
P. ynomo& ( B )  was used. One selection event in- 
volving the pooling of eggs from the five most 
susceptible females In a roup of 50 examined was 
followed by four isofem& line-selection steps. Sev- 
en of the ten isofernale lines examined at the fourth 
isofemale line-selection step were virtually fully 
susceptible to P. ynomolgi (B). These two strains of 
P. cynomol i were used because the G3 stock was 
highly refactory to the NIH strain and highly 
susceptible to the Lond strain of the parasite. There- 
fore, selection for refractoriness was felt to be more 

stringent if Lond was used and selection for suscep- 
tibilinr more stringent with P, ynomolgi (B). By our 
definition, an infected mosquito was a female with 
normal or encapsulated oocysts (or both) on the gut. 
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Isolation and Sequence of L3T4 Complementary 
DNA Clones: Expression in T Cells and Brain 

T lymphocytes express on their surface not only a specific receptor for antigen and 
major histocompatibility complex proteins, but also a number of additional glycopro- 
teins that are thought to play accessory roles in the processes of recognition and signal 
transduction. L3T4 is one such T-cell surface protein that is expressed on most mouse 
thymocytes and on mature mouse T cells that recognize class I1 (Ia) major histocom- 
patibility complex proteins. Such cells are predominantly of the helperlinducer 
phenotype. In this study, complementary DNA clones encoding L3T4 were isolated 
and sequenced. The predicted protein sequence shows that L3T4 is a member of the 
immunoglobulin gene superfamily. It is encoded by a single gene that does not require 
rearrangement prior to expression. Although the protein has not previously been 
demonstrated on nonhematopoietic cells, two messenger RNA species specific for 
L3T4 are found in brain. The minor species comigrates with the L3T4 transcript in T 
cells, whereas the major species is 1 kilobase smaller. 

M ATURE MOUSE T LYMPHOCYTES 

can be divided into two subsets 
by their expression of the alterna- 

tive T-cell differentiation antigens L3T4 
(CD4 in humans) and Lyt-2 (CD8 in hu- 
mans). The L3T4 subset consists predomi- 
nantly of helperiinducer T cells and corre- 
lates best with recognition by T cells of class 
I1 (Ia) major histocompatibility complex 
(MHC) molecules (1-3). The Lyt-2 subset 
is made up primarily of cptotoxic and sup- 
pressor T cells and correlates best with rec- 
ognition of class I (H-2K, D, or L) MHC 
molecules (3, 4). Monoclonal antibodies 
specific for L3T4 or Lyt-2 inhibit the func- 
tional activity (cytotoxicity, proliferation, 
Iymphokine release) of T cells that bear 
these proteins (1-6). It has been postulated 
that L3T4 and Lyt-2 play a role in increas- 
ing the avidity of the interaction between T 
cells and antigen-presenting cells or target 
cells, perhaps by binding to nonpolymor- 
phic regions of class I1 and class I MHC 
proteins, respectively (2, 3, 6, 7). It has 
alternatively been postulated that monoclo- 
nal antibodies specific for L3T4 (or CD4) 
inhibit function by directly transmitting a 
negative signal to the T cell (8). Although 
Lyt-2 and CD8 are normally known to be 
expressed only on particular subsets of thy- 
mocytes, T cells, and natural killer cells, 
CD4 has also been shown to be expressed by 

normal cells of the monocyte/macrophage 
and Langerhans lineages in both humans 
and rats (9). However, none of these pro- 
teins has been reported to be expressed on 
normal nonhematopoietic cells. 

The genes encoding human CD8, CD4, 
and mouse Lvt-2 have been recently cloned, 
and their prkdicted amino acid skquences 
have revealed that they are evolutionarily 
related to immunoglob~lin (Ig) variable (v) 
regions (10-14). We have now cloned the 
complementary DNA (cDNA) encoding 
mouse L3T4 and show that it too is a 
member of the Ig gene superfamily. We 
further show that the gene is expressed not 
only in T-lineage cells but also in brain and 
that the size of the mRNA in brain is 
different from that in T cells. 

To isolate mouse L3T4 cDNA clones we 
screened a C57BLiKa mouse thymocyte 
cDNA library with a full-length human 
CD4 cDNA clone (12) used as probe. Two 
mouse clones that hybridized to the human 
clone were isolated. The nucleotide se- 
quence of the one (pcL3T4-C7) with the 
longer insert (1.3 kb) was determined (Fig. 
1). Because this clone did not contain the 5' 
end, it was used as a probe to isolate from 
the same library an additional cDNA clone 
(pcL3T4-14) that extended farther in the 5' 
direction. The nucleotide sequence of the 5' 
untranslated region, the leader, and the first 

ten amino acids of the mature protein were 
therefore determined from pcL3T4- 14 (Fig. 
1). The nucleotide sequence shown in Fig. 1 
predicts a mature pIotein of 435 amino 
acids (predicted molecular size 48,853 dal- 
tons), with 372 amino acids external to the 
cell, a 25-amino acid hydrophobic trans- 
membrane region, and a 38-amino acid 
highly basic cytoplasmic domain. The ma- 
ture protein sequence is preceded by a 22- 
amino acid hydrophobic leader or signal 
peptide as is typically found at the NH2- 
terminus of cell surface and secreted Dro- 
teins. The point of cleavage of this leader 
was predicted by comparison with other 
published leader sequences. 
- As expected, the-nucleotide sequence of 
the L3T4 cDNA was homologous to that of 
the human CD4 clone with which it was 
selected, and the encoded protein was also 
closely related (Fig. 2A). The most highly 
conserved region was the cytoplasmic do- 
main (79% at the amino acid level), which 
may play a role in signal transduction. In 
contrast, the external portions of L3T4 and 
CD4 contained only 55% identical residues. 
This latter finding is similar to our previous 
results comparing the mouse (Lyt-2) and 
human (CD8) sequences of the alternative 
T-cell differentiation marker (13). The 
mouse L3T4 protein has four predicted N- 
linked glycosylation sites (Asn-X-Thr or 
Asn-X-Ser) at residues 165, 276, 301, and 
370, as compared to only two in the human 
CD4 (12). 

We ' and others obsenred previously that 
CD8 and Lyt-2 have NH2-terminal external 
domains that are homologous to the Ig light 
chain V regions (11, 13, 14). A similar 
relation has been found for human CD4 
(12). We therefore searched a series of data 
banks with the L3T4 sesuence to see wheth- 
er similar or additional homologies could be 
found. These computer comparisons indi- 
cated that L3T4 is also a member of the Ig 
gene superfamily. The NH2-terminal do- 
main of the mature protein (90 to 101 
amino acids, depending on where one arbi- 
trarily sets the border)-is homologous to Ig 
V regions, with the greatest similarity being 
to light chain V regions, especially K (up to 
35%) (Fig. 2B). This domain of L3T4 has 
the two cysteines (residues 20 and 90) that 
form the characteristic disulfide loop of Ig- 
like homology units, as well as the structur- 
ally important tryptophan (residue 32) that 
is always found 12 to 15 residues down- 
stream from the first cysteine of the disulfide 
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loop. In addition to the similarity in amino 
Rsal EcoRI Rsal Hael l l  \ Pvul l  BamHl EcoRI aci2 sequence, computer predictions of po- 

tential p-sheet structure and hydrophobicity 
plots were extremely similar for the NH2- 
terminal domain of L3T4 and for Ig light 
and heavy chain V regions. Twelve residues 
beyond the second cysteine of the V-like 
domain is a sequence (amino acids 102 to 
110) that bears some similarity to Ig A J 
(joining) segments (Fig. 2C). The place- 
ment of this sequence relative to the V-like 
domain suggests that it may be evolutionari- 
ly related Ig J segments, although it is 
missing the central Gly-X-Gly, which is 
highly characteristic of Ig J sequences. 

We found another region of the L3T4 
protein between amino acids 140 and 175 
(V') that appears more weakly related to the 
COOH-terminal portion of Ig heavy and 
light chain V regions, including the second 
cysteine of the Ig disulfide loop (Fig. 2D). 
This sequence is most closely related to the 
NH2-terminal V-like sequence of L3T4, 
suggesting an internal -duplication. Al- 
though the significance of this short region 
of homology is unclear, it is followed by a 
seauence (amino acids 176 to 185) that is 
even more similar to k light chain J seg- 
ments than the sequence following the 
NH2-terminal V-like domain (Fig. 2E). It is 
therefore possible that this regon of the 
protein also evolved from an ancestor of Ig 
V regions but that it suffered a major dele- 
tion of its NH2-terminal portion during the 
course of evolution. ~ G e n  though both 
L3T4 and Lyt-2 are homologous to K vari- 
able regions, they show little homology to 
each other except for the conserved residues 
present in most members of the Ig gene 
superfamilp. Both this sequence divergence 
and the fact that L3T4 has undergone an 
internal duplication resulting in two V-like 
homology units (in contrast to the single 
such unit in Lyt-2) suggest that L3T4 and 
Lvt-2 have had verv different evolutionarv 
hktories afier splitting off from K. The rL- 
mainder of the external protein (connecting 
peptide) bears no sign&cant homology to 
other known proteins except to the human 
CD4. 

Fig. 1. Nucleotide and deduced amino acid se- 
quence of L3T4 cDNA. The insert of cDNA 
clone pcL3T4-C7 was sequenced by the dideox- 
ynucleotide chain termination method (22) with 
M13 vectors mp18 and mp19 (23) according to 
the strategy shown at the top. The closed box 
indicates the cDNA insert while the thinner lines 
indicate phage arms. The Eco RI sites at the 5' 
and 3' ends of the insert are the result of synthetic 
linker addition. The sequence of the 5' untranslat- 
ed region, leader, and first ten amino acids of the 
mature protein was determined similarly from 
M13 mp18 and mp19 subclones of a Sac I (5') to 
Hinf I (3') fragment of an overlapping cDNA 
clone, pcL3T4-14. This clone was found to be 
identical in sequence to pcL3T4-C7 in the region 
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The transmembrane region of L3T4 con- 
tains no charged residues and is only 54% 
homologous to the human CD4 transmem- 
brane domain. In contrast, the transmem- 
brane domain was the most highly con- 
served region (79%) between mouse Lyt-2 
and human CD8 (13). Analysis of the L3T4 
transmembrane region by a hydrophobic 
moment plot (15) predicts that this se- 
quence penetrates the membrane as a single 
a-helix unassociated with any other trans- 
membrane region. This result is consistent 
with biochemical data suggesting that L3T4 
is a monomeric protein (1,Z). The predicted 
cytoplasmic domain of L3T4 is highly 
charged, with an excess of 12 basic residues. 
This is similar to previous observations for 
Lyt-2, CD8, and CD4 (11-13). There is no 
significant homology between the cytoplas- 
mic domain of L3T4 and that of other 
sequenced proteins (except its human ho- 
m o ~ ~ ~ ) .  

The pattern of expression of L3T4 
mRNA in a variety of mouse cell lines and 
tissues was examined bv Northern blot anal- 
ysis in order to correlate mRNA expression 
with the known pattern of expression of the 
protein (Fig. 3A). The insert of L3T4 

cDNA clone pcL3T4-C7 hybridized to a 
single major mRNA species of 3.7 kb in 
thymus, spleen, and lymph node. This same 
hybridizing mRNA was also seen in two 
thymoma cell lines known to express the 
protein (VL3I1 and KKT2). In contrast, no 
hybridizing mRNA was detectable in several 
other thymoma cell lines that do not ex- 
press surface L3T4 (1112, MBL2, and 
Rl. lR/TLIII  7X.6), in two B-cell lines (Bal 
17  and 225), in an undifferentiated terato- 
carcinoma cell line (F9), in an Iai macro- 
phage line (WEHI-3), or in liver. Although 
not obvious in Fig. 3A, a small amount of 
the 3.7-kb mRNA was detectable in kidney 
on the original autoradiograph. It is possible 
that this mRNA represents contamination 
of the kidney RNA with RNA from L3T4' 
blood cells, but we cannot exclude the possi- 
bility of a low level of expression by endoge- 
nous renal cells. The thymus lane (lane 1) 
and, to a lesser extent, the VL3I1 lane (lane 
10) in Fig. 3A are greatly overexposed and 
suggest the presence of a number of larger 
and smaller mRNA species. Several of these 
are believed to be artifacts related to com- 
pressions in the regions of the 28s and 18s 
ribosomal RNA (rRNA), possibly com- 

bined with a low level of degradation. These 
bands are not visible in repeated blots with 
different RNA preparations (Fig. 3B). 
However, the two largest bands are present 
on other blots and are probably partially 
spliced precursors, since both nuclear and 
cytoplasmic RNA are present. 

Of particular interest was the finding that 
normal mouse brain contained a small 
amount of a 2.7-kb L3T4 transcript that was 
not convincingly detectable in any of the 
other tissues or cell lines examined by using 
multiple blots and different RNA prepara- 
tions. However, we cannot exclude the pos- 
sibility that small amounts of this transcript 
are present in other tissues at levels below 
that found in brain. Because an mRNA 
species comigrating with the brain 2.7-kb 
transcript was not clearly detectable in thp- 
mus, spleen, or lymph node, it is highly 
unlikely that the expression of this mRNA 
in brain is a result of contaminating L3T4' 
blood cells. This 2.7-kb transcript is found 
in the poly(A)+ fraction of brain RNA and 
not in the polp(A) - fraction (Fig. 3C). We 
do not know which cells in the brain express 
this mRNA and whether they are of neuro- 
nal, glial, or possibly macrophage origin. 

102 1 1  0 7 6  I85 
L3T4 J W V F - - - - K V T F S P  L3T4 V' KKGKVVSGSYVLSYSNLRVZDSDFWNCT' i lT  140- 6 9 )  L3T4 J d - F G M - T - L S V L G  
A J1 ***GGGT*L*V,G MOPC 47A I S P D N S E * I L Y * Q * N T * * A * * * A T Y Y * A R 3  ( 7  0 0 )  h J1 x V * * G G * K * T x x x  
h J2 Y * * G G G T * * * V L G  Gal I S R D N A K N * L Y * G * N S * * * E * T A L Y Y * A R G  170-991 h J2 Y V * * G G * Y V T * * *  
?. J3 F I * G S G T * * * V L G  L3T4 V * * * A ~ E K * * F P * I I N K * Y Y E * * O T Y I * E L E  ( 6 4 - 9 3 )  h J3 r I * * S G * K V T * * *  
xJ1 * T * G G G T * L E i K -  KJ1 * T * * G G * K * E I K -  

Fig. 2. Homology of L3T4 to human CD4 and to immunoglobulin V 
regions. (A) The amino acid sequence of L3T4 is compared with that of 
human CD4. Predicted protein domains of L3T4 are labeled as in Fig. 1. 
The numbers of the first and last amino acids in each line are indicated in the 
left and right margins, respectively. (B) The sequence of the NH2-terminal 
domain of the mature L3T4 protein is compared with a mouse Ig K (V-TI) 
V region (24) and a human Ig A (Mcg) V region (25). The numbers above 
refer to the amino acid positions in L3T4. (C) The amino acid sequence of a 
segment of L3T4 (residues 102 to 110) homologous to Ig J segments (L3T4 
J )  is compared with the sequences of mouse A 11, J2, and J3 (26) and mouse 

K J1 (27). (D) The amino acid sequence of a segment of L3T4 (V') 
homologous to the COOH-terminal portion of Ig V regions is shown with 
the sequences of the homologous portion of two Ig heavy chain V regions, 
mouse MOPC 47A (28) and human GAL (29), and the homologous portion 
of the L3T4 NH2-terminal V-like region (L3T4 V). The numbers in 
parentheses indicate the residues of each protein shown. (E) The sequence of 
a second J-like sequence of L3T4, J' (residues 176 to 185) is compared with 
the sequences of three mouse A J segments (26) and one mouse K J segment 
(27). In all of these comparisons, asterisks indicate identical residues and 
dashes indicate gaps in the alignment. 
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Fig.3.NorthemblotanalysisofUT4mRNA A 1  2  3 4 5 6 7 8  9 1 0 1 1  i z i 3 i 4 i s  1 6 1 7  i s  B C 
expression. Total RNA was isolated fiom tissues 1 2  
and cell lines by the procedure of Chirpm ct d. 
(30). (A) Each RNA sample (10 pg) was subject- 
ed to electrophoresis through a 1.5% agvose gel 
containing 2.2M formaldehyde. The RNA was 
transferred to nitrocellulose (31) and the blot was 
hybridkd as described (13). The probe consisted p 

of a 1.3-kb insert of cDNA done pcL3T4C7 
labeled with 32P by random hexamer priming 
(32). The blot was washed as described (13) and 
exposed for 9 days at - 70°C with an intcnslfylng 

- 

screen. RNA's were from the following sources: w 4 

1, thymus; 2, lymph node; 3, spleen; 4, brain; 5, 
kiddey; 6, liver; 7, rat glial cell line C6 (A. r.4 

Perlrnan, Stanford); 8, thymorna cell line KKT2 
(I. Weissman, Stanford); 9, no sample; 10, thy- 
moma cell line VL311 (I. Weissman, Stanford); 
11, thymoma cell line 11 12 (J. Allison, University 
of Califbrnia, Berkeley); 12, thymoma cell line 3 
MBL2 (I. Weissman, Stanford); 13, thymoma treated (48 hours] mouse spleen cdls (33). All 1) a n d . ~ d ~ ( ~ ) +  (lane 2) frictions by passage 
cell line Rl.lR/TLIII 7X.6 (R. Hyman, Salk tissues and a l l  lines were of mouse origin except through and elution from an oligo(crr)dulose 
h t i ~ t e ) ;  14, B-cell line Bal 17 (I. Weissman, for the rat ghal cell line C6. (B) Total thymus column (3) two times. Each fnction (9 pg) was 
Stanford); 15, B-cell line 225 (J. Allison, Univer- RNA (15 ~ g )  was subjected to electrophoresis, subjested to electrophoresis, blotted, and hybrid- 
sity of Califbrnia, Berkeley); 16, F9 teratocarcin- blotted, and hybridized as in (A) except that the ized as in (A). Exposure was for 18 hours at 
oma cell line, 17, macroph cell line WEHI-3 RNA was prepared independently. Ejrposurc was - 7 0 " ~  with an intensifying screen. The migration 
(P. Jones, Stanford); and ZWEHI-3 &er 48 for 5 h 6 m  at -70% with an intensifjing screen. positions of 28s and 1 s  rRNA are rnrM in the 
hours of induction with a y-interferon-contain- (C) Total brain RNA isolated as in (A), but left margin of each autoradiograph and were 
ing cell-free supernatant from 'concanavalin A- indendently, was separated into poly(A)- (lane determined by ethidium bromide staining. 

Since we have previously found that the 2 3 4 5 6 7 8 9 10 11 12 13 14 15 lr " '" 
mouse L3T4 cDNA cross-hybridizes with a 
single rat gene on genomic Southern blots 
(16), we examined a rat glial cell line, C6, La. I - 
fbr expression of RNA hybridizing to the 
mouse L3T4 cDNA. No cross-hybridizing 
mRNA was detectable (Fig. 3A). However 
results with a single cell line do not rule out 7.v - 
the possibility that glial cells are the source 
of the mouse 2.7-kb transcript. 

The L3T4 mRNA contains a very long 3' 
untranslated region (estimated at 1.6 to 1.7 
kb), so it was possible that the difference in 4.4 - 
mRNA lengths resulted from two alterna- 
tive polyadenylation sites. If so, the encoded 
protein would be the same in both cases. 
However, Sl  nudease mapping indicates 
that the two mRNA's differ in protein cod- 
ing sequence at the 5' end (17). Since we 2.3 - 
have only detected a single gene fbr mouse 

2.0 - 
L3T4, it seems most likely that the differ- B 

ence in the two mRNA's is the result of 
alternative mRNA splicing patterns. The 
typical 3.7-kb L3T4 transcript is also detect- 
able in brain, but at a lower level. We do not 
h o w  whether the same cells in brain express 
both mRNA species. It is possible that the 
small amount of 3.7-kb transcript in brain 
results from contamination with blood cells. 

The homology of L3T4 to Ig V regions 4. So analvs~s oi c m thvmoma cell Ime, hvcr, and bran. Genomlc DNA (8 
7 the ~ n d ~ c a  on endonuclease and subjected to elecrrophores~s through a the exprrnion of an alternative 

% ~ ~ ~ ~ r o q c  gel. I nc DNA u as transtcmd to n~troccllulose bv the mcthod of Southern (18) and the form in toexamhe whether lhis blot was h\lbr~d~zed, as prcv~ouslv descrlbcd (I.?), to the Insert of L3T4 cDNA clone pcL3T4-C7 
m g e s  in cells that a p m  it. We labeled as described In the legend to F I ~  3 The blot was washed as descrlhed (13) and cupo~cd 

therefore examined genomic DNA &om o ~ e r n ~ g h t  at - 70°C w ~ t h  an mtenslfirlng screen. Enzvmes used were (lanes 1 to 3) Bam HI, (lanes4 to 
mouse liver (nonexpressing), ~ ~ 3 1 1  (a thy- 6) BgL 11, (lanes 7 to 9) Hlnd 111, (laner 10 to 12) P\u 11, (lanes 13 to 15) ECO RI, and (lanes 16 to 18) 

Xba I Sources of DNA were L3T4+ mouse thvmoma cell I~ne VL311 (lancs 1, 4, 7, 10, 13, and 16), moms line expressing the 3'7-kb mouse hver (lanes 2,5,8 ,  11,14, and 171, and mouse bra~n (lanes 3,6,9,12,15, and 18) Size markers 
mRNA)~ and mouse brain (3.7-kb and 2.7- arc ~ndvated In the left margln and represent Hlnd 111 fragments of phage h run In parallel and stalncd 
kb mRNAYs) by Southern blot (18) analysis wlth cth~dlum bromrde 

luthcrn bloi 
igested . wit1 -. 

' L3T4 gen, 
ted restrictii 
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after digestion with six different restriction 
enzymes (Fig. 4) .  We could detect no rear- 
rangement in the L3T4 gene with the com- 
plete insert of pcL3T4-C7 as a probe. On 
the basis of the data from VL3I1 we con- 
clude that no rearrangement is required for 
expression in T-lineage cells. Although we 
found no evidence for rearrangement in 
total brain DNA, we cannot rule out the 
possibility that a rearrangement occurs in 
fewer than 5% of brain cells, and that these 
are the cells that produce the smaller 
mRNA. 

The expression of L3T4 mRNA in mouse 
brain is intriguing given the high frequency 
of central nervous system involvement in 
human acquired immune deficiency syn- 
drome (AIDS) (19, 20); the presence of 
human T-cell lymphotropic virus type I11 
(HTLV-111), the retrovirus responsible for 
AIDS, in the brain of affected individuals 
(19); and the demonstrated role of human 
CD4 as a cellular receptor for HTLV-I11 
(21). These observations suggest that CD4 
is probably expressed in human brain at the 
protein level. The large evolutionarp diver- 
gence that we have found between the exter- 
nal domains of L3T4 and CD4 may explain 
why HTLV-I11 does not infect mouse T 
cells. In any event, the tissue-specific expres- 
sion of an alternative form of L3T4 mRNA 
suggests a yet undefined role for this mole- 
cule in brain. 
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URF6, Last Unidentified Reading Frame of Human 
mtDNA, Codes for an NADH Dehydrogenase Subunit 

The polypeptide encoded in URF6, the last wassigned reading frame of human 
rnitochondrial DNA, has been identified with antibodies to peptides predicted from 
the DNA sequence. Antibodies prepared against highly purified respiratory chain 
NADH dehydrogenase from beef heart or against the cytoplasmically synthesized 49- 
kilodalton iron-sulfur subunit isolated from this enzyme complex, when added to a 
deoxycholate or a Triton X-100 mitochondrial lysate of HeLa cells, specifically 
precipitated the URF6 product together with the six other URF products previously 
identified as subunits of NADH dehydrogenase. These results strongly point to the 
URF6 product as being another subunit of this enzyme complex. Thus, almost 60% of 
the protein coding capacity of mammalian mit~chondrial DNA is utilized for the 
assembly of the first enzyme complex of the respiratory chain. The absence of such 
information in yeast mitochondrial DNA dramatizes the variability in gene content of 
different mitochondrial genomes. 

S INCE THEIR INITIAL DISCOVERY IN 

human mitochondrial DNA (mtJlNA) 
(I) ,  the eight so-called unidentified 

reading frames (URF's), which together 
represent about 60% of the protein coding 
capacity of the mitochondrial genome of 
animal cells (2), have raised considerable 
interest. Particularly intriguing has been the 
observation that these reading frames, with 
the exception of one, have no homology to 
anv of the identified and unidentified read- 
ing frames of mtDNA of Saccharomyces cere- 
vtj-iae (3) and Schizosaccbaromyces pombe (4), 
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Biochemistry, University of Soythampton, Southampton 
SO9 3TU, England. 
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although several of them occur in mtDNA 
of other lower eukaryotic cells (5-14). Re- 
cently, direct evidence obtained by the use 
of antibodies to synthetic peptides predicted 
from the DNA sequence and by analysis of 
protease fingerprints has shown that seven 
of the eight URF's are expressed in HeLa 
cells (1 5-1 7). 

The smallest of the URF's (URFA6L), a 
207-nucleotide (nt) reading frame overlap- 
ping out of phase the NH2-terminal portion 
of the adenosinetriphosphatase (ATPase) 
subunit 6 gene has been identified as the 
animal equivalent of the recently discovered 
yeast H+-ATPase subunit 8 gene (18, 19). 
The hnctional significance of the other 
URF's has been, on the contrary, elusive. 
Recently, however, immunoprecipitation 
experiments with antibodies to purified, ro- 
tenone-sensitive NADH-ubiqumone oxido- 
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