
WO 95/30750 - 1 - PCT/FR95/00593 

The invention relates to soluble forms derived 

from the LAG-3 membrane protein which are useful as 

immunosuppressants, as well as antibodies capable of 

preventing the specific binding of the LAG-3 protein to 

MHC {major histocompatibility complex) Class II molecules 

as i:mmunostimulants. 

In WO-A 91/10682, a protein designated LAG-3 has 

been described. 

The LAG-3 protein is a protein 

expressed by NK cells and activated T 

selectively 

lymphocytes. 

Similarity of the amino acid sequence, ··the comparative 

exon/intron organization and the chromosomal localization 

show that LAG-3 is related to CD4. The initial charac­

terization of the LAG..,3 gene has been described by 

TRIEBEL et al. (1). 

The corresponding DNA codes for a type I trans­

membrane protein of 498 amino acids containing 4 extra­

cellular sequences of the i:mmunoglobulin type. LAG-3 is 

a member of the i:mmunoglobulin superf amily. . 

The mature protein comprises 476 amino acids 

{SEQ ID No. 1) with a theoretical molecular weight of 

52 kD. The extracellular region contains 8 cysteine 

residues and 4 potential N-glycosylation sites. By 

Western blot analysis, it was shown that LAG-3 inside 

PRA-blasts or activated NK cells has an apparent mass Mr 

of 70,000. ·After treatmen~ with N-glycosidase F, a 

reduction in size to 60 kD was obtained, thereby demon­

strating that native LAG-3 is glycosylated. Fuller 

details are described in WO-A 91/10682. 

BAIXERAS et al., in J. Exp. Med. 176, ·327-337 

(2), have, in addition, described their finding that 

rosette formation between cells. transfected with LAG-3 

{expressing LAG-3 at their surface) and B lymphocytes 

expressing MHC Class II was specifically dependent on 

LAG-3/MHC Class II interaction. 

Surprisingly, this ligand for MHC Class II was 

detected with higher levels on activated cos+ lymphocytes 

{MHC Class I-restricted) than on activated co4+ lympho­

cytes. In vivo, only a few disseminated LAG-3+ cells {MHC 
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Class II-restricted) were to be found in non-hyperplastic 

lymphoid tissue comprising the primary lymphoid organs, 

that is to say thymus and bone marrow. LAG-3+ cells were 

to be found in hyperplastic lymphoid nodules and tonsils, 

as well ·as among peripheral blood mononuclear cells 

(PBMC) of patients receiving injections of high doses of 

IL-2. 

These observations confirm that LAG-3 is an 

activation antigen in contrast to CD4 expressed in a 

subpopulation of resting lymphocytes and other cell 

types, in particular macrophages. 

The MHC comprises Class I and Class II molecules 

which are membrane glycoproteins which present fragments 

of protein antigens to the T lymphocyte receptors (TCR). 

Class I molecules are responsible for the presentation to 

cos+ cytotoxic cells of peptides derived in large part 

from endogenously synthesized proteins, while Class II 

molecules present to CD4 + helper lymphocytes peptides 

originating ·in the first place from foreign proteins 

which have entered the endocytic, that is to say 

exogenous, pathway. T helper lymphocytes regulate and 

amplify the immune response, while cytotoxic lymphocytes 

are needed to destroy cells irrespective of the tissues 

expressing 11 non-self 11 antigens, for example viral anti­

gens. The mechanism of recognition involves intracellular 

signals leading to an effective activity of T lympho­

cytes. 

It is apparent that, to initiate an immune 

response mediated by T (CD4+} lymphocytes, the foreign 

antigens must be captured and internalized in the form of 

peptides by specialized cells, the antigen presenting 

cells (APC). The resulting antigenic peptides are re­

expressed at the surface of the antigen presenting cells, 

where they are combined with MHC Class II molecules. This 

MHC Class II/peptide complex is specifically recognized 

by the T lymphocyte receptor, resulting in an.activation 

of the T helper lymphocytes. 

Moreover, animal models created by recombination 

techniques have made it possible to ·emphasize the part 
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played in vivo by MHC Class II inolecules and their 

ligands. 

Thus, mice deficient in MHC Class II molecules 

(3) and possessing almost no peripheral CD4+ T lympho­

cytes and having only a·few immature CD4+ lymphocytes in 

the thymus have proved to be completely incapable of 

responding to T-dependent antigens. 

co4-r mutant mice (4) have ·a substantially 

decreased T lymphocyte activity but show normal develop­

ment and function of the cos• T lymphocytes, demonstrat·­

ing that the expression of CD4 on the daughter cells and 

co4+ cos+ thymocytes is not obligatory for the develop­

ment. Compared to normal mice, these CD4-deficient mice· 

have a large amount of co4- cos- cells. 

These doubly negative cells are restricted to 

MHC Class II and capable of recognizing the antigen. 

When they are infected with Leishmania, these 

mice show a population of functional T helper lymphocytes 

despite the absence of CD4. These cells are restrictive 

to MHC Class II and produce interferon-y when they are 

activated by the antigen. This indicates that the lineage 

of the T lymphocytes and their peripheral function need 

not necessarily depend on the function of CD4. 

It is now recognized that the proteins encoded by 

MHC Class II region are involved in many aspects of 

immune recognition, including the interaction between 

different lymphoid cells such as lymphocytes and antigen 

presenting cells. Different observations have also shown 

that other mechanisms which do not take place via CD4 

participate in the effector function of T helper lympho­

cytes. 

These different observations underline the 

pivotal role played by MHC Class II and its ligands in 

the immune system. 

Moreover, the importance is known of chimeric 

molecules composed of the extracytoplasmic domain of 

proteins capable of binding to ligands and a constant 

region of human i:mmunoglobulin (Ig) chains for obtaining 

soluble forms of proteins and of cell receptors which are 
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useful, in particular, ·as therapeutic agents. 

Thus, soluble forms of CD4 have proven their 

efficacy in inhibiting an H:IV infection in vitro in a 

dose-dependent manner. 

Nevertheless, clinical trials with soluble CD4 

molecules, in particular of CD4-:Ig, have not enabled a 

significant decrease in viral titres to be demonstra_ted. 

Transgenic mice expressing up to 20 µg/ml of-soluble CD4 

in their serum were created. These mice showed no dif­

ference as regards their immune function relative to 

control mice. Hitherto, no direct binding to MHC Class :I:I 

of molecules derived from CD4 has been reported. This 

strongly suggests that soluble CD4 molecules do not 

interact in vivo with MHC Class :I:I molecules. 

Surprisingly, the authors of the present inven­

tion have shown that soluble molecules containing dif­

ferent fragments of the extracytoplasmic domain of ·the 

LAG-3 protein were capable of binding to MHC Class :I:I 

molecules and of having an immunosuppressant action. 

The extracytoplasmic region of LAG-3 represented 

by the sequence SEQ :ID No. 1 comprises the domains Dl, 

D2, D3 and D4 extending from amino acids 1 to 159, 160 to 

239, 240 to 330 and 331 to 412, respectively. 

Thus, the subject of the invention is a soluble 

polypeptide fraction consisting of all or part of at 

least one of the 4 immunoglobulin type extracellular 

domains of the LAG-3 protein (amino acid l to 159, 160 to 

239, 240 to 330 and 331 to 412 of the sequence 

SEQ :ID No. 1), or of a peptide sequence derived from 

these domains by replacement, addition and/or deletion of 

one or more amino acids, and which possesses a specifi­

city at least equal to or greater than that of LAG-3 for 

its ligand. 

The present invention encompasses, in particular, 

soluble polypeptide fractions having a sequence derived 

from the native LAG-3 sequence originating from the well­

known phenomenon of polytypy. 

The soluble polypeptide fraction is characterized 

in that it comprises the peptide region of LAG-3 
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responsible for the affinity of LAG~3 for MHC Class II 

molecules. 

The soluble polypeptide fraction comprises, in 

particular, a peptide sequence derived from these domains 

by replacement, addition and/or deletion of one or more 

amino acids, and which possesses a specificity equal to 

or greater than that of LAG-3 for its ligand, for example 

the whole of the first two immunoglobulin type domains of 

LAG-3, or the 4 immunoglobulin type domains of the extra­

cytoplasmic domain of LAG-3. 

Advantageously, the soluble polypeptide fraction 

comprises the following amino acids of the first domain 

of LAG-3: Arg/Glu, Arg/Glu, Arg/Glu and Tyr, in which the 

average position of the- atoms of which they are made up 

is given in Table 1 or in Table 2 for positions 73, 75, 

76 and 77 (of SEQ ID No. 1) or differs therefrom by not 

more than 5%, and preferably 2%, as well as Asp, in which 

the average position of the atoms is that of the atoms of 

Asp at the position 109 (SEQ ID No. 1) or differs there­

from by not more than 5%, and preferably 2%. 

Preferably, the soluble polypeptide fraction 

comprises a loop in which the average position of the 

atoms forming the basic linkage arrangement is given by 

the position of amino acids 46 to 77 (SEQ ID No. 1) 

appearing in Table 1 or Table 2 or differs therefrom by 

not more than 5%. 

The soluble polypeptide fraction advantageously 

comprises, in addition, the second immunoglobulin type 

extracellular domain (D2) of LAG-3 (amino acids 150 to 

241). 

Advantageously, the soluble polypeptide fraction 

comprises, besides the peptide sequence. of· LAG-3 as 

defined above, a supplementary peptide sequence at its 

C-terminal and/or N-terminal end, so as to constitute a 

fusion protein. The term 11 fusion protein 11 means a portion 

of any protein permitting modification of the physico­

chemical features of the subfragments of the extracyto­

plasmic domain of the LAG-3 protein. Examples of such 

fusion proteins contain fragments of the extracytoplasmic 
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domain of LAG-3 as are defined above, bound to the heavy 
chain -CH2-CH3 junction region of a human immunoglobulin, 
preferably an isotype IgG4 immunoglobulin. 

Such fusion proteins may be dimeric or monomeric. 
These fusion proteins may be obtained by recombination 

techniques well known to a person skilled in the art, for 

.example a technique such as that described by Traunecker 
et al. (5) • 

Generally speaking, the method of production of 
these fusion proteins comprising an immunoglobulin region 
fused with a peptide sequence of LAG.;.3 as define·d above 

consists in inserting into a vector the fragments of cPNA 
coding for the polypeptide regions corresponding to LAG-3 
or deri~ed from LAG-3, where appropriate after amplifica­
tion by PCR, and the cDNA coding for the relevant region 
of the immunoglobulin, this cDNA ~eing fused with cDNA 
coding for the corresponding polypeptide regions or 
derivatives of LAG-3, and in expressing after trans­
fection the fragments cDNA in an expression system, in 
particular mammalian cells, for example hamster ovary 
cells. 

The fusion proteins according to the invention 
may also be obtained by cleavage of a LAG-3/Ig conjugate 
constructed so as to contain a suitable cleavage site. 

The subject of the invention is also a thera­
peutic composition having immunosuppressant activity 
comprising a soluble polypeptide fraction according to 
the invention. This composition will be useful for 
treating pathologies requiring immunosuppression, for 
example autoimmune diseases. 

The subject of the invention is also the use of 
antibodies directed against LAG-3 or_ soluble polypeptide 

fractions derived from . LAG-3 as are defined above, or 
fragments of such antibodies, in particular the Fab, Fab' 
and F(ab') 2 fragments, for the preparation of a thera­
peutic composition having immunostimulatory activity. 
11 Immunostimulatory 11 means a molecular entity capable of 
stimulating the maturation, differentiation, prolifera­
tion and/or function of cells expressing LAG-3, that is 
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to say T lymphocytes or active NK cells. The anti-LAG-3 

antibodies may be used as potentiators of vaccines or 

immunostimulants in immunosuppressed patients, such as 

patients infect·ed with HIV or treated with 

immunosuppressant substances,· or be used to stimulate the 

immune system by elimination of self cells displaying 

abnormal behaviour, for example cancer cells. 

Immunostimulatory activity of anti-LAG-3 anti­

bodies is surprising, inasmuch as anti-CD4 antibodies 

have an immunosuppressant action. 

Such antibodies may be polyclonal or monoclonal; 

however, monoclonal antibodies are preferred. The poly­

clonal antibodies may be prepared according to well-known 

methods, such as that described by BENEDICT A.A. et al. 

(6). Monoclonal antibodies are preferred, on account of 

the fact that they are specific for a single epitope and 

yield results with better reproducibility. Methods of 

production of monoclonal antibodies are well known from 

the prior art, especially the one described by KOHLER and 

MILSTEIN. This method, together with variants thereof, 

are described by YELTON et al. (7). 

The subject of the invention is also anti-idio­

type antibodies directed against the antibodies according 

to the · invention, which contain the internal image of 

LAG-3 and are consequently capable of binding to MHC 

Class II. S~ch antibodies may be used, in particular, as 

immunosuppressants, and, for example, in autoimmune 

pathologies. 

The therapeutic compositions according to the 

present invention comprise soluble LAG-3 · proteins or 

antibodies as are defined above, as well as a pharma­

ceutically acceptable vehicle. ·These compositions may_ be 

formulated according to the usual techniques. The vehicle 

can vary in form in accordance with the chosen adminis­

tration route: oral, parenteral, sublingual, rectal or 

nasal. 

For the. compositions for parenteral administra­

tion, the vehicle will generally comprise sterile water 

as well as other possible ingredients promoting the 
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solubility of the composition or its ability to be 

stored. The parenteral administration routes can consist 

of intravenous, intramuscular or subcutaneous injections. 

The therapeutic composition can be of the 

sustained~release type, in particular for long-term 

treatments, for example in autoimmune diseases. The dose 

to be administered depends on the subject to be treated, 

in particular on th~ capacity of his/her immune system to 

achieve the desired degree of protection. The precise 

amounts of active ingredient to be administered may be 

readily determined by the practitioner who will initiate 

the treatment. 

The therapeutic compositions according to the· 

invention can comprise, in addition to.soluble LAG-3 or 

the antibodies according to the invention, another active 

ingredient, where appropriate bound via a chemical bond 

to LAG-3 or to an antibody according to the invention. As 

an example, there may be mentioned soluble LAG-3 proteins 

according to the invention fused to a toxin, for example 

ricin or diphtheria toxoid, capable of binding to MHC 

Class II molecules and of killing the target cells, for 

example leukaemic or melanoma cells, or fused to a radio­

isotope. 

The examples which follow, together with the 

attached reference figures, will illustrate the invention 

in greater detail. 

EXAMPLE 1 

Proliferation of active T lymphocyte lines in the 

presence of anti-LAG-3 monoclonal antibodies 

The anti-LAG-3 monoclonal antibodies used were 

17B4, described in BAIXERAS et al. (2) and deposited at 

the CNCM under No. I-1240 on 10th July 1992, and 11E3, 

described in HUARD et al. (8). 

These antibodies belong to the isotype IgGl. 

These antibodies were tested for their biological effects 

on activated T lymphocytes, stimulated by specific anti­

genic peptides or processed antigens presented by MHC 

Class II molecules expressed by autologous antigen · 

presenting cells, expressing LAG-3. 
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An anti-CD48 monoclonal antibody designated 10 H3 

was used as irrelevant IgGl antibody (negative control). 

The saturating concentrations of anti-LAG-3 and 

anti-CD48 antibodies were determined by immunofluores­

cence on PHA (phytohaemagglutinin)-blasts and cell lines 

transformed by Epstein-Barr virus (EBV) • In the pro­

liferation tests, the monoclonal antibodies were added in 

the proportion of 5 times the saturating concentration. 

The T lymphocyte lines used were, on the one hand 

the clone 154 derived.from peripheral blood lymphocytes, 

raised against a peptide mimicking an influenza haemag­

glutinin (HA) fragment having an amino acid sequence 

extending from amino acid 306 to 329 (p20 peptide), and· 

on the other hand the clone 2 8, a T lymphocyte clone 

derived from peripheral lymphocytes . of a single human 

donor, raised against diphtheria toxoid (DT). The antigen 

presenting cells (APC) corresponding to clone 154 were 

EBV-transformed B lymphocytes of the same donor 

(DR3/DR11) as T 154. The antigen presenting .cells corres-

ponding to clone 28 were EBV-transformed B lymphocytes of 

the same donor. This clone was restricted to HLA DR7. 

For clone 154, the APC (5 x 106 ) were incubated 

at 37°C for one and a half hours with variable doses of 

the p20 peptide, then washed and irradiated (10,000 rad). 

The cells were plated out on 96-well microtitration 

plates at the same time as the clone 154 cells (O.S x 105 

to 10 x 105 cells/ml). in a 3 :1 ratio. For clone 28, the 

responding cells/stimulating cells ratio was 1. 

The HLA DR7 /EBV APC cells were either treated 

with mitomycin or irradiated, then added to the T 

lymphocytes in the presence of DT (which remained in the 

culture). The final concentration of clone 28 cells was 

100,000 cells/ml. 

[
3H] Thymidine (1 µCi/well) was added at varying 

time intervals from day 2 to day 10 of culture. 

Each experiment was carried out in triplicate. 

The results were expressed as the mean cpm and 

after subtraction of the cpm found in the negative 

control (T lymphocytes cocultured with APC unladen with 
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immunogens). The proliferation tests were carried out on 

.96-well plates. The absorption of tritiated thymidine in 

the individual 200 µl wells was measured after adding 

1 µCi of thymidine for the last 18 hours of culture. The 

results were expressed in the form of the mean of 3 

tests. The standard deviation was usually less than 12% 

(a little more in the case of very low cpm measuremen:ts). 

Moreover, mixed culture (clone 154/APC) supernatants were 

combined, filtered through 0 .22 µm membranes, divided 

into samples and frozen at -20°C until the time of 

titration using commercial immunoassay kits: Immunotech 

IL-2 and INF-a titration kit, Genzyme IFN--y kit and 

Cayman Chemicals IL-4 kit. 

A dose determination ·study was carried out to 

establish the proliferation profiles of clone 154 brought 

into contact with the p20 specific antigen at varying 

concentrations and in the presence or absence of anti­

LAG-3 monoclonal antibodies or irrelevant monoclonal 

antibodies (negative control). 

The individual results of 16 separate tests 

showed that, irrespective of the concentration of added 

antigen, the initial point up to the peak of prolifera­

tion was not modified, but a significant prolongation of 

the proliferation of T lymphocytes incubated with the 

anti-LAG-3 monoclonal antibodies was observed systemati­

cally. Fab fragments of the monoclonal antibody 17B4 were 

prepared and used in a test of proliferation of clone 

154. The proliferation profile of T lymphocytes activated 

by the antigen with the 17B4 Fab fragments (15 µg/ml) was 

similar to that of cells incubated in the ·presence of 

whole l 7B4 monoclonal antibody (40 µg/ml) (Figure 1) • 

These results show that the observed biological effects 

are not attributable to a non-specific reaction induced 

by the Fe region of the anti-LAG-3 monoclonal antibodies. 

Similar results were obtained with the 11E3 anti­

LAG-3 monoclonal antibodies. 

Clone 28 was also stimulated with the antigen 

(tetanus toxoid 10 µg/ml) in the presence of 17B4 

monoclonal antibodies after coculture with the 
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corresponding APC in the presence of-DT. The results are 

shown in Figure 2. 

The effects of the anti-LAG-3 monoclonal anti­

bodies observed with clone 28, namely the prolongation of 

proliferation, are similar to those observed with clone 

154. 

Tests were carried out designed to measure ·the 

miscellaneous cellular events occurring after the 

antigenic stimulation of clone 154 cells incubated in the 

presence of anti-LAG-3 monoclonal antibodies. 

The cells were harvested during conventional 

antigenic stimulation of clone 154 in the presence of 

anti-LAG-3 or anti-CD48 monoclonal antibodies or in the 

absence of antibodies, ·and tested for the expression of 

LAG-3 and CD25 transmembrane receptors, and samples of 

culture supernatants were collected at different time 

intervals after stimulation and tested for the presence 

of IFN-1, TNF-a, IL-4 and IL-2. 

Two-colour direct immunofluorescence tests (anti­

CD3 monoclonal antibodies and anti-CD25 monoclonal anti­

bodies) showed that IL-2 receptors were weakly but 

significantly increased 5 days after the antigenic 

stimulation. Similar tests with anti-CD3.and 11E3 (anti­

LAG-3) monoclonal antibodies showed that LAG-3 was over­

expressed from the day following activation onwards. In 

addition, the secretion of IL-2, IL-4, IFN-1 and TNF-a 

was also modulated by incubation with anti-LAG-3 mono­

clonal antibodies, thus showing that different cellular 

events are modified by the presence of anti-LAG-3 mono­

clonal antibodies and that some events already take place 

24 hours after stimulation. 

These results show indirectly that LAG-3 plays a 

regulatory role for CD4+ cells. The fact that anti-LAG-3 

monoclonal antibodies increase proliferation, and hence 

act as immunopotentiators, suggest that LAG-3 is involved 

in the "deactivation" of CD4+ T lymphocytes with a 

negative role of LAG-3 on the antigen-dependent 

stimulation. 
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EXAMPLE 2 

Transient expression of LAG-3 fusion proteins 

Soluble proteins derived from LAG-3 were obtained 

by a recombinant DNA technique using suitable vectors 

comprising DNA coding for LAG-3 and DNA coding for an 

immunoglobulin fragment. The transient expression system 

consisted of transfected Cos cells. This system makes it 

possible to produce several mg of recombinant fusion 

proteins. Recombinant DNA techniques were carried out as 

described by MANIATIS et al. (22). The modifications were 

made as recommended by the manufacturer. 

Construction of LAG-3 Dl-D4 Iq and LAG-3 D1D2 Iq 

Fragments coding for the DlD2 or Dl-D4 regions 

were amplified (30 cycles) from a fragment of cDNA (FDC 

sequence) encompassing LAG-3 cDNA (TRIEBEL et al. (1)), 

using Taq polymerase free from S'~endonuclease activity 

and relatively resistant to an exposure to very high 

temperature; the amplification was followed by a 

den~turation at 98 °C (with a Perkin Elmer Cetus 0 DNA 

thermal cycle 11
). Specific primers were used as recorded 

in the table below. 

The resulting amplified fragments (739 bp and 

1312 bp for LAG-3 D1D2 and LAG-3 Dl-D4, respectively) 

were inserted into a pBS plasmid (Stratagene). 

Inserts were prepared after digestion with XhoI 

and BglII and introduced into the XhoI/BamHI sites of the 

vector pCDM7-CD8-IgG1 (pCDM7 being derived from pCDM8 

marketed by Stratagene), as illustrated in Figure.3, so 

as to exchange the DNA sequences coding for CDS for those 

coding for the subfragments of LAG-3. The resulting 

expression vectors contained the sequences coding for 

DlD2 or Dl-D4 fused ·to· the DNA sequences coding for the 

-CH2 -CH3 junction region.of a human IgGl chain. 

REPLACEMENT SHEET (RULE 26) 

-· 
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'l"ABLB 3 

Primers used to amp1ify LAG-3 DNA sequences by PCR 

Primers used for amplification of the DRA 

Prim.er (5') 

5' GCGCCTCGAGGCCCAGACCATAGGAGAGATGT 3' 

coupling untranslated start of 

site 5' sequences translation 

Primer (3') 
5' GCGCAGATCTCTCCAGACCCAGAACAGTGAGGTTATACAT 3' 

BglI:I coup­

ling site 

Prim.er (5') 

End of D2 

identical to LAG-3 D1D2 

Primer (3') 

5' GCGCAGATCTACCTGGGCTAGACAGCTCTGTGAA 3' 

BglII coup­

ling site 

End of D4 

Resulting 
encoded subfrag­

:ment fused with 
a subfragment Ig 

LAG-3 DlD2 

from the leader 

sequence to 

amino acid 241 

LAG-3 Dl-D4 

from the leader 

sequence to 

amino acid 412 

CDM7 is a eukaryotic expression vector derived 

from the vectors developed by SEED et al. (10) for the 
cloning of DNA and its expression in B. coli and 

eukaryotic cells. CDM7 possesses the following features: 

(i) the human cytomegalovirus promoter for transient 

e,Xpression in mammalian cells; (ii) a viral origin of 

SV40 for an autosomal replication of mammalian cells 

expressing T antigen; (iii) w VX (type Col El) as plasmid 

origin for a high copy number; ('iv) a Sup F selection for 

resistance to ampicillin and tetracycline in Tetamh and 

Ampamh B. coli strains; (v) an origin of replication of 

Ml3 for the release of a single strand; (vi) a T7 RNA 

promoter; and (vii) a polylinker for an efficient cloning 
of heterologous DNA. 

REPLACEMENT SBEET (RULE 26) 
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Transient expression in Cos cells 

Cos cells (5 x 106 ) were transfected with 30 µg 
of DNA of suitable expression vectors (coding for either 

LAG-3 D1D2 Ig, or LAG-3 Dl-D4 Ig, or CDS Ig) by electro­

poration (200 V, 1500 µF, 30-40 msec) using a Cellject 

apparatus (Eurogentech, Liege, BE) • The cells were plated 

out again and cultured on a medium containing 5% of 

foetal calf serum. The supernatants were withdrawn 6 days 

after transfection. 

The synthesis of the resulting fusion proteins 

was·analysed from the supernatants as well as from cell 

extracts of transfected cells, by Western blot analysis 

with the 17B4. monoclonal antibodies. Immunoreactive· 

materials were observed in the supernatant of cells 

transfected with DNA coding for LAG-3 D1D2 Ig or LAG-3 

Dl-D4 Ig. 

Concomitantly, a recombinant CDS immunoadhesin 

(CDS Ig) was obtained as negative control using the same 

expression· system and the. expression vector pCDM7-CDS 
(Figure 3) • 

The recombinant proteins LAG-3 DlD2 Ig, LAG-3 

Dl-D4 Ig and CDS Ig were purified by means of · the 

standard method on protein A-Sepharose. The resulting 

material was analysed by SDS-PAGE, followed by Coomassie 

staining or a Western blot analysis using anti-human Ig 
antibody. 

EXAMPLE 3 

Production of soluble subfragm.ents of LAG-3 

In order to produce large amounts of recombinant 

proteins, a stable expression system consisting of 

transfected mammalian cells was developed. The host cells 

are anchorage-dependent hamster .ovary (CHO) cells iso­

lated from CHO cells deficient in dihydrofolate reductase 

(DHFR) and consequently necessitating glycine, a purine 

and thymidine for their growth. The pivotal role of DHFR 

in the synthesis of nucleic acid precursors, combined 

with the sensitivity of DHFR-deficient cells with respect 

to tetrahydrofolate analogues such as methotrexate (MTX), 

has. two major advantages. Transfection of these cells 
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with expression vectors containing the DHPR gene permits 

the secretion of recombinant DHFR-resistant clones, and 

the culturing of these cells on selective media contain­

ing increasing amounts of MTX results in amplification of 

the DHFR gene and the DNA associated therewith. 

Construction of LAG-3 Dl, LAG-3 D1D2, LAG-3 Dl-D4 

Fragments of DNA coding for the Dl, D1D2 or Dl-D4 

regions were amplified using a PCR method identical to 

the one described previously, using the primers specified 

in the table below. 

REPLACEMENT SHEET (RULE 26) 
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TABLE 4 

Primers used for amp1ifyin.g LAG-3 DNA sequences by PCR 

Primers used for amplification of the DllA 

Primer (5') 
- -

5' CGCCGTCGACCGCTGCCCAGACCATAGGAGAGATGTG 3' 

SalI coup­

ling site 

Primer (3') 

untranslated start of 

5' sequences translation 

5' GCGCGTCGACTTACATCGAGGCCTGGCCCAGGCGCAG 3' 

SalI coup­

ling site 

Primer (5') 

End of Dl 

identical to LAG-3 Dl 

Primer (3') 

5' GCGCGTCGACTTAACCCAGAACAGTGAGGTTATAC 3' 

SalI coup­

ling site 

Primer (5') 

End of D2 

identical to LAG-3 Dl 

Primer (3') 

5' GCGCGTCGACTTAACCTGGGCTAGACAGCTCTGTG 3' 

SalI coup­

ling site 

End of D4 

Resulting 

encoded 

subfragment 

LAG-3 Dl 

from the leader 

sequence to 

amino acid 149 

LAG-3 DlD2 

from the leader 

sequence to 

amino acid 239 

LAG-3 Dl-D4 

from the leader 

_sequence to 

amino acid 412 

The resulting amplified fragments were digested 

with SalI and inserted into the SalI site of pUC 18 

(Stratagene). 

The amplified sequences were verified, and the 

inserts subcloned into the expression vector pCLH3 AXS V2 

DHFR ha IVS as described by COLE et al. (Biotechnology 

11, 1014-1024, 1993) (Figure 4). 

REPLACEMENT SHEET (RULE 26) 
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This vector is a eukaryotic expression vector 

which is multifunctional for the expression cONA and its 

amplification in eukaryotic cells. It possesses the 

following features: (i) the murine promoter of the 

metallothionein-1 gene and a polyadenylation sequence 

sv 40 (comprising a donor-acceptor splicing site) to 

bring about transcription of the gene of interest, (ii) 

a human. intervening sequence A containing the donor­

acceptor splicing site of the gene for the subunit of a 

glycoprotein for obtaining high levels of transcription 

of cONA, (iii) the pML sequence containing the origin of 

replication of pBR 322 and a gene for resistance to 

ampicillin for bacterial amplification, and (iv) a OHFR 

transcription unit of SV 40 to bring about transcription 

of the sequences used for selection and amplification of 

the transfectants. 

Stable expression in CHO cells 

The expression vectors coding for LAG-3 Dl, LAG-3 

0102 and LAG-3 01-04 were used to transfect CHO OUKX 

cells, and these cells were cultured on a selective 

medium.. Cells capable of multiplying under these condi­

tions were combined and cultured on a medium. containing 

increasing amounts of MTX. Levels of expression · were 

measured by Western blot analysis using the 17B4 

monoclonal antibody. Clones producing high levels of 

recombinant soluble molecules derived from LAG-3 were 

propagated in bioreactors, and the material derived from 

LAG-3 was purified by ion exchange chromatography and 

immunoaffinity. 

Western blot analyses revealed, in supernatants 

of cells transfected with expression vectors coding for 

LAG-3 01, LAG-3 0102 and LAG-3 01-04, bands with apparent 

Mr values of 15 to 18 kD, 34-36 kD (doublets) and 55 kD 

(2 possible bands) • The respective Mr values of these 

i:mmunoreactive materials corresponded to the expected Mr 

values ·of glycosylated LAG-3 01 Ig (139 amino acids and 

a putative N-glycosylation site), glycosylated LAG-3 01D2 

Ig (239 amino acids containing 3 glycosylation sites) and 

glycosylated LAG-3 01-04 Ig (412 amino acids containing 
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_ 4 glycosylation sites). 

EXAMPLE 4 

Specific binding of LAG-3 Ig to cells expressing 

MHC Class II 

The reactivity of the monoclonal antibodies and 

of LAG-3 Dl-D4 Ig was studied by indirect immunofluores­

cence. Target cells (4 x 105 ) were incubated for 30 min­

utes at 4°C in the presence of LAG-3 Dl-D4 Ig, CDS Ig, a 

murine monoclonal antibody, (949) anti-human MHC Class II 

(DR, DP, DQ) conjugated to FITC (isothiocyanate fluoride) 

from a Coulter clone, or murine Ig-FITC: an irrelevant 

i:mmunoglobulin G conjugated to FITC. The cells were· 

washed and incubated at 4°C for 30 minutes with either a 

goat ·anti-human Ig polyclonal F(ab') 2 conjugated to 

fluorescein or a goat anti-mouse _Ig polyclonal antibody 

conjugated to fluorescein (Coulter clone) • 

To confirm the LAG-3/MHC Class II binding, LAG-3 

Dl-D4 Ig was incubated with MHC Class II-positive or 

-negative cells. Four B lymphocyte lines expressing MHC 

Class II(L31, Phil EBV, Raji, Sanchez and Personnaz) were 

treated with anti-Class II monoclonal antibody 949, or 

the supernatants of Cos cells transfected with DNA coding 

either for LAG~3 Dl-D4 Ig or for CDS Ig. The five cell 

lines expressing the different haplotypes of MHC Class II 

molecules were recognized by LAG-3 Ig in the same way as 

by the anti-Class II monoclonal antibodies (positive 

control), while the supernatant containing CDS Ig · (nega­

tive control) did not bind to these cell lines, as could 

be expected. Four MHC Class II-negative cell lines (CEM, 

RJ, HSB2, K562).were treated with the same reagents as 

above. None reacted, ·either with the anti-MHC Class II 

(negative control) or with LAG-3 Dl-D4 Ig, showing that 

the binding of LAG-3 Dl-D4 is specific to MHC Class II 

molecules. 

Further experiments were carried out using (i) 

mouse fibroblasts transfected or otherwise with genes 

coding for human DR7 or human DP4, (ii) mouse cells 

expressing or otherwise MHC Class II molecules, (iii) 
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activated human CD4+ or cos+ cells, and (iv) T lymphocyte 

lines expressing the different haplotypes of MHC Class II 

molecules (Figure S). 

Unlike CDS Ig, LAG-3 Dl-D4 Ig binds to all cells 

expressing MHC Class II as ·efficiently as the anti•MHC 

Class II monoclonal antibody 949. LAG-3 Dl-D4 Ig binds to 

all DR and DP haplotypes tested, to human MHC Class II 

molecules expressed by transfectedmouse cells, to murine 

MHC Class II molecules and also to MHC Class II molecules 

. expressed by CD4+ or CDS+ T lymphocytes. 

These results represent for the first time proof 

that soluble molecules derived from a ligand for MHC 

Class II are capable of binding to cells expressing MHC 

Class II. 

Similar experiments showed that LAG-3 DlD2 bound 

to cells expressing MHC Class II in as specific a manner 

and with the same efficiency as LAG-3 Dl-D4. 

Binding activity of LAG-3Iq and cellular distri­

bution of ligands for LAG-3Iq 

The capac.ity of this immunoadhesin to bind to 

cell ligands is measured using a fluorescein-labelled 

goat serum directed against human immunoglobulins. 

In these experiments, the target cells are first 

incubated with a huina,n monoclonal antibody or an immuno­

adhesin for 30 min at 4°C in RPMI 1640 containing 10% of 

FCS (foetal calf serum). The cells are then incubated 

with an FITC-labelled goat anti-mouse i:mmunoglobulin 

serum (Coulter) for the murine monoclonal antibodies or 

with an FITC-labelled goat anti-human i:mmunoglobulin 

serum (Tago) for the immunoadhesins. The fluorescence is 

measured after two washes, analyzing 3,000 cells with an 

Elite cytometer (Coultronics; · Hialeah, FL) • Figure 9 

shows the degrees of binding of LAG-3Ig, CDSig, antibody 

949 or antibody OKT3 (anti-CD3, ATCC), represented by the 

number of cells counted as a function of the logarithm of 

the measured fluorescence intensity. 

LAG-3Ig binds to mouse fibroblasts transfected 

for the gene for the HLA DR4 molecule, and does not bind 

to untransfected cells. CDSig is incapable of binding to 
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HLA DR4+ fibroblasts under the same conditions. 

The cellular distribution of the ligands for 
LAG-3Ig was evaluated on a cell population sample by 

immunofluorescence. 

LAG-3Ig is visualized on all positive Class II 
cells tested, including B cell lines transformed by 
Epstein-Barr virus (derived from genetically unrelated 
donors, including 10 homozygous lines of DR1 to DR10 

typing), as well as on activated T and NK cells. 

Figure 9 shows, by way of example, the binding of 
LAG-3Ig to Daudi cells which.are positive for Class II 
antigens. 

The mean fluorescence intensity with LAG-3Ig is· 
similar to that observed with antibody 949 which is 
specific for Class II antigens. The binding of LAG-3Ig to 
DR4 (Figure 9), DR2 , DR7 or DPw4 (not shown) expressed at 
the surface of mouse fibroblasts is, in contrast, weaker 
than that observed for antibody 949. 

No binding is detected on cell lines which are 
negative ·for Class II antigens of T origin (peripheral 
blood T cells, CEM, HSB2, REX lines) , of B origin 
(RJ 2.2.5 line) or of non-lymphoid origin (human lines, 
K562 of erythromyoloid origin and line originating from 
melanoma cells (not shown)). 

Moreover, LAG-3Ig binds to xenogeneic Class II 
molecules of the MHC, such as the antigens expressed by 
mouse lymphoma .A 20 and the monkey Classes II expressed 
by phytohaemagglutinin-stimulated blasts (data not 
shown). 

The specificity of binding of LAG-3Ig was also 
verified using the monoclonal antibodies 17B4, whose 
capacity to block LAG-3/MHC Class II interactions in cell 
adhesion tests was demonstrated beforehand (Figure 10). 

In these experiments,· the LAG-3Ig molecules are 
preincubated for 30 minutes at 4°C either with medium 
alone, or with 17B4 (1 mg/ml), or with OKT3 (1 mg/ml), 
before being brought into contact with Daudi cells. 

Figure 10 shows ~hat a preincubation of LAG-3Ig 
with. 17B4 inhibits the binding to Class Ir cells, 
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whereas no inhibition is detected with the OKT3 control. 

EXAMPLE 5 

Inhibition of LAG-3/MHC Class II interaction by 

soluble fragments of LAG•3 

The inhibition of LAG-3/MHC Class II interaction 

by the soluble fragments of LAG-3 may be observed 

directly in relation to the binding - of LAG-3Ig by 

Class II MHC molecules, by competitive experiments with 

the soluble fragments. -

To verify whether the soluble LAG-3D1D2 fragments 

produced by CHO cells could displace the binding of 

i:mmunoadhesins derived from LAG-3, the following tests 

were carried out: 

Daudi cells are incubated with soluble LAG3-D1D2 

fragments so as to permit the binding of these molecules 

to the MHC Class II antigens expressed at the surface of 

the Daudi cells. 

In a second step, the cells are incubated in the 

presence of LAG-3D1D4Ig in dimeric form or LAG-3D1D2Ig in 

monomeric form. 

The binding of these i:mmunoadhesins derived from 

LAG-3 is measured using a goat anti-human Ig F (ab') 2 

conjugated to fluorescein (GAH-FITC). 

The control groups are represented by Daudi cells 

incubated with dimeric LAG-3D1D4Ig or monomeric LAG-3D1D2Ig 

without preincubation with the soluble LAG-3D1D2 

fragments. 

The results are recorded in Table 5, which shows 

that the soluble LAG-3D1D2 fragments are capable of 

displacing the immunoadhesins derived from LAG-3 in mono­

or dimeric form. 
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TABLE 5 

Reactants Detection llean f1uor- Conclusion 
escence 

--- GAH-Fl:TC 0.3 GAH does not 
interfere 

Dimeric GAH-Fl:TC 20.8 The binding of 
J'.iAG-3DlD_4l:g CHO/LAG-3·DlD2 

inhibits the binding 
CHO/LAG-3DlD2, GAH-Fl:TC 8.5 of dimeric 
then dimeric LAG-3DlD4l:g (58%) 
LAG-3DlD4:Ig 

Monomeric GAH-Fl:TC 62.5 The binding of 
LAG-3DlD2Ig CHO/LAG-3DlD2 

inhibits the binding 
CHO/LAG-3DlD2, GAH-FITC 10.9 of J!!.Onomeric 
then monomeric LAG-3DlD2l:g (27%) 
LAG-3DlD2Ig 

These data confirm that the soluble LAG-3D1D2 
fragments bind to MHC Class II molecules. 

Inhibition of LAG-3 /MHC Class II and CD4 /MHC 
Class II interaction 

Rosette formation between Cos cells transf ected 
with wild-type LAG-3 and B lymphocytes transformed with 
EBV expressing MHC Class II molecules was demonstrated by 
BAIXERAS et al. (2). This interaction is inhibited both 
by anti-LAG-3 and anti-MHC Class II monoclonal anti­
bodies. 

The method described in · this publication was 
modified by replacing the visualization and counting of 
Cos cells binding to B lymphocytes by counting the 
radioactivity remaining after incubation of 51Cr-labelled 
B lymphocytes with Cos cells expressing LAG-3 (binding 
assay) • 

The possible inhibitory effects of soluble 
molecules derived from LAG-3 on LAG-3/MHC Class II 
interaction, and also on CD4/MHC Class II interaction, 
were studied. 

Cos cells transfected with a suitable expression 
vector (coding for wild-type LAG-3 or for CD4) • Two days 
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later, the Cos cells were treated with trypsin and plated 

out again on the basis of 0.05 x 106 cells/well on flat­

bottomed 12-well tissue culture plates. 24 hours later, 
51Cr-labelled Daudi cells (5. 5 x 106

) were incubated on 

this monolaye_r of Cos cells (final vol.: 1 ml) . for 

1 hour. The target B cells were then aspirated off and 

the wells washed 5 to 7 times, gently adding 1 ml of 

medium dropwise. The edges of the wells were washed by 

suc~ion using a Pasteur pipette. The remaining cells were 

lysed with 1 ml of PBS, 1% Triton for 15 minutes at 37°C. 

The lysates were centrifuged at 3000 rpm for 10 minutes, 

and 100 µl of the resulting supernatant were counted. 

LAG-3 Dl-D4 Ig was used to inhibit LAG-3/MHC. 

Class II and CD4/MHC Class II interaction in the 51Cr 

binding assay. Human CDS Ig and IgGl were tested in 

parallel and used as negative controls. 

A significant inhibition of LAG-3/Class II 

interaction by LAG-3 Dl-D4 Ig was detected (Fig. SA). 

However, the LAG-3/MHC Class II interaction can be 

partially and non-specifically inhibited by human CDS Ig 

and IgGl. Moreover, LAG-3 Ig proved to be a potential 

inhibitor of CD4/Class II interaction (Figure SB) under 

experimental conditions in which CD4/MHC- Class II inter­

action was not modified by hum.an CDS Ig or IgGl. This 

suggests that LAG-3/Class II interaction is weaker than 

CD4/Class II interaction. These results represent the 

first proof of a possible competition of soluble mole­

cules in an interaction of MHC Class II with its ligands. 

EXAMPLE 6 

Immunosuppressant activity of LAG-3 Dl-D4 Iq 

Functional tests were performed using the proli-

feration tests described above for the biological acti­

vity. of the anti-LAG-3 monoclonal antibodies. 

3 days and 5 days (D3 and D5) after antigenic 

stimulation, LAG-3 Dl-D4 Ig showed a strong inhibition of 

the proliferation.of clone 2S, while human CDS Ig and IgG 

had no effect (Figure 6) • Similar experiments .were 

·carried out with clone 154 (Figure 7), ·and showed a 

partial inhibition in the presence of LAG-3 Ig. A control 
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-carried out with anti-LAG-3 monoclonal antibodies had the 

reverse effects, as observed previousiy. 

A significant inhibition of the cell proli­

feration of cells incubated in the presence of LAG-3 Dl­

D4 Ig was also observed for clone 28~ 

These observations show that LAG-3 Dl-D4 Ig is a 

potential imm.unosuppressant of the _proliferation of T 

lymphocytes stimulated by an antigen, and indicate that 

LAG-3 might act as an 11 extinguisher0 of the secondary 

immune response induced by activated CD4+ T helper 

lymphocytes. 

Role of LAG-3Iq in the negative regulation of the 

immune responses of T cells 

To demonstrate that a soluble form of LAG-3, 

mimicking the functions of the membrane molecule, could 

inhibit the activation of CD4+ T cl~nes stimulated by an 

antigen, the following tests were carried out on clone 

Tl54: the T cells are incubated beforehand with a 

saturating amount of LAG-3Ig (100 nM). The cells are then 

washed twice with cold RPMI and incubated with 10 µg/ml 

of goat antibodies directed against human imm.unoglobulins 

(Tago) at 4°C for 30 minutes. 

After two more washes, the cells are resuspended 

in·RPMI containing 10% of foetal calf serum and incubated 

for 2 hours at 37°C before adding the signal. To couple 

( 
11 cross-link11

) the monoclonal antibodies, a goat anti-

mouse antibody at a concentration of 10 µg/ml (Tago) is 

used. 

Figure 11 depicts an experiment in which clone 

T154 has been preincuba ted with LAG-3 Ig bound ( 11 cross­

linked 11) to a second reactant (polyclonal serum specific 

for the constant region of human immunoglobulins). The 

degree of binding of LAG-3Ig to the cells is measured by 

immunofluorescence (Figure llA). Figure llB shows that a 

more than 50% inhibition of the proliferation of clone 

T154 is produced by LAG-3Ig. Under the same experimental 

conditions, no effect is observed with the control CD8Ig 

or with LAG-3Ig without 11 cross-linking11 (not shown in the 
figure). 
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Figure llC also shows that no effect is observed 

when LAG-3Ig is used to bind ("cross-link") the MHC Class 

II molecules expressed by antigen-presenting B cells. 

The possible effects of bound ("cross-linked") 

anti-Class II monoclonal ant.ibodies in relation to the 

proliferation of T cells were compared to those of 

LAG-3Ig. A weak inhibition (less than 50 %) is observed 

with antibody 949 and antibody Dl.12 (anti-DR) bound to 

a goat anti-mouse polyclonal serum (Figure 12). The 

_inhibition of proliferation is hence epitope-dependent, 

the largest effect being obtained with the epitope of 

LAG-3 specific for the binding to Classes II. 

The effects of LAG-3Ig on the proliferation of T 

cells were also studied using different signals on 

another CD4+ T clone, clone TDEL specific for peptide 34-

53 of the basic myeli.n protein. 

An inhibition of proliferation is observed 

(n = 2) when TDEL is stimulated with the antigen (not 

shown)., with immobilized OKT3 (Figure 13A), with lectins 

(PHA + PMA) (Figure 13B) and with 5 IU/ml of IL2 

(Figure 13C) • No inhibition is observed with 100 IU/ml of 

IL2 (Figure 13D). 

In conclusion, these results collectively show 

that LAG-3 and MHC Class II molecules, which are each T 

cell-activating antigens, may be likened to effector 

molecules i~volved in the phase of inactivation of T cell 

responses. Moreover, these results illustrate the 

importance of interactions between T cells in the control 

of the cellular immune response. 

EXAMPLE 7 

Stimulation of cell cytotoxicity by LAG-3Iq 

The role of LAG-3Ig in· relation to cell cyto­

toxicity is studied on two types of effector cells: 

- freshly drawn human peripheral blood lympho­

cytes (PBL), 

- SlBS line cells (clone of human NK cells). 

The cytotoxic activity of these cells is measured 

by counting the 51Cr released into the medium by 

previously label°led target cells, in the presence or 
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absence of LAG-3ig in the medium.. 

Figure 14 shows the degree of cytotoxici ty of 

SlB5 for a line of human B cells transformed by Epstein­

Barr virus and carrying major histocompatibility complex 

Class i and ii antigens (LAZ 388 line), as a function of 

different reactants added to the cultures. 

Measurements are carried out after 4 hours of 

coculture for effector/target (SlB5/LAZ 388) cell ratios 

of 3:1 (clear columns) or 1:1 (shaded columns). 

The negative controls consist of medium. alone 

(MED), the immunoadhesin CD8ig and the monoclonal 

antibody 17.B4 (anti-LAG-3). 

The positive controls consist of three different 

monoclonal antibodies: 

- antibody L243 directed against Class ii DR 
antigens, 

- antibody 9. 49 directed against Class ii DR, DP, 
DQ antigens, 

- antibody W632 di.rected against human major 

histocompatibility complex Class i antigens. 

Anti-HLA Class i (W632) or Class ii (L243) 

antibodies increase the lysis of the target cells (and 

not the 17B4 control). The imm.unoadhesin LAG-3ig 

increases the lysis. The CD8ig control has no effect. 

Figure 15 shows the results of an experiment 

similar to the above, in which the cytotoxicity of PBL 

with respect to Daudi cells (HLA Class i-) is measured, 

for effector/target ratios of 50:1 (clear columns) and 

15:1 (shaded columns). The reactants added to the medium 

are the same as the ones used in the first experiment, 

except for antibody 9. 49 and antibody 17 .B4. Antibody 

10H3 is an isotype igGl imm.unoglobulin specific for the 

CD45 surface antigen. it is used as negative control. 

No change is observed with an antibody directed 

against major histocompatibility complex Class i antigens 
(W632). 

The data from these two series of measurements 

show that, compared to negative controls, LAG-3ig 

activates the cytotoxicity of NK cells. This effect is 
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similar to the one observed with ·antibodies directed 

against MHC Class II molecules. 
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SEQUENCE LISTING 

I - GENERAL INFORMATION 

(1) APPLICANTS: INSTITtJT GUSTAVE ROUSSY/INSERM, 

APPLIED RESEARCH SYSTEMS ARS HOLDING N.V. 

(~) TITLE OF INVENTION: 
Soluble polypeptide fractions derived from 

LAG-3, therapeutic composition, use of anti­

LAG-3 antibodies. 

(3) NUMBER OF SEQUENCES: 1 

10 II - INFORMATION FOR THE SEQUENCE SEO ID No. 1 

15 

20 

SEQUENCE CHARACTERISTICS 

Type: Nucleotide 
Length: .476 

Strandedness: double 

Topology: linear 
Molecule type: cDNA 
Organism: homo sapiens 

Tissue: T lymphocytes 

Name: LAG-3 
Sequence description: 

Leader e tide 
-22 Mee-Tqt-Glu-Ala-Gln-Phe-Leu-Gly-Leu-~eu-Phe-Leu-Gln-Pro-Leu-

------------------------------------------------------------------------------
Dl 

l Leu-Gln-Pro•Gly-Ala-Glu-Val-Pro~Val-Val-Tqt-Ala-Gln-Glu-Gly-

16 Ala-Pro-Ala-Gln-Leu-fro-Cys-ser-Pro-Thr-Ile-Pro-Leu-Gln-Asp-

31 Leu-se:-Leu-Leu-Ar:9-Ar:9-Ala-Gly-Val-Thr-Tqt-Gln-His-Gln-Pro-

4 6 Aap-Ser-G1y-h~ ·Pzo-Al.a-A1a-IJ.&-ho-G1y-tia-ho-Ln-Ala-•ro-
' 
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76 Arq-Ty:-Thr-Val-Leu-Ser-Val-Gly-Pro-Gly-Gly-Leu-Arq-Ser-Gly-

91 Ar9-Leu-:·:~-Leu-Gln-Pro-Ar9-Val-Gln-Leu-Asp-Glu-Ar9-Gly-Ar9-

5 106 Gln-A:v-Gly-A.9p-Phe-Ser-Leu-Trp-Leu-Ar9-Pro-Al.a-Ar9-Ar9-Ala-

10 

121 Asp-Ala-Gly-Glu-Tyr-Arg-Ala-Ala-Val-Hi•-Leu-Ar9-Asp-Ar9-Ala-

136 Leu-Ser-Cy•-Ar9-Leu-Ar9-Leu-Ar9-Leu-Gly-Gln-Ala-Ser-Met 159 ____________ ....., ____________________________________________________ _ 

D2 
160 Thr-

151 Ala-Ser-Pro•Pro-Gly-se:-Leu•Arg-Ala-se:-Asp-Trp-Val-Ile-1.eu-

166 Asn-Cys-Ser-Phe-ser-Ar9-Pro•Asp-Ar9-Pro-Ala-Ser-Val-His-Trp-

111 Pbe•A:9•Asn-Ar9-Gly•Gln•Gly-Ar9-Val-Pro-Val-Ar9-Glu-ser-e:o: 

15 196 His-His-Hi••Leu•Ala-Glu-ser-Phe-Leu-Phe-Leu-Pro-Gln-Val-Ser-

20 

25 

211 Pro•Met-Asp-ser-Gly-Pro-T~Gly-cya•Ile-Leu-Thr-Tyr-Ar9-~p-

226 Gly-Pbe-Asn-Val•Ser-Ile-Met-Tyr-Asn•Leu-Tbr-Val-Leu-Gly 239 

--------------------------------~----------------------------------
D3 

240 J,eu-

241 Glu-Pro-rro-Thr-Pr~-Leu-Thr-Val-Tyr-Ala•Gly-Ala-Gly-ser-Ar9-

256 Val-Gly-Leu-Pro-Cys-Arg-Leu-rro-Ala-Gly-Val-Gly-Thr-Arg-ser-

271 Pbe•Leu-Tbr-Ala-Lya·T~'l'hr-Pro-Pro-G~y•Gly-Gly-Pro-Asp-Leu-

216 Leu-Val•Thr•Gly-Asp-Asn-Gly-Asp-Pbe-'l'hr-Leu-Arg-Leu-Glu-Asp-

301 Val•Ser-Gln-Ala-Gln-Ala-Gly-Thr-Tyr-Thr-cya-His-Ile·Hi•-Leu-

316 Gln•Glu-Gln-Gln-Leu-Asn-Ala•Tbr-Val-Thr-Leu-Ala-Ile-Ile-Tbr 330 

---------.------------------------------------------------------------
~ ~ 

35 

331 Val-Thr-Pro-Lya-Ser-Phe-Gly•Ser-Pro-Gly-ser-Leu-Gly-Lys-Leu-

346 J.eu-cya-Glu-Val-Thr-Pro-Val-Ser-Gly-Gln-Glu-Ar9-~be-Val-T:p-

361 ser-ser-Leu-Asp-Thr•Pro-ser-Gln-Ar9-Ser-Phe-ser-Gly-Pro-T:p-

376 Leu-Glu-Ala-Gln-Glu-Ala-Gln-Leu-Leu-Sc"-Gln-Pro-Trp-Gln-cya-
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391 Gln-Leu-Tyr-Gln-Gly-Glu-Arq-Leu-Leu-Gly-Ala-Ala-Val-Ty:-Phe-

406 Thr-Glu-Leu-Ser-Ser-P~o-Gly 412 

------------~-----------------------------------------------------------
Transm~:ane 

t•J Ala-Gln-Arg-Ser-Gly-Arq-Ala-Pro-

421 Gly-Ala-Leu-Pro-Ala-Gly-His-Leu-Leu-Leu-Phe-Leu-Thr-Leu-Gly-

436 Val-Leu-Ser-Leu-teu-Leu-Leu-Val-Thr-Gly-Ala-Phe-Gly-Phe-His-

451 Leu-T:p 452 

---------------~----------------------------------~-------------~-------Inc:acycoplasmic . 
453 Arq-Ar9-Gln-T:p-Ar9-Pro-Ar9-Ar9-rhe-Ser-Ala-Leu-Glu-
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TABLE No. 1 

Acom y z r••:l.d11• at- type, - Dam• -d charge -d. 

=· =· 
61.15506092 ~ ,:;- ' " 25.172'70911 27.2HUU9'7 -o.sooo t' 

KH2 25.6,7'6CHC 26 .C71HJll2 ,7.C205156>2 AP•n co hn o.uoo 2 

CA · 2'.U52221'0 2'.H741'5U 69.11024444' AP•n 40 =• 0.1200 l 

11111 24·. >1>7'11090 n.nc11H&> 67.220001150 AP-n 40 ftn o.uoo ' 
HA 2J.Ullts>70 27.llOJHl26 61.&6&010111 AP-n 40 ft o.0700 5 

c 25.H2710762 2'. 7'125U'7'C 70.J501205&~AP-tl 40 c• o.noo 6 

0 25.2HU5171 27 .OIOH7U> 71.&1207012> AP-n 40 •• -o.cioo 7 

Cl 2J.HI02172t 25.517011H7 11.110661250 AP-n· 40 C2 -0.1100 I 

Hll Z>.OIOllSHI 25.'717UJH~ 11.1s2JS1>7t AP-n 40 b 0.0700 9 
U2 H.UHllO&O 24.7'490251~ 11.111111201 AP-ti 40 b 0.0700 10 

CG 2Z.9Z17751ll 25.lSHl.MH 70.ltlll0441 AP-ti 40 e• 0.'400 11 

001 12.011102111 25.HSZJJ551 70.171017711 AP-a 40 0- -0.5700 12 
ooz ZJ.US7HIJ4 24oOOtJ2UU 70.IC7112574 AP-ti 40 o• -0.5'00 u 
II 2'.IOflTHZI 21.204511211 ~0.111111111 SEil Un -o.sooo u 
Cl. Z7.HOlCSHt Hotl271MIC 71.207511SJ1 Slit 41 ca 0.1200 15 .. 27.110'41701 zc.111112201 11.111211115 ... Cl lln 0.1100 u 
Ill 17.'7&111772 25.UIOllUO 71.1.-21111• SEil 41 ll 0.1000 l7 
c H.U201SIH 27.00SMHS.I TZ.171711151 SEil 41 e• o.Jaoo 11 

0 27.tl71JllJO 21.ZOOllOlll 11.usnsuo Slit 41 •• -o.JIOO 1t 

cs ZloOIJIOS.117 u.n1ozsu1 70.414llOl71 ... 41 CZ -o.1700 20 

DI H.71111002' 2'oSIHIS7S2 11.110111240 SEil u " 0.1000 Zl 
DZ 21.111111212 21.uatUIH 10.oocoa1121 Slit U II 0.1000 22 

00 Zl.HS2211'9 H.S71Hl7H T1.12'll1MZ SEI Cl ob -o.noo 2> 
llC JO.llZSSHH zc.Ul.&45514 TO.tJIZ77141 Slit Cl .... 0.'500 24 

• u.aS7521771 H.SllOSZOl:I 7J.Jl70544&J GLT 42 n -o.sooo 25 
CA U.lff718C7S 11.cco11ua. 74.S:ISZSZSU GLr · 42 1119 0.1200 21 .. 11.151720411 ZS.HH10Jtl 72.Zl7alOIH GLf 42 llft o.noo 2' 
D1 n.szo11T211 llo:IU0&7111 74.St1857tl0 GLI 42 b 0.1000 21 
Ill.I ,._ .. ,.., .. 1 2'.H0144HI 75.4114,1124 GLT 42 II 0.1000 zt 
e JO.ltlOSH&J 27 .17571:1417 74.•0S.'707451 C:Z.T 42 c• O.JIOO JO 
0 u.socun11 27.0HIOHOI 7&.tl044SllZ GL1' CZ o• -O.JIOO n 

• U.u.J11ZOll ze.J.JZ11J07S 74.alSl871ZZ l'llO u n -0.1200 J2 
CA n.ssaHHot zt.'7000104 74.UDIZHI no uc:a O.OIOO ,, 
Ill ,, ..... .,, .. Z1.SOM07715 72.1010117'1 no·" b 0.1000 >4 
CD J0.21407501• JO.l7&HSl7S 7J.72ZISSJl2 l'llO ucz O.OIOO JS 
mi Zlo4171170ll JO.SI.SHIH& "'·'...,'"" no " .. 0.1000 JI 
llD2 n."41a21n z1.7ttTn1as 72.8H71100S lllO " ll 0.1000 ,, 
c JJ.HIOZ2H2 11.111274710 75.414111ff2 no 

'' c• 
o.saoo JI 

0 ·22.llZJHIOJ J0.5570225:11 71.S122S21SS l'llO '' o• -o.s100 Jt 
c:a 2Z.48USIOJI >0.174ll07U 72.tMS121517 l'llO CJ CZ -o.zooo '° llBl >:a.JSOll0270 u.112u1111 7J.octoctJn no 42 .. 0.1000 Cl 
DZ sz.&5S7101H J0.110SJ4HI 72.DJD42ll4 PIO ., ll 0.1000 42 
cc U.ll094'707 · U.HITZZITZ 7J.S07117411 l'llO 4J CZ -0.2000 " •1 n.2111n110 22.DHHZ21Z 74.lS77712SI l'llO "b 0.1000 " llc:2 J0.7145'1JH n.11z11az21 7Z.4ZISS2JSI fRO ,, b 0.1000 45 

• J4ollJl7Jlll 2t.eo1&n11& 75.5024111>> l'llO " n 
-o.&200 " CA JS.4157JH47" J0.571HSIU 11.41oszc212 no '' ca 

o.OIOO 47 
a J5.011527115 J0.'4SCHSH 77.111112407 l'llO "b 0.1000 .. 
CD JS.SotZlllll U.01'211057 74.ISS700ll4 l'llO " c2 o.0600 " IDl J5.4lUS7llO 21.2471511'7 73.5774112CJ fRO 

" ll 
0.1000 so 

BDZ 35.2Hl7SCSO Z7.HHS2117 74.IOltlUH fRO ... b 0.1000 51 
c JS.70010111 n.nz11'°u 76.0IJZ2C712 no 44 c• O.JIOO 52 
0 Jl.4'1ZJ07U JZ.'774Z14H 75.111122107 ..., 4& o• -0.JIOO SJ 
ca Jl.7715441>0 z•.H27HU4. 71.S47J41DZ2 P1tO 4C CZ -0.2000 54 

5 * The numbering of the amino acids is shifted by minus 6 

relative to the sequence SEQ ID No. 1. 
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HBl J7 .ti62 ~69) li JO. 0.l650': 1! 7~ .... J.~7.;)J.19 PRO ~~ ti c.1000 5!i 

Hl2 )6.66'S6Clt2 2i.027l0lCH 17.211UHl9 PRO '' ti 0.1000 ~£ 

c:c l6.9C07'9196 29.2509956)6 7~. Ul1101C'7 PRO '' cl -0.2000 ~7 

KC1 )7 • U666Z90l 29.91270910 ''·Ull221U PRO ., " c.1000 SI 

KC2 n.5U2H1'5 21.l29HOH'7 TS.1lOS0>66 PRO '' " 0.1000 " 
" JS.02667'1'71 ll.10'1U197 '76.75J&J7515 ~ on -o.sooo 60 

CA n.ncz71110 lC. SU '79095 76.C006t5101 Al.\ cs ca 0.1200 61 

HJI lC. C52JSUl1 )2.7'750900) 77.SJ6170t59 ALA C5 NI o.noo u 
HA n.1oso1ot1• lC.65'9'64'2 7S.291tSOltS ALA 45 11 0.1000 6l 

c: 36. 201JU911 lS.U2lUOl7 77.076705tJl AL\ cs c• O.JIOO 6C 

0 U.162521442 l5.•J7HID66 71.261J25106 ALA cs o• -0.3100 6S 

Cl 22.6406'1>4 J5.0Ul90'11 76.I0072714C A&A C5 Cl -O.JOOO 66 

Hll 22.S>cHHH H.1SOHU6t 7C.5J5202016 Al.A cs .. 0.1000 6'7 

112 JZ.HIJHDZI JC.5Jt1U7H 76.210211171 Al.A '5 .. 0.1000 " HIJ U.415579117 u.oOUJSU4 77.110525111 Al.\ 45 .. 0.1000 " II J7. 2H757H5 JS. •12751017 76.21729'117 Al.A 46 n -o.sooo 70 

• 27.21'701501 JS.IUSSSfJI · 75.Hlllllll A:A "bn O.llOO 71 

CA Ja.HIJl>HI J6.:t10H6CSI ''· 7H270HI t. :. " ca 
o.uoo '2 

HA Jl.21212'HS st.a7HN1H 77. 711124204 /. .. ~. " .. 0.1000 ,, 
c 21.0SICH .. I J7 .J1ltJIC25 7S.727aCC2JI L·.:. 46 c• o.uoo " 0 Jl.HIT10Clt J7.l00'110tl 7C.S167J1262 Au. 41 •• -O.JIOO 75 

Cl >•.SZIH'71J J5.21SJ0111' 77.l014060l7 Al.A H CJ -0.2000 " Bil ff.CCH510f1 JS.IJJCHIH 77.115410957 Al.A 46 .. 0.1000 ,, 
DI Jl.1J110Hll >4.'61171SU 77 .S:ZZUOM7 MA ,, .. O.JOOO ,, 
.., Jl.12190::1221 3'.as&HHS 71.197711711 Al.A " .. 0.1000 7t 

• J1.nn11111 HoSNHSOll 76.llOJ207&0 MA "n -o.sooo IO 

ca. co.ua22111 Jt.&2111H71 7S.:17516JIC7 MA " ca 0.1200 11 

811 H.7170::17201 K.111512:116 77.1tlJ577:17 MA ., Jin 0.2110 82 

BA Jl.90UOSf7S Jl.211USIJI 7&.2&59'&5'1 MA "ll 0.1000 ., 
c u.H9719U• 2t.'1JH7'07 75.17oao.111 &EA 47 e' O.JIOO ·IC 
0 ca.sussJCJS &OolllllHll '5.9HS71ffC &EA &7 •' -o.uoo IS 

Cl Jl.7ZZHHCO co.76ttH•n 75.711211400 Ar.A 47 CJ -0.2000 H 

Dl &O.M50712'1 Cl.IU7210Jt 7S.lCISl1Zll .&IA &7 la 0.1000 17 
DI Sl.OS>OAl4 &0.nat17aas 7S.717&171S7 Ar.A &7 ll 0.1000 II .., 40.0Sl7172SJ &1.00717JIJS 71.llSJClllJ Ai.A "la 0.1000 It 

• ca.SJ7C2ZllO Jl.IU5172IO 7&.Z7CCOl&JJ 1110 41 a -o.&200 tO 
CA CC.Ootll7171 Jl.711115&25 "74.0CS7&11SO lllO 41 ca O.OIOO t1 
BA cc.SJtst0564 H.115972210 75.00l77JIOC 1110 " ... 0.1000 92 
CD &l.HJOlUll 27.SllH1755 TS.Sl62111ZI 1110 CIC:Z o.oHo " Im 41.Hl17fl'H S7.17l:U9521 7z.110121zn 1110 ... la 0.1000 " llDI c1.c1n: ... :uz H.711ZZUJI 7&.ao .. c11cs 1110 .. ll 0.1000 ts 
c CC.4'HHS22 Jt.14'1'2914 7J.0&•>1911S lllO 41 C' O.JIOO .. 
0 CJ ... llJ:UU 40.1257'1'14 7Z.l&412&SU l'llO 41 •• -o.saoo " Cl 4'.SOU02771 S7.H'USllC 72.SOOllSOtS lllO .. C2 -0.1000 ti 

Dl &S.127SMJ21 J7 .2&SMOltc 72.lt71S4771 lllO ... la O.lOOO " DI &&.CCIS&210S Sl.lt7SU106 7&.S411:atl&I l'IO 41 ll 0.1000 100 
CG &J.OS10SJ020 H.tzNllllS 72.702011101 l'llO 41 C2 -0.2000 101 
llGl 4S.OHH5HS 27.SIHIZ227 71.111121141 lllO .. b 0.1000 102 
11112 &2.9'1111104 ss.1uuno1 72.115740251 lllO .. ... 0.1000 lOJ 

• 4S.7007HOJS 40.J:IC2'215' 72.1'1117211 Gt.Y '' n 
-o.sooo 104 

ca. '6.21t7S0071 u.211121111 72.114175•11 GLY 41 09 o.o:zoo 105 .. 41.20707702• st.tlH07t51 72.tt172'726 GLY " bn 0.:1100 105 
U1 &S.HH1'11J U.460111'72 71.J1745147'1 GLY " ... 

0.1000 107 

llU 0 '6.H7012:atJ 42.211206tc0 72.672216111 Gt.Y 
" la 

0.1000 101 
c 47.612J1tH1 C0.110151:155 71.600tt7t25 GLY Cl C' O.SIOO 109 
0 41.MOIOl274 41.11141"2' 71.101101415 GLY 41 •' -O.SIOO 110 

• '7 olC2t7511' :at. 711H'71t 7l.Ot10l1677 BIS so ll -o.5000 111 
Ill 41.t47116C42 st.222:102>01 71.012412017 BIS so bft 0.2100 112 

CA 41.0IOlUltt >t.;2111J502Z 70.206111120 HIS 50 ca 0.1200 lU 

HA &t.22452'115 21.:ZHHHSZ 70.IS6ZJ5046 HIS 50 .. 0.1000 114 
c: 50. 400H >14 7 Jt.ttJ5760SO 70.llZllttCl HIS so c• O.JIOO 115 
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0 50. 7ll4'71St6 &0.&&60220).1 69.011&66675 HIS 50 c• -a.HOO 116 

C:I u.cSSJ&SUC Jl.672969269 61.95371>&99 HlS 50 c:z -0.2000 U'7 

Hll o.:z>l502S02 >a. 051701221 61.41116574'7 KIS so ft c.1000 111 
1112 '7.U9U7US l'7. 951225211 69.1441650)9 1115 so ti 0.1000 U.9 
CG ".'5022115 Jt.H5H>C27 67.919425964 1115 so cs 0.1000 120 
llDl 46.7SUC2194 co.conc7oot 61.0JS29J579 HIS so np -o.uoo 121 
C:El 46.125572961 c:L.U>70U'24 66.17J2CS2J9 HIS 50 cs 0.2700 122 
llE2 47.H'61UH CD.96'00451'7 66.0lCC9Sl50 HIS so np -o.sooo Ul 
CD2 ca.11111siss C0.019775>91 66.717041016 KIS so cs 0.0100 124 
HE1 4' .OU2C722l Cl.a521COC24 66.ISS2CZ9ZO IC%S so h o.uoo us 
HE2 Cl.09222'121 Cl.CO>Jll>CI 65.10HS5Jl2 HIS so bn 0.2100 126 
llDZ ci.56650111' H.SHI077H 66.J96J470C6 KIS 50 ft o.uoo 121 
II 51.271'7704'7 C0.1054Hl.9C 71.22Hl5906 PRO 

51 " 
-o.czoo 121 

CA S2.6670'4Ut co.Cl&USSSI 71.077111277 PIO 51 ca 0.0600 ut 
BA S2.7ZJIHCIJ U.HHZU52 70.21709C116 PRO 51 II 0.1000 uo 
CD 50.1Hu1101 Jt.71701ZZU 72.126416'60 PIO 51 CZ 0.0600 Ul 
llDI SO.t20t7ot17 Jlol'IOSSIH9 72.7C7Jl21ll PllO 51 ll 0.1000 uz 
llD2 ct.tHCJ22tc 40.190121240 72.tC7a.644J P110 51 ll 0.1000 Ul 
c SJ.707102721 :H.C'lllU71l 70.99"1tlH PllO 51 Ct' O.JIOO UC 
0 52.IUlttlll >&.JIHMCU 71.211618'5'1 PllO 51 •' -0.2100 us 
C8 sz ......... , Cl.21'7tHOJ 7Z.CSHl5505 PllO 51 C2 -0.2000 lJI 
D1 s:a • .01111110 '1.HZJ.11111 72.T21ZllltC l'llO 51 ll ·0.1000 U7 
DJ SZ.J7221CUJ U.215161710 T2.CCtl27117 PllO 51 la 0.1000 1H 
CG sa.10112'11' CO.J7DOIHH 72.••02tt170 .PllO 51 C2 -0.2000 "' 
11111 u. 712051ffl '9.NSJtsHS 72.781711121 PllO 11 ll 0.1000 140 

-= 11.7Sn22ics co.112021111 7C.SSTISJl'lt ~ 11 ll o.iooo ic1 

• No'IM•ISSTS '9.'121121'101 11.ISSCTUIO r&V 11·· -o.sooo lC2 
CA IS.TtlSSOIOI >&o7'1JSOll1 11.IOSIZO&Ol r&V SI ca 0.1200 lU 

• N.HJHS7'4 co.am1s11 ll.CIOJ51C45 r&V 51 IUl OollOO lCC .,. 51.'71211271 Jt.2112DIOOI '8.121tl7CIO I.ID sz ll 0.1000 us 
c IS.S011"921 '7.SZSOHCIC ll.7CI040lt4 ,.., S2 c' 0.2100 146 
0 11.l:ITltSSU >7.CZSIJ002J 17.llJOCllll ,.., SI o' -0.HOO 147 
Cll H.a7UISOIJ S&.S11711Dl7 T0.121CS72H r&V SI c2 -o.zooo 141 
D1 H.OJITCSllC S'l.'llCMUC71 71.IOZSIJttC r.EU 12 ll 0.1000 Ut 
.DJ S'l."5MUl2 J7.A272Hl7 70.Cl7CS~7 r&V sa 1a 0.1000 150 
CD 17.JOSOTt53 St.C207C"'4 7J.ol7U022S4 r.EU S2 el -0.1000 151 
a M.117SS7S21 C0.20H'lt77f 71.12'8HIOI zm 12 ll 0.1000 15Z 
CD1 S'l.175057220 Sl.1'2115'110 7'oOOCSC7U.t U:U 12 c:J -0.JOOO 15> 
llDU 51.SSSUOSCl st.All7SS05 7J • .C21JSl20 u:u 52 la 0.1000 154 
au S7.N17511:t1 >a.C02t57J57 ~J.AIS777St l.llD 12 a. 0.1.000 155 
DU 51.lllH<llOI Sl.OZICHS20 72.15:1412711 ,.., S2 la 0.1000 151 
cm 11.111101112 40.0ISISSS7'1 70.H7200SlT r&V sz as -0.2000 157 
D21 St.02117.CCO co.aS'llHZto 71.SCSJOJSCS &iBU SI ll 0.1000 151 
mu s1.sotso12n st.SSSSCIOCC 70.ISCl190Sl laD 12 la 0.1000 151 
9D2J 51.19271Nll co.112111soc 70.00SHNSI Im SI ll 0.1000 HO 

• H.SJCS'8195 SS.501HJll1 H.sscn11ss Al.A SS a -o.sooo 111 
CA SS.MOHJHZ :as.czososscs s1.asso7110 AJA SJ• 0.1200 152 .. H.151172601 Jl.151141127 70.ZCISCSllC Ar.A SJ Illa 0.2100 lSJ 
II& SS.HHl21'1 JS.7SJl22601 11.nucnu Al.A s:a 1a 0.1000 HC 
c sz.1>1771U'I Ho11H7M:lll lt.JISttSOSI Al.A SJ c• o.JIOO HS 
0 SJ..121SH4H HolllltlllJ ll.177NT72t Al.A SJ o• -0.2100 116 
C8 ss.oonaszca H .• J>D711Sl5 11.421111425 Al.A IJ cJ -0.JOOO 117 
D1 H.1117510CZ JJ.CI0170741 17.ltZ021CJI Al.A s:a ll 0.1000 HI 
DJ SS.12Hlll'12 , •• 711517:1'4 17.71728'151 Al.A SJ b 0.1000 Ht .., SS.4717011H JJ.16140170& lt.J51JZ591t Al.A SJ b 0.1000 170 

• SZ.SHJ.02JOZ JC.CHIH79f 70.Ctl2150'11 P110 SC a -o.czoo 171 
CA S1.:llOctS0714 JJ.117ctHCZ 71.21150615:1 l'llO SC ea 0.0600 172 
llA 50.171111tzl n.172S2:114tt 71.514117097 l'llO SC ll 0.1000 ,,, 
CD 52. 'IOSIJJUS JC.OSCZOHO 71.IHllZSSI PJtO -SC CZ 0.0100 17' 
81 5C.Z15t91'7C 25.40HI077C 71.7311J6129 PRO IC ll 0.1000 175 
llDZ SC.CS>JHJ26 JJ.HJS2HO' 71.211901112 PJtO SC ft 0.1000 176 
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c S0.17702102': U.UStl0072 ~~ • .O.Ull7U4 PRO S4 c:. 0. JIOO 177 

0 so.>77tUot:i J6.16U096:17 '1 . 677'7HUO PRO ,, o• -C. JIOO 171 

C:B 51 .16719:1219 ll.113121125 72.519117927 PRO ,, C2 -0.2000 179 

Kil Sl.1255056'76 ll.05ll>OZ92 7l.U06600H PRO 5<1 " 0.1000 110 

02 S2.11U'71U1 u.15oi2tus 72.Zl22,•tl7 PRO 5.C h 0.1000 111 

CG SJ.01'12>171 ll.tlt1t2Hl '72.tHll?tU PRO 54 c:2 -0.2000 112 

HG1 5Z.761'7Dl&6l J&.17160066 7l.S>105037 PRO 5' II . 0.1000 1U 

HGZ n. 7tU211S• Jl.&UO'IOUt 7l.5'7t01U04 PRO S& II 0.1000 11• 

N &&. 97'7 C H066 J&.&l&CUOU 11.t:i&1oasc:i GLT 55 " -o.sooo 115 

CA &7.122'20>12 :15.Z2S02U62 72.&0C,&'7001 CLY 55 CCI 0.0200 116 

IOI &a.tSIUHtl Jl. Jll701&7J 71.t2t51202C GLY 55 lln o.zaoo 111 

HA1 n • .,Ha&Ut H.JJIS7'H2 '71.t6J6'76CSJ GLY 55 ll 0.1000 ill 

HA2 46.IHHUJ7 >&.'77ZJIOl2t '72.00&4ll6'71 GLY 55 ll 0.1000 lit 

c ". 1'701Zt'7'7J JS.Hl6Htl7 '72.tSO&l65'S GLY ss e• O.JIOO ltO 

0 &'7.24HOtOOl J&.H21tlt4& 7&.&tlJJC7t2 GLY 55 o• -o.>100 ltl 

II &'7.tsUS>l'70 l6.J72HH11 ''·•••2114JJ PllO 56 ft -o.czoo lt2 

CA 4'7.IJON'611 J6.JHll7J7J 76.1'7t1JOS54 PllO 56 ca 0.0600 ltJ 

•• ca.US1'71'7 JS.'57'11007 '76.6ltH02'2 PllO 56 b 0.1000 lt• 

c::D 41.CSHIHJJ J7.SHHJ711 '74.16Jt404JO P110 56 C:J 0.0600 lts 

llDl ca.1oaNOOU Jl.MODH12 7:1.JJZHIJOI PllO "b 0.1000 116 

llDI ct.'527ZHOI J7.IHOat4'2 '7J.7ttJOn77 PllO 5' la 0.1000 11'7 

c 4'.H190'7t5f H.A .. 77672 76.MHSH'7J P110 sa c• 0.:1100 HI 

0 61.ltoOtOMJ J'7.7Jl7JOHI 76.ICSOHJA P110 ., •' -0.JIOO Ht 

Cl 41.U .. tTJOI J7.IU764914 71.H09112SJ PllO 11 ca -o.zooo zoo 

D1 41.MUUHf 31.HCZHlZI '77 .SUIHSIO NO · If la 0.1000 201 

D2 ct.azs5•zon J7.UCMUH '71.•t760Zl54 ._.,. 56 la 0.1000 202 

CG ... ,.naon , ... ..,, ... , '7S.J•a5SOZ7:S l'llO 5' CJ -0.2000 203 

llG1 67.tDJllt7tl H.UIUU7Z 7S.6S48~11t PllO SI la 0.1000 20C 

11112 ct.C7101Z2tt Jt.1JMI0072 . 75.JZ17tHOI .-0 H la 0.1000 105 

• .... 50S7:17JO JS.411810157 71 .... ltlSIJ 811 57 ft -o.sooo Z06 .. A6e041UHtO Jt.IS7J7tUO 76.U9"1717 Ba 57 Ian 0.2100 10'7 

CA 44.MHlfOH JS.SN47•1CO 7'7.Sl71HUO BU 57 ca O.lJOO ZOI 

• 6S.M'IHIST7 Sl.aD7'61ZJl 76.759Jal1H BIS 57 b 0.1000 IOI 

c 66.1TSS1057t 2S.HJt2771S 71.90lOCIOtT'7 UI 57 c• O.JIOO ZlO 

0 44.710030511 :SS.Zl6l4HOS 7t.7210JOS71 llZS 57 •• -o.:saoo z11 

C8 &J.110416612 u.otsMZIOI T7.USOSISt4 llD 57 ca -o.zooo 112 

D1 .C.1'701Sl7ff :1s.s1n1n11 '77.CZS741T71 llZS ., la 0.1000 zu 

DI c2.cnozH1& ,, .. , .. ,,,,, 77.7H111JN BIS S'7 la 0.1000 21' 

CG 6S.Z504005'J U.CTllJSOJI 75.7J17SUTS 11ZS S7c5 0.1000 Zll 

llDl 64.UHZIJ7S "· 72:1664157 74.MIOOOU 11D 17 llP -0.4100 216 

Cl1 4'eUH7SSU :sJ.lSIMltol TS. 7ll2MH5 1111 17 cl o.noo 211 
llD 61.ffCUSZH :12.T1aeoau 7&.0SAUIZI llZS ,, .. -0.1000 Zll 

cm 61.MIOOl7tl :SS.Ml&IH17 7S.S7HMIUSIS 17 cs 0.0100 2lf 

al 4S.7U07M6S SJ.001AU81 7z.7uaons1 as 17 .. o.uoo zzo 
llD 61.170IM•ll JZ.221SIJ7Sf 7:1.46410911 llD S11m o.aaoo n1 

llD2 u.u1az7a50 n.alSIJHSl 71.051180127 llD S7 b o.1soo zzz 

• &J.IU8117tl JT.061405151 7t.SUOS1140 1110 SID -0.&ZOO ZJJ 

CA u.ltSITalll J7.5'97Jl611 ao.719t7070J .-o II c:a 0.0600 Z2C 

• .c.1naczscs J7.HN61HO 11.0211:11:112 lllD· SI la 0.1000 z:as 

c::D 61.&SJ5tt011 J1.01ot:1212:z 71.•0TllJlot .-0 SI CJ o.0600 ZH 

BD1 61 .. 0IJ'5JZ71 J7.S11107Sll '7'7.751007110 lllO SI la 0.1000 22'7 

llD2 &J.Ht110170 J&.52718tzSZ 77.711176622 lllO SI la 0.1000 221 

c u.101111nz H.61ST701'4 11.747001277 l'llO II c:' 0.:1100 Z2t 

0 U.50101960 l6.6f:ltl'915 &1.76t70C7Za l'llO 51 o• -0.JIOO ZJO 

C8 CJ.07251'5&0 Jt.011571045 I0.57t1015CJ l'llO 51 c:2 -O.ZODO JU 

D1 u.5St7ttlt4 J9·.J922S>l7' &1.41S'70ZS15 l'llO •• b 0.1000 2:12 

DI CJ.12065429' Jt.TOIJSZIH IO.Jtl040771 PllO SI b 0.1000 2:1> 

c:G u.111&40735 n.tttCH4'0 '7t.2S2JOtS21 l'llO SI c:z -O.ZOOO 2S4 

llGl 61 .. 151151654 21 .6:ZHSJl21 7t.6:14J0'7161 PllO II b 0.1000 2:15 

llG2 4J.OZSH060S 2t.ff&7SJH4 '71.ltltl5027 l'ltD SI b 0.1000 ISi 

II u.scff181ta J5.H1211'74' ·12.60S4JOI02 AZ.A st ft -o.sooo 2'7 

REPLACEMENT SHEET (RULE 26) 
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KM .;.o.5l7J>OU7 15.IUIJ"/622 12.165699761 A.I.A S9 ran c.2100 216 
CA o.tcH5>6H l&.96620195& & l. S:Z61SS'6t AL.A 59 C:• 0.1200 239 

KA ,2.197692111 )& • 35551'526 82.965911865 "''-' 59 I\ 0.1000 240 
c: ,2.20191075 lS.•8HU912 14.103915596 AL.A 59 c:• O. JIOO 2'1 
0 u.06C:Sl2H JS.U7JUHI 8S.941JJ3740 Al.\ 59 o• -O.l800 2&2 
C:I u.107UC7U :u.t7HU6•0 ll.U9117C5' Al.\ Sf Cl -0.1000 1&l 

Hl1 0.76U05U ll.UOUH•O 84.463217354 AL\ Sf h 0.1000 2U 
Hl2 u.sunosu JJ.5U5156t3 12. 1245071'1 Al.\ 

" h 
ci.1000 245 

HIJ 44.tzH10t50 >•·••7308044 lt.Jtt5'71H AL\ " " 0.1000 2116 
II 41.1'2012371 J6.J2l7419U 8&.SH051514 "AU 60 ft -o.sooo 2'7 
1111 41.1245'98'6 J6.554'U'76 l).555304521 AL\ 60 ftn O.?IOO 2U 
CA 40.ZOJOIHU J6.7to7CHH as.su9H211 ""-' 10 c• 0.1200 241 
HA 40.022'4HH JS.NSHSHO H.212'12il24 AU 60 " 0.1000 250 
c: n.122sz12H l'7 .02UOHOJ ···••6177234 ~ 60 c:• o.noo· 2u 
0 n.111100.0 U.21HIHH 15 •. J.HJ402'2 ~. 60 o• -0.JIOO ZS2 
Cl 40.75HJU15 J'7.17l6tl1U H. :Hff1'1120 ~ 60 Cl -0.2000 253 
a1 40.00414'576 21.257006073 1'7.102042112 AIA IO ll 0.1000 254 
Bai U.121t0Hl'7 J'7.HH20200 16.tl7Jlt966 AL\ IO ll 0.1000 255 .., u.otoo72CJ2 21.uaua1z> 15.761472412 AIA 60 ta 0.1000 25' 

• 21.HIJCOl'7 '7.121170367 1s.az21z1zoc P110 '1 ft -0.4200 257 
CA 2'.40'762117 ,, •• ., ...... 0 12.961411221 l'llO '1 .. 0.0600 258 
HA H.411020202 27.IH .. 3''4 IJ.5731131CO.PllO 11 ll 0.1000 25t 

= 29.SHOOJSU Jt.OHHIZ1S .,., •• ,.,.,.,2 ...,. '1 CZ O.OIOO 260 
ID1 40.IHllc:IOl 2a.a1u,os2 IJ.306MffJl .-0 11 • 0.1000 261 
llD2 :lt.snGIHCJ Jt.n81tcU2 ac.ZSHCMH PllO 61 la 0.1000 262 
c 27.Z7HM4'0 ll.7UHS104 u.at207CSIS PllO 11 f: 1 O.JIOO 212 
0 Jl.HC3179lt Jl.'70H7Ut 11.1al4tC5'1 PllO 11 •' -o.'800 264 
cs J7.CfJal7••• Jt.H•H>Ht 8Z.2HtrtSOS .-0 H c:J -0.2000 HS 
Dl ll.tctnH61 Jt.SDSOl1'6 ll.Sl.Z'9tJtt no '1 ll 0.1000 2H 
1112 31.915511780 60.HUUl11 1a.1:11tansz P110 11 ll 0.1000 217 
CG Ja.Hl'317CC :tl.571•l:SS12 U.HH:Sl507 .-0 61 CZ -0.2000 211 
an Jt.Jt72HOll 2t.Hl2tlll1 11.Zt2713Z'l4 PllO Cl la 0.1000 211 
ID2 Jl.110202414 co.HHootlJ aa.02tao7csa no 11 la 0.1000 270 

• :s&.2U32'12t 21.nn111z2 11. 7UH41J&O alt 12 a -o.sooo 271 
CA :s&.lMOOCllt ,. •• :uusocz I0.86,12:1840 alt Hca 0.1200 272 .. lteOJIHlSJC JS.tZ'IHOSSS &l.411912181 .. 62 Ian 0.2100 Z'fJ - J7.t21717H2 JS.OHHHH 71.1412.2SC81 ... 62 la 0.1000 274 
c 3'1.1'1160400 U.SJ2H7Ht 11.21110'415 ... 12 c• 0.'800 275 
0 l7.CHOl1151 U.IZIOHS01 aa ... ~111s na CZ o• -O.JIOO Z7' 
ca '9.120211Hl sc.ocaacHCa 80o7ZSltllJI na HCZ -0.1100 277 
.Dl l9.ff02Hl7t "·'°'"'"' 71.toeUUH nit 12 la 0.1000 271 
m 40.JCHISHI. H.&3Z617:s7a 10.ccuozc:n na 12 la 0.1000 2'H 
oc 40.0JZ"IOHOO U.414118315 11.t:11a10S20 na lloll -o.:1aoo 210 
llG Jt.ZSZJ21Ht H.tSIZtH8a 1z.n121n22 •a 12 lao 0.2100 211 

• 35.HU64111 U.H7tll701 ao.76CSCH2' na ., ft -o.sooo 212 
CA J4. 767$210'7' n~a7446SHZ 11.217J17105 ... 12 ca 0.1200 213 .. 25.711647171 l6.SOHS2H4 ao.20szoo1ts m ,, Ian o.noo zac 
BA 25.014U4711 U.HSSllUI · 12.170570374 ID 

" la 
0.1000 215 

c JC.lKTSIUI U.tHttHl"f ao.211574114 na IJ c• 0.:1100 216 
0 2J.7Hll'°57 2Z~Jl71J0210 71.HU.HJH alt " •' -o.JIOO 217 
ca JJ. 7Hllltcl ,, .......... °' 11.ICJS64006 SZlt 6J CZ -0.1700 288 
Dl JC.1tt1710ll 24.171H4UO 12.S7Z10SCOI Sl:ll 

" ll 
0.1000 Zit 

m 23.l211l07lt JC.5c:IS02101 11.03179•170 ... 
" ll 

0.1000 2f0 
oc u.ncstout 22.222011575 12.Cl6Cl'llt0 llR ll ob· -o.uoo 2'1 
llG n.151712154 22.710407257 ll.IJZ>217t• Sl:ll 13 bo D.JSOO 292 

• JJ.IHIU177 JO.Hllt7COO 10.511271106 'fttP H ft -0.5000 HJ 
CA 32.11Z2ltt46 zt.fl41H222 7t.7aJS41441 'fttP Hoa 0.1200 294 .. 3'.221500217 J0.6221tt246 11.s21tsS1•8 'fttP ,. bn 0.2100 295 
HA JJ.•OC7Jl750 21.8121'8121 78.721931458 'rltP .. ll 0.1000 296 
c: U.STJOCllH 2t.ff1'77005 7t.alJ049011 'fttP 64 c• O.JIOO 297 
0 J0.9tltlOH'7 29.9'Ga912'6 10.975959771 'fttP .f4 o• -O.JIOO 298 

REPLACEMENT SHEET (RULE 26) 



CB 
Kil 
K82 
CG 
CD1 
NE1 
Cl:2 
CD2 
llDl 
111:1 
cc 
KE> 
CZJ 
lllJ 
CH2 
llH2 
CZ2 
1112 

" Cl 
a 
Ml 
BU 
c 
0 

" Cl 
llA 
CD 
llD1 
llD2 
c 
0 
CB 
D1 
812 
CG 
11111 
m2 

• Cl .. .,. 
c 
0 
ca 
D1 
D2 
CG 
11111· 
11:2 
CD 
llD1 
ID2 .. .. 
= 1181 
11Kl1 
llH12 
llK2 

lJ.$2506919 
l2.9SOJ66t74 
)'. 57167047 
ll.&05J2HO 
32 .217101211 
l2.411tJ:l5'4 
JJ.711HH22 
H.J55152UO 
n.u202ss21 
n.a20Hoo11 
35.HlOJ•Oll 
J6.12H8U5t 
J6.JHUOtlt 
27 .C05JUH4 
::as.&:aOIMSSJ 
J6.,lOCT2a70 
2'.S27ZJ:l12C 
1'.0l7515lH 
JO. tllJztCtl 
zt.4'07'•17~ 
U.S2DSHZ91 
21.17J01Htz 
21.1Hl71HI 
21.1:aisn21• 
H.111907HJ 
17.HtolJl72 
11.zans7oao 
27.lataS07Z' 
21.0HIHOH 
17.TJ1JJZ77' 
n.02782HOI 
21.977H'51J 
25.217150121 
17.0CH02791 
ll.U2HZD7 
17.8tOllTHJ 
27.00JSOlltz 
21.noa12uo 
17.2:12HCl23 
zs.TJCJltal7 
ac • .OJHH47 
HeHlnSlll 
2'.Ctl2J1701 
D.127 ... 171 
ZJ.171SUSH 
2'.HOOSH9t 
24.UHISHI 
25.7.,CS>IH 
Z5.439tztH2 
H.HIZIS112 .. 
25.HZ,_1111 
2'.9''217207 
ZJ.IJIZIJSJt 
ZS.070211'11 
zs.HS144"lll 
16.111841312 
zs.•Hoicos 
21.ct:l2H4H 
n.o7zc7s7o5 
25.szotznn 
zc.HIHllS& 
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2i.ZJS47112S 
27. 5JU02U '7 
21.on.anoc 
2'7.7U7HH6 
27.Zlt57HH 
26.H:ttUZSJ 
27.J7al27"7 
27.Hl0'1554 
27.0:HOUUO 
26.5784al'74 
21.JtUIClU 
21~7.,,..,,. 

21.Jl71.t1772 
21.77101HIJ 
17.811'52255 
27.89184681C 
27.Jl1771HO 
Z7.00IOHZS7 
J0.2JZ5C77IO 
JO.S04THS72 
::ao.sazc.,.,to 
J0.8HZHS12 
u.nSlHttS 

· 21.nsssouo 
U.lSTJOZJH 
za.,ZIHHOZ 
17.zuatorzs 
21.1sco12ZZ1· 
Zl.ISZSltlJl 
z:t.SJIOOl927 
za.1011111" 
Z7.C7H1HOC 
za.417zanoc 
H.4211H1ZS 
zs.7171790H 
Z5.7ZIZIOC7Z 
2'1.4771CS&ZJ 
17.IZHIHH 
27.H17001Zl 
21.aHHJlot 
21.HJIZSITO 
U.MUTlSH 
Z7el7CIUJH 
H.ZMl7258t 
ZSelM9SZH4 
21.us2217tT 
H.SlllSITSS 
Zl.ntS2J571 
2'•17C4HHI 
ac.·Ma11121 
H.1SUAJIS 
ZJ.HlZZ12J7 
ZJ.7'1CHll50 
H.IHH2ZH 

.zz.HTOHTH 
IZ.J1JS7SC7J 
21.tOZl1707J 
zo.17'414177 
Z0.7<10t55JU 
zo.nt11007I 
U.l1702'1H 

I0.14Z7071ZS TRP 64 CZ 
'79.SOI041llZ TRP 6• h 
79.116651020 TRP 6• h 
11.611,6JOOO TRP 6C c5 
12.22121&29& TRP 6C CS 
IJ.StO•OIJ2S TRP 14 np 
IJ.112JJ9,IJ TRP 6C c5 
12.117t656tl TRP 64 c5 
ll.7014101J5 TRP 64 b 
.,.27t9,SJ7& TRP 64 11n 
IZ.11St05712 TRP '' cp 
11.71CJt21ll TRP 14 b 
IJ.11570CJCI TRP 14 cp 
IJ.1:12110950 TRP 6<1 b 
ac.ttco1ot2s TRP '' cp 
as.to1ts1toc TRP '' b 
IS.01428115' TRP 14 cp 
85.IZ1Jltt54 TRP 14 b 
71. 7'NOOSH Gt.Y 15 n 
71.112112071 GLT 15 of 
77.111519775 GLt 15 Im 
7'.llOIZSSOO GLt 15 b 
77.91109,HO GLY 15 I\ 
71.11TS...al'I GLY IS e' 
76.l'IHHTSS GLY 15 o' 
11.0J8sszt•1 l'llO 11 a 
Ta.uannJO no 11 ca 
n.t17152CIS no II b 
ao.SlUSTHO no •• CZ 
ao.a80l741J4 no '' b 
ao.a11s111::a7 no 11 " 
77.TZSJ,1791 no 11 e• 
n.NZS7'61S no 11 •' 
71.IS11H2H no II CZ 
n.anTnu1 l'ltO 11 ll 
ao.oztJ1ssco no '' " 
ao.tNOl5'C2 no " CZ 
11.oicnHss no ·cc " 
11.ts•cs11cs no " ll 
71.71910HS• AllG+ 17 a 
7S.717Z571to AID+ a'I a 
7a.1C•8os112 am+ " 1111 
75 ........ , .. AllG+ .., ll 
71.21n72ll1 A11G+ 17 e• 
71.HUS1711 allG+ .., •• 
74.J98111Stt AllG+ IT CZ 
7J.70917S1U AllG+ 67 ll 
TJ.tCOOJZ91t AID+ S7 ll 
74.H15161H MG+ 17 c2 

''·'11••••7• MG+ •7 " 
75.211718710 AllG+ 17 " 
TJ .uutTOll aRG+ " c:2 
'IJ.l11C520Jt ARO+ 17 b 
72.U08tJ810 AID+ 17 b 
7Z.tll710Sll AllG+ 17 a1 
T:S.7Sl92Stl4 AltO+ 17 Jin 
7l.1711J5CST AID+ 17 er 
71.85t7JJ512 AID+ '' A2 
72.ltOJ15247 Alla+ 17 bn 
71.00ll054ZO Alie+ 17 bn 
70.805220740 ARO+ 17 n2 

REPLACEMENT SHEET (RULE 26) 

-o. 2000 299 
0.1000 JOO 
0 .1000 )01 
0.0000 302 
0.0100 lOJ 

-0.5000 J04 
0.1100 JOS 
0.0000 l06 
0.1000 307 
O.ZIOO JOI 

-0.1000 J09 
0.1000 210 

-0.1000 J11 
0.1000 212 

-0.1000 :au 
0.1000 :au 

-0.1000 215 
0.1000 JU 

-0.5000 217 
0.0200 Jll 
0.2100 Ut 
0.1000 220 
0.1000 JZ1 
0.2100 :122 

-o.::aaoo ::az> 
-0.4ZOO JI& 

O.OIOO J25 
0.1000 JZI 
O.OIOO 127 
0.1000 121 
0.1000 lit 
O.JIOO·J:IO 

-o.:aaoo n1 
-0.2000 JJ2 

0.1000 ,,, 
0.1000 ,,, 

-o.zooo ns 
0.1000 JH 
0.1000 ,,, 

-o.sooo ,,. 
0.1200 ,,, 
0.1100 :s•o 
0.1000 241 
I.HOO >42 

-o.:aaoo :so 
-0.2000 "' 
o.uoo '" 
0.1100 246 

-o.aooo "' 0.1200 , •• 
0.1:100 '" 

-o.otoo sso 
o.uoo '51 
oa200 1s2 

-o.5000 15' 
O.JCOO 254 
o.csoo :ass 

-o.sooo 256 
o.>100 ,,, 
0. 3100 JSI 

•D.5000 Ht 
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KK21 25.0lOS95'l'19 Z1.C!l67Ulll ~O.Oll1•2090 ARG• ,, h/I O.l601) l6C 
KKZ2 24. 266419029 22.9uzznc1 10.15071•lOZ ARG• 67 nn o. 3600 36l 

" 22.oao2'0"' 26.9'11'6147 16.2•4255066 PRO 61 n -o.ooo 36: 
CA 20.7''7lU60 2'.lSIUtOl5 76.415237122 PRO 61 ca 0.0600 ::163 

KA 20.11,Hnll . 25.605155HS 71.294l51l00 PRO 61 II 0.1000 36• 
CD za.o7csiuzas 21.•0001a12 76ol42t11>t• PRO 61 c2 0.0600 l65 
llD1 zz.5Jt22H>9 21.94tHt1H 75.469612122 PRO 61 b 0.1000 )66 

HDZ 22.n2u6ns H.·7''12H62 77.zc•ctt207 PRO 
" b 

0.1000 l'7 
c. 20 .182JIZH4 25.5Hl2'H2 75.240110969 PRO 61"c• 0.>100 361 
0 20.4205JHS6 zc.>IH4t01' 75.1ltl17l11> PRO 61 o• -o.>100 '" 
a 1f.t411410H 27.54'711>>6 77.062515259 PRO ·61 c:Z -0.2000 3'0 
1181 11.ISIUOIU 2' .ct016HOl 76.171121601 PRO 61 b 0.1000 l71 
az 20.06671tU7 21 ... .,,,,." 78.l6J0020l4 PIO •• b 0.1000 >72 
CG 20.SIZOUS>l 21.IH21712t ''·•67151171 PRO 61 C:2 -0.2000 l1l 
HG1 20.111unu 21.0llJIJOSl 75.•71172>02 PRO 

61 " 
0.1000 ,,. 

HA 20.421st1122 21~704229355 77.012221562 .ao 61 " 0.1000 '75 
II HoCSIOSiMH H.Z2ff6175' ''·>00010611 Alla+ 6t n -o:sooo ,,, 
CA 11.lt:l756H6 2S.NZ0•7501 7J.Ot6710ZOS AllG+ 6t ca o.uoo l'77 .. 11.ZZ12'6J10 27.1911211'3 ,,.szto1•s11 A11G+ ' ' 11n o.zaoo ,,. 
M lt••l7'1DHI 24.1'1H61Ut 7Z • .-07t'111t A11G+ 6t b 0.1000 ,,, 
c 11.S14'1lS17 2'.IOl:l4S.Z17 72.0l250C~I A11G+ 61 e• 0.2100 >ao 
0 17.JllZ11715 a7.0HHIZ71 71.os..,466& AllG+ '' o• -0.2100 Sil 
ca 17 •• ft777t5C 2•.H&710770 . 72.SJltnltJ AllG+ " c2 -o.aooo 212 
Di ll.Oll81'611 ZJ.tJllt'"' 7•.sll1C7.00 A11G+ •t b 0.1100 ,., 
ma 1'et5'CZOOtO zs.s~•,.. Tc • .-1tcS1ca A11G+ ' ' " 0.1100 >•• 
CG 16.94•111715 ZJ.UZllOUI 7Z.CZ7CtOIS4 Alla+ It CZ -0.2000 , .. 
llGl i&.1•9117011 2c.sn.a11u n.uzunoo A11G+ " " 0.1200 JH 
BA 11.1nnl77t a>.UT•osaoz n.'6llOHM A11G+ '' " o.uoo ,., 
CD 15ellftl1CU 2J.~U6C7 -7Z.97H5t77a All.Gt- It CZ -O.HOO Jll 
llD1 J.S.9IOSIJl7' 2a.1111SOt.s 72 .... 5'1214 AllG+ •1 • 0.1100 ,., 
DZ J.SeOffCOCSlO 2J.llllHOZ4 7J.SSCSS1107 183+ II ll o.uoo ,., .. 1CellHlOSC2 22.ClHOHU 71.Ullllfll AllG+ It al -o.sooo 211 - 1S.Z7UN4SI 22.•111u122 70.lfUl2CN Alla+ It IUl O.>SOO Stz 
Cl u •• HCSl910 ZZ.lC>IHHl 71.tC2C66TH Alla+ It er o.csoo sn 
11111 U.MHlSC5' 21.7SS&l07Jt 70.ISOTOIOOI A11G+ If DZ -o.sooo , .. 
llBU u.n11so112 Z1.IUSH7H lt.'7tlCISOll AllG+ It Im O.JIOO >H 
au U.Ot07'C011 U.CllN7ZIO 70.tSIOI09JJ AllG+ •t 1111 O.JIOO JH 
m u.tlt1H212 22.0SISSSIU 7J.07ClllS07 &IKI+ It az -o.sooo ,,, 
au u.on.sH01 U.IHOHSl.S 72.0llHUIZ AM+ 6' Ila O.HOO Stl 
az2 1s.sz1ZTJ•11 aa.S7217CHI T>.81HMOZ1 AllG+., Im o.saoo "' • lleCHl21JC2 21.HllJZltO 71.07CS010SI AllG+ 70 a -o.sooo coo 
cs u.~OOflOI . 27.IUZNHI •••• ,.,, •• 11 AM+ 70 .. Oe.&200.COl - zo.257Ult51 H.4S1Slzot2 '1.llHIS107 AM+ 10 1111 0.2100 402 .. 1t.nnu1n Z7.ffS11CSlZ H.OTUHICS AllG+ TO b . 0.1000 40J 
c zo.Sl.ZSSIHO 21.SHlCIHI 11.s1•ss1111 Alla+ TO c• 0.1100 '" 
0 zo.a7ZIUZ71 2a.cun1111 6&.ZZISISOS7 A11G+ 70 o• -0.'800 •05 
ca 11.tsHSUt7 21.111717111 lt.7Sl117161 Alla+ 70 c2 -o.zooo '°' 
Dl 17.UtlnCU Zt.OISC7Zl07 ···••&0>0711 Alla+ 70 b o.uoo 407 
DZ 17.0SHllSH 21.0>2051117 19.107191141 AllG+ 70 .. lollOO COi. 
CG 17.7757'2551 zt.11'761012 70.7171C2101 Alla+ 70 c2 -0.2000 '°' 
11111 11.ooc111100 2t.MIOS00'5 71.747SIS1ll allOI- 70 ll OolJOO •10 
llQ2 11.H0712HI 20.'5116SHI 70.CtslCSlll Alla+ 70 ll O.lJOO Ul 
CD H.SllUSJ7t 30.S02UC70J 10.&tJZ1'•17 Alla+ 70 ca -0.otOO CU 
JIDl 11.015111111 30.112221527 61.66411'475 Alla+ 70 b o.uoo cu 
llD2 lS.S3011121S Zt. 7111106'0 70.t27112105 &llG+ 70 ... o.isoo uc 
a H.ZS5t547'2 n.5t0'75H77 71.71l01S7t4 &llG+ 70 nl -o.sooo 415 

• 11.zsunnc U.>SOH4tS7. 12.101•21sz1 &11G+ 7o ..,. o.>100 nc 
CZ 11.uce>nto n.too7•n12 71.464561412 A8G+ 10 er o.csoo "' 
llH1 H.OSHHCOl l>.7121tH25 72.Cll10t•lt AltG+ 70 A2 -o.5000 411 
llBll 11.D714HSSI n.ztUHlH 1l.•1JJ20071 AllG+ 70 llh o.SCOO Ut 
ma 1S.t7SS71CJ2 JC. 70H2lt7t 72.277274211 AllG+ 70 lift o.saoo uo 

REPLACEMENT SHEET (RULE 26} 



HH2 
Jlll21 
llH22 
N 
Hf( 

CA 
llA 
c 
Oft 
0 
KO 
ca 
Ul 
az 
cc; 
CDl 
IDl 
ca 
llB1 
Cl • .. 
ca 
llZ2 
CDZ 
BD2 

16. U0>51711 
16.025011'92 
U.117112801 
21.115812)02 
21.51597"859 
22.nc21nu 
22.'7100906C 
21.2521205'2 
Z0.'92151505 
21.t2UZH5J 
Zl.Utz7H05 
22.HH52CS1 
22.H&H705t 
22 .,Oltt27H 
24.lUMHOt 
22. H7&'7272 
22.tHC2SJtl 
24eH70'1C7' 
24.&lHC7f21 
u.nn111n 
21.n•.ains 
H.llOUO'l•O 
21.so.an100 
27.IOJZSHSC 
21."nllSlO 
zs.aHHUl 

- 39 -

u.c200,u6l l•. '226,4401 
l2.7)6862Ul 
21. 56Zto2451 
l0.15751C5?2 
29.)14456940 
21.UU2>401 
21.tSJ4t:SUI 
21.HUiSHZl 
27.8UOC2'0) 
27.HHUCU 
>O.HSJllH7 
U.'87C2702t 
JO.Htll04'75 
J0.•1'1'2125 
U.1H27'0U 
n.,2'117'JO 
n.212211011 
U.SISS01H5 
JO.HH'7S212 
20.H7JUOH 
U.2'I07H1' 
20.,2H:S7tH 
10.1'HAl52 
10.SJSMllOI 
Zl.HHOllSC 

,0.251172•l7 AJtG• ,0 nJ 
,0.167I0090l AJtG• 70 nn 
6t.50ttt670C ARG• ,o nn 
70.071769714 TYRC: 71 n 
69.JJ8050142 TYRC: 71 am 
71.211971&12 TYRC: 71 c• 
70.t76676t41 TYJtC 71 n 

.72.Sl:SJISOlO TYltC 71 c• 
7:S.0411526Ct TYltC 71 o• 
7J.1457t77:zt•TYJtC 71 on 
7:S.101712C10 TYltC 71 hO 
71.Jl191C2S:S "l'YRC 71 cz 
71.JSIC15J44 TnlC 71 b 
72.Jll125tJI 'rlllC 71 b 
70.21211111• 'rlllC 71 c:p 
lt.044•ll21S 'rlllC 71 cp 
ca.7175t7tC1 TrllC 11 n 
ll.1'1021259 ftllC 71 cp 
&7.121171217 ftllC 71 b 
&1.l,227,C75 ftllC 71 cp· 
&7.&S2aC7CSI ftllC 71 ob 
M.7Hllt7'1 ftllC 7l bO 
a.NU77211 ftllC 71 cp 
70.lCO&llTJS t'lllC 71 b 
70.7CJl20110 ftllC 71 c:p 
71.7Cl2Sl•CO ftllC 71 b. 

REPLACEMENT SHEET (RULE 26) 

-o.sooo 421 
0.)600 422 
0.)600 42) 
-0~5000 U• 
0.2100 us 
0.1200 CH 
0.1000 427 
o.uoo '21 

-0.:1100 421 
-O.JIOO 00 
o.:ssoo 01 

-0.2000 02 
0.1000 ,,, 
0.1000 '" 
0.0000 us 

-0.1000 "' 
0.1000 "' 

-0.1000 UI 
0.1000 "' 
0.0200 440 

-0.1110 441 
0.1100 442 

-0.1000 44' 
0.1000 '" 

-0.1000 •CS 
0.1000 no 
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TABLE No. 2· 

residue ataa type, 
At-

IC y z -- aDcl 
c:harge &Del - 111.0. 111.0. 

" ;H.7SUH40J JG. eHGlS$•0 Gl.ZCCIOOICl~~ 
CA U.$0)000Ht 2G.HUUUS 6t.707G87)71 CYSn •O c• o. uoo . .,. U.HIHOIU :tG.C299t2G7G. G7.7>cJ•7111 CYSn co hn o.uoo 
lllr:I! ZS.HM90460 H.60HJH2C 67.tO•c77Z)C CYSn co ftn o.uoo : .... U.HOS71'9C 27 • 2C 77607'7' 69.9C0711269 CYSn CO ft 0.1000 .. 
t: ZS.7C7LHC7S ZG.IOSOOH&> 70.GJ:tt•••z• CYSn co c• o.>100 •• 
0 ZS.6Ul2'0H 27.20CSUHO 7l.GJCt71G1t CYSn co o• -o.>100 ~ 

ca . - zs.azoanza 25.US0'78} ,,.t7tSC55tJ CTSn co CZ •O.JOOO • 
U1 Z2.15SC7SUS 25.J71aHl70 6t.7160110C7 Cl'Sn. CO ft O.LOOO· Ii 

DJ 2J.HS2J720t ZC.2772H'22 Gt.Jl71710t' CTan co ft 0.1000 lei 

SC n.1nac2010 :tc.cff7'1SH 71.67toac771 CYSft co sl 0.1000 u 
• 21.tlOlSJUS 25.lllCUUl 70.JS0c7lct7 SER Un -o.sooo u 
CA 21.osntatn JS.7ZlOlSISO 71.JlOJtCJIT SEil Cle& o.uoo 1J 
lllC 2'.tll6'C721 n.cne11211 6t.Cl2SZ2ttl lat Cl Ill\ 0.2110 lC 
RA 27. 711577601 2c ... 1217U7 7l.t78SICZ90 SEil Cl ft 0.1000 lS 
c 11.cttollSOJ H.tHSJHSS 72.JJffttllt SEil ' ' c• o.Jaoo " 0 Jl.'12HH85 21.ot7A8S. 71.129902641 SEii Cl o• -o.uoo 17 
Cl 21.nn2~1> ZS.ZlZ779ttt 70.cao11011a Sat C1 CZ -o.uoo 11 
1181 Jl.9S7&0l&l2 H.COlZZZZZt ••• , • .,,,16C Sat C1 ft 0.1000 l9 
82 U.65'HOIU Jl.020197'11 •••• , •• ,, •• 0 Sat 

" ft 
0.1000 lO 

OG 20.zacau.,s zc.7UUSt6' 7l.JJ9lllJZI SEil C1 Oft -o.Hoo Zl 
IC Jl.OZ7'to6H ac.cca7SZJ7' 70.78500S'IJ CEit Cllao o.JSoo Zl 

• U.90C0222l7 21.Cl71Stt7' 72.C66C71CCO GLY CZ II -o.sooo n 
CA 2t.D'71127J 27 •• ,,, ... 11 7C.Ct7UlSCI CLY CJ Of 0.0200 l• 

• U.HOC71Cl2 2SelHHJC8J . 7J.Sl7SJZOCJ 'CLY CZ Ill\ 0.2100 2S 
Ml 21.517214557 aa.sHHTlH 7C.JtCicttt91 CLT CJ. 0.1000 2, 
Ml za.tct1HJ25 27.ZZHUHt 7S.c1Stlclll GLY CZ la 0.1000 21 
c J0.7Z8'7Gl20 21.oco77UH 7C.S87S091SS GLY CJ c• O.JIOO 21 
0 Jl.SZZJ007JO Z?.ITU1Hto 7C.tcllCJCIC Gf.'l CJ O" -0.2100 2t 
If Jl.l71t1Hl9 21.atHOJCU 7C.ZIZS77Sl5 l'RO 

CJ " 
-o.uoo JO 

CA JLIZ7CUHt 21.cusoe111 7C.1COS71Z2C no u ca O.OIOO J1 .,. SJ.UHCZSSJ Zl.TJ17101Jl5 7J.72SCJZOlS l'RO CJ Ill 0.1000 u 
CD so.nsssnso JO.S'fC0717Sl 7J.71CO&ZJll ll80 CS CZ o.uoo n 
llDl Z9.IOICSIH7 a.7ss••••• 7C~ST~tSZ ll80 ., Ill 0.1000 )C 
aa zt.AH'7115 so.OIM&'ISCI 72.9ZIUl.62l .. 

CJ ' 
o.uoo H 

c SS.JllHStH so.J.UacHn 75.CZ90J1S72 ._, CJ c• o.saoo >6 
0 22. ftCSAl.tt so.auHS11 16.JZ7SSCC11 ._, ,, .. -O.JIOO n 
ea 12.HStOISZS 10.nosnH1 TS.05~11101 ._, CJ CZ -0.2000 " D1 SJ.HtollC21 U.ST&OJCSH 7S.OSS41&Sll l'RO ., b 0.1000 ,, 
DZ J2.SH9'2Hl so.a&'fHOso1 7J.OS11181CI l'lm CJ h 0.1000 40 
a: u.ancto1n U.CGHJZHS n.uzaocs no CJ CZ -0.2000 41 
mi 21.&1Ul072S sa.ZO&Z007C5 7C.1CC"IS90SJ l'lm CJ b 0.1000 CZ 
llG2 JO.IH020081 JZ.OZUOHIS 72.CSOZ81115 PllD 

" la 
0.1000 CJ 

• JC.1SHUUO JO.Ol55CZ057 75.SZS&COJll l'aO 
" ft 

--o.czoo cc 
CA JS.SS2Hlt7t "·"''°"'" 71.SJIZISCOO l'lm "C& 0.1100 45 
llA. U.Ol2SIC751 so.OSJSOl&7 ,,_.,,.,., ... ..., "la 0.1000 c' 
CD Sl.17CHJtSl 2t.US&JHCI TC.ICSZlCSJt Pao CC CZ O.NOO " IDl H.C7lst576C Jt.S7SICUIJ 72.llltJSISI 1'1m cc la 0.1000 .. 
ID2 35.ZIHSOSU · n.0T•cu101 74.107JtSt1S 1'1m 4C Ill 0.1000 ., 
c 2S.7nSOH60 JJ.2HC1U77 ''·1Cl1lJZl1 Pao •C ~· o.::aooo 50 
0 Jl.SCC4Cl2ZJ Jl.HHC1S21 7S.12141cJS5 l'ltO , ... -o.saoo Sl 
c:a Jl.14'227IOS zt.t2710SOO 76.5177Tt5(1 Pao CC CZ -o.zooo SJ .. , S7.7S27'HU JO.S0217tz7' 71.8ttOOt70S PRO " .. 0.1009 SJ 

* The numbering of the amino acids is shifted by 

minus 6 relative to the sequence SEQ ID No. l 

REPLACEMENT SHEET (RULE 26) 
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KU2 >6.7ll72ZH7 29.\)91)1091 '~-ZitllJ.,6t rRo •• " 0.1000 !>4 
c:c; n.oosuno 29. J6910IU7 7S.lS2•11,0I PRO ~' c2 -0.2000 55 
KCil l' .sozusu: JO. U 9005202 ''·5~Cl51010 PRO c: " 0.1000 " KG2 :11.6UC01l7l za.uuasn• 75.11SG151C5 PRO . ' " 0.1000 5"1 

" :SS.04'0H6Zl ll.17JUSZU 76.116t71C55 ALA cs n -o.sooo SI 

C:A l5.0:L1J:s>&'6 JC.6ffl20502 7G.C,t211750 ~ cs c• o.uoo S9 

HH J&.'11405019 J2.7H2412'1 77.5t0721760 ALA cs hn 0.2100 60 
KA :SS.065>10096 Jc • '"' uau 75.J4JC501ll Al.\ cs h 0.1000 61 
c: J6.11'72HU J5.UC9C7510 77,0t01Clt26 Al.A cs c:• o.uoo 62 
0 J6.1JJJH519 lS.lltJOSCJO 71.255141212 ALA 45 o• •O.JIOO ,, 
c:a JJ.615"71516 :ss.usuoaH 76.IJ11757SI ALA &5 CJ •0,JOOO 64 
Hal JJ.,HUSSU J6.ll7HOt27 76.517210579 ALA ., ti 0.1000 H· 
Ha2 n.1111220" Jc.551251115 76.JJltJZJlZ Al.A cs ti 0.1000 " HI> n.UJSl7'5' JS.OHJIS'llC 77.tZ2&Jt575 Al.A cs ll 0.1000 " H '7.264'99664 JS.'121H7U 76.JOIJlllSS Al.A " n -o.sooo H 
IDI J7.2tllJ27o:I JS.072t71t7J 7S.&JJS02117 AL\ &6 IUI 0.2100 H 
CA H.IOH6210t H.2tHMCU 76.76C07C22J AL\ 

" ca 0.1200 70 
Kl. sa.SOHOOJU S6.IUZH4" 77.6110t50tJ AL\ ., ft 0.1000 71 
c 2t.OIHC17CI J7 .2'1JIOH'll .,,_, • ., .. ,211 Al.A ., t:' O.JIOO 72 
0 H.91111Hll J7.IS2SHJOI 74.,11ltJSC2 AL\ 

' ' o' -0.2100 7J 
Cl 21.SOHIS'ltl JS.17HMOt · 7'1.HJNS'll AL\ " e> -0,;JOOO ,, 
Dl , ••• '1121110 JS.HZ7MOC2 77.SJI07ZJ27.AL\ 

'' ll 
0.1000 75 

D2 Jt.10H70SIO ,, ........ 21 .,, •• , •• ,7021 AL\ "a 0.1000 .,, .. , 31.TIOS02UI :ac.11"2&721 71.ZOIHH'6 AL\ 
" ll 

0.1000 ,, 
I( Jt.7Al1COl7 n.u•oaczo 'l&.U'75otl6 AL\ 

" ft 
-o.sooo 'II 

CA cO.S.IHfJZ•O Jt.JtUSlCZI 'IS.22170IOOI Ar.A ,., ca 0.1200 7t .. Jt.TIHJIHS 21.CHllUOI 77.1Cl1J77&1 Al.A 
" bn 

o.noo IO .,. 31.IJUO'IHZ Jt.HUOlMI 7C.ltCJCSJIC Al.A "b 0.1000 &1 
c U.I001&27ll Jt.f012'f817 7Sa1HHTJCI Ar.A ,., C' O.JIOO 12 
0 CZ.SJ&HOH 40.1T1CSUH T5.ISCCS2605 &IA ,, •' -O.JIOO ., 
Cl Jt.721HJHt 40.'121711171 '15.71CZ7t17S Ar.A 

" cJ 
-o.:aooo ., 

Dl 60.0CJHZSIO u.Hn1070 'IS.Offl7MA Al.A "b 0.1000 IS 
11112 J&.Cal.1717'0 co.n1etTao TS.'IU2'H7& Al.A 

" b 
0.1100 .. 

DJ 40.MZOTH .. 61.N7CC2017 71.TstJIUl& MA ,., la 0.1000 17 

• 62.STllllCH n.aJtJHH .,,.2c10111s1 l'llD Cl a -o.czoo •• Cl. .Ce012C7417' n.7oaan1n 7C.OlJltSl&l lllO "ca 0.0600 " - tc.naHM• 11.asountc 7C.1'17GS&Cll lllO •• ll o.uoo .. 
CD c1.'5CJSHIJ n.cnt7H01 72.uonsszs 1110 ••ca o.ocoo tl 
•l 41..S.HHJSU 1'1.7UZTllSI 7Z.17279nlS l'llD .. ll 0.1000 12 
llm •1.ncuc.11 JC.TUIHIU 76.1211JSTC2 lllO " .. o.aooo 92 
c cc .• cswucc :n.lllJMC'2 TJ.OOHOllSJ lllO 41 c' o.JIOO '' 0 CJ.78ZZ'ICUC ... uuauH TZ.NOA65Z6 lllO .. •' -O.JIOO .. 
ca '4.UAHSJI J7.l&UCU1• n.c79THUI .. CICZ -o.aooo " D1 cs.ZTSnan• S7.lltnoa51 72.11Sltl95T l'llD "la o.:a.ooo " D2 '4.S1JHUIJ H.ltUHCISl 7C.222021CIC l'llD Cl la 0.1000 ti 

·CG CJ.HH09Jl1 11.aactUl'n 72.700111770 .. 61 c2 -o.noo " llG1 cs.111Z7'11H S7.JU.UUOI 71.llSZCJ.llt l'llD ..... 0.1000 100 
1112 ti.010POHI U.711MllSI 72.S7ZJ2060 l'llD •• la ... 0.1000 101 

• CS.70HSSTC2 ... 111111211 T2.111CtSCCI GLT ,, . -o.sooo 102 
CA CC.S17A6015 c1.11211accs 71.21ca11s21 GLT "119 0.0200 102 .. cc.:a.c111n21 co.111111112 7C.0512S72St GLT 

" bl\ 
0.2100 104 

JIU. cs.CMllUSO 41.SJTOSUSS 71.JSllllOJO GLT 
" la 

0.1000 105 
JIU • ••.coauccs . C2.S1SHC7SC 72.T111ZJICO Grof 

" ll 
Oi1000 lOf 

c C1.7lOuOZIO · co.tcJClltOJ 71.6MOJ7C7& GLT Ct C' o.saoo 101 
0 U.CJOOCl2S Cl. 771S2117S 71.'IHtSUn GLT ,, •' -o.saoo 101 

• ,, .• ,.u .... 1t.71JJ011Ct 71 • .-s1a2ss1 Bi.I so ll -0,5000 1H .. cc.tHHUH 21.110nJl7I 70.tC22S7SOS Bii so bl\ 0.1100 110 
ca ''·°'""255 Jt.210110210 70.J7SOC10JS BIS so ea 0.1200 111 ... ct.USJJC'20 Jl.120114705 70.17Z1S7CSl BIS so b 0.1000 112 
c so.nso21scs Jt.tlll'122J 70.217~5Z71S llZS 50 C' o.ssoo llJ 
0 50. 7'1J1S.IJ2' 40.CHZJOHC •t.171C7Z7t1 RfS so •' -0.2100 114 

REPLACEMENT SHEET (RULE 26) 
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C:D Cl.5S87'61!Hi l£. U01G<l l&!. ti9.1U~l01l57 KIS so c2 -0.2000 U!io 

Kil 49. >tO lJSOll l1.oon210.; c;a.snnz>u HIS 50 " 0.1000 UG 

llBZ '' • '9259010 l'- 81 '7lt:078 H. ZZ7ll0111 HU so " 0.1000 11~ 

cc C7.H7G27258 ::1t.scsu:n:1 o7.t567Z607C HIS so cs 0.1000 u• 
ND1 c6.Ht211006 Jt. 95667GU > 67.t18121ll8 KlS SO np -o.czoo 119 

CEl 46.7)01'C501 co. "'nnn 66. 82'002>80 HIS 50 cs 0.2700 120 
NE2 '7.tUUOGIS C0.950'1C929 66. t52321C9l KIS 50 np -o.sooo 1Z1 

CD2 "·7ZfUUU 40.12600511 G6. 90C2>5HO K15 50 cs 0.0100 122 

HEl C5.IOH71ff U.l270GOGH 66.S17GJ1SJ1 H%1 50 h o.uoo Ul 

HE2 48.UIHOCOS U.SCHU1'7 GS.>CHlS>H KZ:S 50 bn 0.2100 UC 
HD2 ct.711721257 Jt.HlC9101t G6. "l>IUGZt:l KlS SC ll o.uoo 125 
N 51.)071CtlH 40.071112251 7l.U7t:S212t PRO 51 n -o.uoo 126 
CA 51.H2SH21t CO.SKIS114t 11.1act1J6)S PRO 51 c:a 0.0600 127 
IL\ sa.7eaHatSZ C1.H051055t 70.C127120f7 PJt0 51 .. 0.1000 121 
CD S0.91N7a551 ,. • 70'777' u 72.706f70ZlS l'lllO 51 c:2 O.OGOO ·U9 

llDl 50.Hll996GJ Jl.505JH127 72.811lt75ZZ PRO 51 .. 0.1000 uo 
HD2 ..... , ....... C0.071'15765 7J.OlH50H7 HO Sl b O.lOOD Ul 
c n.ntN>H> Jt•C71UOot6 10.aao1z2oc6 no 51 c:• o.:saoo uz 
0 SJ.701900Cl3 Jl.'9CC6'400 71.callJOSCI l'IO 51 ... -0.JIOO lll 
Cl sa.aH111n2 Cl.acHHZ71 TZ.S7ZCa•l77 l'lllO Sl c:2 -0.2000 UC 
at SJ.t2tHll21 Cl.H'25'HI 72.8-.15Zt05 PllD 51 II 0.1000 us 
812 52.CJtHtTJI cz.Z5HC7'1t 72·5•5172192 ..., 51 b 0.1000 1>6 
CG S2.017HHIS co.ictcno" 7J.5'70lttll .l'lllO 51 c2 -o.aooo "' 
llCll sz.nocooHJ St.IMZ71SSO 7S.91JJ10242 llJIO Sl II 0.1000 UI 
llC2 5l.Alt11Jll co.;12s2•s1so 7C ... OJ7170Cl PllD 11 II 0.1000 Ut 

• 5'.&7MCI007 St.'11&7C.CZO ........ ,,,, r.zv IZ a -0.5000 lCO 
CA SS.TltOtlHC Sl.t'4Cltl'7 lt.1702SIHC tzv sz Cl& 0.1200 ICl ... H.S7JSltS2S •O.CJ701HSZ .......... 21 r.zv sz 1111 o.aaoo uz 
a sc.clCOH911 Jt.J2SH77JC H.Ht'4ff1t tzv sz. 0.1000 in 
c 15.U1Hto12 S7.S•OOOC7JO •l.7117S711t IZD SI C' o.2aoo ice 
0 ss.1scaoocu 27.clllHlU '7.llOtlOffO tzv sz •' -o.Jaoo us 
Cll H.71'1HUI Jl.ZSC7HOU . 70. 7SlHU72 tzv II c2 -0.2000 lC6' 
al u.ussssu1 J7.7S7I0550S 71.CSCllSCOS r.zv SZ II 0.1000 147 
BIZ -S7eCl&UU'2 J7.llltlZ2SO 70.2741011SI gar SZ II O.lOOO lCI 
CG 57.U1721720 2t.417"1tH 71.152519417 r.zv sz c1 -0.1000 let 
llG 5' • .SZ•HHI .a.accHHSO 71.HH1TC1S UV SZ II 0.1000 150 
CD1 11.0lOlOHCI sa.SJttnosc 72.&SHUZ17 U:U 12 CJ -o.sooo 151 
BDll s1.ns12121> :st.7SS75210C 7J.411SSSIZ1 r.zv S2 ll 0.1000 152 
llD1Z S7eZSA7Z540 Sl.4'9HCC0t 72.Ct7SOS111 gar 52 II 0.1000 153 
llDU lleTS7HSt2S 21.171112011 TZ.C757S07SZ ZED sz ll 0.1000 154 
mz sa.n7nsH1 40.117110901 70.TCZl::IOOOS IZU SZcJ -O.JOOO US 
llDZl s1.nsa1ou c1.oouus11 71.SZlOS7Ztl IZV All 0.1000 lH 
DH st.SZ117HSI 31.'87DUHS 70.ccsnuoo rm II ll 0.1000 157 
llDZ2 11.usososu CO.M71UHO 11.a1a21soa1 r.zv ll ll 0.1000 151 

• sc.cTSOuns sc.1csossa11 •t.S1S241112 At.A SJ• -o.sooo 159 
CA ss.aHSn•c• ss.cSlCHOH •l.IS92StSSI At.A IS D 0.1200 160 .. 5'.100S2ctOZ J7.007SOJS10 70.20SZS071S al.A IJJm o.zaoo 111 .,. SJ.IS1SHM7 JS."17HCl121 .,_.,,,,.,71 al.A SJ ll 0.1000 HZ 
c S2el022AllO S&.101508'01 lt.iSS7&CS07 al.A " c• o.2aoo 112 
0 Sl.UHO:IHl sc.aznoaios 11.1soo2•c1c Al.A SJ o' -0.,100 lH 
Cl 5'.1700U711 sc.sHZHtH n.stc&1517s au IS C2 -O.JOOO HS 
Dl 1&.sicoso• ss.&cn9'uc 17.9Ctl1214J al.A SS ta 0.1000 "' 
BIZ SS.7&HH51t J4.7Z09SCHS ''·•••oossco Al.A SS ll 0.1000 1'7 .., 15.500ZJIS1J S&.OAUS7S2 •t.J1.attcsa Al.A SJ ll 0.1000 Ha 

• sa.saHUI .. SC• SltJZlCC2 70.l701SZ611 no " . -o.czoo Hf 
Cl .11.zaacoz157 ,, ... 42321'1 71.261175122 llJIO He& o.0600 110 .,. so.HOH7Sst n.11cs1szu 70.S7SDS1t70 no 

" ll 
0.1000 171 

CD n.n1211tso sc.112122110 71.&0111C270 no 5' C2 o.ocoo 172 
11Dl 5C.1Cll90Ht JS.50tlt>CZO '71e7172ZJJOJ no Hb 0.1000 173 
llDJ sc.csHHSlt 22.aocH7775 11.aaHCSHC "'° SC Ill 0.1000 174 
c 50.1''700104 )C.'7'747253 11.•21soo2cc PAO 54 c:• D.JIOO 175 

REPLACEMENT SHEET (RULE 26} 
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0 :00.lllUlUS · u.a~n~.us : 1 • .,.,.~, 2,;!o.. PllQ s~ o· •\j. lSOO ...... 
C:B Sl.HlllHSS u.2otnsno ~::.&97UOlC..i PRO s~ c: -0.20011 l'l'i 

Kil Sl. 1'0216127 ll.011UZJ01 ~l.Jlt6Cl1U PRO S4 h 0.1000 171 
Hl2 S2.2G172SOOG l:!.UHH•O.& 72.2G''2l5ltl PRO Sc " 0.1000 179 
c:c: SJ.07n2Z2t0 )C.0'71000~7 72.925216''5 PJtO SIC C2 -0.2000 110 
HGl S2. 7'227S2JI >e.UOH2Jl5 "7l.52027U01 PJtO Sc ti 0.1000 111 
KC2 SJ. 79'151U6 ll.U2tcH7C 7J.SC7•12•6l PRO SC ti 0.1000 112 
H ... ,50717926 JC.CSllSJ>O 11.aaz22sos1 GLY 55 " -o.sooo 11:'1 
CA C7.7H011UO J5.264tOOlOI 72.l5C117012 GLY 55 1:1 0.0200 114 
Kil '1.tu2u:sco u.czns12u 72 .• IJJU22SJ GLY 55 IHI o.zaoo us 
HAl C7.1297JUOZ 3'.Z9J.04tt57 7l.tOCl14'5 C:LY 55 II 0.1000 1H 
HU U.ITHHC11 JC.12H2HH 71.t2501Ct75 GLY 55 " 0.1000 117 
c 47.HCZlOHI JS.acaotzsH 12.atac222c1 GLY 55·e• O.llOO 111 
0 ·U.114Ct2Ul >•.211t11HI 7C.C111ZS11J GLI 55 o• •O•JIOO Ht 
II 4'.ll007HH J&.JC5'Clt01 7C.111Hiao1 no 56 II -o.c200 lto 
CA C7.71tltcl0C S&oUHClltl 7&.1CZ75024C PIO H ca 0.0&00 ltl ..,. ca.17'1l1Utc lS.JHCC7'2J 7&.SC7CIOt5t no H II 0.1000 lU 
CD ca.IOl71t7t7 J7.SC7929'01 74.ll4tl2JOO PIO H c2 I.HOO 19:1 
BDl c&.04U4HOJ Jl.N5'ZJOSI 72.Jlffff70C Pao " " 0.1000 l" 
llDZ 41.IH4704ZI J7.Hl7U7IO 72.71418'112 l'llO 

" 11. 
0.1000 1t5 

c ct.unucso u.sn1onss 7&.HS71tl77 no SI c• O.JIOO lH 
0 ''·""""' :17.CS7S08110 11.a.aaa1c1c:a no Ho• -0.:1100 117 
Cl ca.777osooia ,,_..,...,..,,. 7&.17HllCll no 5' c2 -0.2000 HI 
Dl Cl.12472'417 :17.1 .. cnasz 77.54H7JSl2 l'JIO " .. 0.1000 lH 
DZ c1.ns11211J '7.00NSSHI 'lt.•tlSO'loal ..., " .. 0.1000 zoo 
CG 41.712750217 JleUHC<ltcO 'IS.CZZIJ&:aoc ..., 5' c2 -0.2000 2Gl 
801 C7.171t17lCS Jt.lHIHCSO 7S.SZ2JS4lH l'llO IC la 0.1000 202 
llCZ &1.Hsz12coz :11.0ttHllZ2 7S.Jl1Sll&CC l'JIO SC la 0.1000 20) 
• CSenlfCSISt >S.C1SDllUI 7&.117117141 BIS 57 • -o.sooo 204 • 4'eOHlH41t J4.S7912HtS .TC.CSCMOUOC llD 571Ul 0.2100 205 
CA cc.llJCCOCtl JS.U'1SIS2S 77.SISIS7CIS BIS 57ca 0.1200 201 - U.CHC010'4 Sl.U5771SZO 7C.7CZIOl7SS BIS 57 ll 0.1000 207 
c cc.1cc274s17 JS.llHltslZ 71.IOCZJSICO BZS 17 c• O.SIOO 201 
0 4'eTll'IS21lS JS.l'H9'0STS 71.TCH7SJZI JIZI 17 o• -0.JIOO 20t 
Cl cs.snuu11 "·025DISD7t n.ua1111az llD ., ca -0.2000 ZlO 
D1 4'elCIOSJtlC JJ.UOTOISSC n.caac1nJ2 BIS 57 ll 0.1000 211 
DZ c1.ccuzzic1 JJ.tUIOHN 77.IZZISllJC llrS S'I ll 0.1000 212 
c; CS.UOSS17SI ,, .... ,. .... 71.770ttlOtC SES S'I GS 0.1000 llS 
IDl '4eOOIUSZ11 :as.THTZOOOl 74.ISCIOOClS llD 17 llP -O.CZOO Ile 
ca u.nnanc U.lOUlTlll n.Tzcsnon m 57CS o.noo ns 
DI ca.oooso7sss JZ.IDSICCS77 7C.OITIOC702 ll%S 171qt -O.SOOO IH 
CDI ca.ooa.ts11s sz.H1MISTI 75.CSS'llCCll BIS ST CS. 0.1100 Zl'I 
811 u.nnsson sz ....... .,. 72.'IOSl~CO BIS ., Ja o.1soo na 
DI Cl.SICMAH Sl.OUSISUO 7J.IJMU2CO BIS ., ... o.aaoo 111 
llDI Cl .• DHCl710 sz.csann10 7&.1J80ZSS7C SES ., ll 0.:1.Joo no • CS.41Hll8SS J7.0HHCUO 71.SlCCIOITZ tllD ... -o.czoo 221 
ca. cs.ncozsioz ".sn.H1no 10.7:1.JSlOZCZ l'llO ... o.otoo uz ... ... cccnnn:s :ST.S757SZUI 11.0ltSZJIZl l'llO II ll 0.1000 22:1 
CD cs.m1n0to JT.HOlltllt 71.StSSClZll l'llO II C2 o.ocoo 12' 
llD1 cs.o .. 1neo1 n.cncstHz 77.'l'JSHIOIO no .. ll 0.1000 us 
llD2 &J.5727'1504 sa.cnneo10 ,.,_,,, •••••• l'llO •• ll 0.1000 221 
c cz.71HIM4C SC.HOlllC72 11.7C770S5S2 l'llO II a• o.:saoo zz7 
0 u.sccn.ucs :sc.cczz•ces1 ll.7CCJ040~1 JIJIO II o• -o.:saoo zza 
Cl u.N7ot'7l0 '8.17ZH15t2 10.sc2co1111 no 11 ca -0.2010 Z2t 
Dl ca.ssscouzi Jt.SSSH'221 11.CHllHtS l'llO H ll 0.1000 zso 
DZ cs.tz212ouo Jt.esZHlTU al.SIZ710t4T l'JIO .. .. 0.1000 au 
= 41.11&22'2'7 Sl.tSISCS.170 71.S:S:St22J40 no 9102 -0.2000 222 
Bal u.l&CHona J&.HtOCOHS .71.C11212J4t l'JIO II ll 0.1000 223 
IC2 4Z.OHZ:SHZC Jt.t5H02HI 7a.a71110Jtc no SI ll 0.1000 22' 
• 0.11U7H24 >S.HCSZIJSl IZ.C1727142J AIA st a -a.SOOD ZJS 
1111 •c.snHsczs JS.HSOlOZZJ SZ.SICSl,OSO AIA It Ian 0.2100 2'1 
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CA o.u:nunt )4.9211110:10 ll.tH0292lG ALA St c.a o.uoo 23~ 
KA '2.U'7012ll H.UU505SS 12.9119:10291 Al.\ 59 _II 0.1000 2)8 

c u.11uonu JS.<11&"61201 ''·121502616 ALA St c• 0.1100 2l9 
0 U.45H6C152 )5.11222129• 15.965'52 .. 66 ALA 59 o• -O.HOO 240 
Cl "-062701610 l).9UUH51 ll.851291626 "'-' 59 C) -0.1000 2'1 

Hal 0.70HC1052 ll.10'522705 ac.C71lt5lt0 ALA 59 II 0.1000 2•U 

H82 H.502014160 ):1.503505707 12.9UU2JU ALA 59 II 0.1000 2') 
HI> CC .112HD2JI . )6.0H02'40 ac.C2211JC16 Al.\ 59 II 0.1000 2U 

" 'Cl.171901'72 J6.UU06tt5 ac.57707977:1 Al.\ 60 n -o.sooo 20 

tar '1~112052917 )6.SUOUH6 IJ.57J01JJ06 AL\ 60 IUI 0.2100 246 
CA C0.11'502716 )6~&0JCUH1 IS.571157C22 Al.\ 60 C:• 0.1200 247 

.HA CD.OOH14COC )5.Hl7CHH 86.)02111291 I.La. 60 " 0.1000 2'8 
c Jl.ll101Hf'7 )7 .OJ7107'6S IC.1600C6Jl7 I.La. 60 c:• o.:aaoo 249 
0 J7.llHJ51JI )6.J011054tt 15.205Z76Clt AL\ 60 o• -o.>100 2so 
Cl C0.7'6HC772 J7.tH5CH27 16.COlJlJ712 AL\ 60 C) -O.JOOO 251 
Dl 21.nnHon Jl.J72>JJl2'7 87.116131172 AL\ 60. 0.1000 252 
1182 u.aHSOCOH ,,.,,oc,,,,, 16.tt•1700CC ALl 60 • 0.1000 25) .. , C1.079'4C8H Jl.UOIC106C 8S.77cto2>•• AL\ 60 • 0.1000 254 

• n ... HJl9C6 J1.t2UU22J 12.a2118to21 l'llO 11 ft -o.uoo 255 
CA J7.Jt1Ct09H J7.17J07JS71 12.tlUHU2 l'llO '1 C& 0.0600 25' - '6oCllH7'2f :n.&2'711127 IJ.S7•16C2C6 l'llO 61 • 0.1000 257 
CD >t.SIJ07Mll Jt.0015HSH ISe660tCl12t l'llO 61 c:Z 0.0100 251 
llD1 C0.190H71C2 , .... ,.,,, .. IJ.Sl111lCIO lllO Cl la 0.1000 259 
llD2 >t.MCllJ711 >t.TIOHICIO H.2477tllOS no 11 la 0.1000 HD 
c n.nnaasu J6.7000Z76U 11.HtlHIU lllO 11 e• 0.2100 ·211 
0 11.H:SUUID J6.IS7CUCIJ 11.JotlOMCI l'M 61 •• -o.noo zn 
ca n.cnnaoH St.ZM717A2 a2.n1cooc1z no 11 C2 -o.aooo au 
Dl H.HC111211 St.ZtllJTHO 11.BD71ne> no 11 Ill. 0.1000 ZIC 
DZ H.911HTITC co.011ieca11 a2.90l771en no 11 Ill. 0.1000 HS 
m :aa.nnu111 >t.HZllCNta aa.11:a7t1c11 no 11 C2 -O.HOO 2H 
am St.Cot1AAC st.OSCHt7H &1.atJll6171 lllO 11 lb 0.1000 217 
SD >t.HSHHOO co.1coocs111 ·12.0SZZ95227 I'll) 11 Ill. 0.1000 2H 

• Sl.US7'UOI JS.71JHSOSI 11.ao•••ssst sza aa n -o.sooo 211 
CA :lleH6912Sll JC.AOHIJIZ ao.a1scossao ssa He:& 0.1200 270 

• ,, ..... .,., 21.atSTSUSJ 12.cscatotcT SIR IZlua o.noo 211 - 17.nn:a.nu SC.llHT:IOH '11.aHSztDI sat II la 0.1000 272 
c >TeNS02197S n.IH:IJIJH 11.nsnuo1 m 12 c• 0.2100 27J 
0 n.suca"" J2.12SIA7IO &2.070SCJ011 8IR 12 •• -0.2100 27' 
ca st.HHSZl>Z n.t,.nS21S 10.TIOSJ.SSOI ..a llCZ -0.1100 275 
11111 s1.10110otu JS.ICU214'2 , ... , ..... ,, ... II la 0.1000 27' 
DZ co.n'NSOtsc sc.nt1uos1 ao;.CTS'IHHl SD 12 la 0.1000 277 
OG :11.••onsso n.:aatoCUs 11.98Alll1C 8Sll llell -o.saoo 278 

• Jt.U711670I J2.HI0771tl ·a1.s11co1aso ssa II Ito 0.:1100 27t 

• ss.u:a•ussc SS.ICJHT&T• 10.1c1t0un ssa IS a -0.1000 210 
CA sc.11U79St0 s2.1t>TIZU5 11.aaoot7t11 Slit IS• 0.1200 181 

• SS.TMIU227 SC.M7110J21 ao.200nna1 m a:aa. o.aaoo 112 .,. sc.naTaon S2.Zl1HSSCI IZ.1SH2C177 SSll ., Ill. 0.1000 111 
c ,. ..... , ... U.HSOOSOCI I0.2146151A SSll I> c• o.s100 1a.a 
0 SJ.llCSSllH S2.COC701.DS 7t.UCIS7171 a::a ., •' -a.saoo 111 
Cl n.n.sc:a.cn >J.tsTCSIOSI 11.111717751 ... "a -o.1700 216 
Dl JC.17Zl07HT sc.llC:IHHS 11.is1tc1ost Slit ., Ill 0.1000 217 
DZ s:a.SOS077HI SC.IHCOD1J 11.00S714110 SZll IS ll 0.1000 n1· 
OG si.na:anzs >J.:101517'17 IJ.C7U1411S SD "* -o.saoo 289 

• sa.01c11ot12 22.IM'25SH 11el077017CO SIR 12 ... O.JSOO 290 

• n.asHUtH J0.177121156 10.1s1ocsss1 'lllP " . -0.1000 Hl 
Cl n.0Toa111n at.TOIC:a.NH 7t.'nZll.OS7C 'lllP IC ca 0.1200 2'2 

• >e.USHSJOl J0.'1SCIT21C 11.501057729 'lllP 
'' llD 

o.zaoo zts 
D >J.S75Tlff71 21.HOS0171S ., •• ,,.,,,,,2 ~ 

" la 
0.1000 29C 

c U.SHSCl207 21.t517JOltl . 11.11•cs202• ~ '' c• o.:aaoo 295 
0 SO.tS67SSlSJ n.til>OISll IO.tOOt70CSt '!al' " .. -o.saoo 216 
Cl n.ct1n•sn 21.25HCl751 10.011c2s111 'ftlP 64 c2 -0.2000 297 

REPLACEMENT. SHEET (RULE 26) 
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H81 l2.U6197J'76 J7.5S0512l;..:. 19.,.:.::.:.~'Bl TkP .;..; h 0.1000 298 

HBJ H.541812166 n.11000•.c;2o; 7t.1,799011J i'RP ,, h 0 .1000 ZH 
C:G ll. l'72Ul702 J7.78806JO:t 11.551>61084 TRP ,, cs 0.0000 lOO 
CDl lJ. 2l602ZtU Z7.1tU7Zt77 U.lC5JUl72 TRP 64 cs 0.0100 lOl 
llEl lJ .'42D2t00 ZG.UH211U ll.51l259111 TRP 6C ftp -o.sooo l02 
C:E2 ll • '7l c '7'717 Z9 27. H50'7• l51 ll.750877310 TRP 64 cs 0.1100 lOl 
CD2 J4 .lU19'275 27.llU1tS7• 82.SIS156tl4 TRP 64 -cS 0.0000 lOC 
KD1 21.:IOISHUS Z7.C11001Sl7 81.622375411 TRP 64 ti 0.1000 JOS 
H£1 n. 71uaacit 26.U20t1770 ac.1t210115c TRP 64 hn 0.2100 l06 
C£2 l5.'2JCHttt 28. c 10H5t'75 IZ.5116•2151 TRP "cp -0.1000 JO' 
H£2 26. 01'20UC4 21.11211:1022 11.686tCJOSC TRP " .. 0.1000 )01 
CZJ 26.:IHZOJOO 21.•ou:121ss IJ.716201&77 TRP " c:p -0.1000 20' 
HZJ n.:HH18'7l 2a.10006ZHO IJ.116710090 TRP 

'' b 
0.1000 )10 

CHZ :SS.7Hlt2572 2'7oll'Hl74U ac.t56t:lt6t'7 TRP " c:p -0.lOOO JU 
11112 J6.:ISC75:11CS 27.IHHISZS IS.871114441 TRP ... b 0.1000 nz 
CSI J4.•ctOSS17' 21.:1171>41'7 14.tlt6t:lt01 TRP. 

" c:p 
-0.1000 JU 

812 J4.0UHISH 26.t7U2100 1s.a18cs2111 TRP 64 b 0.1000 JU 
II :I0.81UZHCJ 20.21n11011 71.172058105 GLY " " -o.soco us 
CA lt.42:1704S7' JO.S&21:1JC2' 78.121785821 GLY .65 Cf o.oaoo JH .. u.cl04UZ7' so.:azc7uaz1 77.&27860107 GLY 

'' llllft 
0.2100 :117 

KU 21.0CNl&l&O J0.9271&:1151 71 ... CTSt21C GLY IS b 0.1000 UI 
HU 2t • .101U:SHI Sl.CHOSC225 71.,ITS7507J GLY .. h 0.1000 Jlt 
c za.HC271150 29.CHISMlf 71.041JS455S GLY 11 c' o.uoo no 
0 21.471SOJSTa 21.s&SUTUO 76.820010&2 GLY 15 •' -o.saoo n1 

• Z7.11to7020 21.s2oonn1 7&.l:SOl&OIC7 l'JllO " " -o.noo 222 
CA 27.ZMHlCll 27.H70IZlct 7•.HIHSH9 l'JllO Hea O.OCOO SIJ 
HA 21.oOTHCOSt H.7CISC41'4 T7.ITC0&9810 •JllO ". 0.1000 UC 
CD Z7.tUTJ2171 21.SC702Hll &OeSOTJTJOC7 l'JllO .. oz O.OCOO JZS 
HDl ·27el7'UCU7 21.•JISSIHJ IO.TZ7981117 l'JllO ". 0.1000 221 
BD2 21.HHNHI 21.HC2ot7'7 ••••• , ... ,.. l'JllO 

" la 
0.1000 227 

c zs.HHCISH 27 ....... ,., . ;;::::::;~ =· UC' o.:saoc 221 
0 zs.Z2CC70217 u.cHOSH12 "•' -o.saoo sat 
Cl H.NTOH.1SJ 2•ed7S11COJ 71.S.0118712 lllO It CZ -o.zooo uo 
Dl H.UUH011 2S.81HSJHI 7t.CCTT&IOC7 l'JllO ••• 0.1000 sn 
DI 27.7Hl22SCC 2S.7AlOIC11 71.~ .... ,., lllO ". 0.1000 ISJ 
CG 2c.nnnn2 21.sos201sco 10.18osao1s1 .ao "C2 -0.2000 :SSJ 
1111 2S.&717'UH Z7.17Cl7H01 ao.71ZSSISC7 l'JtO ... 0.1000 ,,. 
ma 27.0STTHHl 27.0SH7&2C1 a1.ncscs21a ..., Illa 0.1000 :s:ss 

• zs.7MUJCSJ at.IHIH017 TCeCHAU&2 CU 17 • -0.1000 :SJI 
CA zc.1781'10502 at.OHNC'TJ TS.Sll&SHCZ CU ., .. 0.1200 ,,, .. a&.C7c&llTIO ZS.ltSCctTH 71.SIOOl&ITT CU ,., .... o.1aoo ssa .,. ac.cinccoca 27. "I01C007ST TS.IS201110I CU ., .. 

a.1000 "' c U.INSTOH H.U02TTC>C 7C.1742tZTOO CU ., •' o.saoo ,.., 
0 z:a.zuatna 2c.1coc11cso 7C.SJ.190C7S& CU ., .. -o.saoo sn 
Cl 24.H017I09S zs.8JSI08cs2 74.HOCCCICl Cla ., C2 -o.sooo :142 
Dl u.aonnt54 zc.17&H8HT TJ.7Ct71COOI CU n 1a 0.1000 '" 
D2 2S.105HIHI 24• 7'11:SUTS 74.SJ2&Z2211 CU ., la 0.1000 "' 
SG u.cT21S1cs2 zs.MCCS1104 TS.USZ'JOllC CU n •1 0.1000 .145 

• 2Z.1HU7171 21.11111:1211 11.1cc:a11c'' .'80 ... -o.c200 ,., 
CA zo.78asctsu zc.atTllTOC7 71.SHSJOIJJ l'ao ··- O.HOO .1'7 
llA. IO.l'ITJ.CUS:S ZS.IHllSICO Tl.S00512811 l'JllO ..... 0.1000 , •• 
CD U.U1COIJ71 21.JHOS71Cl 7C.UHHff:I l'JllO II CZ 0.0600 "' 
llDl U.&llAOlCI n.101211002 75.Sl59COJll l'80 .. b 0.1000 sso 
llD2 ZZ.T2Z22915' 21.IJ117COH T7.SCS22'21S l'80 ... 0.1000 251 
c 20.ltoJUC:SZ 2S.S9SH81ZI 7S.ISSTS7SOS l'JllO II c• 0.2100 352 
0 20eHl7N8SZ 2C.•SU075a 7C.914'1J1C7 l'JIO •• •• -o.JIOO J5' 
Cl zo.021c?S17' 27.CIHUOH 77.172145020 ... •• C2 -0.2000 314 
Dl u.tcoosnss 27.Htt717&2 T7.0lTl813tf PRO llb o.1000 SSS 
DZ zo.UHHSU 27.;CSHSOOU 7a.Z712SCC75 l'IU) .. b 0.1000 SH 
c:c 20.117711207 21.7460714'1 76.10420tl00 PRO H CZ -0.2000 J57 
IG1 ao.z>•HffH 21.Ol7lta141 75.CJZ74JIJ5 PRO ,. ta 0.1000 251 

REPLACEMENT SHEET (RULE 26) 



HC2 
II 
CA 
IOI 
HA 
c 
0 
Cll 
UI 
uz 
CG 
Hal 
llG2 
CD 
llDl 
am 
Ill: 
HE = llll1 
llBll 
11112 
Jlll2 
llBZ1 
llBZ2 • ca .. • c 
0 
ca 
D1 
DZ 
CG ., 
81:2 
CD 
ID1 
llDI • • = 11111 
111111 
111112 
1112 
llBZl 
au • -CA .,. 
c 
an 
0 
llO 
cs 
llB1 
lm2 
CG 

20.5HU02SI 
n. 29706tsso 
11. 7279'5>21 
11.HHHUt 
19.46109102 
11.'2Cll17'J 
17. >02'17155 
17.•1771H75 
17. nost• 101 
16.74215.U60 
1'.I0'57005' 
H.SOOOIHC5 
11 .SJHHC'H 
u.57uu111 
1s ... 021csn 
u.t02t''°" 
Jc.HS1271U 
u.2nn1112 
J.1."H8HtJ 
U.127SSHH 

·u.•1tOIHZ1 
12.HUllOU 
12.9'&C7tHI 
u.oucoun 
ll.•OSN•'17 
it.c:ao:a:aHOC 
lte2llHl11J 
20.U712HH 
lt.Ut1772lt 
20.00111215 
n.H7C71ZH 
1a.11ns21" 
ia.uccn•u 
17.18:1177127 
17.tH:ICCCSS 
u.20n1nn 
u.ACl'll751 
u.sucno1:a 
U.20S2HISS 
11.aocutc:ac 
1a.2Hnt1zs 
11.211t2t:ltl 
u.noomas 
U.ll9:1&1H4 
u.0tn1t1'4 
U.0201144'1 
H.ZISl7'121 
11.ltlStU&s 
11.c:1112otn 
n.ns•zco2s 
U.OH9'H4 
u.021scc210 
22.Tnoczzzs 
Z1.ZJOIOC'4S 
20.caoSHSt1 
21.szn11os2 
zo.HUZ'l274 
22.tHlliltZ 
22.2212zc120 
2J.JC2500HS 
J4.l10HJJJ> 
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2t.G2>SS:Ho 
26.2206600 
2S.59C1U006 
27.074'HSJ::S 
:u.11919on1 
26.666H6::S02 
27. uo:uauo 
24.7CUIJU7 
24.0JU::S0071 
25.c09H1U2 
2J.tJOts4SH 
2•.CJ .. HSH 
ZJ.ZJ5SOH7Z 
ZJ.UIHOtJl 
u. J7'1t2J7' 
Z2. IC SOlt077 
ZZ.521HOIJ2 
zz.S07llJ075 
u.tao1sco:ac 
U.SZ21Hl70 
21.HISlHOO 
Zl.UZSJtS20 
21.11n11:au 
21.Cllto0152 
22.u1iczsoz 
26.HHOOUI 
J7.7HH6tOS 
11.1nut1H 
21.ouozsuc 
21.Jt718HIJ 
Z7oNJlff152 
21.Tnasicsc 
·u.i:s:aunu 
21.lJSUINI 
2te9521StH1 
U.CJMOHCl 
S0.7J7Sltlot 
so.12aosz:ao::s 
so.1u21ct17 
Ue'l2&1St2SI 
n.11nasetJ 
U.'1H7'11H 
S2.9SU.H117 
n.TSIUlCH 
U.SSZH1Sll 
J&.751HH02 
s2.cznaH21 
,, •• ,... ... 2 
sz.7JZTSH07 
zt.SNUl812 
2tetll&1Ctot 
zt.•OUOSO 
21.1011scoss 
2t.2t50JOSH 
JO.lOSHIUI 
21.10TttSt17 
21.000011444 
20.7COIJ17JJ 
U.CS27tHO' 
:ao.ass:aosan 
JO.UOUHU 

77.2GSfo,0259 PRO 68 ft 
''·4G0205071 ARC• G9 n 
7l.22917JGS7 ARC• 69 CA 
,,.174602271 ARG• 69 hn 
7J.7910270Jt ARG• '' h 
72.127145764 o\RG• 69 e• 
72.05790710' Alta• 69 o• 

· 7l.5CS401001 I.JIG• H C:2 
74.C47227&71 ARG• '' h 
74.1199••>•1 ARO+ '' h 
12.s1o•coss2 AltC• 69 c2 
71.70211>&96 ARO• 69 h 
72.05:110051' ~ '9 b 
71.00745Jt18 A11G+ It CZ 
7J.72812CS7J Alta.- ., b 
71.S5COSlllJ ARO+ Ct b 
71.15517J101 AllG+ &t n1 
70.t21025St1 AllG+ It Ian 
71.902S7C2'1 Alie+ •t er 
7D.'91S71Jll AllG+ It nz 
''·••••szsst A11G+ •• 11n 
70.llJ151Sll A11G+ It IUt 
7J.OOOCISJtS A11G+ It a2 
7J.tl2SSCCS1 Alta.- 19 IUI 
TJ.IJUSIZll uo+ H IUl 
71.27SSICOtC uo+ 70 n 
70.0l'8071SI A110+ 70 c. 
71.S2779J884 A110+ 70 Ila 
lt.2'1798•01 AllG+ 70 .. 
lt.STSJC1S70 A11G+ 70 C' 

. ll.171l1CNI AllG+ 70 o' 
••• ,,..,.,,, ... 70 c2 
••• ,. • .,.,., ... 70 • 
···•lll.SC410 AllG+ 70 b 
70.7'7HCS02 ... 70 c2 
71.7tS2tS7U &mt- 70 ll 
70.sz:actasss aao+ 7o ll 
70.757CttltS &mt- 70 c2 
•t.7J2Ctll•t AlllM> 70 ll 
71.MUOIHO A111M> 70 ll 
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CLAIMS 

1. Soluble polypeptide fraction consisting of all or 

part of at least one of the 4 immunoglobulin type extra­

cellular domains of the LAG-3 protein (amino acid 1 to 

159, 160 to 239, 240 to 330 and 331. to 412 of sequence 

SEQ ID No. 1), or of a peptide sequence derived from 

.these domains by replacement, additio~ and/or deletion of 

one or more amino acids, and which possesses a speci­

ficity at least equal to that of LAG-3 for its ligand. 

2. Soluble polypeptide fraction according to 

Claim 1, characterized in that it comprises the peptide 

region of LAG-3 responsible for the affinity of LAG-3 for 

MHC Class II molecules. 

3. Soluble polypeptide fraction according to 

Claim 1, characterized in that it comprises at least part 

of the first two immunoglobulin . type domains of the 

extracytoplasmic domain of LAG-3, or a peptide sequence 

derived from these domains by replacement, addition 

and/or deletion of. one or more amino acids, and which 

possesses the same specificity for its ligand as LAG-3. 

4. Soluble polypeptide fraction according to 

Claim 1, characterized in that it comprises the following 

amino acids of the first domain of LAG-3: Arg/Glu, 

Arg/Glu, Arg/Glu and Tyr, in which the average position 

of the atoms of which they are made up is given in 

Table 1 or in Table 2 for positions 73, 75, 76 and 77 (of 

SEQ ID No. 1) or differs therefrom by not more than 5%, 

as well as Asp, in which the average position of the 

atoms is that of the atoms of Asp at position 109 {SEQ ID 

No. 1) or differs therefrom by not more than 5%. 

5. Soluble polypeptide fraction according to 

Claim 4, characteriz.ed· in that it comprises a loop in 

which the average position of the atoms forming the basic 

linkage arrangement is given by the position of amino 

acids 46 to 77 {SEQ ID No. 1) appearing in Table 1 or 

Table 2 or differs therefrom by not more than 5%. 

6. Soluble polypeptide fraction according to 

Claim 5, characterized in that the amino acids forming 

the basic linkage arrangement are amino acids 46 to 77 of 
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the sequence SEQ ID No. 1. 

7. Soluble polypeptide fraction according to one of 

Claims 4 to 6, in which the average position of the atoms 

forming the basic structure differs by not more than 2% 

from the values given in Table 1 or Table 2. 

8. Soluble polypeptide fraction according to 

Claim 4, characterized in that it comprises, in addition, 

the second immunoglobulin type extracellular domain of 

LAG-3 (amino acids 150 to 241). 

9. Soluble· polypeptide fraction according to any one 

of the preceding claims, characterized in that the 

peptide sequence of LAG-3 comprises, in addition, a 

supplementary peptide sequence at its C-terminal and/or 

N-terminal end, so as to constitute a fusion protein. 

10. Soluble polypeptide fraction according to 

Claim 9, characterized in that it is bound, in addition, 

to a toxin or a radioisotope. 

11. Soluble polypeptide fraction according to any one 

of the preceding claims, characterized in that the 

polypeptide region of . LAG-3 comprises a portion of an 

immunoglobulin. 

12. Soluble polypeptide fraction according to 

Claim 9, characterized in that the immunoglobulin is of 

isotype IgG4. 

13. Method of production of soluble polypeptide 

fractions according to Claim 11 or Claim 12, character­

ized in that the fragments of cDNA coding for the 

polypeptide regions corresponding to LAG-3 or derived 

from LAG-3, where appropriate after amplification by PCR, 

and the cDNA coding for the relevant region of the 

immunoglobulin, this cDNA being fused with cDNA coding 

for the corresponding polypeptide regions or derivatives 

of LAG-3, are inserted into a vector, and in that, after 

transf ection, the fragments of cDNA are expressed in an 

expression system, in particular mammalian cells, for 

example hamster ovary cells. 

14. Method of production of antibodies according to 

Claim 11 or Claim 12, characterized in that a cleavage is 

carried out of a LAG-3/immunoglobulin conjugate 

111111111111111111111111111111 
* C L M S * 



- 50 -

constructed so as to contain a suitable cleavage site. 

15. Therapeutic composition having i:mmuno­

suppressant activity, characterized in that it comprises 

a soluble polypeptide fraction according to any one of 

Claims 1 ·tq 12 • 

16. Use of a soluble polypeptide fractio~ according 

to one of Claims 1 to 12 for the preparation of a the_ra­

peutic composition having immunosuppressant activity. 

17. Use of antibodies directed against LAG~3 or 

soluble fractions according to one of Claims 1 to 12, or 

fragments of these antibodies, for the preparation of an 

i:mmunostimulatory therapeutic composition. 

18. Use according to Claim 17, characterized in that 

the antibodies are monoclonal antibodies_ or fragments of 

these antibodies, in particular the Fab, Fab' and F(ab') 2 

fragments. 

19. Use according to Claim 18, characterized in that 

the monoclonal antibodies are bound to a cytotoxic 

molecule or·a radioisotope. 

20. Anti-idiotype antibodies containing the internal 

image of LAG-3, directed against antibodies according to 

one of Claims 15 to 19. 

21. . Therapeutic composition comprising anti-idiotype 

antibodies according to Claim 20. 
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