cosahexaenoic 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 dnd 22 carbons, respectively),
and of the -3 rather than w-6 type. In
addition to this last point, differences in
metabolism of -6 and w-3 fatty acids corre-
fate 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 -3 fatty
acids and increased chain length is crucial.
Studies with linolenic acid (an 18-carbon
w-3 fatty acid found, for instance, in linseed
oil) would help to clarify this issue.

Another possible mechanism involves the
altered membrane fluidity that results from
the substitution of fish oil in the dict (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, «-3 fatty acids are potent inhibi-

tors of very low density lipoprotein (V LDL)

synthesis in the liver (21). Since VLDL-
triglycerides arc an important energy source
in peripheral tissues, a mechanism based on
fuel switching with reduced fatty acid and
increased glucose utilization (the glucose—
fatty acid cycle of Randle) cannot be ig-
nored.

Carc must be taken when extrapolating
results from rats to humans. The amount of
fat in the high-fat dict (59% of the total
calories) is greater than the average intake
estimated for individuals in Western societ-
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 dictary fat described here. Final-
ly, the substitution of w-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 «-3 fatty
acid intake with general reduction in total
fat may be particularly cffective in the di-
crary treatment of non-insulin-dependent
diabetes mellitus.
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The sor Gene of HIV-1 Is Required for Efficient
Virus Transmission in Vitro

AMANDA G. FISHER,* BARBARA ENSOLI, LUCINDA IVANOFE,
MARK CHAMBERLAIN, STEPHEN PETTEWAY, LEE RATNER,
ROBERT C. GALLO, FLOSSIE WONG-STAAL

The genome of the human immunodeficiency virus HIV-1 contains at least cight
genes, of which threce (sor, R, and 3'0rf) have no known function. In this study, the role
of the sor gene was examined by constructing a scries of proviral genomes of HIV-1
that either lacked the coding sequences for sor or contained point mutations in sor.

Analysis of four such mutants revealed t

hat 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* “susceptible” cells under ccll-free conditions, and was transmitted poorly by
coculture. In contrast, virus derived from clones with an intact sor frame was readily
propagated by cither approach. Normal amounts of gag-, env-,and pol-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 sorr gene, although not absolutely required in HIV virion formation,

influences virus transmission in vitro and is crucial in the cfficient 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 fat

and trs.

ONSIDERABLE PROGRESS HAS BEEN
made in defining the genetic struc-
turc of HIV-1 and delineating the
complex array of genes encoded by the 9.7-
kilobase RNA molecule of this virus. To
date, cight genes have been described: gag,
pol, env (genes encoding conventional struc-
tural elements of the retrovirus), fat-111,
art/trs (regulatory genes that are obligatory
for virus replication), sor, 3'o1f; and R (of
undefined function) (I).
The sor gene (for short open reading
frame) of HIV-1 (also called Q, P, orf-1,

and orf-A) lies berween the pol and tar
genes, overlapping at its 5' end with the
former (2). It is an open reading frame of
609 nucleotides in size and encodes a pro-
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tein of 23 kD (3). The role of this gene in
virus replication and pathology is unclear. It
appears to be conserved among all HIV
isolates (2) and in the distantly related simi-
an and human viruses STLV-IIIACM and
HIV-2 (4), and a comparable open reading
frame is found in lentiviruses (caprine arthri-
tis-cncephalitis virus and visna) (5), suggest-
ing that this gene may be functionally signif-
icant. ’

Initial studies with sor deletion mutants of
HIV-1 suggested that sor is dispensible for

virus replication and cytopathic effects (6).
Slight reductions in the rate of virus replica-
tion with sor mutants were noted, and these
were attributed to disturbances in neighbor-
ing tat and pol genes (created inadvertently
when deleting segments from the sor gene).
It was also reported thac high levels of tar
HI expression appeared to compensate for
the sor defect (6). We have conducted paral-
lel studies to clarify the role of sor, using a
series of mutants of the biologically active
molecular clone pHXB2-D (7). A deletion

Pol - Mutants Stable infections
2 —Tethit derived from established after
Sor pHXB2-gpt transfection of H9 cells

........... Nde_ 1 Neeld _______. AS 0/6
---------------- L ——— 6.9 0/6
............... X-mmmrmmmemmmmemeem e ———.——— 3.3 0/7
------------------- Kmmmmmmm e e e e e 153.0 0/3
---------------------------------------- X 4/4

Fig. 1. Construction and properties of sor mutants of HIV-1. Plasmid X was generated from pHXB2gpt
(16) by removal of an Eco Rl site in the polvlinker of the vector. Mutants AS, 3.3, 6.9, and 153 were
produced from the proviral clone X in the following manner. AS was prepared by restriction cleavage
and removal of the sequences between the Nde I and Neo I restriction sites (nucleotides 4707 to 5259)
with the use of conventional methods (17). Site-specific mutations were prepared by oligonucleotide-
dirccted mutagenesis. These mutations introduce translational stop codons into the sor frame
(downstream of the soripol overlap) and their positions are shown diagramatically as --X--. To construct
these mutants we subcloned the Eco RI to Eco RI fragment (nucleotides 4230 to 5322) of the HIV-1
genome of ABH10 (18) into an M13 phage vector, and performed mutagenesis as described previously
(19). Sequences in this region of BHI10 differ from those of HXB2 ‘only at nucleotide position 4506
which results in a proline to serine substitution in pol. Murtation 6.9 was introduced by using the 25-
nucleotide fragment (GGATGAGGGCTTTCTTAGTGATGCT), converting the tyrosine codon
(TAT) at residue 55 into a stop codon (TAA). In mutation 3.3 the scrine codon (TCA) at position 42
was replaced with a stop codon (TAA) by using the 24-nucleotide fragment (CCTAGCTTTCCCT-
TAAACATACAT). For mumation 153, a 23-nucleotide fragment (TTCCTCCATTATATGGA-
GACTCC) was used to change the glutamine codon (GAA) at residuc 100 to a stop codon (TAA).
After confirming the structures by DNA sequencing, we subcloned the mutated fragments into the
proviral clone X and transfected them into H9 cells by protoplast fusion (7). Cultures were monitored
for HIV-1 production throughout the course of cach experiment (20).

mutant AS was created by removing the

sequences berween the Nde T and Neo 1
restriction enzyme sites (see Fig. 1), This
mutant is similar to the pDsor2 mutant
described by Sodroski and colleagues (6). In
addition, three variants (3.3, 6.9, and 153)
were produced by site-directed mutagenesis.
These mutants were designed to disrupt the
sor reading frame (by inserting translational
stop codons) without affecting tar and pol.
Since there arc four potential initiatar me-
thionine residues located within the first 40
amino acids of the sor frame, each termina-
tion codon was inserted downstream from
this last methionine codon. This, we antici-
pated, would ensure the production of se-
verely truncated sor proteins.

DNA from cach of the four variants was
first introduced into permissive lymphoid
cells (H9, Mol 4, and phytohemagglutinin-
stimulated blood mononuclear leukocytes),
by means of protoplast fusion (7). The
-transfected cultures were monitored at ap-
proximatcly weekly intervals for the appear-
ance of HIV-1 gag and env (determined by
the reactivity with antibodies to p17, p24,
and gp41), reverse transcriptase (RT), and
virus particles (detected by clectron micros-
copy). As illustrated in Fig. 1, H9 cells
transfected with sor mutants AS, 3.3, 6.9,
and 153 consistently failed to express virus
as detected by our assays. Southern blotting
amalyses on these samples showed transient
uptake of plasmid DNA but no detectable
proviral scquences in long-term cultures.
Likewise, Molt 4 cells or normal T cells
transfected with sor murants did not estab:
lish stable wvirus cxpression, while those
transfected with control genomes (X and

Table 1. Infectivity and propertics of sor mutant viruses of HIV-1. Molt 3 cells that had been infected with HIV-1 by coculturing with transfected Cos-1 cells
(as described in Fig. 3) were used as sources of X, AS, 3.3, 6.9, and 153 virus. Cells that had been cocultured with pSV2nco transfected Cos-1 cells were used
as negative controls. Culture supernatants were removed from 1 x 10® actively growing Molt 3 cclls after 5 days, concentrated 100X by centrifugation
(100,000 for 1 hour at 4°C), and resuspended in fresh culture medium. The infectivity of these preparations was determined by mixing 100 plof virus sus-

pension (at various dilutions) with 3 x 10° Polybrene-treated (2 pg/ml for 30 minutes at 37°C) H cells (in 50 pl), incubating for 1 hour at 37

°C (with mix-

ing) and returning the samples to culture in RPMI 1640 medium containing 20% FCS (2 ml). Two wecks later the cultures were screened for HIV-1
expression (with antibody BT3). Detection of HIV-1 p24 reactive cells was determined by indirect immunofluorescence (+ indicates reactive cclls, —
indicates no reactive cells). Reverse transcriptase (RT) activity was determined on 100x supernatants (concentrated with polyethylene glycol) by using
standard protocols (11). Values shown as “dpm® represent the amount of *H incorporated with the use of dT-rA as a primer template (the amount of *H in-
corporated when dT-dA was used as a template was in all cases <4300 dpm). The density of virus particles contained in culture supernatants was determined
by negative staining of 100X concentrated samples and direct counting by clectron microscopy. The results shown are from a single experiment performed in
parallel. Comparable results were scen in two repeat experiments with Molt 3 and Cos-1 derived-virus.

Supernatants removed from Molt 3
cultures and concentrated X 100

Infecrivity of fivefold
dilutions of culture supernatants

Sample RT activity Virus
concentration R ar 1oz kAz P
domn [PH]dTMP (paqiglgs per 1 1:5 1:25 1:125 1:625 1:3125
p (pmol hour™' ml™) milliliter)
X 138,857 36.0 3.7 x 10'° + + + + - -
AT 137,743 35.6 2.6 x 10 - - - - - -
33 120,262 31.2 2.9 x 10% - - - - - -
6.9 74,794 19.4 24 % 101 - - - - - -
153 61,383 15.8 3.3 x 10" - - - - - -
ASV2neo 2,944 <0.1 - -~ - - - -
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Fig. 2. Virus produc-
tgon by Cos-1 cells
transfected with  sor
mutants  of  HIV-1.
Electron  micrographs
showing virus produc-
tion by SV40-trans-
formed Cos-1 cells af-
ter transfection with
plasmid clones X (full-
fength provirus) (&)
and the sor mutants 3.3
(8), 69 (C), 153 (D),
and A4S (E and F).
Extracellular, mature,
immature, and parti-
cles and budding virus
(F, arrow), were ob-
served in all samples.
Transfection was <ar-
ried out by the calci-
um  phosphate-medi-
ated approach (14) in
which 10 kg of cesium
<hloride gradient puri-
fied plasmid DNA was
introduced into 1 X 10° Cos-1 cells. Afrer transfection (48 to 72 hours) the cells were dislodged by
using a rubber policeman, washed in phosphate-buffered saline (PBS}, and fixed in 1.25% glutaralde-
hvde prior to processing for clectron microscopy.

To investigate this hypothesis, we conduct-
ed rransmission studies in which Cos-1
transfected cells (OKT4™ donors) were co-
cultured with HS or Molt 3 cells (OKT4'
targets) and the frequency of HIV-1 ex-
pressing cells among the recipient popula-

pHXB2gpt) reproducibly and rapidly vield-
ed virus-producing cells. These results have
several possible explanations: (i) the sor mu-
tants were unable to generate virus, (i) the
sor mautant genomes generated virus at such
low levels that it failed to cstablish stable
infecrion, or (iil) virus derived from the
transfected cells was defective 1 its ability to

tions was mionitored with time. In this way
the transmissibility of the sor mutant viruses
was compared.. As shown in Fig. 3A, HY

s that had been cocultured with eithe
pHXB2gpt or X transfected Cos-1 cells
showed a rapid increase in the proportion of
HIV-1-infected cells [measured as the per-
centage of gag (p24) reactive cells] reaching
>50% of the population in abour 10 days.
In contrast, cultures derived from: 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 nexe 3 weeks. The reduced
incidence of gag-positive cells in cultures
derived from each of the sor vaniants (4S,
3.3, 6.9, and 153) compared with controls
(pHXB2gpt, and X) (Fig. 3) shows that
removal or attenuation of sor leads to a
reduction in the transmissibility of the re-
sultant viras. It is interesting that HIV-1
Jag-expressing celis 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 davs). 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 so7 mutants was trans-
missible in culture, albeit inefficiendy. The
rarc positive cells in these cultures were

be propagated in culture. To distinguish 100 ¢ A EB Fig. 3. Transmission
thes ibiliti " da = F - G of ser mutant viruses.
among these possibilitics, we performed a - o r - 4 Cos.1 colls were trams.
serics of transfections using the SV40 trans- 2 - ) - /_/;‘;: fected with plasmid
- . . = - e a4 o L
formed cell line Cos-1 as a target. Our aim © J/ e DNA from pHXB2gpt
was to amplify virus production by exploit- 7 i i ;i'lf {®), X (O), A5 (®),
. 1 o s e
ing the capacity of the Cos-1 cells o pro- 3 7 33 (s 6.9 (4), and
. R - . o6 10 / £ / 153 (V), as described
mote episornal replication of plasmids carry- g - ¥ F Vi in Fig. 2. At 6 to 24
ing the SV40 origin of replication (includ- 2 ° . 4 ars afte -
g e origin of replication {includ- = - - 2 hours after transfec-
ing plasmids derived from pHXB2gpt) in g [ ] tion, 1 x 10° to 2 x
S \ r r 5 Dolvhyrene-treated
transient assavs (8). g it 10" Polybrene-treated
< . . . o~ - /! (2 pg/mi for 30 min-
As shown in Fig. 2, vicus particles mor- 2 i utes ot 37°C) HO cells
. . . . ;i ] ; i &
phologically similar to wild type were recov- § . i (A) or Molt 3 cells (B)
ered from Cos-1 cell cultures transfected S F ,’3’! were added, and these
. - - A < re
with sor mutants 6.9, 3.3, 153, and AS. The = W/ monolayers were o
L. R [ ilreired e .
level of virus production (poth extraceliular  © i cultured in Dulbecco’s
. NN o - 5 minimum essenttal me-
and budding virions) was indistinguishable 2 L dium containing 10%
from that seen in pHXB2-gpt and X trans- § feral calf serum (FCS)
fecred cultures. However, supernatants re- Z : : L ——  for a further 48 1o 72
ot 20 40 0 14 28 hours. The nonadher-

moved from sor mutant cultures {containing

ent cells resuspended

cell-free virus) did not successtully infect H9 Time in cuiture (days)
cells in repeated attempts. These results indi-
cate that the sor genc of HIV is not critical

for the elaboration of normal levels of mor-

in fresh RPMI 1640
medium  containing
20% FCS and antibiotics. The incidence of HIV-1 gag expressing cells in these HS or Molt 3 cultures
was determined at regular intervals after cocuiture (see arrow), by micans of the monoclonal antibody
BT3, acetone/methanol fixation of cells, and an indirect immunofluorescence assay. For cach individual

phologically intact virus particles.

The failure of OKT4' cells to become
stably or productively infected after transfec-
tion with ser mutated genomes (or infection
with Cos-1—derived virus), even though
normal levels of virus particles were made,
led us to speculate that sor might be impor-
tant in the production of infectious virions.

o0

determination of the percentage immunofiuorescent positive cells, at least 107 cells were scanned.
Results in (A) summarize data from three to five experiments performed independently, where the
valucs shown for pHXB2gpt and X varied by no more than 20% berween 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, 6.8, 0.37, and 0.2%, respectively. Resuits in (B) are the averages of two cxperiments,

Treatment of Cos- 1 ceils with mitomvein C (140 ug/ml for 60 minutes) prior to cocul
gave results comparable to those shown in (A). Cultures originating from Cos-1 cell

rure with HY cells
s transfected with
el

pSVinco were used as negative controls. In these cultures the percentages of cells reactive with
antibody to p24 (gag) were in all instances <<0.01% and are therefore omitted from Fig. 3.
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often found associated in small groups (of
two to three cells).
In parallel experiments in which Mol 3
clls were used as coculture recipients, a
transmission profile was observed
). HIV-1 mfecton progressed in all
;h‘ rise in HIV-1-positive cells
was shghti}' delaved in the casc of sor dcfsc—
tive murants 6.9, 153, and AS) a
shown by the increase in time taken to
achieve 50% infection (21,22, 27, and 28
days, respectively) compared with the paren-
ral strains {34 to 15 davs), These data
confirm that sor enhances HIV transmission
in vitro and mdi ate that cnhancement may
vary accordm; to cell type. Itis pus&m‘c that
intrinsic cellular factors, including the differ-
entiation or activation stage of the cell, may
in part derermine the :ﬂm; we of sor
iha transmissibility of sor mutant viruses
was seudied in more detail | U; comparing the
nfectivity of virus derived from infected
Mol 3 cells. An example of these studies is
shows m Table 1. Abundant HIV-1 parti-
cles and high levels of RT activity were
detected in all culture supernatants except
i ose carrying no HIV-1 sequences (Molt
} >S5V 2ueo). Clarified supernarant contain-
ng wild tvpp virus (X} was infectious when
mmui into HY culeures. Analysis of
serial fiv ffoid difutions showed infectivity at
concentrations of 1/5, 1/25, and 1/125. In
CONErast, Supernatants containing sor mutant
viruses (AS, 3.3, 6.9, and 153) failed to
infect HY cells at any of the dilutions rested.

‘These data indicate that virus lacking sor is at
least 100 times less efficient at “celi-free”
infeeton of HY cells.

To investigate whether the reduced mfec-
tivity of sor murant virus resulted from a
failure to generate normal viral RNA tran-
scripts uAd proteins Of 1o Frans-activate
genes linked to the HIV-1 long terminal
epeat regions (LIR’s), we performed a
serics of experiments. These experiments
were intended to reveal (i) at what stage in
the viral life cvcle the sor gene exerts its effect
and {it) whether the reduced infectiv ity of
sor mutants could be ascribed to direct ef-
focts resulting from altering the sor gene
product or to indirect effects where sor mod-
ulates the expression or action of other viral
genes,

Northern bl otting analyses (Fig. 4) indi-
cated that the amount and quality of viral
RNA produced by Molt 3 cells infected with
the pﬁrmtm (X, lane 1) or sor mutant viruses
{AS, 6.9, 3.3, and 153; lanes 2, 3, 4, and 5,
respectively) were similar, Bands corre-
sponding to HIV-1 osnomic (9.5 kb), enve-
lope (4.5 kb), and 3'o#f, tar RNA transcripts
{2 kb) were detecred in all infected cultures
and were absent from uninfected controls
(lane &). Likewise, Cos-1 cells transiently
transfected with DNA from the ser deletion
mutant AS (lane 8) showed a pattern and
abundance of viral RNA species comparable
with that of the wild tvpe (lane 7). Small
discrepancies in the amounts of viral RNA
were seen (less than fivefold) in muldple

Tabie 2. Trans- ;activari(m potential of ser mutants of HIV. The ability of sor mutant genomes (88, 3.3,

6.9, and 153) and full-length proviral clones
I LTR unmmts W mmm‘xrad pSVZ-CA
¢nhancer and the HIV- TTR msp@ crively,

{in

control, whilc pSVO- (,AT{ {which lacks a functional promoter) was usced as
assays were performed as follows: 10 pg of plasmid DNA from pC15C/

md pHXB2gpt) to trans-activate genes linked to HIV-

and pCISCAT (13) contain the SV40 promoter-

! to the CAT gene. pSV2-CAT served as g positive

anegative control (12). The
1" was transfected alone or in

combination with 10 pg of plasmid DNA from each of the test plasmids, into 1 x 107 HY cells or
1 X 10° Cos-1 ulls by means of the DEAE-Dextran and calcinm phosphate i;mcnduru respectively

(14, 15). After 4 8 hours ¢

the cells were harvested and washed
activity was duummm on 20-ul aliquots incubated with | [

and the cellular lysates prcpari‘d CAT
hmxamphn nico] and Aceryl CoA for 3

hours at 37°C as described prev 1Gmi" {13). Chlorar ’m.muami and acetviated metabolites were ﬁbpqxated

by asceading thin-laver chromatography (13). CAT activi
{cpm) of acetylated metabolites of chloramphenicol, expressed

was determined as the counts per minute
as a percentage of total epm. The resuits

shown are the means and standard deviations of three independent co-rransfections for each plasmid,

where

cach CAT assay was repeated at least twice. Using the value obtained with transfection of pC15-

CAT alone as a baseline in each experiment, the results were normalized according to the following
equation: f= cpm {test — pC15-CAT)/cpm (pHXBZgpt — pCL5-CAT), where cpm pHXB2gpt = 1

and cpm pC15-CAT = 0

Traus-activation
in H9 cells

Trans-activation
in Cos-1 cells

Plasmids

Mean Mcan
conversion fvalue conversion Sfvalue
(%) (%)
pHXB2gpt 405+ 39 1.0 56.1 = 19.9 1.6
AS 320+ 0.9 0.89 67.5 + 289 1.22
3.3 43.0+ 89 1.05 62.0=x 175 1.24
6.9 54,3 + 239 1.2 37.5 =155 0.66
153 298+ 2.5 (.86 47.0 = 25.7 0.8
pCESCA’f‘ 05 0.1 0.0 20z 1.0 0.0
pSVZCAT 174+ 2.7 0.55 444 + 6.2 .83
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repeat experiments 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 sor does not
exert its effecrs by influencing viral transcrip-
tion. Furthermore, since the #4111 and #rs
genes of HIV-1 are themselves postulated to
modulate RNA expression in infected cells
(95, normal levels of RNA expression by sor
mutants provide indirect evidence thar the
mechanism b}' which s7 modulates virus
pfopag&mon is not dependent on interplay
berween sor and either taf or 75,
Inmunoprecipétatiﬁn studies were per-
formed to analyze HIV-l-specific protein
expression by sor mutant genomes (Fig. 5.
As shown in Fig. 5A, high levels of enr-
(gp160 and gpl20) dud Jag- (p24 and
Pr558%) derived proteins were evident in
Molt 3 cells infected with sor mutants (3.3,
fane 2; 6.9, lane 3) and wild-type viruses (X,
lane 4. These bands were not seen inn unin-
fected cells (lane 1). An additional virus-
specific band was seen at approximately 39
kD, This species, detected in samples carry-
ing sor defective and intact virus, most likely

12 3 4 5 8 ]
kb
kb 95
- 95
45
285 — 45
188~ - 2.0 —2.0

Fig. 4. Analysis of HIV-1 RNA transcripts ex-
pressed by sor mutant genomes. Molt 3 culmrcs
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 107) from cul-
tures containing >90% HIV-1 gag (p24)-ex-
pressing cells were washed twice with PBS, and
RNA was extracred by the guanidine isothiocyva-
nate approach {15). Total ccllufar RNA | (25 ug)
from Molt 3 samples infecred with X, Am 6.9,
3.3, and 153 virus (lanes I, 2, 3, 4, and 5,
respectively) and mock-infected cells (pSV2neo)
{lane 6) was loaded 1n channels 1 to 6. Cos-1 cells
(1 X i(}(’ werc transfected with 10 ug of pias’mé
DNA from clones X, AS, and pSV2nco and the
cells harvested after 48 hours. RNA was prepared,
by the hor phenol approach {217 and 10 ug of
RNA from sm}pics X, AS, ‘md pSV2neo were
loaded 1n channels 7, 8, and 9, respectively. All
samples were analyzed by Nortmm blotting (17
and hybridized to a **P-labeled p?o%c prepare ed by
nick transiation of an Sst I-8st I viral fragment of
ABHI10. Filters were washed extensively in 0.5%
SSC containing 0.5% SDS ar 65°C, before cxpo-
sure. The positions of ribosomal 28§ and 188
Rl\ A markers are shown. Bands corresponding to

5 kb {genomic), 4.5 kb (envelope), and 2.0 kb
viral transcri i)tS are showrn.
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corresponds to gag-derived p39. Alterna-  with sor mutant genomes were also analvzed
tively, this band mav represent the closely  tor HIV prote in e p t‘ssioh {F;g 5, C and

migrating transm eny
{gp4l). The

amounts of vi

oducr of Dy In T oprecipitation with sera

comparable  AIDS pumtsnt showed a distinet band at 39

ccific proteins in sam- o 41 kD in lvsates of cells ransfecred with
15

ples 3.3, 6.9, and X {lanes 2, 3, ané 4, A8, 3.3,6.9, E%S (lanes 12, 13, 14, 15, X
respectively) was confirmed by en pumt {laries 9 and 169, a*é piﬁ)\Bngt lmc EE)

titration. 3mmammrcuamm n of Mok 3 T‘m band svas absent from control | lvsates of
cell lysates with rabbit andiserum to sor ’;;Q; cells transtected ’wm; pSPG5gpt (lanes 10
showed a vims-specaﬁc band corresponding  and 17), a2 clone devoid of PER 1 sc-
to p23-sor in samples carrying the wild-tvpe  quences. A 55-kD ?mm \cmrmk X, larie 93,

strain X (lane 5). No equi ivalent band was corresponding o an .«xkern.mvz Ay precur-
seen i imin%éctcd cells or cells infected with  sor, was frequently scen in Cos-1 tran nstecred
mutant 6.9 or 3.3 virus (lanes 8, 6, and 7, lysates (although it is not evident in Fig. 5D,

respectively). Failure o derect a truncared  lanes 11 to }/é Gry-derived *‘32 was evi-
_sor gene product in the casc of 6.9 and 3.3 denr in all cultures although {hc amount

detected varied slightly berween and within
eXPeriments (scc mﬁe; in lanes 9, 11,
and 16; samples transtected with intact pro-
viral clones). In repeated experiments we
were unable to show rcproducib“ differ-
ences in the amounts of viral proteins {above
those attributable to technical fluctuations)
berween samples that had been transtected
with sor murtant or intact proviral clones.
These data indicate that normal levels of
HIV-1 gag- and enp-derived proteins are
produced in Mole 3 cells and Cos-1 cultures

suggests that the antiserum recognized 2i-
ther an <3Dit{>pc downstream of residue 535
(the posmon of the stop codon in 6.9) or a
conformational ap;mvse within the first 55
resicues (altered in the truncation), or that
the truncated proteins were C"{trcmciy labile.
Int parallet experiments with a rabbit antise-
rum o sor, we were unable to detect normal
(p23) or truncared sor products from Cos-1
transfected cells, HY transfected cells, or
even HO/HTLV-Ilg cultures (which pro-
duce high levels of infectious virus). Sor
protein was, in our hands, detected only in C&fz’yi:}g the sor mutant viruses and are
Molt 3 infected cell lines. These findings in agreement with the previous repor
suggest that sor may only be present, in a (0} ,
stable form, at low levels of HIV-1 infected We next directly assessed the a'f:;ilitv of sor
cells and that sor cxpression might, in part,  Hutant genomes o rans s-activate viral LTR
be influenced by cellular '{actors sequences. The plasmid pCI15CAT, which
contains the utuu&l xﬁoiamphmicoi ace-

Cellular lysates of Cos-1 cells transfected

A

123 4

CJ

‘531415 617

—18.2
18.2 — —14.2
14,2 —
Fig. 5. Radivimmunoprecipitation analysis of HIV-1-specific pro oreins pr(mi;cad by sor mutant

genomes. Cos-1 cells (1 X 10% were transfected with 10 Jiot of plasmid DNA by using the calcium
phosphate tunmqm (14 At 48 hours after transfection, [©°S merﬁm)rmc (200 ;.V(h/mi\ was added to
the cultures and the cells were incubated for a further 6 hours at 37°C. Molt 3 cells (5 x 109
ofiginating srom coculrure e\peri'nmta {see Fig. 3} conta sining >90% HIV-1-infected cells were 2lso
labeled with [¥S]methionine (200 wCimi) for 6 hours. Cellular extracts were prepared and
immu ogcapzmtcd with serum obtained from an AIDS patient (lanes 1 through 4 and 9 throt 1g§1 173
or rabbit antiserum to sor { (10} lai’lCS through 8), and the proteins were separated by SDS-PAGE
{10%) as described elsew here {22\ “he resules from four cxpcrmm:ta arc shown. (A and B) Molt 3 cell
lysates from 3.3- (lanes 2 and 77, 6 G- (lanes 3 and 6), and X- (lanes 4 and 5) in fected cells. Virus-
negative, mock-infecred (pSV 2nco) ) Mol 3 cell lysates are shown in lanes 1 and 8. (€ and D) Results
W xrﬁ Cos- i~clu‘v od lvsates. Cos-1 cells transfecred with X (lanes 9 and 16), pHXB2gpt (ane 11}, a8
(lame 12), 3.3 (lane 13}, 6.9 (lanc 14}, and 1'3 {lane 15) arc showr, as are samples transtected with
con*r@% piasmxd pSP65gpt (lanes 10 ai;d 17). The position of HIV-1-specific gpl60, gpi20, p55,
p3%/41, and "24 is indicated as is the p23 umf) secn only in lane 5

Material may be protected by copyright law (Title 17, U.S. Code)

rlransterase (CAT) gene linked to the
HIV-1 LTR’s, was used as an indicator.
Transfections were pe“*op‘ﬁﬂ n Iy mp?mzd
and nonhcmopefenc cells (HY and Cos-1
cell tines, r;spam ely). As shown in Table 2,
trans-activation activity occurred with each
of the sor mutant genomes, at levels approxi-
mating that of xwl& tvpe. In HY cells trans-
fec'red with sor mutants, the mean conver-
sions were 54%, 43%, 32%, and 30% (6.9,
3.3, AS, and 153, iespc(twd; , compdxed
with 41% for wild tvpe (pHXB2gpt). This
represents a range of 86 ro 120% of the
values obtained for pFXBZgpt. Similar re-
sults were obrained from Cos-1 transfec-
tions where the values for sor mutants werc
66 to 124% of those obrined for
pHXB2gpt, Trans-activation fevels  were
slightly higher and more variable in Cos-1
transfocted cells than HY transfected cells.
Thus the trans-acting potential of the sor
point mutants {3.3, 6.9, 153) and deletion

utant (AS) is comparable to wild tvpe and
suggest that sor function is independent of
frans-activation.

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. }‘unhﬁrmora, SoF -
fant viruses were rransmitted less well under
coculture conditions (in which cell o cell
transmission is likely to be iﬁ*pormm} Itis
interesting that the effects of truncating sor
(in the case of mutints 3.3, 6.9, 153) wer
similar to its complete removal {(in the case
of mutant AS), suggesting that the carboxvl
terminal portion of sor (downstream from
residue 100) may include a functional do-
main. However, the possibility that sor is
nonfuncrional because it is deprived of criti-
cal elements in the carboxyl terminal of the
protein necessary for the correct folding or
processing is not excl ided. Since the fevel of
viral RNA, proteins, and viral particles pro-
duced by sor-defective genomes could not be
distinguished from that of wild type, we
suspect that sor exerts its ctfects at a post-
translational level. This novel regulatory
mechanism, mediated by sor, could involve
late events in virus maturation, This is, to
our %{now’iedgc, the first report in which a
unction for the sor gene of HIV-1 has been
assigned. ihcse ﬁ’idings substantiate the
complex nature of e HIV-1 genome, un-
derscoring the sophisticated tran scriptional,
post-transcriptional, and post- translationa
controls which operate 1o regulate virus
expression in infeczed cells. Although we'do
not vet understand how sor enhances virus
propagation, several mechanisms are po 3881
ble. For example, sor may be a structural
component of the virion particle that acts as
a “second cnvelope” required for efficient
transmission. However, it is difficult to de-
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tect sor in as large amounts as gp120 and
gp4l (in cither infected cells or virions).
Alternatively, sor may participate in the carly
events in viral replication (from penctration
to synthesis of proviral DNA) or in potenti-
ating the cellular environment in which rep-
lication occurs. Further studies will be nec-
essary to evaluate these possibilitics.
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A Parathyroid Hormone—Related Protein Implicated
in Malignant Hypercalcemia: Cloning and Expression

L.J. Suva, G. A. WinsLow, R. E. H. WETTENHALL,

R. G. HAMMONDS, J. M. MOSELEY, H. DIEFENBACH-JAGGER,
C. P. Roppa, B. E. Kemp, H. RODRIGUEZ, E. Y. CHEN,
P.J. Hubson, T. J. MARTIN, W. 1. WooD

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.

YPERCALCEMIA 1S FREQUENTLY

associated with malignant disease.

Humoral hypercalcemia of malig-
nancy (HHM) occurs in cancer patients
withour 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 biochemical similarities be-
tween 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) levels in the PTH-re-
sponsive rat osteogenic sarcoma cell line
UMR106-01, we have recently purified a
protein of M, 18,000 from the conditioned
medium of a human lung cancer cell line
(BEN) derived originally from a patient
with HHM syndrome (8). Similar or identi-
cal biological activitics have also been identi-
fied in extracts of tumors from HHM pa-
tients (9, 10), from animal tumor models of

the syndrome (10, 1I), and from 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-
pletc primary structure, and the active
expression in mammalian cells of the PTH-
related protein from BEN cclls.

Clones of the PTH-related protein were
isolated from a ¢cDNA library of BEN cell
RNA by screening with oligonucleotide
probes based on NHj-terminal sequence
data obtained from the purified protein
(13). Two 72-base oligonuclcotides were
synthesized corresponding to a 24—amino
acid NH,-terminal sequence (8); one used
codons based on mammalian frequency ta-
bles (I4) and the second used codons from
PTH for the positions of amino acid match.
A toral of 250,000 primary, oligo(dT)-
primed, cDNA clones in the vector Agtl0
were screened with a mixture of the two
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