reading frame of 

complex array of genes encoded by the 9.7- 609 nucleotides in size and encodes a pro- 
lulobase LVA molecule of this virus. To 
date) eight genes have described: A. G. F~sher, B. Ensol,, R. C .  Gallo, F. Wong-Staal, 
pol, env (genes encoding conventional struc- Laboraton of Tumor Cell Biology, National Cancer 

tural elements of he retrovims), tat-III, Institute, National Institutes of Health, Bethcsda, IUD 
20205 

arcitrs (regulaton genes that are obligatory 
for virus replication), sor, 3'o& and R (of 
undefined finction) (1). 

, \ ,  

The sor gene (for short open reading 
frame) of HIV-1 (also called Q, P', orf-1, 

i:iuanofi, M. Chamberlain. S. Pcttcn-av, Medical Prod- 
ucts Department, Experimental Station,E. I. Dupont de 
h'emours and Company, Inc., Wilmington, DE 19898. 
L. Ratner, ~ e ~ a r t m e n i s  of Medicine and Microbiology, 
Washineton Uni~~ersitv. St. Louls, MO 63110. 
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tein of 2 3  kD (3) The role of this gene in 
\irus rephcation and pa tho log^. 1s unclear It 
appears to  be consenred among all H I V  
isolates (2) and In the distantlv related simi- 
an and human biruses STLV-111""~ and 
HIV-2 (4),  and a comparable open reading 
frame is found in leiitiviruses (caprine arthri- 

\ L 

tis-encephalitis virus and visna) (5), suggest- 
ing that this gene may be functionally signif- 
icant. 

Initial studies m~itli sor deletion mutants of 
HIV-1 suggested that sor is dispensible for 

virus replication and cvtopathic effects (6).  
Slight r iduct~ons In the rate of  \rlrus rcplica- 
tion u i th  sor mutants were noted, and thesc 
were attr~buted to disturbances In neighbor- 
ing tat and pol genes (created inad\erteiitly 
when deleting segments from the sor gene). 
It was also reported that high levels of tat- 
111 expression appeared to compensate for 
the sor defect (6).  We have conducted paral- 
lel studies to clarifil the role of sor. using a " 
series of mutants of  the biolog~callv active 
inolecular clone pHXK2-D (7) .  h deletion 

P o l  --- 
Snr  

M u t a n t s  S tab le  i n f e c t ~ o n s  
T a t - 1 1 1  - der i ved  f r o m  e s t a b l i s h e d  a f te r  

pHXB2-gp t  l rans fec t lon  o f  H9 ce l l s  

Nde I  Nco I . - - - - - - - -  , IS  0 1 6  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X  4 1 4  

Fig. 1. Construction and properties ofsor mutants of HIV- 1 .  Plasmid S \vas generated froin pHXB2gpt 
(16) by remo\.al of an Eco RI site in the polylinker of the vector. Mutants AS, 3.3, 6.9. and 153 urere 
produced from the proviral clone S in the following manner. AS was prepared by restriction cleavage 
and rcmo\~al of the sequences bet\iwn the Nde I and Nco I restriction sites (nucleotides 4707 to 5259) 
with the use of conventional nlcthods ( 17 ) .  Site-specific mutations \\,ere prcpared by oligonucleotide- 
directed mutagenesis. These mutations introdncc translational stop codons into the sor framc 
(downstrean1 of the sorlpol overlap) and their pos~tiotis are shown diagramatically as T o  constrilct 
these mutants ure subcloned the Eco l i I  to Eco RI  fragmcnt (nuclcotidcs 4230 to 5322) of the HIV-1  
genome of ARH10 (18) into an A413 phage vector, and performed inutagenesis as described previously 
(19). Sequences in this region of RHlO differ from thoce of I-IXR2 only at nuclcot~de positioli 4506 
which results in a proline to serine substitiition in pol. Mutation 6.9 \vas introduccci by using the 25- 
nucleotide fragment (GGATGAGGGCmCTAGTGATGCT), converting the nrrosine codon 
(TAT) at residue 55  into a stop codon (TAA). In mutation 3.3 the serinc codon (TC.4) at position 4 2  
\vas replaced with a stop codon (TAA) by using the 24-nucleotide fragment (CCTAGCITCCC'T-  
TAAACATACAT). For mutation 153. a 23-nucleotidc fragment (TTC<:TCCA'ITATATG<;A- 
GACTCC) was used to change the glutamine codon ( M A )  at residue 100 to a stop codon (TAA). 
After confirming the structures by DNA sequencing, we subcloncci the mutated fragments into the 
proviral clone X and transfected them into H 9  cells by protoplast fi~sion (7). Cultures were monitored 
for HIV-1 production throughout the course of each experiment (20). 

mutant AS was created bv removing the 
sequences bet\leen the Nde I and Nco I 
restriction enLyme sites (see Fig 1) This 
mutant is similar to  the pDsor2 mutant 
ciescribed bv Sodroskl and colleagues (6) In  
add i t io~~,  three \~ariants (3  3, 6.9, and 153) 
were produced bv site-directed mutagenesis 
These mutant5 were designed to disrupt the 
sor reading frame (bv inserting translational 
stop L O ~ O I X )  w i t h o ~ t  affecting tat and pol 
Since there are four potentlal lnitlator me- 
thionine residues located \\ ithin the first 40 
amino acids of the sor frame, each termina- 
tion codon \\,as Inserted downstream from 
this last methioiline codon. This, nre antici- 
pated, would ensure the production of  se- 
verely truncated sor proteins. 

DNA from each of thc four variants was 
first introduced into permissive lymphoid 
cells (H9,  Molt 4, and phvtohemagglutinin- 
st~mulated blood mononuclear leukocvtcs), 
bv means of protoplast fusion (7) The 
transfected cultures were monitored at ap- 
proximately \ileekly intervals for the appear- 
ance of HIV- 1 malj and env (determined bv 
the reactivity \lab antibodies to  p17, p24, 
and gp41), reverse transcriptase (RT),  and 
vlrus particles (detected bv electron micros- 
copv). As illustrated in Fig. 1, H 9  cells 
transfected with sor mutants AS, 3.3, 6 9, 
and 153 consistently failed to  express virus 
as detected bv our assam Southern blotting 
analvses on these samples sho\ved transient 
uptake of plasmid 13Nh but no detectable 
proviral sequences in long-term cultures. 
I,lkew~se, Molt 4 cells o r  normal T cells 
transfected with sor mutants dld not estab- 
lish stable virus expression. while those 
transfected with control genomes (X and 

Table I. Infectivity and properties ofsor mutant vimscs oFHIV- 1. Molt 3 cells that had been infected with HIV-1  by coculturiilg with transfected Cos-1 cells 
(as described in Fig. 3)  were used as sources of S, AS, 3.3,6.9,  and 153 virus. Cells that had been coc~~ltured with pSV2neo transfected Cos-1 cells were ~ ~ s e d  
as negative controls. Culture supernatants werc removed from 1 x lo8 actively growing Molt 3 cells after 5 days, concentrated l 0 0 x  by ccntrifilgation 
( 1 0 0 , 0 0 0 ~  for 1 hour at 4°C). and resuspended in fresh culture medium. The infectivity of these preparations was determined by mixing 100 p,I of virus sus- 
pension (at various dilutions) \vith 3 x 10' Polybrene-treated (2 p,glml for 30 minutes at 37'C) H 9  cells (in 50  PI), incubating for 1 hour at 37°C (with m k -  
ing) and returning the samples to c~llturc in KPMI 1640 medium containing 20% FCS (2 ml). Two n~eeks later the cultures were screened for HIV-1  
expression (with antibody RT3). Detection of  HIV-1  p24 reacti1.c cells was determined by indirect immunofluoresc~nce ( +  indicates reactive cells. - 
indicates no reactive cells). Re\,ersc transcriptase (KT) activity was determined on l 0 0 x  supernatants (concentrated with polyethylene glycol) by  sing 
standard protocols (11). Values shown as "dprn" represent the amount of 'H incorporated with the use of dT.rA as a primer template (the amount o f 3 H  in- 
corporated when dT.dA was used as a template was in all cases <4300 dpm). The densin of virus particles conta~ned in culture supernatants was determined 
by negative staining of 100 x concentrated samples and direct counting by electron microscopp. The results shown are from a single experiment performed in 
parallel. Comparable results were seen in two rcpeat experimentc with Molt 3 arid Cos-1 deri\.ed-virus. 

Supern;~tants removed from Molt 3 Infectivity of fi\.efold 
cultures and concentrated x 100 dilutions of culture supernatants 

- --- .- . - - 
Sample KT activity \'ir~is 
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v w. ., ~ f :  .; ,? ;'S).C: ~ i g .  2. Virus produc- -- ,-t . 
a tioh bv Cos-1 cells 

!?* % .  transfeited with sor 
mutants of HIV-1. C I 

li Electron micrographs 
showing virus produc- 

- tion by SV40-trans- 
4 . formed Cos-1 cells af- 

ter transfection with 
plasmid clones X (full- 
length provirus) (A) ' and the JOY mutants 3.3 

di (B),6.9 (C), 153 (D), 
and AS (E and F). 
Extracellular, manire, 
tmrnature, and parti- 

' P cles and budding virus 
L5 (F, arrow), were ob- 

;"ca ;<. served in all samples. 
Transfection was car- 
ried out by the calci- 
um phosphate-medi- 

,. -- - ated approach (14) in 
I- .', which 10 pg of cestum 

chloride madient ~ u r i -  
fied plasiid DNA' was 

introduced into 1 X lo6 Cos-1 cells. Aftet transfedion 148 to 72 hours) the cells were dislodeed bv 
using a rubbr  policeman, washed in phosphate-buffered saline (PBS), &d fixed in 1.25% glu&-alde- 
hyde prior to processing for electron microscopy. 

pHXB2gpt) reproducibly and rapidly yield- To investigate this hypothesis, we conduct- 
ed virus-producing cells. These results have ed transmission studies in which Cos-1 
several possible explanations: (i) the sur mu- transfected cells (OKT4- donors) were co- 
tants were unaible to generate virus, (ii) the cultured with H 9  or Molt 3 cells (OKT4' 
srw mutant genomes generated virus at such @gets) and the frequency of HIV- 1 ex- 
low levels that it failed to establish stable pressing cells among the recipient popula- 
infection, or (iii) virus derived from the 
transfected cells was defective in its abilitv to 
be propagated in culture. To distinguish 
mIOhg these possibilities, we petformed a 
series of transfections using t h e S ~ 4 0  trans- 
formed cell line Cos-1 as a target. Our aim 
was to ainplify virus production by exploit- 
kig the capacity of the Cos-1 cells to pro- 
knote episomal replication of plasmids carry- 
ing the SV40 origin of replication (includ- 
ing plasmids derived from pHXB2gpt) in -. 

transient assays (8). 
As shown in Fig. 2, virus particles mor- 

phologically similar to wild type were recov- 
ered from Cos-1 cell cultures transfected 
with sur mutants 6.9,3.3, 153, and AS. The 
level of virus production (both extracellular 
and budding birions) was indistinguishable 
fiom that seen in pHXB2-gpt and X trans- 
fected cultures. However, supernatants re- 
moved from sor mutarit cultures (containing 
cell-free virus) did not successllly infect H 9  
cells id repeated attempts. These results indi- 
cate that the sor gene of HIV is not critical 
for the elaboration of normal levels of mor- 
phologically intact virus particles. 

The failure of OKT4' cells to become 
stably or productively infected after transfec- 
tion with sor mutated genomes (or infection 
with Cos- l-derived virus), even though 
normal levels of virus particles were made, 
led us to speculate thatsor might be impor- 
tant in the production of infectious virions. 

tions was monitored with time. In this way 
the transmissibility of the sor mutant viruses 
was compared. As shown in Fig. 3A, H9 
cells that had been cocultured with either 
pHXB2gpt or X transfected Cos-1 cells 
showed a rapid increase in the proportion of 
HIV-1-infected cells [measured as the per- 
centaFe o f ~ a g  (p24) reactive cells] reaching 
>SO% of the population in about 10 days. 
In contrast, cultures derived fiom sor mu- 
tants showed a peak incidence of only 0.4% 
to 1.2% at 10 days after coculture, and the 
incidence of virus-positive cells declined 
slightly over the next 3 weeks. The reduced 
incidence of gag-positive cells in cultures 
derived from each of the sor variants (AS, 
3.3, 6.9, and 153) compared with controls 
(pHXBZgpt, and X) (Fig. 3) shows that 
removal or attenuation of sm leads to a 
reduction in the transmissibility of the re- 
sultant virus. It is interesting that HIV-1 
8%-expressing cells persisted in the AS, 3.3, 
6.9, and 153 cultures at low levels (0.1% to 
0.4% of population) for as long as they were 
monitored (>70 days). Since these cultures 
were dividing rapidly, the absolute number 
of virus-expressing cells is estimated to have 
actually increased with time, suggesting that 
virus derived from the sur mutants was trans- 
missible in culture, albeit inefficiently. The 
rare positive cells in these cultures were 

Fig. 3. Transmission 
of sor mutant viruses. 
Cos-1 cells were trans- 
fected with plasmid 
ONA from pHXB2gpt 
(.), x (01, AS (.), 
3.3 (O), 6.9 (A), and 
153 (V), as described 
in Fig. 2. At 6 to 24 
hours after transfec- 
tion, 1 x lo6 to 2 x 
1 O6 Polybrene-treated 
(2 pglml for 30 min- 
utes at 37°C) H9 cells 
(A) or Molt 3 cells ( 6 )  
were added, and these 
monolayers were co- 
cultured in Dulbecco's 
minimum essential me- 
dium containing 10% 
fetal calf serum (FCS) 

-----A L- - -1- for a hrther 48 to 72 
28 hours. The nonadher- 

Time in culture (days) ent cells resuspended 
in fresh RPMI 1640 
medium containing 

20% FCS and antibiotics. The incidence of HIV-l~ug expressing cells in these H9 or Molt 3 cultures 
was determined at r e d a r  intervals after coculture (see arrow). bv means of the monoclonal antibodv 
BT3, acetonelmethan~l fixation of cells, and an indiiect immunofl"orescence assa . For each individuh Y determination of the percentage immunofluorescent positive cells, at least 10 cells were scanned. 
Results in (A) summarize data from three to five experiments performed independently, where the 
values shown for pHXB2gpt and X varied by no more than 20% between individual experiments and 
the values obtained for AS, 3.3,6.9, and 153 had standard deviations (relative to total cells) of not more 
than 1.2, 0.8, 0.37, and 0.2%, respectively. Results in (B) are the averages of two experiments. 
Treatment of Cos-1 cells with mitomycin C (140 pg/rnl for 60 minutes) prior to coculture with H9 cells 
gave results comparable to those shown in (A). Cultures originating from Cbs-1 cells transfected with 
pSV2neo were used as negative controls. In these cultures the percentages of cells reactive with 
antibody to- p24 Cqag) were in all instances <0.01% and are therefore omitted from Fig. 3. 
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often found associated in small groups (of 
nvo to three cells). 

In parallel experiments in which Molt 3 
cells were used as coculture reci~ients. a 
different transmission profile was observed 
(Fig. 3B). HIV-1 infection progressed in all 
cultures. The rise in HIV-1-positive cells 
was slightly delayed in the casi of sor defec- 
tive mutants (3.3., 6.9, 153, and AS) as 
shown by the increase in time taken to 
achieve 50% infection (21, 22, 27, and 38 
days, respectively) compared with the paren- 
tal strains (14 to 15 days). These data 
confirm that sm enhances HIV transmission 
in vitro and indicate that enhancement mall 
vary according to cell type. It is possible that 
intrinsic cellular factors, including the differ- 
entiation or activation stage of &e cell, may 
in part determine the influence of sor. 

The transmissibility of sm mutant viruses 
was studied in more detail by comparing the 
infectivity of virus derived from infected 
Molt 3 cells. An example of these studies is 
shown in Table 1. Abundant HIV-1 parti- 
cles and high levels of RT activity were 
detected in all culture supernatants except 
those cartying no HIV-1 sequences (Molt 
3/pSV2neo). Clarified supernatant contain- 
ing wild-type virus (X) was infectious when 
inoculated into H 9  cultures. Analysis of 
serial fivefold dilutions showed infectivity at 
concentrations of 115, 1/25, and 1/125. hi 
contrast, supernatants containing sou mutant 
viruses (AS, 3.3, 6.9, and 153) failed to 
infect H9 cells at any of the dilutions tested. 

These data indicate that virus lacking SOY is at 
least 100 times less efficient at "cell-free" 
infection of H9 cells. 

To investigate whether the reduced infec- 
tivity of sur mutant virus resulted from a 
failure to generate normal viral RNA tran- 
scripts and proteins or to trans-activate 
genes linked to the HIV-1 long terminal 
repeat regions (LTK's), we performed a 
series of experiments. These experiments 
were iptended to reveal (i) at what stage in 
the viral life cycle the sor gene exerts its effect 
and (ii) whether the reduced infectivity of 
sm mutants could be ascribed to direct ef- 
fects resulting from altering the so7 gene 
product or to indirect effects where sor mod- 
ulates the expression or action of other viral 
genes. 

Northern blotting analyses (Fig. 4) indi- 
cated that the amount and quality of viral 
RNA produced by Molt 3 cells infected with 

'iruses the parental (X, lane 1) or sor mutant w ' 
(AS, 6.9, 3.3, and 153; lanes 2, 3,4, and 5, 
respectively) were similar. Bands corre- 
sponding to HIV-1 genomic (9.5 kb), enve- 
lope (4.5 kb), and 3 ' 0 6  tat RNA transcripts 
(2 kb) were detected in all infected cultures 
and were absent from uninfected controls 
(lane 6). Likewise, Cos- 1 cells transiently 
transfected with DNA fiom the sm deletion 
mutant AS (lane 8) showed a pattern and 
abundance of viral W A  species comparable 
with that of the wild type (lane 7). Small 
discrepancies in the amounts of viral RNA 
were seen (less than fivefold) in multiple 

Table 2. Trans-activation potential ofsw mutants of HIV. The ability of sw mutant genomes (AS, 3.3, 
6.9, and 153) and full-length proviral clones (X and pHXB2gpt) to trans-activate gncs linked to H N -  
1 LTR elements were compared. pSV2-CAT (12) and pC15CAT (13) contain the SV40 promoter- 
enhancer and the H N - 1  LTR, respectively, linked to the CAT gene. pSV2-CAT sewed as a positive 
control, while pSVQ-CAT (which lacks a functional promoter) was used as a negative control (12). The 
assays were performed as followvs: 10 pg of plasmid DNA from pC15CAT was transfected alone or in 
combination with 10 pg of plasmid DNA from each of the test plasmids. into 1 x lo7 H9 cells or 
1 x 10' Cos-1 cells, by f i e a s  of the DEAE-Dextran and calc~urn phosphate procedures, respectiw~ely 
(14, 15). After 48 hours the cells were harvested and washed, and the cellular lysates prepared. CAT 
activity was determined on 2 0 - 4  aliquots incubated with ['4C]chloramphenicol and Acetyl CoA for 3 
hours at 37°C as described previously (13). Chloramphenitol and acetylated metabolites were separated 
by ascending thin-lay'er chromatography (13). CAT activity was determined as the counts per minute 
(cpm) of acetylated metabolites of chloramphenicol, expressed as a percentage of total cpm. The results 
shown are the means and standard deviations of three independent co-transfections for each plasmid, 
where each CAT assay was repeated at least twice. Using the value obtained with transfection of pC15- 
CAT alone as a baseline in each expcrimcnt, the results were normalized according to the following 
equation: f = cpm (test - pC15-CAT)/cpm (pHXB2gpt - pC15-CAT), when: cpm pHXB2gpt = 1 
and cpm pC15-CAT = 0. 

Trans-activation Trans-activation 
in H9 cells in Cos-1 cells 

Plasmids Mean Mean 
conversion f value conversion f value 

(%I (%) 

- 
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remat ex~eriments with the use of different 
plasmid preparations, passages of cells, 
transfection efficiencies, and extent of sam- 
ple degradation. Detection of normal levels 
of viral RNA in cells transfected with sor 
mutants of HIV- 1 suggests that sm does not 
exert its effects by influencing viral transcrip- 
tion. Furthermore, since the tat-I11 and tn 
genes of HIV- 1 are themselves postulated to 
modulate RNA expression in infected cells 
(9),  normal levels of RNA expression by sur 
mutants provide indirect evidence that the 
mechanism by which sm modulates virus 
propagation is not dependent on interplay 
benvecn sm and either tat or hJ. 

Irnrnunoprecipitatiori studies were per- 
formed to analyze HIV-1-specific protein 
expression by sm mutant genomes (Fig. 5). 
As shown in Fig. 5A, high levels of env- 
(gp160 and gp120) and flag- (p24 and 
Pr55gag) derived proteins were evident in 
Molt 3 cells infected with soy mutants (3.3. 
Jane 2; 6.9, lane 3) and wild-type viruses (X, 
lane 4). These bands were not seen in unin- 
fected cells (lane 1). An additional virus- 
specific band was seen at approximately 39 
kD. This species, detected in samples carry- 
ing sm defective and intact virus, most likely 

Fig. 4. Analysis of HIV-1 RNA transcripts ex- 
pressed by sw mutant genomes. Molt 3 cultures 
originating from experiments shown in Fig. 3 
were used as sources of X-, AS-, 6.9-, 3.3-, and 
153-infected cell lines. Cells (1 x lo7) from cul- 
tures containing >90% H N - l  gag (p24)-ex- 
pressing cells were washed twice with PBS, and 
RNA was extracted by the guanidine isothiocya- 
pate approach (15). Total cellular RNA (25 pg) 
fiom Molt 3 samples infected with X, AS, 6.9, 
3.3, and 153 virus (lanes 1, 2, 3, 4, and 5, 
respectively) and mock-infected cells (pSV2neo) 
(lane 6) was loaded in channels 1 to 6. Cos-1 cells 
(1 x 10') were transfected with 10 pg of plasmid 
DNA from clones X, AS, and pSV2neo and the 
cells harvested after 48 hours. RNA was prepared 
by the hot phenol approach (21) and 1Q pg of 
RNA from samples X, AS, and pSV2neo were 
loaded in channels 7, 8, and 9, respectively. AU 
samples were analyzed by Northern blotting (17) 
and hybridized to a 3Z~-labeled probe prepared by 
nick translation of an Sst I-Sst I viral fragment of 
XBHlO. Filters were washed extensively in 0.5x 
SSC containing 0.5% SDS at 45C,  before expo- 
sure. The positions of ribosomal 28s and 18s 
RNA markers are shown. Bands corresponding to 
9.5 kb (genomic), 4.5 kb (envdope), and 2.0 kb 
viral transcripts are shown. 
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corresponds to gag-derived p39. Alterna- 
tively, this band may represent the closely 

with sor mutant genomes were also analyzed 
for HIV protein expression (Fig. 5, C and 
D). Immu~loprecipitation with sera from 
AIDS patients showed a distinct band at 39 
to 41 kD in lvsates of cells ttansfected with 
AS, 3.3,6.9, 153 (lanes 12, 13, 14, 15),X 
(lanes 9 and 16), and pHXB2gpt (lane 11). 
This band was absent from control lysates of 
cells transfected with pSP65gpt (lanes 10 
and 17), a clone devoid of HIV-1 se- 
quences. A 55-kD band (sample X, lane 9), 
corresponding to an alternativegag precur- 
sor, was frequently seen in Cos- 1 transfected 
lysates (although it is not evident in Fig. 5D, 
lanes 11 to 17). Gag-derived p24 was evi- 

tyltransferase (CAT) gene linked to the 
HIV-1 LTR's, was used as an indicator. 

migrating transmembrane product of env 
(gp41). The presence of comparable 
amounts of virus-specific proteins in sam- 
ples 3.3, 6.9, and X (lanes 2, 3, and 4, 
respectively) was cotifirmed by end-point 
titration. Immunoprecipitation of Molt 3 
cell lysates with rabbit antiserum to sor (10) 
showed a virus-specific band corresponding 
to p23-sor in samples carrying the wild-type 
straifi X (lane 5). No equivalent band was 
seen in uninfected cells or cells infected with 
mutant 6.9 or 3.3 virus (lanes 8, 6, and 7, 
respectively). Faildre to detect a truncated 
sur gehe product in the case of 6.9 and 3.3 
suggests that the antiserum recognized ei- 
ther an epitope downstream of residue 55 

Transfections were pertbrmed in lymphoid 
and nonhemopoietic cells (H9  and Cos-1 
cell lines, respectivelv). As shown in Table 2, 
trans-activation activinl occurred with each 
of the sw mutant genomes, at levels approxi- 
mating that of wild type. In H 9  cells trans- 
fected with sm mutants, the mean conver- 
sions were 54%, 43%, 32%, and 30% (6.9, 
3.3, AS, and 153, respectively), compared 
with 41% for wild type (pHXB2gpt). This 
represents a range of 86 to 120% of the 
values obtained for pHXB2gpt. Similar re- 
sults were obtained from Cos-1 transfec- 

dent in all culture; although- the amount 
detected varied slightly between and within 
experiments (see differences in lanes 9, 11, 

tions where the values for sor mutants were 
66 to 124% of those obtained for 
pHXB2gpt. Trans-activation levels were 
slightly higher and more variable in Cos-1 
transfected cells than H 9  transfected cells. 
Thus the trans-acting potential of the sw 
point mutants (3.3, 6.9, 153) and deletion 
mutant (AS) is comparable to wild type and 
suggest that sor function is independent of 
trans-activation. 

(the position of the stop codon in 6.9) or a 
conformational epitope within the first 55 
residues (altered in the truncation), or that 

and 16; samples transfected with intact pro- 
viral clones). In repeated experiments we 
were unable to show reproducible differ- 

the truncated proteins were extrernelv labile. 
In parallel experiments with a rabbit antise- 
rum to sur. we were unable to detect normal 

ences in the amounts of v i i l  proteins (above 
those attributable to technical fluctuations) 
between samples that had been transfected 

(p23) or truncated sm products from Cos-1 
ttansfected cells, H 9  transfected cells, or 
even H9/HTLV-IIIB cultures (which pro- 

with sur mutant or intact ~roviral clones. 
These data indicate that .normal levels of 
HIV-1 gag- and env-derived proteins are 
produced in Molt 3 cells and Cos- 1 cultures 

Our data thus show that removal or trun- 
cation of sor results in virus progeny that 
have a much reduced (> 100-fold) capacity 
to infect CD4+ cells. Furthermore, sor mu- 
tant viruses were transmitted less well under 
coculture conditions (in which cell to cell 

duce high levels of infectious virus). Sor 
protein was, in our hands, detected only in 
Molt 3 infected cell lines. These findings 
suggest that sor may only be present, in a 
stable form, at low levels of HIV- 1 infected 
cells and that sur expression might, in part, 
be influenced by cellular factors. 

Cellular lysates of Cos- 1 cells transfected 

carrying the sur mutant viruses and are 
in agreement with the previous report 
(6) .  

We next directly assessed the ability of sur 
mutant genomes to trans-activate viral LTR 
sequences. The plastnid pC15CAT, which 
contains the bacterial chloramphenicol ace- 

transmission is likely to be important). It is 
interesting that the effects of truncating sur 
(in the case of mutants 3.3, 6.9, 153) were 
similar to its complete removal (in the case 
of mutant AS), suggesting that the carboy1 
terminal portion of sm (downstream from 
residue 100) may include a functional do- 

:: ill main. However, the possibility that sor is 
nonfunctional because it is deprived of criti- 
cal elements in the carboy1 terminal of the 
protein necessary for the correct folding or 
processing is not excluded. Since the level of 
viral RNA, proteins, and viral particles pro- 
duced by sur-defective genomes could not be 
distinguished from that of wild type, we 
suspect that sm exerts irs effects at a post- 
translational level. This novel regulatory 
mechanism, mediated by sm, could involve 
late events in virus maturation. This is, to 
our knowledge, the first report in which a 
function for the sor gene of HIV-1 has been 
assigned. These findings substantiate the 
complex nature of the HIV- 1 genome, un- 
derscoring the sophisticated transcriptional, 
post-transcriptional, and post-translational 
controls which operate to regulate virus 
expression in infected cells. Although we do 

18.2 - 14.2 
14.2 - 

Fig. 5. Radioimmunoptecipitation analysis of HIV-1-specific proteins produced by s w  mutant 
genomes. Cos-1 cells ( 1  x 10') were transfected with 10 kg of plasmid DNA by using the calcium 
phosphate technique (14). At 48 hours after transfection, ["Slmeth~onine (200 ~Cilml) was added to 
the C U ~ N ~ ~ S  arid the cells were incubated for a further 6 hours at 3PC. Molt 3 cells (5 x lo6) 
originating from coculture experiments (see Fig. 3) containing >90% HN-1-infected cells were also 
labeled with [35S]methionine (200 ~Cilml) for 6 hours. Cellular extracts were prepared and 
immunoprecipitated with serum obtained from an AIDS patient (lanes 1 through 4 and 9 through 17) 
or rabbit antiserum to s w  (10) (lanes 5 through 8), and the proteins were separated by SDS-PAGE 
(10%) as described elsewhere (22). The results from four experiments are shown. (A and B) Molt 3 cell 
lysates from 3.3- (lanes 2 and 7), 6.9- (lanes 3 and 6), and X- (lanes 4 and 5) infected cells. Virus- 
degative, mock-infected (pSV2neo) Molt 3 cell lysates are shown in lanes 1 and 8. (C and D) Results 
with Cos-1-derived lysates. Cos-1 cells transfected with X (lanes 9 and 16), pHXB2gpt (lane 1 l ) ,  AS 
(lane 12), 3.3 (lane 13), 6.9 (lane 14), and 153 (lane 15) are shown, as are samples transfected with 
control plasmid pSP65gpt (lanes 10 and 17). The position of HIV-1-specific gp160, gp120, p55, 
~39141, and p24 is ind~cated as is the p23 (SOY) seen only in Ia~e  5. 

not vet understand how sor enhances virus 
propagation, several mechanisms are possi- 
ble. For example, sur may be a structural 
component of ;he virion particle that acts as 
a "second envelope" required for efficient 
transmission. However, it is difficult to de- 
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tect sor in as large amounts as gp120 and 
gp41 (in either infected cells or virions). 
Alternatively, sor may participate in the early 
events in viral replication (from penetration 
to synthesis of proviral DNA) or in potenti- 
ating the cellular environment i11 which rep- 
lication occurs. Further studies will be nec- 
essary to evaluate these possibilities. 

ground Ie\rels; (iii) virus particles were detected by 
electron microscopy. 
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Humoral hypercalcemia of malignancy is a common complication of lung and certain 
other cancers. The hypercalcemia results from the actions of tumor factors on  bone and 
kidney. We report here the isolation of full-length complementary DNA clones of a 
putative hypercalcemia factor, and the expression from the cloned DNA of the active 
protein in mammalian cells. The clones encode a prepro peptide of 36 amino acids and 
a mature protein of 141 amino acids that has significant homology with parathyroid 
hormone in the amino-terminal region. This previously unrecognized hormone may be 
important in normal as well as abnormal calcium metabolism. 

H YPERCALCEMIA IS FREQUENTLY 

associated ~ i ~ i t h  malignant disease. 
Humoral hypercalcemia of malig- 

nancy (HHM) occurs in cancer patients 
without bony metastases often in association 
with squamous cell carcinoma of the lung, 
where it is a major contributor to morbidity 
and complicates clinical management (1-3). 
The hypercalcemia is caused by tumor prod- 
ucts acting on bone to promote resorption 
and on the kidney to restrict calcium excre- 
tion ( 2 4 ) .  The biochen~ical similarities be- 
nveen primary hyperparathyroidism and the 
HHM syndrome (2, 5 )  pointed to the likeli- 
hood that these tumors produce a substance 
that has actions very similar to parathyroid 
hormone (PTH). This tumor factor is dis- 
tinct from PTH, however, since PTH radio- 
immunoassays usually fail to detect in- 
creased levels of the hormone in plasma 
from HHM subjects (2,3, 6) and since PTH 
messenger RNA is not found in the tumors 
of such patients (7). Using a bioassay based 
on the stimulation of adenosine 3',5'-mono- 
phosphate (CAMP) le\?els in the PTH-re- 

the s!lndrome (1 0, 1 l ) ,  and froin condi- 
tioned media from cultures of two such 
tumors (8, 12). The amino acid sequence of 
the first 16 residues of the BEN cell-derived 
protein has been determined, and 8 of the 
16 residues are identical with human PTH 
(8). We describe here the isolation of com- 
plementary DNA (cDNA) clones, the com- 
plete primary structure, and the active 
expression in mammalian cells of the PTH- 
related protein from BEN cells. 

Cloiles of the PTH-related protein were 
isolated from a cDNA library of BEN cell 
RNA by screening with oligonucleotide 
probes based on NH2-terminal sequence 
data obtained from the purified protein 
(13). Two 72-base oligonucleotides were 
synthesized corresponding to a 24-amino 
acid NHz-terminal sequence ( 8 ) ;  one used 
codons based on mammaliail frequency ta- 
bles (14) and the second used codons from 
PTH for the positions of amino acid match. 
A total of 250,000 primary, oligo(dT)- 
primed, cDNA clo~les in the vector AgtlO 
were screened with a mixture of the nvo - - 

sponsive rat osteogenic sarcoma cell line 
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