
sized in plant tissues and how the ratio of 
chi a to chi b is regulated during develop- 
ment of the chloroplast. 

References and Notes 

1. G. Bellemare, S. G. Bartlett, N.-H. Chua, J. 
Biol. Chem. 257, 7762 (1982); J. Bennett, Bio- 
chem. J 212, 1 j1983). 

2. The suffix -ide rnd~cates the unesterrfied form: 
chlorophylls are esterified to the 20-carbon alco- 
hol, phytol. 

3. W. T. Gr~ffiths, rbid. 174, 681 (1978), ibrd. 186, 
267 (1980). 

4. P. A. Castelfranco and S. I. Beale, Annu. Rev. 
Plant Physiol. 34, 241 (1983). 

5. D. P. Bednarik and J. K. Hoober, Arch. Bio- 
chem. Biophys. 240, 369 (1985). 

6. J.  K. Hoober and W. J Stegeman, J. Cell Biol. 
70, 326 (1976); J .  K. Hoober. In Biogenes~s and 
Turnover of Membrane Molecules, J. S. Cook, 
Ed. (Raven, New York, 19761, pp. 49-70. 

7. V. M. Koski and J. H. C. Smrth, J Am. Chern. 
Soc. 70,3558 (1948); C. Houssier and K. Sauer, 
Biochim, Bioplzys. Acta 172, 492 (19691, 0 .  T. 
G. Jones, Biochem. J .  101, 153 (1966). 

8. B. M. Chereskin et al., Plant Physiol. 70, 987 
( 1982). 

9. H. T. Black, Aldrichimica Acta 16, 3 (1983). 

R. Sager and S. Granlck, Ann. N. Y. Acad. Sci. 
56, 831 (1953). 
W.-Y. Wang er a l . ,  J. Cell Biol. 63, 806 (1974). 
K. Shlbata and T. Ogawa, Photochem. Photo- 
biol. 4 ,  193 (1965). 
H. Virgin, Physiol. Planf. 40, 45 (1977); H. 
Oelze-Karow and H. Mohr, Photochem. Photo- 
biof. 27, 189 (1978); A. Tanaka and H. Tsuji, 
Brochim. Biophys. Acta 680, 265 (1982). 
Although l,lO(ortha)-phenanthrol~ne and a,a'- 
dipyridyl also stimulated synthesrs of chlrde b In 
Chlamvdomonas In the dark (3, these chelat~ng 
agents strmulated synthesrs only of magnesium- 
protoporphyrln derlvatlves and pchl~de in h~gher 
plants rn the dark [J Duggan and M. Gassman, 
Plant Physiol. 53, 206 (1974)], Apparent12 no 
ehlorrns were made In the hlgher plant leaves. 
Thus the mhchanrsms underly~ng the effects of 
ohenanthrolines on the aleal and hieher ~ I a n t  - .  
'systems may be different. - 

15. H. Oelze-Karow, H. H. Kasemir, H. Mohr, in 
Chloro~iasr Develoomenr. G. Akovunoalou et 
al. ,  ~ d s .  (~ l sev ie r l~or th -~o l land ,  kmscrdam, 
19781, pp. 787-792. H. Kasem~r, Photochem. 
Photobiol. 37, 701 (1983). 

16. We thank D. Marks, D. Ash, and N. Yamamoto 
for helpful comments. Thrs work was supported 
by grant. PCM 8007283 from the Nat~onal S a -  
ence Foundation. 

13 May 1985; accepted 29 August 1985 

P15E is a hydrophobic transmembrane 
protein approximately 19,000 daltons in 
size that is cleaved from an envelope 
precursor polypeptide of approximately 
80,000 to 90,000 daltons (3). Lympho- 
cyte blastogenic responses to mitogens 
and alloantigens are inhibited by isolated 
p15E of feline leukemia virus (FeLV), 
and the transformation of human lym- 
phocytes by concanavalin A is blocked 
by FeLV pl5E (4 ,5 ) .  Inhibition of prolif- 
eration of a murine cytotoxic T-lympho- 
cyte (CTL) cell line by a pl5E-like pro- 
tein from FeLV has also been reported 
(6) .  Furthermore, murine leukemia virus 
(MuLV) p15E inhibits macrophage accu- 
mulation at inflammatory foci in mice 
(7). Proteins with similar anti-inflamma- 
tory properties that are antigenically and 
physicochemically related to p15E have 
been identified in virus-free murine tu- 
mor cell lines and primary murine tu- 
mors (8). Human cancerous effusions 
contain pl5E-related proteins that inhibit Inhibition of Lymphocyte Proliferation by a Synthetic Peptide the responses of human mondcytes to 

Homologous to Retroviral Envelope Proteins chemotactic stimuli (9), and pl5E-relat- 
ed proteins have been identified ih hu- 

Abstract. The retroviral transmembrane envelope protein p15E is immunosuppres- man malignant cells and in the plasma of 
sive in that it itthibits immune responses of lymphocytes, monocytes, and macro- leukemic patients (10, 11). It has there- 
phages. A region ofp l5E has been conserved among murine and feline retroviruses; fore been postulated that certain tumor 
a homologous region is also found in the transmembrane envelope proteins of the cells, not exogenously infected with ret- 
human retroviruses HTLV-I and HTLV-ZI and in a putative envelope protein roviruses, may produce immunosuppres- 
encoded by an endogenous C-type human retroviral DNA. A peptide (CKS-17) was sive products related to p15E and there- 
synthesized to correspond to this region of homology and was examined for its by evade immune surveillance (2) .  
effects on lymphocyte proliferation. CKS-I 7 inhibited the proliferation of an interleu- Human T-cell leukemia/lymphoma vi- 
kin-2-dependent murine cytotoxic T-cell line as well as alloantigen-stimulated rus (HTLV) is the designation for a fam- 
proliferation of murine and human lymphocytes. Four other peptides, representing ily of lymphotrophic, exogenous retro- 
different regions of virus proteins, were inactive. These results suggest that the viruses (12). Immunosuppression often 
immunosuppressive portion of retroviral transmembrane envelope proteins may accompanies HTLV-associated lympho- 
reside, at least in part, in a conserved sequence represented by the CKS-17 peptide. cyte malignancies, and coculture of nor- 

mal human lymphocytes with ultraviolet- 
GEORGE J. CIANCIOLO viruses (I). Although the mechanisms irradiated HTLV-I inhibits their blasto- 
Laboratory of Immune Egector are not yet known, there is increasing genic responses to mitogens (13). The 
Function, Howard Hughes Medical evidence that the envelope protein pl5E transmembrane envelope protein of 
Institute, Department of Medicine, participates in the pathogenesis of retro- HTLV-I and HTLV-TI, gp21E, shares 
Duke University Medical Center, viral-induced immunosuppression (2) .  significant amino acid sequence homolo- 
Durham, North Carolina 27710 
TERRY D. COPELAND 
STEPHEN OROSZLAN 
Laboratory of Molecular Biology and Sequences HTLV-' 

Carcinogenesis, LBI, Basic Research HTLV-II 

Program, National Cancer Institute, MoLV 
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RALPH SNYDERMAN Synthetic peptide CKS-17 L Q N R R G  L O L L F L K E G G  L  

Laboratory of Immune Effector sequences E V V L Q N R R G L D L L  
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Immunosuppression frequently ac- 
Fig. 1. Amino acid sequences (19) for the conserved region of retrovirus transmembrane companies retroviralinfections and often envelope proteins gp21E and p15E and partially homologous or nonhomologous synthetic 

precedes the development of neoplasms peptides. MoLV, Moloney murine leukemia virus. The number at the lower left of each 
in animals infected by oncogenic retro- sequence represents the residue at which the sequence begins. 
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gy with p15E of MuLV and FeLV and 
with the transmembrane proteins of bo- 
vine leukemia virus (BLV) and Rous 
sarcoma virus (RSV) (14). There is also 
homology between the nucleotide se- 
quence of a full-length endogenous C- 
type human retroviral DNA (clone 4-1) 
and DNA sequences from MuLV, 
FeLV, HTLV-I, and HTLV-I1 in the 
same region (15). Considering the poten- 
tial role of retroviral envelope proteins in 
the pathogenesis of immunosuppression, 
we hypothesized that the homologous 
sequence might mediate such activity. 
We now report that a peptide (CKS-17) 
synthesized to correspond to a portion of 
this region of homology inhibits the pro- 
liferation of an interleukin-2 (IL-2)-de- 
pendent murine CTL (CTLL-2) cell line 
and the alloantigen-stimulated prolifera- 

tion of both murine and human lympho- 
cytes in mixed leukocyte cultures. 

The sequence of CKS-17 and the ho- 
mologous sequences in human, murine, 
and feline retroviruses are shown in Fig. 
1. Additional virus-related peptides that 
are partially homologous (SP-9 and SP- 
74) o r  nonhomologous (SP-16 and SP-70) 
to  CKS-17 were synthesized; the neuro- 
peptide neurotensin was obtained com- 
mercially (Vega Biochemicals). All pep- 
tides were synthesized by means of 
Merrifield solid-phase synthesis tech- 
niques and purified with ion-exchange 
and reversed-phase high-performance 
liquid chromatography (HPLC); their 
identities were verified by HPLC and 
amino acid analysis (16). Peptides were 
coupled to the carrier protein bovine 
serum albumin (BSA) by the following 

Table 1 .  .Effect of CKS-17 on [3H]thymidine incorporation by murine CTLL-2 cells. Cells 
(5 x lo3 per well) were cultured for 24 hours at 37'C in humidified 5 percent C02 in 96-well 
tissue culture plates, Culture medium was RPMI 1640 supplemented with 1 mM sodium 
pyruvate, 2 mM L-glutamine, penicillin (100 Uiml), streptomycin (100 pgiml), 2 percent fetal 
bovine serum (Sterile Systems, Logan, Utah), and 1 percent partially purified human IL-2 
(Electronucleonics, Silver Spring, Maryland). Cells were cultured either in medium alone or in 
medium with the indicated concentrations of materials to be tested. Incorporation was 
measured by adding 1.0 pCi [3H]thymidine (6.7 Ciimmol; New England Nuclear) per well for 
the final 4 hours of culture, collecting the cells with a multiple automated sample harvester onto 
glass-fiber filters, and determining the incorporated radioactivity by scintillation spectropho- 
tometry. Values represent the mean i standard error of the mean of quadruplicate samples. 
Cultures grown in the absence of IL-2 incorporated 4 0 0  countimin per well. 

- -- - 

Material Incorporation (countimin) at peptide dilutions 
tested 1 : 20 1 : 40 1 : 80 

Experiment 1 
CKS-17 18,511 t 1898 33,602 t 718 42,076 t 1489 
BSA* 40,982 t 1815 45,765 2 2328 51,623 r 1178 
Media alone 44,676 t 2063 

Experiment 2 
CKS-17 10,950 ? 1082 23,128 2 1644 29,980 t 1745 
BSA* 25,772 t 358 31,317 t 1730 27,169 2 1802 
Media alone 29,002 ? 1898 

CKS-17 
BSA* 

Experiment 3 
17,253 i- 453 26,122 i- 398 27,484 t 463 
31.580 ? 829 2g,619 + 829 29,149 ? 743 

Media alone 28,180 t 1116 
'BSA that underwent the same coupling conditions as used for CKS-17 

Table 2. Effects of synthetic peptides on [3H]thymidine incorporation by murine CTLL-2 cells. 
Cells were cultured as described in Table 1 in the presence or absence of the indicated 
concentrations of the peptides. Incorporation of [3H]thymidine by cells grown in the absence of 
peptides ranged between 25,000 and 50,000 countimin (cpm) for this series of experiments. The 
results represent the mean standard error of the mean where percent inhibition is [(cpm in 
medium alone - cpm in the presence of peptide)/cpm in medium alone] x 100. 

Peptide Inhibition of [3H]thymidine incorporation 
coupled to N* (%) at peptide dilutions 

BS A 1:20 1 : 40 1 : 80 

None 16 5.8 t 1.2 6.4 -t 1.5 4.0 * 1.3 
CKS-17 24 49.6 t 5.4 22.0 r 4.8 9.4 ? 1.3 
SP-9 2 0 0 0 
SP-74 2 0 0 0 
SP-16 2 6.5 ? 6.5 0 0 
SP-70 2 5.0 ? 5.0 0 0 
Neurotensin 4 0.5 t 0.5 0 0 

*N, number of experiments 
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method. Peptide (1.0 mM) and BSA 
(0.030 mM) were mixed in 0.1M l-ethyl- 
3-(3-dimethylaminopropyl)carbodiimide 
HCl for approximately 10 hours at 22°C 
and p H  5.0. After the addition of an 
equal volume of 1.OM glycine, the mix- 
ture was rotated overnight at 4°C and 
then extensively dialyzed against Hanks 
balanced salt solution (HBSS) that had 
been buffered to p H  7.2 with 10 m M  
Hepes. Coupling, which occurred with 
an efficiency of approximately 30 per- 
cent as  measured with radiolabeled pep- 
tide, resulted in conjugated material a t  a 
final peptide concentration of approxi- 
mately 0.15 mM and a final BSA concen- 
tration of 0.015 mM. BSA alone was 
processed in an identical manner and 
used as an additional control. 

Addition of the heptadecapeptide 
CKS-17 resulted in a dose-dependent 
inhibition of growth of the CTLL-2 cell 
line (Tables 1 and 2). Addition of various 
concentrations of the other coupled pep- 
tides o r  of the BSA control did not 
significantly inhibit ificorporation of 
[3~] thymidine  into CTLL-2 cells. The 
inhibition of [3~] thymidine  incorpo- 
ration was not the result of competition 
with o r  breakdown of the radiolabeled 
nucleotide but represented true inhi- 
bition of cellular proliferation. When 
CTLL-2 cells were cultured in the pres- 
ence of IL-2 plus the BSA control o r  
media alone, cell numbers increased by 
18d percent during the 24-hour assay. In 
contrast, addition of CKS-17 at  a dilution 
of 1 : 20 limited the increase in cell num- 
ber to 105 percent. Furthermore, inhibi- 
tion by CKS-17 was not the result of any 
rapid toxic effect as (i) CTLL-2 cells that 
had been incubated with the peptide for 3 
hours were still viable (>95 percent) as 
determined by exclusion of trypan blue 
and (ii) maximal inhibition by the peptide 
required at  least 16 hours of cell expo- 
sure. The inhibitory action of CKS-17 
upon the CTLL-2 cells was not affected 
by increasing the IL-2 concentrations in 
the cultures by up to 20-fold, suggesting 
that the peptide was not directly compet- 
ing with the IL-2. 

CKS-17 also inhibited tbe proliferation 
of murine splenocytes in a two-way 
mixed leukocyte reaction (MLR) culture 
(Fig. 2A). In three experiments the CKS- 
17 peptide inhibited growth at  dilutions 
of 1:20, 1:40, and 1:80 by 94 +- 2, 
74 ? 4, and 48 +- 9 percent (mean * 
standard error of the mean), respective- 
ly, while the  BSA control had little o r  no 
effect at the same concentrations. CKS- 
17 at similar concentrations had no sta- 
tistically significant effect on [3Hlthyrni- 
dine incorporation by BALBIc 3T3 or  
NIH 3T3 fibroblast cells cultured for 
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either 2 or 3 days. Growth of human 
mononuclear cells that had been stimu- 
lated in a two-way MLR was also 
blocked by CKS-17 (Fig. 2B). In four 
experiments, CKS-17 at dilutions of 
1:20, 1:40, and 1:80 inhibited [3H]thy- 
midine incorporation by 92 i 2, 64 2 
11, and 18 2 3 percent (mean i stan- 
dard error of the mean), respectively. 

Inhibition of the human MLR by CKS- 
17 was observed when the peptide was 
added on day 3 (of a 4-day culture) or 
day 5 (of a 6-day culture) but not when 
the peptide was added at the initiation 
(time 0) of the culture. This was in con- 
trast to the murine MLR, where addition 
of the peptide at time 0 inhibited prolif- 
eration in both 3- and 5-day cultures. The 
reason for this has not yet been deter- 
mined. However, Copelan et al, report- 
ed that p15E inhibition of human lym- 
phocyte blastogenic responses to conca- 
navalin A was reversed by addition of 
monocytes to the cultures (5). As ap- 
proximately 25 percent of the human 
MLR culture were monocytes, these 
cells may either take up or degrade the 
CKS-17 peptide, making less available to 
the lymphocytes in the cultures. This 
possibility has also been used to explain 
the reversal of the effect of p15E on 
lymphocytes by the addition of mono- 
cytes (5). 

Significant inhibition of lymphocyte 
proliferation was not observed when un- 
coupled CKS-17 was tested, suggesting 
that biological activity might be depen- 
dent on a particular conformation that is 
conferred on the peptide molecule by 
coupling it to a carrier. If this is the case, 
we have no way of estimating the per- 
centage of coupled CKS-17 molecules 
that are in the required conformation. 
Thus, the concentration of CKS-17 re- 
quired for biological activity (approxi- 
mately 7.5 p,M at a 1 :20 dilution) might 
be substantially less under conditions in 
which all the molecules assumed the 
appropriate conformation. 

Previous studies have shown that re- 
troviral p15E can inhibit feline and hu- 
man lymphocyte transformation (4, 5). 
Our results show that CKS-17, a synthet- 
ic peptide corresponding to a conserved 
region of retroviral envelopes, inhibited 
the proliferative responses, not only of a 
murine CTL cell line but of both murine 
and human alloantigen-stimulated lym- 
phocytes. No significant inhibition was 
seen with (i) a variety of other peptides 
that were from different regions of either 
pl5E or HTLV gp21E (SP-9 and SP-74), 
(ii) peptides from HTLV gp46 (SP-70) or 
HTLV p24 (SP-16), (iii) synthetic neuro- 
tensin, or (iv) BSA that had been pro- 
cessed in an identical manner as BSA- 

coupled CKS-17. The lack of activity 
with SP-9 and SP-74, which are partially 
homologous to CKS-17, suggests that 
the additional or different amino acids 
contained in CKS-17 may be necessary 
for biological activity. 

Based on our observation of a p15E- 
like protein in human cancerous effu- 
sions and in mitogen-transformed human 
lymphocytes (9, lo), we suggested that 
normal human cells might contain a gene 
coding for a pl5E-related protein (2). 
The partial homology of CKS-17 with a 
portion of the envelope protein encoded 
by an endogenous human retrovirus 
DNA sequence (15) (Fig. 1, sequence 4- 
1) lends some support to this concept. 
We hypothesized that under certain con- 
ditions, such as neoplastic transforma- 
tion, the gene might become activated 
and, by releasing an immunosuppressive 
substance, enhance the virulence of tu- 
mors that express it. Furthermore, Jac- 
quemin et al. reported that there are 
elevated plasma concentrations of a 

4 
0 - 
m 

CKS-17 A 
.- 

BSA control 

Medium 1:20 1:40 1:80 
alone 

Peptide dilution 

Fig. 2. Effects of CKS-17 on murine (A) or 
human (B) two-way mixed leukocyte culture 
reactions. Murine cultures contained lo5 
BALBic 3T3 and NIHISwiss splenocytes per 
well and were cultured for 3 days as described 
in Table 1, except that the culture medium 
contained 50 pM 2-mercaptoethanol and 
lacked IL-2. Cultures were labeled for the 
final 4 hours with 1.0 pCi of [3H]thymidine 
per well and were collected on glass-fiber 
filters; incorporated radioactivity was deter- 
mined as described in Table 1. Results are the 
mean -+ standard error of the mean of qua- 
druplicate samples. Human mononuclear 
cells, isolated from the blood of two healthy 
individuals by Ficoll-Hypaque density gradi- 
ent centrifugation, were cultured for 6 days 
under the same conditions as murine cells, 
with the exception that CKS-I7 or the BSA 
control were present for only the final 24 
hours of culture and 2-mercaptoethanol was 
excluded from the media. 

pl5E-related glycoprotein in patients 
with leukemia (11). Lymphocytes from 
patients with acquired immune deficien- 
cy syndrome (AIDS) produce an immu- 
nosuppressive protein (17). The trans- 
membrane envelope region of HTLV- 
111, the virus which is the etiological 
agent of AIDS (18), has limited (approxi- 
mately 35 percent) homology to the 
CKS-17 sequence. Whether this protein 
plays any role in immunosuppression 
associated with AIDS remains to be de- 
termined. 

The present studies suggest that the 
biologically relevant portion of retroviral 
envelope proteins may reside in a rela- 
tively homologous region represented, at 
least in part, by CKS-17. Such synthetic 
peptides might well have diagnostic or 
therapeutic potential. 
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