
On the other hand, osteosarcoma cells 
expressing apparently normal RB protein, 
such as U - 2 0 s  and TE85 (22, 23), were not 
significantly affected by infection with Rb 
virus. This implies that the RB gene is 
hc t iona l  in these cells and that alternative 
pathways in osteosarcoma genesis do not 
involve RB gene inactivation. Our prelimi- 
nary studies also support this concept in 
human breast cancers (26). Other proposed 
cancer suppressor genes, including those for 
Wilrns' tumor on chromosome 11 (27), 
renal cell carcinoma and small cell lung 
carcinoma on chromosome 3 (28, 29), and 
colon cancer on chromosome 5 (30), may 
h c t i o n  analogously to the RB gene in 
suppressing different kinds of cancer. 

It is not known whether inactivation of 
one or more cancer suppressor genes in a cell 
is sufficient to cause cancer. Regardless of 
this uncertainty, replacement of suppressor 
genes in tumor cells, as demonstrated here, 
could be a novel strategy for the treatment 
of clinical malignancy. Unlike conventional, 
cytotoxic cancer therapies, gene therapy 
would be based on permanent correction of 
an underlying defect in tumor cells (31). 
Therapy may not need to be targeted be- 
cause cancer suppressor genes should not 
harm normal cells. The ultimate utility of 
this approach will depend on progress in 
obtaining other cancer suppressor genes, in 
understanding their involvement in human 
tumors, and in improving the technology of 
exogenous gene expression. 

Note added in pro05 We have established 12 
retinoblastoma cell clones that stably express 
RB protein for more than 4 months. Thus, 
expression of the foreign protein is not 
lethal to the cells. 
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Distinct Regions of Spl Modulate DNA Binding and 
Transcriptional Activation 

Spl is a sequence-specific DNA binding protein that activates RNA polymerase I1 
transcription fiom promoters that contain properly positioned GC boxes. A series of 
deletion mutants of Spl  were expressed in Escherichia coli and used to identify separate 
regions of the protein that are important for three diferent biochemical activities. The 
sequence-specificity of DNA binding was conferred by Zn(I1) fingers, whereas a 
different region of Spl  appeared to regulate the &ity of DNA binding. The E .  coli- 
synthesized Spl  was able to  stimulate initiation of RNA synthesis in vitro, and at least 
two distinct segments of the protein contributed to its transcriptional activity. 

T RANSCRIPTIONAL REGULATION OF 

genes in eukaryotes is mediated in 
part by sequence-specific factors that 

bind to promoter and enhancer elements 
(1). Many of these proteins have been char- 
acterized and, in some instances, the factors 
have been shown to participate directly in 
regulation of mRNA synthesis by in vitro 
transcription analysis. Promoters and en- 
hancers typically contain multiple binding 
sites for several sequence-specific transcrip- 
tion factors, and it is likely that these factors 
act in conjunction with each other to specify 
a unique program of transcription for each 
of the thousands of genes in a eukaryote. 
Consequently, it is important to understand 
both how these factors modulate RNA poly- 
merase I1 transcription as well as how these 
DNA binding proteins interact with each 
other. 

Spl  is a sequence-specific transcription 
factor that recognizes GGGGCGGGGC and 
closely related sequences, which are often 
referred to as GC boxes (2). Spl  was initially 
identified as a factor from HeLa cells that 
selectively activates in vitro transcription 

from the SV40 early promoter (3) and binds 
to the multiple GC boxes in the 21-bp 
repeated elements in SV40 (4). The protein 
was then purified by sequence-specific DNA 
a h i t y  chromatography (5, 6). Sp l  consists 
of two species of 95 and 105 kD (as deter- 
mined by SDS-polyacrylamide gel electro- 
phoresis), which appear to be variants of a 
single polypeptide (7, 8). More recently, by 
isolation of a partial cDNA encoding Spl  
and localization of the DNA binding do- 
main, it was shown that Spl  binds to DNA 
by interaction of contiguous Zn(I1) finger 
motifs (7). 

We had previously described isolation of a 
partial Spl  cDNA, designated Spl-1, that 
encodes the COOH-terminal 696 amino 
acid residues of Spl  (7). To obtain the 
remainder of the Spl  coding sequence, we 
prepared Spl-enriched cDNA libraries by 
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using a primer that is complementary to the 
Spl cDNA. The Spl extension libraries 
were screened with a synthetic oligonucleo- 
tide that is complemeitary to a reson 5' of 
the primer sequence to yield only isolates 
that result from extension of the Spl-specif- 
ic primer on the Spl rnRNA. By this a p  
proach, we generated 27 Spl 5' extension 
clones, and the longest of these isolates was 
designated Spl-E7 (9). The Spl cDNA 
sequence is GenBank (accession number 
J03 133). We have attempted several times 
to determine the NH2-terminal amino acid 
sequence of Spl, but the protein appears to 
be derivatized at the NH2-terminus. As a 
consequence, we will assign the first in- 
fiame ~ e t  codon. which conforms moder- 
ately well with the consensus for eukaryotic 
initiation sites proposed by Kozak (lo), as 
Metl. Beginning at Metl, Spl is a polypep 
tide of 778 amino acid residues with a 
calculated molecular mass of 79,902 dal- 
tons. 

We carried out DNA blot analysis of the 
Spl gene by probing human genomic DNA 
with two fragments of the cDNA that en- 
code either the Zn(1.I) fingers (designated 
"Zn fingers") or the region that is immedi- 
ately NH2-terminal to the Zn(I1) fingers 

Zn fingers No fir 
probe Prc 
I- 

igh Low 

4 m 

I I 

High 

8 'F 
4 
a 

3 - 0.5 kb 
1 2  3 4  5 6  7 8  

Rg. 1. DNA blot analysis of the Spl gene. 
Human genomic DNA (10 pg) was digested with 
either Hind 111 (lanes 1, 3, 5, and 7) or Pst I 
(lanes 2,4,6, and 8), subjected to electrophoresis 
on a 0.8% agarose gel, and transferred to Gene- 
Saeen hybridization membrane (Du Pont, Bio- 
technology Systems). The immobilized DNA was 
then hybridized either to the Zn fingers probe 
(lanes 1 to 4) or to the no fingers probe (lanes 5 
to 8). The filters were treated either at high 
stringency conditions (lanes 1,2,5, and 6) or at 
low stringency conditions (lanes 3, 4, 7, and 8) 
( I  I). The apparent lengths of the DNA fragments 
are indicated. 

(designated "no fingers") (Fig. 1) (11). Un- 
der high stringency conditions, the Zn fin- 
gers probe hybridized to a unique Hind III 
fragment and a unique Pst I fragment (Fig. 
1, lanes 1 and 2). Thus, Spl appears to be a 
single polypeptide that is encoded by a 
single gene. When the experiment was car- 
ried out under low stringency conditions, 
several fragments that weakly hybridized to 
either the Zn fingers or no fingers probes 
were identified (Fig. 1, compare lanes 3 and 
4withland2andIanes7and8with5and 
6). Since Zn(I1) fingers have been identified 
in a variety of proteins (12), we were not 
surprised to find genomic DNA fragments 
that contain sequences that are similar to the 
Zn lingers probe. On the other hand, the 
region of Spl that is encoded by the no 
fingers probe (from 327 to 168 residues 
from the COOH-terminus) (11) did not 
possess any significant homology with other 
known proteins (7) and is important for 
transcriptional activity in vivo (13) and in 
vitro. Consequently, these data suggest that 
the Spl gene is a member of a new family of 
related genes that may encode transcription 
factors. 

To analyze the biochemical activities of 
Spl, we initially expressed Spl-778C pro- 
tein in Escherichia coli. This protein consists 
of the NH2-terminal 34 amino acid residues 
of the lacZ1 gene encoded by pBluescript 
SK(+) fused to the 778 amino acid residues 
of Spl (14). Spl-778C was purified to 
greater than 50% homogeneity (15) and 
subjected to SDS-gel electrophoresis and 
silver staining. The molecular size of Spl- 
778C (97 kD; Fig. 3B) is similar to that of 
HeLa Spl (95 and 105 kD) (5, 6) and is 
sigrdcantly larger than the calculated mo- 
lecular mass of 83,428 daitons (3,625 dal- 
tons of lacZ1+ 79,902 daltons of Spl). 
Because of the similar SDS gel mobility of 
Spl-778C and HeLa Spl, it is likely that 
Spl-778C contains most, if not all, of the 
Spl polypeptide. 

A distinguishing feature of Spl is its 
ability to act as a promoter-selective tran- 
saiption initiation factor in vitro. There- 
fore, we tested whether or not bacterially 
synthesized Spl-778C protein possessed 
tramaiptional activity. Spl-778C can acti- 
vate in vitro RNA synthesis from the SV40 
early promoter, but not to the same extent as 
HeLa Spl (Fig. 2A). At bt, we felt that 
the Spl-778C protein might have been par- 
tially inactivated by the 6M urea treatment 
that occurs during its isolation (15). To 
address this possibility, we incubated HeLa 
Spl with 6M urea, removed the urea by gel 
filtration, and measured the transcriptionai 
activity of the resulting protein (Fig. 2A, 
lanes 4 and 5). This treatment did not affect 
the abiity of Spl to stimulate RNA synthe- 

Fig. 2. In v im amscription analysis of Spl 
expressed in E. coli. (A) HeLa Spl activates in 
vim amscription from the SV40 early promoter 
to a greater extent than E. coli-synthesizcd Spl. 
The SV40 early promoter was aansuibed in v im 
according to the procedure of Dynan and Tjian 
(3) with no added Spl (as a negative c o n e  
lanes 1 and 8), HeLa Spl (>90% purity, lanes 2 
and 3) (5,6), urea-treated HeLa Spl (lanes 4 and 
5), or Spl-778C (>SO% purity, lanes 6 and 7) 
( I S ) .  The in viua-synthesizcd RNA was dctected 
by primer-extension analysis. (B) In vim uan- 
saiption analysis with NH2-terminal dclction 
mutants of Spl expressed in E. coli (14). The 
SV40 early promoter was transcribed in v im 
with Spl-778C (lane l), Spl-516C (lane 2), Spl- 
3276 (lane 3), Spl-236C (lane 4), and Spl-168C 
(lane 5), or with no added Spl (as a negative 
conaol, lane 6). In these experiments, the DNA 
biding activity of each of the Spl proteins was 
determined by DNase I footprinting, and identi- 
cal DNA binding activity units of each protein 
were added to the reactions. Saturating levels of 
Spl were used in these experiments. 

sis. Thus, similar urea treatment of Spl- 
778C is probably not responsible for its 
lower transcriptional activity relative to 
HeLa Spl. Furthermore, human Spl ex- 
pressed in Drosophila tissue culture cells acti- 
vates RNA synthesis in v im to the same 
extent as HeLa Spl (13). Thus, our longest 
Spl dlNA appears to contain all of the 
coding sequence that is necessary for iidl 
transcriptional activity. We therdbre con- 
dude that E. coli-synthesized Spl has the 
inherent ability to stimulate RNA synthesis 
in vim, but that iidl transcriptional activity 
may require additional modifications of the 
protein that occur in higher organisms. 
HeLa Spl, but not E. coli-synthesizcd Spl, 
appears to possess multiple post-translation- 
al modifications, including multiple 0- 
linked N-acetylglucosamine monosaccharide 
residues (16). The binding of wheat germ 
agglutinin, a lectin that recognizes N-acetyl- 
glucosarnine residues, to HeLa Spl inhibits 
in vitro transcription to the level observed 
with E. coli Spl, whereas DNA binding is 
unaffected by the lectin. It is possible that 
the lower specific activity of bacterial Spl is, 
in part, due to the lack of glycosylation. 

Since Spl-778C protein can activate 
RNA synthesis in vitro, we were able to 
localize regions of Spl that are important 
for transcriptional activation. First, we ex- 
pressed a series of NH2-terminal deletion 

16 DECEMBER 1988 



c HeLa 
S D ~  

Flg. 3. Spl binds to DNA in low- and high-a6inity forms (18). Fractions from sequence-spdc DNA &ty chromatography of Spl-327C, Spl-778C, and 
HeLa Spl (15) were analyzed by SDS-gel electrophoresis and silver staining. The KCl concentrations in the buffer used to elute the protein are shown above 
each lane (as molarity). The molecular mass of each of the marker proteins is indicated in kilodaltons. (A) Elution of Spl-327C. (B) Elution of Spl-778C. 
The proteins designated Spl-618C and Spl-447C probably derive from internal translation initiation (15). (C) HeLa Spl contains both low and high salt- 
eluting species. 

mutants of Spl in E. coli that contain 516, 
327,236, and 168 C O O H - t d a l  amino 
acid residues of Spl (14). Then, the E. coli- 
synthesized Spl proteins were purified to 
greater than 50% homogeneity by se- 
quence-specific DNA &ty chromatogra- 
phy (5, IS). We had previously shown that 
the COOH-terminal 168 amino acid resi- 
dues of Spl, which contain its three Zn 
fingers, are sutlicient for sequence-specific 
biding to DNA (7). Consistent with the 
earlier work, Spl-778C, Spl-516C, Spl- 
3276, Spl-236C, and Spl-168C all bind 
selectively to the GC box elements in the 
SV40 early promoter by deoxyribonudease 
I (DNase I) footprint assays (8). Next, we 
carried out in via0 transcription reactions 
with the purified proteins (Fig. 2B). Spl- 
778C stimulated RNA synthesis to the same 
extent as Spl-516C and Spl-327C and to a 
greater extent than Spl-236C and Spl- 
168C, which have low, but detectable, levels 
of transcriptional activity. Some portion of 
the segment of Spl between 327 and 236 
amino acid residues from the COOH-tenni- 
nus appears to be important for transcrip- 
tional activity in vim, whereas a region that 
can weakly activate RNA synthesis is also 
present in the COOH-terminal 168 amino 
acid residues of Spl. It thus appears that 
there are at least two regions of Spl that are 
involved in transcriptional activation in vi- 
m. These findings are also consistent with 
studies in which we have localized segments 
of Spl that are important for aansuiptional 
activity in vivo by transient transfection of 
wild-type and mutant variants of the Spl 
gene into Drosophila Schneider l i e  2 cul- 
tured cells, which provide an Spl-deficient 
background (13). 

In the course of DNA &ty purification 
of the E. coli-synthesized Spl proteins, we 
found that Spl binds to DNA in both low- 
and high-afKnity forms. Spl-778C (Fig. 
3B) and Spl-516C (17) eluted from the 
DNA afKnity resin at a higher salt concen- 
tration than the smaller Spl-327C (Fig. 

3A), Spl-236C (17, and Spl-168C (17, 
whereas HeLa Spl eluted from the DNA 
&ty resin in both low- and high-&ty 
forms (Fig. 3C). In addition, the proteins 
designated Spl-618C and Spl-447C, which 
probably derive from internal translation 
initiation (Is), eluted at high salt and at 
both low and high salt, respectively. This 
low- or high-afKnity binding of Spl is dis- 
tinct from its sequence-specific DNA bind- 
ing activity because both the low- and high- 
afKnity E. coli-synthesized proteins were 
able to bind to DNA with the same se- 
quence specificity as HeLa Spl (7, 18). 
Since Spl-778C and Spl-516C bind to 
DNA with high &ty and Spl-327C, 

Spl-236C, and Spl-168C bind to DNA 
with low &ty, a region of Spl between 
516 and 327 amino acid residues from the 
COOH-terminus is likely to influence the 
high-afKnity binding to DNA. This segment 
of Spl is distinct from the three Zn(I1) 
fingers, and it appears that the Zn(I1) fin- 
gers are responsible for sequence-specific 
DNA binding, whereas a separate domain of 
the protein may regulate the &ty of Spl 
binding to DNA. 

What is the mechanism by which the 
DNA binding &ty of Spl is modulated? 
First, because of an entropic effect, mul- 
timers of Spl might cooperatively bind to 
DNA with higher &ty than monomers, 

Sequence-specific High salt 
Zinc DNA binding affinity Transcription 

.I+ fingers 

778c 1 mmm I ++ ++ ++ 

Flg. 4. Localkation ofdistinct activities of Spl. The structures ofthe COOH-terminal778 amino acid 
residues of Spl(778C) and of a number of NH2-terminal deletion mutants of Spl(618C, 516C, 447C, 
327C, 236C, and 168C) are shown on the left and the activities of these proteins in several diff'ent 
assays are tabulated on the nght. The three Zn(I1) linger motifs and segments of Spl that are rich in 
SerIThr or Gln (7) are depicted. The sequence-speutic DNA bidmg activity was assayed by DNase I 
footprinting. The high salt afkity and in v im transcriptional activity of the mutants were assayed as 
described in the text. In each case, ++ indicates activity indistinguishable from that of the 7786 
protein. In the case of the high salt &ty assay, +I- indicates that approximately half the protein 
elutes from the afkity column at low salt and the remainder elutes only at high salt, whereas - indicates 
that all the protein elutes at low salt. For the transcription assay, +I- indicates approximately 25% of 
the activity of the 778C protein, and n.t. means not tested. 
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in a manner similar to the A repressor (19). 
In this case, the Sp l  segment between 516 
and 327 amino acid residues from the 
COOH-terminus might be important for 
multimerization of the protein. Alternative- 
ly, by an enthalpic effect, direct protein- 
protein interaction (either intermolecular or 
intramolecular) between a region of Spl  
(516C to 327C) and the Zn(I1) fingers 
could affect the strength of the binding of 
the fingers to DNA. Third, the amino acid 
residues that are NH2-terminal to the fin- 
gers in Spl-327C, Spl-236C, and Spl-  
168C, but not Spl-778C and Spl-516C, 
could artificially inhibit binding of Sp l  to 
DNA because of an unnatural conformation 
that is adopted in the absence of the remain- 
der of the protein. We feel that this explana- 
tion is unlikely, however, because Spl-  
327C, which binds with low affinity, acti- 
vates in vitro transcription as well as Spl-  
778C and Spl-516C, which bind with high 
a h i t y .  Hence, the region of Spl-327C that 
is NH2-terminal to the Zn fingers is proba- 
bly in the native conformation. 

It might be predicted, on the basis of the 
finding that the larger bacterially synthe- 
sized Spl  proteins bind to DNA with high 
a h i t y  and the smaller Spl  proteins bind 
with low affinity, that full-length HeLa Spl  
would elute from the DNA resin at high 
salt. In contrast to this expectation, HeLa 
Spl  contains both low and high salt-binding 
forms. In addition, unlike the remainder of 
the E, coli-synthesized Sp l  proteins, Spl-  
447C elutes from the resins at both low and 
high salt concentrations. Although many 
different hypotheses could be presented to 
rationalize these observations, we suggest 
that Spl-447C, which is intermediate in size 
between Spl-516C (high affinity) and Spl-  
327C (low affinity), is partially defective in 
the ability to increase the strength of DNA 
binding. Then, in the case of HeLa Spl,  
there might be a mechanism, perhaps in- 
volving modification of the region between 
516 and 327 amino acid residues from the 
COOH-terminus, by which the protein 
could be converted to either low- or high- 
a h i t y  forms. Further studies are necessary, 
however, to clarify the importance of these 
phenomena with regard to the function of 
Spl  in the cell. 

As summarized in Fig. 4, we have used 
deletion mutagenesis to resolve three dis- 
tinct biochemical activities of Spl .  Progres- 
sive deletion of Spl  from the NH2-terminus 
first affects the high-ahity binding activity 
and then the transcriptional activity of Spl.  
In contrast, the sequence-specific binding 
activity of Spl,  which requires only the Zn 
finger motifs (7, 13), is unaffected in any of 
the mutants. The deletion analysis presented 
here suggests that the NH2-terminal 451 

amino acids of Su1 are comuletelv disuens- 
L J L  

able for Sp l  transcriptional activity. Alterna- 
tively, it is possible that Sp l  contains multi- 
ple redundant activation domains and that 
the activity of the NH2-terminal portion of 
the protein is masked in our in vitro assay by 
the presence of the more COOH-terminal 
activation domains. In fact. recent exueri- 
ments in which Sp l  mutants have been 
assayed in vivo indicate the presence of 
additional activation domains in the NH7- 
terminal portion of the protein (13). 

Studies on sequence-specific transcription 
factors from yeast suggest that negatively 
charged amino acid residues are an impor- 
tant feature of RNA polymerase I1 tran- 
scriutional activation (20). However. the 

\ J 

transcriptional activation region of Sp l  that 
maps between 327 and 236 residues from 
the COOH-terminus is devoid of acidic 
amino acid residues. It is also unlikely that 
the E, coli-synthesized Spl  proteins used in 
the in vitro transcription assays were phos- 
phorylated. ~ e n c e ,  interpretation of the 
data leads to the hypothesis that Sp l  con- 
tains a region that stimulates RNA polymer- 
ase I1 trkscriution bv a mechankm that 
does not involve negatively charged amino 
acid residues and may represent a novel type 
of activation domain. 
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The elav Gene Product of Drosophila, Required in during their maintenance (1-5). Transcripts 
from this locus are expressed in young neu- 

Neurons, Has Three RNP Consensus Motifs rons but not in neuroblasts, the neuronal 

A sequence of developmental events transforms neurons from their immature state to  
their mature, terminally differentiated state. The elav locus is one of the first examples 
of a gene that is expressed in neurons early during this developmental sequence. This 
gene has been shown to  be required for the proper development of young neurons and 
for the maintenance of mature neurons. DNA sequence data presented in this report 
suggest that the elav gene product is an RNA binding protein, based on the presence of 
RNP (ribonucleotide) consensus sequences. This leads to  the proposal that this protein 
is involved in the RNA metabolism of neurons. 

A s A NEWLY BORN NEURON MA- the locus embvyonic lethal, abnovmal visual sys- 
tures, it must alter its morphology tem (elav) of the fruit fly Dvosophila melano- 
and physiology in order to become a gastev. Genetic and molecular data concern- 

functional component of a nenrous system. ing this locus suggest that the elav-encoded 
To investigate the genetic basis of these hnction is required in all neurons from their 
events of neuronal maturation we studied birth, throughout their maturation, and 

Fig. 1. Genomic organization of the elav locus. Above the genomic DNA restriction map, each 
embryonic transcript is drawn such that the underlying genomic region detects that transcript by RNA 
analysis (3). The maps of the 5.4-kb and 6.1-kb transcripts have been revised from the map shown in a 
previous paper (3). The black bar on the genomic map represents the 9.2-kb of genomic DNA 
sequenced. The hatched region of the genomic map indicates a fragment that contains sufficient 
information to provide the elav function required for viability (3). The splicing pattern of cDNA-1 is 
shown below the genomic map. Also diagrammed is an elav-lacZ gene fusion that has been constructed 
such that the l acZ  gene is fused at the Bam HI site (genomic position - 1) in frame with the 1449- 
nucleotide ORF (16). Transcription from this construct is driven from the elav promoter. The Elav- 
Lac2 fusion protein is predicted to have a molecular size of 161 kD on the basis of an analysis of the 
DNA sequence of the fusion gene. The genomic DNA and cDNA-1 were subcloned into appropriate 
vectors [Bluescript (Stratagene) and pGEM1 (Promega)] and sequenced by established techniques (23). 
In all cases, the sequence was determined for both strands. 

Fig. 2. Conceptual translation of the 1449-nucle- 
otide ORF. A single letter representation of the 
483-amino acid protein is shown. A, alanine; C, 
cysteine; D, aspartic acid; E, glutamic acid; F, 
phenylalanine; G, glycine; H, histidine; I, isoleu- 
cine; K, lysine; L, leucine; M, methionine; N, 
asparagine; P, proline; Q, glutamine; R, arginine; 
S, serine; T, threonine; V, valine; W, tryptophan; 
and Y, tyrosine. This protein has a predicted 
molecular size of 50,760 daltons. Stretches of 
alanines (A) and glutamines (Q) are found be- 
tween amino acids 24 and 126. Seventy-three 
percent of these residues are either alanine or 
glutamine. ..--.. Underlie the residues of the RNPl  
motif. ****** Underlie the residues of the RNP2 
motif. O Indicates a stop codon that terminates the 
ORF. 

progenitor cells (5) .  Thus, transcription of 
elav is one of the first demonstrated molecular 
events in the process of neuronal maturation. 

To gain insight into the molecular nature 
of the product or products of this locus, we 
determined the nucleotide sequence of a 
2.5-kb embryonic cDNA clone (elav cDNA- 
1) (3) and of a 9.2-kb genomic DNA frag- 
ment. An analysis of these data reveal an 
open reading frame (ORF) that can code for 
a 50.76-kD protein. We present molecular 
data that show that this ORF encodes a 
product of the elav locus. An analysis of the 
deduced amino acid seauence of this ORF 
reveals three repeats of two previously de- 
fined consensus sequences; an octapeptide 
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B B 
elav-IacZ fusion lac Z - L,,----r 

MDFIMANTGA GGGVDTQAQL MQSAAAAAAV AATNAAAAPV QNAAAVAAAA QLQQQQVQQA 

ILQVQQQQTQ QAVAAAAAAV TQQLQQQQQA VVAQQAVVQQ QQQQAAAWQ QAAVQQAWP 

QPQQAQPNTN GNAGSGSQNG SNGSTETRTN LIVNYLPQTM TEDEIRSLFS SVGEIESVKL * * * * * *  
IRDKSQVYID PLNPQAPSKG QSLGYGFVNY VRPQDAEQAV NVLNGLRLQN KTIKVSFARP . . . . . . . . 
SSDAIKGANL YVSGLPKTMT QQELEAIFAP FGAIITSRIL QNAGNDTQTK GVGFIRFDKR * * * * * *  . . . . . . . . 
EEATRAIIAL NGTTPSSCTD PIVVKFSNTP GSTSKIIQPQ LPAFLNPQLV RRIGGAMHTP 

VNKGLARFSP MAGDMLDVML PNGLGAAAAA ATTLASGPGG AYPIFIYNLA PETEEAALWQ * * * * * *  
LFGPFGAVQS VKIVKDPTTN QCKGYGFVSM TNYDEAAMAI RALNGYTMGN RVLQVSFKTN . . . . . . . . 
KAKO 
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