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* C-C increased from 12 to 15
* Z is average of EQ
* B is average of ND

=0

0; J (joker) match

* match with stop is _M; stop-stup

/* value of a match with a stop */
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I
*

#include <sulio.h>
#include <ctype.h>

(26) JP 2004-500037 A 2004.1.8

#define MAJIMP 16 * max jumps in a diag */
#define MAXGAP 24 /* don't continue to penalize gaps larger than this */
#deline  TMPS 1024 /* max jmps in an path */
#define MX 4 1* save if there's at least MX-1 bases since last jmp */
#define DMAT 3 /* value of matching bases */
#define DMIS 0 /* penalty for mismatched bases */
#define DINSO B /* penalty for a gap */
#define  DINS1 1 /% penalty per base */
#define  PINSO B ¥ peralty for a gap ¥/
#deline PINSI 4 /* penalty per residuc */
struct jmp {
short n[MAXIMP]; * size of jmp (neg for dely) */
unsigned short a[MAXIMP); I* base no. of jmp in seq x */
} 1* Jimits seq t0 2716 -1 %/
struct diag {
int score; 1* score at last jmp %/
long offset; 1% offset of prev block */
short iimp; 1* current jmp index */
struct jmp i 1% list of jmps */
¥
struct path {
int spC; /* pumber of leading spaces */
short n[JMPS]; /* size of jmp (gap) */
int x[TMPS]; /* loc of jmp (last elem before gap) */
%
*ofile; I* output file name */
*namea(2]: 1* 5eq names: geiseqs() */
*prog; /¥ prog name for err msgs */
*seqx(2]; I* seqs: getseqs() */
dmax; I* best diag: nw() */
dmax{); /* final diag */
dna: /* set if dna: main() */
cndgaps; /% set if penalizing end gaps */
g4PK, £apy: /* total gaps in seqs */
lenQ), lend; * seq lens ¥/
ngapR, Ngapy; 1* total size of gaps ¥/
SMAx; /* max score: nw(} ¥/
int *xbm; /* bitmap for matching */
long offset; /* current offsel in jmp fle */
struct diag *dx; /* holds diagonals */
siruct path pel2); /* holds path for seqs */

L T T e T e T s T e T e T e T T s T s s T s T s T e T s T e T e T e T e T e T e T e T e T e T T e e R e T e T e T s T e T e e R
. e S Aneaan
EERREREEZ :
EEEE
"

[

*calloc(), *malioc(), *index(), *strcpy();
*getseql), *g_calloc();

gooogooad
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27)

/* Needleman-Wunsch alignment program

*

* ysage: progs filel file2

* where filel and file2 are two dna or two protein sequences.

The sequences can be in upper- or lower-case an may contain ambiguity
Any lines beginning with *;', ‘>" or ' <" are ignored

Max file length is 63535 (limited by unsigned short x in the jmp struct)

A sequence with 1/3 or more of its elements ACGTU is assumed to be DNA
Outpue is in the file "atign.out”

* % & & %

L

* The program may create a tmp fike in /tmp to hold info about traceback,

* Original version developed under BSD 4.3 on a vax 855¢

*

#include "nw.h"

#include "day.h"

static  _dbval(26] = {
1,14,2,13,0,0.4,11,0,0,12,0,3,15,0,0.0,5.6.8.8,7,9,0,10,0

A

static _pbval[26] = {
L2[(1<<({'D'-"A'D|(1< <('N-'A"), 4, 8, 16, 32, 64,
128, 256, OxFFFFFFF, 1< <10, 1< <11, 1< <12, 1 < <13, 1< <4,
1< <15, 1< <16, 1< <17, 1< <18, 1< <19, I < <20, 1< <21, 1< <22,
1< <23, 1< <24, 1< <251 < <(E'-"AN|{1 < <(Q-"A")

JP 2004-500037 A 2004.1.8

L T e T s T e T e T e T e T e T e R T T e T e T e O e Y e T e T e T e T e, O e T e T e T e T e O e T e T e T e R T T T e T e T e T e T e T e R e B e I s |

[

main{ac, av) main
int ac;
char *av[];
{
prog = av[0];
if(ac !=3){
fprintf(siderr, “usage: %s fitel file2\n", prog);
fprintf(stderr,"where filel and file2 arc two dna or two protein sequences.\n"};
fprintf(stderr, " The scquences can be in upper- or lower-case\n”);
fprintf(siderr,” Any lines beginning with *;’ or * < ' are ignored\n”);
fprintf{siderr, "Output is in the file \"align.out\"\n");
exit{l);
}
namex[0] = av{1];
namex(1] = av{2];
seqx[0] = getseq{namex[0], &len0);
seqx[1] = getseq{namex]1]. &lenl);
xbm = (dna)? dbval : pbval;
endgaps = 0; /* 1 to penalize endgaps */
ofile = "align.owt”; /* output file */
nw{); 7* fill in the matrix, get the possible jmps */
readjmps(); 7* get the actual jmps */
print(); /* print stats, alignment */
cleanup{0}; /* unlink any tmp files */
}

Page 1 of nw.c
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(28) JP 2004-500037
1 +
: /* do the alignment, return best score: main(} R1EES)
[ *dna: values in Fitch and Smith, PNAS, 80, 1382-1386, 1983
[ *pro: PAM 250 values
* When scores are equal, we prefer mismaiches to any gap, prefer
[ *anew gap to extending an ongoing gap, and prefer a pap in seqx
[ * 10 a gap in 5eq y.
*
[ nw() nw
r {
char *x, *py; /* seqs and ptrs */
[ int *ndely, *dely; /* keep track of dely */
[ int ndelx, delx; /* keep track of delx */
int *tmp; /* for swapping rowQ, rowl */
[ int mis; /* score for each type */
[ int insD, insl; /% insertion penalties */
register id; /* diagonal index *f
[ register ij; /* jmp index */
register *col0, *coll; /* score for curr, last row */
[ register XX, YY; /* index into seqs */
[ dx = (struct diag *)g_calloc("to get diags”, len0+lenl + 1, sizeof(struct diag));
ndely = (int *)g_caltoc("to get ndely™, lent + 1, sizeof(int));
( dely = (int *)g_calloc("to get dely”, lenl + 1, sizeof{int));
[ colD = (int *)g_calloc("to get col0™, lenl+ 1, sizeof(int)}:
coll = {imt *)g_calloc("to get coll™, lenl + 1, sizeof(int));
L ins0 = (dna)? DINSO : PINS0;
[ ins] = {(dna)? DINS1 : PINS];
smax = -10000;
[ if (endgaps) {
[ for (colO[0) = dely[0} = -ins0, yy = 1; yy <= lenl; yy++) {
colOfyy] = dely[yy] = col0[yy-1] - insl;
[ y ndelylyy] = yy;
[ col0[0] = O, /* Waterman Bull Math Biol 84 */
[ }
[ else
for (yy = L; yy <=lenl; yy++)
[ dely[yy) = -ins0;
/* fiil in match matrix
[ ‘I
[ for (px = seqx[0], xx = 1; xx <= lend); px+ +, xx+ +) {
C /* initiadize first entry in col
*
[ if (endgaps) {
if(xx ==1)
l coll[0] = delx = -(ins0+insl):
[ else
coll[0] = delx = col0[0] - insl;
[ ndelx = xx;
: else {
[ coll[0] = 0:
[ delx = -insD;
ndelx = 0;
[ }
[
[
[
[
[ Page 2 of nw.c

U
gooogooad

A 2004.

1.

8

10

20

30

40



L T e T s T e T e T e T e T e T e R T T e T e T e O e Y e T e T e T e T e, O e T e T e T e T e O e T e T e T e R T T T e T e T e T e T e T e R e B e I s |

[

gooogooad

(29) JP 2004-500037 A 2004.1.8

E1§§*EJ

0w

for (py = seqx[l], yy = L yy <= lenl: py++,yy++) {

mis = colO[yy-11;
if (dna)

mis + = (xbm|[*px-'A’]&xbm[*py-'A'])? DMAT : DMIS;
else

mis += _day[*px-'A'][*py-'A’];

/* update penalty for del in x seq;
* favor new del over ongong del
* ignore MAXGAP if weighting endgaps
)
if (endgaps | | ndely[yy] < MAXGAP) {
if (col0iyy] - insO > = delylyy]) {
delylyy] = colO[yy] - (insO+insl);
ndely[yyl = 1;
}else {
dely[yy] - = insl;
ndely[yy] + +;

}else {
if (colO[yy] - (GinsD+ins1) > = delylyy]) {
dely[yy] = colO]yy] - (ins0+insl);
ndelylyy] = 1;
} else
ndetylyy] + +;
}

/* update penalty for def in y seq;
* favor new del over ongong del
*
if (endgaps || ndelx < MAXGAP) {
if (collfyy-1) - insO > = deix) {
delx = coll{yy-1] - (insO+insl);
ndelx = ]1;
} ehse {
delx -= insl;
ndelx+ +;

} else {
if (cotl[yy-1] - (ins0+inst) > = delx) {
delx = coll[yy-1] - (insD+insl);
ndelx = 1;
} ekse
ndelx+ +;

}

{* pick the maximum score; we're favoring
* mis over any del and delx over dely
*

Page 3 of nw.c
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[
[ id=xx-yy + lenl - I;
[ if (mis > = delx && mis > = dely[yy])
coll[yy] = mis;
[ else if (delx > = dely[yyD) {
[ collfyy] = delx;
ij = dx[id).ijmp;
[ if (dx[id].jp.n[0] && (Mdna || (ndelx > = MAXIMP
[ && xx > dx[id].jp.x[ij) +MX) || mis > dx[id].score-+DINSO)) {
dx[id].ijmp++;
[ if (++ij >= MAXIMP) {
[ writejmps{id};
ii = dx[id).ijmp = 0;
[ dx[id].offset = offset;
[ offset + = slzeof(struct jmp) + sizeof{offset);
[ } )
[ dxlid].jp.nfij) = ndelx;
dx[id).jp-x[ij} = xx;
l dx[id].score = delx;
[ }
else {
t collfyy] = delylyyl;
[ ij = dx(id).ijmp;
if (dx{id).jp.n[0] && ('dna || (ndelylyy] > = MAXIMP
[ && xx > dx[id].jp.x[ij]+MX) || mis > dxfid).score+DINS0)) {
[ dx[id).ijmp+ +;
if (++ij > = MAXIMP) {
[ writejmps(id);
[ ij = dx[id].ijmp = 0;
dx[id].offset = offset;
[ offset + = sizeof(struct jmp) + sizeof(offser);
[ } }
[ dx[id].jp.nfij] = -ndely[yyl;
dx[id].jp.x[ij] = xx;
[ dx[id].score = dely[yy]:
[ }
if (xx == len0 && yy < lenl) {
[ /* last col
[ *
if (endgaps)
[ colt[yy] -= insO+ins1 *(lenl-yy);
[ if {coll[yy]} > smax) {
smax = colllyy);
[ dmax = id;
[
[
[
[
[
[
[
[
[
[
[
L
a

}

}
if (endgaps && xx < lend)
colllyy-1] -= insO+insl *(len0-xx);
if (coll{yy-1] > smax) {
smax = coll[yy-1];
dmax = id;
}

mp = coi0; col0 = coll; coll = tmp;

}

(void) free((char *)ndely);
(void) free({char ")dely);
(void) free({char *)col0);
(void) free((char *)coll);

} Page 4 of nw.c
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* print() -- only routine visible outside this module
*

* static:

* getmat() -- trace hack best path, count matches: print(}

* pr_align(} - print alignmemt of described in array p[]: print()

(31) JP 2004-500037

* dumpblock() - dump a block of lines with numbers, stars: pr_align(
* nums() -- put out a number line: dumpblock(
* putline(} -- put out a line {name, [num}, seq, [num]): dumpblock(}
* stars() - -put a line of stars; dumpblock()

* stripname() -- strip any path and prefin from a seqname

*

#include “nw,h"

#define SPC 3
#define P_LINE 256 /* maximum output line */

#define P SPC 3 /* space between name or num and scq */
extern _day[26][26];
int olen; /* set output line length */
FILE  *ix; * output file */
prim{) poist
{
int Ix, Iy, firstgap, lasigap; /* overlap */

if ((fx = fopen(ofile, "w")) == 0} {

fprintf(stderr,” %s: can't write %s\n", prog, ofile);

cleanup{l);

}

fprimtf(fx, " < first sequence: %s (length = %d)\n", namex[0], len0);
fprintf(fx. " < second sequence: %s (length = %d)\n", namex[1], lenl);

olen = 60;

Ix = len();

ly = lenl;

firstgap = lastgap = 0;

if {dmax < lenl - 1) { /* leading gap in x */
ppl0L.spc = firstgap = lenl - dmax - [;
ly -= ppl0].spc:

else if (dmax > lenl - 1) { /* leading gap iny */
pplli.spc = firstgap = dmax - (lenl - 1);
Ix -= ppl1].spe;

if (dmax0 < len0 - 1} { 7* trailing gap in x */
lastgap = len( - dmax0 -1;
Ix -= lastgap;

}

else if (dmax0 > len0 - 1) { /* trailing gap iny %/
lastgap = dmax0 - (len0 - 1};
ly -= lastgap;

getmat{[x, ly, firstgap, lastgap);
pr_atign();

oooooao
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,'

* trace back the best path, count maiches

*f

static

getmat{lx, ly, firstgap, lastgap)
int Ix, ly; /* "core” (minus endgaps) */
int firstgap, lastgap;

{
int nm, 10, i, siz0, sizl;
char outx[32];
double pet;
register 0, nl;

register char *p0, *pi;

/* get total matches, score

*

) = il = siz0 = sizl = 0;
p0 = seqx(0] + ppl1].spe:

pl = seqx[1] + ppl[0].spc;

n0 = pp[l).spe + 1;

nl = pp(0).spc + I;

nm = 0;
while ( *p0 && *pl) {
if (siz0) {
pl++;
nl++:
siz0—;
}
else if (sizl) {
po+ +;
n0+ +:
sizl--;
else {
if (xbm[*p0-'A")&xbm{*p1-'A"])
nm++;
if (n0+ + == pp{0].x[i0])
siz0 = pplO].n{i0+ +1;
if (nl ++ == pp{l].x[il])
sizl = pplll.nfil ++1;
PO+ +;
pl++;
}

}

/* pct homology:
* if penalizing endgaps, base is the shorter seq
* ¢lse, knock off overhangs and 1ake shorter core
*/
if (endgaps)
Ix = (len0 < lenl)? len0 : lenl;
else
Ix = (Ix < 1y)? Ix : ly;
pct = 100. *(double)nm/(double)ix;
fprintf{fx, *\n");

fprintf{fx, * < %d match%s in an overlap of %d: %.2f percent similarity'\n”,

nm, (nm == 1)?"" : "es”, Ix, pcr);

oooooao
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fprintf(fx, * < gaps in first sequence: %d", gapx):
if (gapx) {
(void) sprintf{outx, " (%d %s%s)",
ngapx, (dna)? “base”: "residue”, (ngapx == 1)? "":"s");
fprintf{fx," %s", outx);

fprintf(fx, ", gaps in second sequence: %d”, gapy):

oooooao

[
[
[
[
[
[
[ if (gapy) {
(void) sprintf(outx, " (%d %s%s)",
[ ngapy, (dna)? "base”:"residue”, (ngapy == 1)? "":"s");
[ fprintf(fx,” %s", outx);
}
( if (dna)
[ fprimtf(fx,
"n<score: %d (match = %d, mismatch = %d, gap penalty = %d + %d per base)\n",
[ smax, DMAT, DMIS, DINSG, DINS1);
[ else
fprintf(fx,
[ "\n<score: %d (Dayhoff PAM 250 matrix, gap penalty = %d + %d per residue)\n”,
[ smax, PINSO, PINS1);
if (endgaps)
[ fprintf(fx,
[ ~ < endgaps penalized. left endgap: %d %s%s, right endgap: %d %s%s\n~,
firstgap, (dna)? “base” : “residue”, (firstgap == 1)7 ™" : "s”,
[ lastgap, (Una)? “base” : “residue”, {lastgap == 1)7 "" : "s");
else
[ fprinif(fx, " < endgaps not penalized\n”);
[}
[ static nm; /* matches in core -- for checking */
[ static Imax; /* lengths of stripped file names */
static ij[2); /* jmp index for a path */
[ static ncl2): /* number at start of current line */
[ static ni{2]; /* current elern number -- for gapping */
static siz(2};
[ static char *psl2). /* ptr to current element */
[ static char *pol2]; /* ptr 1o pext output char slot */
static char out[2][P_LINE]: /* output line */
[ static char star{P_LINE]; /* set by stars() */
[ /e
[ *print alignment of described in struct path pp[i
*/
[ static
[ pr_align() pr_akign
{
[ int nn; /* char count */
[ int more;
register I
[
[ for(i=0,lmax =0;i < 2;i++){
nn = stripname{namex[i]);
[ if (nn > lmax)
[ Imax = nn;
[ ncfi) = 1;
[ mfi} = 1;
siz{i] = ij[i] = 0;
: psli) = seqalil;
[ poli) = outlil;
c } Page 3 of nwprint.c
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for (nan=nm =0, more = |; more; ) { «.pr_align
for (i=morc=0;i<2;i++)}{
’t
* do we have more of this sequence?
*/
if (*ps[i])
continue;

morg++;

if (pp(i]-spc) { #* leading space */
*polil+="";
ppli)-spe--;

else if (siz[i]) { /* inagap*/
*pofi}i+=";

sizi}--

else { /* we'te putting a seq element
*
*po[i] = *ps[i);
if (islower(*ps[i]))
*ps{i] = toupper(*ps[il);
polil++;
psfil++;

I‘
* arc we at next gap for this seq?
s/
if (ni[i] = ppli}.x[u{i]) {
/#

* we need to merge all gaps
* at this lecation
*/
siz[i] = ppli].nlifli++];
while (2ili] = ppli].x[3[i]])
siz[i] += ppli].nlijlip+);
}
nifiJ++;

)

if (+tnn == olen || 'more && nn) {
dumpblock();
for (i=0;i<2; i++)
pofi) = out[i];

nn=0;
}
J
}
*
* dump a block of lines, including numbers, stars: pr_align{)
*
static
dumpblock{) dumpblock
register i;
for(i=0,i<2;i++)
*pafi]- ="\0"; Page 4 of nwprint.c
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(void) pute(n’, fx);
for(i=0;i<2;i++} {
if (*outli] && (*outfi] I="" || *(poil) ="M {
if(i==0)
nums{i);
if (i=— 0 && *out[1])
stars(},
putline(i);
il (=0 && *out[1]
fprintf(fx, star);

if{i=1)
nums(i);
)
)
}
/0
* put cul a number line: dumpblock(}
*/
static
nums(ix}
int ix; /* index in out[] holding seq line */
{
char nline[P_LINE];
register i i
register char *pn, *px, "py;
for (pn =nline, i = 0; i < Imax+P_SPC; i++, pn+t)
*pn=""
for (i = ncfix}, py = out[ix}; *py; py++, pot+) {
if(*py =""1I*py==")
*pn=""
else |{
if (%10 =10|| (i= 1 && ncfix] '= 1)) {
=<2
for (px =pn; j; j /= 10, px--)
*px = [%10+'0",
i (i <0)
px ="
}
else
.pn | "
i+
}
)
*pn="0";
ncfix]) =1i;
for (pn = nline; *pn; pn++)
(void) putc(*pn, £x);
(void) putc(n’, fx);
}
ji
* put out a line (name, [num]. seq. [num]): dumpblock()
*f
static
putline(ix}
int n;
(
gooogao

JP 2004-500037 A 2004.1.8

.dumpblock

nums

putline

Page 5 of nwprint.c

10

20

30

40



—m —m ~—m A @ @ @ @ @ @ @ @ @ @ ™@ ™@ ™@ & & & & & /& /& /s, /s /&, /e, o/ /e /e /e /e /e /e e /e e e e

[

Fid

(36)

int i;
register char *nx,

for (px = namex([ix], i = 0; *px && *px '="7; px++, i++)
(void) putc(*px, fx};

for (; i < Imax+P_SPC; i++)
(void) putc('’, fx};

/* these count from 1;
* ni[] is current element {from 1)
* nc[] is number at start of current line
*/
for (px = out[ix]; *px; px++)

(void) putc(* px&0x7F, fx),
(void) pute("w’, fx);

* put a line of siars (seqs always in out[0], out[1]): dumpblock()

*/
static
stars({)
{

int I
register char *p0. *pl, cx, *px;

if (1*out[0] ] (*out[0) ="' && *(po[0]) ="") |}
Pout[1}]] (*out[1]="" && *(po[1]) ="")

return;

px = star;

for {i = Imax~+P_SPC; i; i--)
*pxt=""

for {p0 = out[0], p1 = out[!l]; *p0 && *pl; p0++, p1++) {
if (isalpha(*p0) && isalpha(*pl)) {

if (xbm[*p0-'A"}&xbm[*p1-'AT) {
cx ="

nm++;

}
else if ('dna && _day[*p0-'A'][*pl-'A"] > 0)

ex="4
else
cx=""
)
clse
ex=""%
*prtt = ex;
}
tpx++ ="'}
tpx =",

oooooao
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/t
* strip path or psefix from pn, retumn len: pr_align(}
*/
static
stripname{pn)
char *pn; /* file name (may be path) */
{
register char *px, *py;
py=0;
for (px = pn; *px; px++)
if(*px=="7)
py=px+1;
if (py)
{void) strepy{pn, py);
return{strlen{pn));
}

—m —m ~—m A @ @ @ @ @ @ @ @ @ @ ™@ ™@ ™@ & & & & & /& /& /s, /s /&, /e, o/ /e /e /e /e /e /e e /e e e e

[

oooooao

JP 2004-500037 A 2004.1.8

stripname

Page 7 of nwprint.c

10

20

30

40



(38)
/‘
* cleanup() -- cleanup any tmp file
* petsesy() -- read in seq, set dna, len, maxlen
* g_calloc() - calloc() with error checkin
* readjmps() ~ gel the good jmps, from tmp file if necessary
* writcjmps() -~ write a filled array of jmps to a tmp file: nw()
*/
Hinclude "nw.h"
Hinclude <sys/file.h>
char *jname = "AmphomgXXXXXX"; /* 1mp file for jmps */
FILE *fj;
int cleanup(); /* cleanup tmp file */

long Iseek();

*
* remove any tmp file if we blow
*/
cleanup(i)
int i;
if (1)
(void) unlink(jname);
exit(i);
}
/‘

* read, return ptr to seq, set dna, len, maxlen
* skip lines starting with ', '<, or >
* seq in upper or lower case

*/

char *

getseq(file, len) .
char *file;  /* file name ¥/
int *len; /% seqlen®/

!
char line[1024), *pseq;
register char *px, *py;
int natge, tlen;
FILE *(p;

if ((fp = fopen(file."r") =0} {
fprintf(stderr,"%s: can’t read %s\n", prog, file),
exit{l);
}
tlen =natge =0,
while (fgets(line, 1024, fp)) {
if (*line ="' [} *line ="<'|| *line = ">"}
continue;
for (px = line; *px !="n’; px++)
if (isupper{*px} || islowern(*px)}
tent++;
}
if ((pseq = malloc{{unsigned}tlen+6))) = 0) {

exit(1);

}
pseq[0] = pseq[1] = pseq(2] = pseq3] = "0
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cleanup

getseq

fprintf{stderr,”%s: malloc{) failed to get %d bytes for %swn", prog, tien+6, file);
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}

H

char .
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(39)

py = pseq+ 4,
*len =1len;
rewind(fp);

while (fgets{line, 1024, fp)) {

if (*line ==";' || *jing == "<’ || *line = ">)
continue;
for (px = ling; *px 1="n"; px++) {
if (isupper(*px})
rpytt="*px;
else if (islower(*px))
*py++ = toupper(*px);
if {index("ATGCU",*{py-1)})
nalgc++;

}

*py++ ="0"

*py =MW

{void) fclose(fp);

dna = natgc > {tlen/3);
return(pseq+4}),

g_calloc(msg, nx, sz)

for (i=i0 =il =0, dmaxQ = dmax, xx = lenQ; ; i++} {

while (1) {

JP 2004-500037 A 2004.1.8

..getseq

g.calloc

readjmps

char *msg; * program, calling routine */
int nx, 5Z; * number and size of ¢lements */
{
char *px, *calloc();
if ({px = calloc({unsigned)nx, (unsigned)sz)) = 0) {
if (*msg) {
fprimMAstderr, "%es: g_calloc]) failed Y%s (n=%d, sz=%d)\n", prog, msg, nx, sz);
exit(1);
H
}
return{px);
}
/‘
* get final jmps from dx|[] or tmp file, set pp[], reset dmax: main()
*/
readjmps()
{
int fd=-1,
int siz, i0,11;
register 1, j, xx;
if () {
{void) fclose(f});
if ({fd = open{jname, O_RDNLY, 0)) <0) {
fprimtfistderr, "%s: can't open() %s\n", prog, jname});
cleanup{l);
H
)

for (j = dx[dmax].ijmp; j >= 0 && dx[dmax)jp.x[j] >= xx; j--)

Page 2 of nwsubr.c
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i (j <0 && dx[dmax).ofTset && [j) {
(void) Iseck(fd, dx[dmax].offset, 0);
(void) read(fd, (cher *)&dx[dmax).jp, sizeof(struct jmp)),
(void) read(fd, {char *)&dx[dmax).offsct, sizeof{dx{dmax].offset));
dx[dmax].ijmp = MAXIMP-];

«readjmps

else
break;
)
if (i >= JIMPS) {
fprintf{siderr, "%s: 100 many gaps in alignment\n", prog);
cleanup(1);

)
ifg>=0){
siz = dx[dmax].jp.nfj];
xx = dx[dmax].jp.x[i};
dmax += siz;
if (siz<0) { * gap in second seq */
ppl1].nfil] = -siz;
XX +=5iz;
/*id=xx-yy +lenl - |
*/
ppl11.x[i1]) = xx - dmax + lenl - |;
gapy++; .
ngapy -= siz;
/* ignore MAXGAP when doing endgaps */
siz = {-siz < MAXGARP |} endgaps)? -siz : MAXGAP;
14+

else if (siz> 0) { /* gap in first seq */
ppl0].n(i0] = siz;
pp[0].x{i0} = xx;
gapx++t;
ngapx += siz;
/* ignore MAXGAF when doing endgaps */
siz = (siz < MAXGAP || endgaps)? siz : MAXGAP;
iH+;

else
break;
}

/* reverse the order of jmps
*/
for (j =0, i0—; j <i0; j++, i0-){
i = pp{0).nli); pp(0).n[i] = ppl0].ntitk; pplO).nli0] = i;
: i = ppl0]-x(i}; pp(0).x[j] = pp{0)-x[i0]; ppl0}.x1i0] = j;
for(j=0,il--; j <il; j++, i1-){
i=pplilali); ppilln[il = pp[11n[il]; pp[1]n[il] =i
i=pp[1)x[j]; pp{1)-x[i] = pp[1].x]i1}; pp[1).x[i1]) =i;

}
if (fd >= 0}
{void) close(fd),
if (i) ¢
(void) unlink(jnamc);
=0
offset = 0;

} Page 3 of nwsubr.c
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e
* write a filled jmp struct offset of the prev one (if any): nw()
*

(void) fwrite((char *)&dx[ix]).jp, sizeof{struct jmp), 1, {j);
{void) fwrite((char *)&dx|ix].olTset, sizeof{dx[ix].oiTsen), 1, );

}
Dooooao

&2
PRO XXXXXXXHXXXXXXXX
RERE XXXXXYYYYYYY

% FI/BEIIE—1E =

(PROBPURTF FOT7 I/ BEEORB)TE S =

5+ 15 =33 3%

L T e T e T e T e T e T e T e, B e R e B |

]
oooooao
#3
PRO XAXKXAKXXXX
[ e A= XXXXXYYYYYYZZYZ

% FE/BESIR—# =

(PROBUIVARTFRFO7 I /BREOBHTE S =

5+~ 10=50%

L T e T e T e T e T e T e T e B e T e T |

oooooao

[
[
[
[ writgjmps(ix)
[ int ix;
r
char *mktemp();
[
[ i) {
if {(mktemp(jname) < 0) {
[ fprintf{stderr, "%s: can't mktemp() %s\n", prog, jname);
[ cleanup{1);
)
[ if {(f) = fopen(jname, "w")} == 0) {
[ fprintf{stderr, "%s; can't write %s\n", prog, jname);
exit(1);
[ }
[ }
[
[
[

JP 2004-500037 A 2004.1.8

writejmps

(RE=1573/8D)
(Ee=1273/8)

(ALIGN-2 TgrEE N, 220R)AR7F FEMNET-RUET I /BEKEORZ

(RE=1073/B)
(R&=1573/8)

(ALIGN-2 THEZI N, 200N )7 F KEFRT—RLET I VBEEOHR%
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=4
PRO-DNA NNNNNNNNNNNNNN (RE=14XILA4FF)
HE DNA NNNNNNLLLLLLLLLL (RE=16XIL4FF)

% BHMEIE—tt =

(ALIGN-2 T@rEZ N7, 2OoOBEFIBTBLEX 7L AT FORE
(PRO-DNA H:BEBH DX 7 L AT FOBEITE L =

L T e T e T e T e T e T e Y s T e, R e B |

6 -14=42. 9%
L
gobooano

(RE=12X9L4FFK)
(BE=9XILA4FFK)

PRO-DNA
HE DNA NNNNLLLVV

% EMESIR—{E =

(ALIGN-2 THRESIN, 220HEBEIBT—BLEX 7L TF FOE%E
(PRO-DNA B:EEEH | DX 7 L A F FOBEOTE L=

4 -12=33.3%
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[ %6

[TLORE FIRA B FELWERE

Ala(a) val; Leu; ile val

Arg(R) lys; gln; asn lys

Asn () gln; his; lys; arg gln

Asp(D) glu glu

[Cvs(C) ser ser

[Gln(Q) asn asn

[Gln(B) asp asp

[Gly(G) pro; ala ala

[His(H) asn; gln; lys; arg arg

Ile(I) leu; val; met; ala; phe;

: IVatyy leu

LLeu(L) JWiAyy; ile; val;

[ met; ala; phe ile

[Lvs(K) arg; gln; asn arg

[Met(M) leu; phe; ile leu

[phe (F) leu; val; ile; ala; tyr leu

Pro(p) ala ala

[Ser (S) thr thr

(Thr (T) Ser ser

(Trp (W) tyr; phe tyr

(Tyr (Y) trp; phe; thr; ser phe

Val(v) ile; leu; met; phe:

t ala; JMfyy leu

0
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GCTCCCAGCCAAGAACCTCGELGLCGCTACGCGGTGEGGAGGARGTTCCCCGRAACCTGGLCG
CTARGCGAGGCCTCCTCCTCCCGCAGATCCEARCGGCC TGGGLGEGETCACCCCOGGLTOEGA
CARAGARGCCGCCGLCTGCCTGLCOGEGCCCEEEGACGEGGLTEGGLTEEEGCCGGAGGOGE
GGTGTGAGTGGGTCTGTGCEERGEELGEAGEC TTGATGCARTCCCGATARGARATGCTCGGG
TETCTTGEGCACCTACCCGTGGEGECLCGTARGGCGCTACTATATARGGCTGCCGGCCCGGAG
CEGCCGCGCCGTCAGAGCAGGAGCGCTGCGTCCAGGATE TAGGGCCACGACCATCCCARCCC
GGCACTCACAGCCCCGCAGCGCATCCCGETCGCCGLCCAGCCTCCCGCACCCCCATLGCOGE
AGCTGCGCCGAGAGCCCCAGLEGAGGTGCCARGCLGAGCEGGTGTEGTEETGGTCCACGTATGE
ATCCTGGCCGEECTCTGGCTGECCGTEECCEEECGLCCCOTCGCLTTCTCGGACGLEGGGCT
CCACGTGCACTACGGCTGGEGCGACCCCATCCGCCTELEGGCACCTGTACACCTCCGGLCOCC
ACGGGL TCTCOAGC TGO T TEC TGCGCATCCGTGLOGACGECETOGTGGACTGCGCGLGEGET
CRAGAGCGCGCACAGT TTGCTGGAGATCAAGGCAGT CGCTCTGCGGACCSTGGCCATCAAGSG
CBTGCACAGLGTGCGOTACCTCTGCATGGGLGCCGACGLCAAGATGCAGGGGCTGCTTCAGT
ACTCGGAGEAAGAC TGTGCTTTCGAGCAGGAGATCCGCCCAGATGGCTACAATGTGTACCGA
TCCGRGAAGCACCGCLTCCCGETETCCCTGAGCAGTGCCARACAGCGGLAGCTGTACARGAR
CAGRAGGCTTTCTTCCACTCTCTCATTTCCTGUCCATGCTGCCCATGGTCCCAGAGGAGECTS
AGGACCTCAGGGECCACTTGGAATCTGACATGTTCTCTTCGCCCCTGGACRRCCACAGCATG
GACCCATTTGGGCTTGTCACCGGAC TGEAGGCCGTGAGGAGTCCCAGCTTIGAGRAGTARCT
GAGACCATGCCCGCGCCTCTTCAC TRCTGCCAGGSGCTGTAGTACCTGCAGCGTGGGGGACG

TGCTTCTACAAGAACAGTCCTGAGTCCACGTTCTGTTTAGCTTTAGGARGARACATCTAGAR
GTTGTACATATTCAGAGTTTTCCATTGGCAGTGCCAGTTTCTAGCCARTAGRCTTGTCTGAT
CATAACATTGTAAGCCTGTAGC TTGCCCAGCTGC TGCCTGGGCCCOCATTCTIGCTCCCTCGA
GGTTGCTGGACAAGCTGCTGCACTGTCTCAGTTCTGCTTGAATACCTCCATCGAT GGGGAAT
TCACTTCCTTTGGARRARTTCTTATGTCAAGCTGAARTTCTCTAAT TTTTTCTCATCACTTC
CCCAGGAGCAGCCRAGARCACAGGCAGTAGTTTTAAT TTCAGGAACAGETCATCCACTCTGTA
ARACAGCRAGGTAAARTTTCACTCARCCCCATGTGGGAATTGATCTATATCTCTACTTICCAGGSG
ACCATTTGCCCTTCCCAARTCCCTCCAGGCCAGARCTGAC TGGAGCAGGCATGGCCCACCAL
GCTTCAGGAGTAGGGEAAGCCTGGAGCCCCACTCCAGCCCTGEGACRACTTGAGAATTCCCE
CTGAGGCCAGTTICTGTCATGGATGCTGTCCTGAGAATAAC TTGCTGTCCCEGTETCACCTGE
TTCCATCTCCCAGCCCACCAGCCL TCTGCCCACCTCACATGCCTCCCCATGGATTGGEGCCT
CCCAGGCCCCCCACCTTATGTCAACCTGCACT TCTTGT TCAARARTCAGGARAAGANAAGAT
TTGARGACCCCAAGTCTTGTCARTAARCTTGCTG TG TEGARGCAGLGGGGEAAGACCTAGARC
CCTTTCCCCAGCACTEGGTTTECCARCATGATATTTATGAGTARTTTATTTTGATATGTACA
TCTCTTATTTTCTTACATTATT TATGCCCCCARATTATATTTATGTATGTARGTGAGGTTTG
TITTGTATATTAAAATGGRGTTTGTTTGT

ogooad

WRSGCVVVHYRILAGLWLAVAGRPLAT SDAGPRVHYGRGOPIRLRELYTSGPHGLESCFLRI
RADGVVDCARG)SAHSLLE I KAVALRTVAIKGVHSVRY LCMGADGKMOGLLQY SEEDCAFEE
EIRPDGYNVYRSERHELPVSLSSAKQRQLYKNRCFLELSHELEMLPMVPEEPEDLRGHLESD
WESSPLETOSMDPFGLYTGLEAVREPSFEK
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FIBROBLAST GROWTH FACTOR-1% (FGF-1% NUCLEIC ACIDS AND
POLYPEPTIDES AND METHODS OF USE FOR THE TREATMENT OF
OBESITY

by OF THE INVENTION
The present invention relates generaily to the identification and isolation of
novei DNA and to the recombinant production of novel polypeptides designated herein
as fibroblast growth facior-19 (FGF-19) polypeptides, and to methods, compesitions
and assays utilizing such polypeptides for the therapeutic wreatment of obesity and for
producing pharmaceutically acrive materials having therapentic and pharmacologic

properties including those associated with the weaument of obesity.

BACKGROUND OF THE INVENTION

Obesity is a chronic disease that is highly prevalent in modern society and is
assaciated not only with 2 social stigma, but alse with decreased life span and numerous
medical problems, including adverse psychelogical development, reproductive disorders
such as polycystic ovarian disease, dermatological disorders such as infections, varicose
veing, Acanthosis niyricans, and eczema, exercise infolerance, diabetes mellis, insulin
resistarce, hypertension, hypercholesterolemia, cholelithiasis, osteoarthritis, orthopedic
injury, thromboembalic disease, cancer, and coronary heart disease. Rissanen ot al. .
British Medical Journal, 301: 835-837 (1990].

Existing therapies for obesity include standard dicts end exercise, very low

calorie diets, behavioral therapy, pharmacotherapy involving appetite suppressants,
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thermogenic drugs, food abserption inhibitors. mechanical devices such as jaw wiring,
waist cotds and balloons, and surgery. Jung and Chong, Clinical Endocrinology, 35:
11-2¢ {1981); Bray, Am. I. Clin. Nutr., 55: 5385-5448 (1992). Protein-sparing
modified fasting has been reported o be effective in weight reduction in adolescents.
Lee et al., Clin. Pediatr., 31: 234-236 (April 1992). Caloric restriction as a treatment
for obesity causes catabolism of body protein stores and produces negative nirrogen
balance. Protein-supplemented diets, therefore, have gained popularity as a means of
lessening nitrogen loss during caloric reswriction. Because such diets produce only
modest nitrogen sparing, a more effective way to preserve lean body mass and protein
stores is needed. [n addition, treatment of obesity would be improved if such a repimen
zlso resulted in accelerated loss of bedy fal. Yarious approaches 1o such treatroent
include those discussed by Weintraub and Bray, Med. Clinics N. Amer., 73: 237
(1989); Bray, Nutrition Reviews, 49: 33 (1991).

Considering the high prevalence of obesity in our society and the serious
consequences associated therewith as discossed above, any therapeutic drug potentially
useful m reducing weight of obese persons could have a profound beneficial eifect on
their bealth. There is a need in the art for a drug chat will reduce iotal body weight of
obese subjects toward their ideal body weight without significant adverse side effects
amt 1hat will help 1be obese subject mainin the reduced weight level

It is therefore desirable to provide a wearment regimen that is useful in returning
the body weight of obese subjects 1oward a normal, ideal body weight,

It is further desirable to provide a therapy for obesity that resulls in mainienance
of the lowered body weight for zn extended pertod of time.

It is alse desirable prevent obesity and, once treatment has begun, t© arrest
progression or prevent the onset of diseases that are the consequence of, or sccondary
to, the ohesity, such as artericsclerosis and polyeystic ovavian dissase.

Such metheds of treatment and celated compositions are provided herein. Also
provided herein are novel proleins and nucleic acids, and methods for screening for
modulators of the same. Gther methods, treatments and compusitions provided herein

will hecome apparem to the skitled arisan.
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SUMM E INVEN

A cDDNA clone (designated herein as DNA48435-1219) has been identified that
encodes a novel polypeptide, which has some ssquence similarity to members of the
fibroblast growth factor family, designated in the present application as "fibroblast
growth factor-19" (FGF-19).

In one embodiment, the invention provides an iselated oucleic acid molecule
comprising a nucleotids sequence thar encodes a FGF-19 pelypeptide.

In one aspect, the isolated nucleic acid muoleculke comprises a nuclkeotide
sequence having at least about 80% nucleic acid sequence identity, alicrnatively at lcast
about 81% nucleis acid sequence klentity, alternatively at least about 2% nucleic acid
sequence identity, alternatively at Jeast about 83 % nucleic acid sequence identity,
altesnatively at least about 84% nasieic acid sequence identity, alternatively at least
about 85 % nucleic acid sequence identity, alternatively at least about 86% nucleic acid
sequence dentity, alternatively &t least about 87% nucleie acid sequence identity,
alternatively at least about 88% nucleic acid sequence identity, alternatively ai least
about 89 % nucleic acid sequence identiry, alternatively at lzast about 90% nucleic acid
sequence identity, alternatively at least about 91% nucleic acid sequence idemtity,
allernatively at least about 92% nucleic acid sequence identity, alternatively at least
about 93 % nucleie acid sequence identity, alternatively at least about 94 % nucleic acid
sequence identity, allermatively at least about $5% oucleic acid scquence identity,
alternatively ar least abour 96% nucleic acid sequence identity, aliernatively ar least
about 97 % nucleic acid sequence identity, alternatively at least about 98% nucleic acjd
sequence idenity and aliernatively at least about 99% nucleic acid sequence identity to
(a) a DNA molecule cncoding a FPEACH polypeptide having the sequence of amino acid
residues from about 1 or about 23 1o abour 216, inclusive, of Figure 2 (SEQ 1D NO:2),
or (b} the complement of thc DNA molecule of (a).

In another aspect, the isolated mucleic acid molecule comprises (a) a muclentide
sequence encoding a FGF-19 polypeptide having the sequence of amino acid residues
{tom about 1 or about 23 to about 216, inclusive, of Figure 2 (SEQ ID NOQ:2), or (b)

the complement of the nucleotide sequence of {a).
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In other aspects, the isolated nucleic acid molecule comprises a nucleotide
sequence having ar feast about 80% nucleic acid sequence identity, alternatively at Jeast
zbout 81 % nucleic acid sequence identity, alternatively at least abowt 82% pucleic acid
sequence identity, alternatively at least abour 83% mucleic acid sequence identity,
alternatively ac least about 84% nucleic actd sequence iderity, aliernatively a1 feast
rboul 85% nucleie acid sequence fdentity, alternatively at least about 86% nucleic acid
sequence identity, alternatively ar least about 87 % mucleic acid sequence identity.
zlternatively at least about 88% nucleic acid sequence identity, alternatively at least
about 89% nucleic acid sequence identity, altesnatively at least xbout %0% micleic acid
sequence identity, alternatively at least about 1% nucleic acid sequence identity,
alternatively at least about 92% nucleic acid sequence identity, aliernarively at least
ahout 93% nucleic acid sequence identity, alternatively at least gbout 94% nucleic acid
sequence identily, alterpatively at least abour 5% nucleic acid sequence identity,
alternatively at least about 56% nucleic avid sequence iemity, aliernatively al least
about 97 % nucleic acid sequence identity, alternatively at least about 98% nucleic acid
sequence identily and alternatively at least aboul 99% aucleic acid sequence identiny to
{a) a DNA molecule having the sequence of nucleotides from about 464 or abour 530
™ about [111, inclusive, of Figure 1 {SEQ 1D NO:1), or {b) the complement of the
DNA molecule of {a).

Inanother aspect, the isolated nucleic acid molecule comprises (2) the nucleotide
sequence of from about 464 or about 530 to about 1111, inclusive, of Figure 1 {SEQ
1D NQ:1), or {0) the complement of the nucleotide sequence of (a).

In a further aspect, the invention concerns an isolated nucleic acid molecule
comprising a nucieotide sequence having at least about 80% nucleic acid sequence
identity, alicrnatively at least about 81% nucleic acid sequence identity, alternalively
at least abour 82% nucleic acid sequence identity, alternarively at least about 83%
nucleie acid sequence identity, alternatively at least about 84% nucleic acid sequence
identity, alternatively at least about 85% mmcleic acid sequence identity, alternatively
at least abour 86% nucleic acid sequence identity. alternatively at least about 87%
nucleic acid sequence identity, alternatively af least about 88% nucleic acid sequence

identiry, alternatively at least about 89% mucleic acid sequence identity, aliernatively
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at least about 90% nuckeic acid sequence identity, alternatively at least about %1%
nucleic acid sequence identity, alternatively at least about 92% nucleic acid sequence
identity, alternatively at least aboul 93% nucleic acid sequence idenlity, alternatively
at least about 94% nucleic acid sequence identity, slternatively at least about 95%
nucleic acid sequence identity, alternatively at least about 96% nucleic acid sequence
identity, aliernatively at least about 97% nueleic acid sequence identity, altecnatively
at least about 98 % nucleic acid sequence identity and ahiernatively a1 least about 99%
ncleic acid sequence identity to {a} a DNA molccule thar encodes the sanic matre
polypeptide encoded by the human prowin ¢cDNA deposited with the ATCC on
November 21, 1997 under ATCC Deposit No. 209480 (DNA49435-1219) or (b) the
complement of the DNA melecule of (a). In a preferred embodiment, the isolakd
nuckeic acid molecule comprises (a) a nucleotide sequence encoding the same mature
polypeptide encoded by the human protein ¢<DNA deposited with the ATCC on
November 21, 1997 under ATCC Deposit Ne, 209480 {DNA49435-1219) or (b) the
complement of the macleotide sequence of (a).

In another aspect, the invention concerns an isolated oucleic acid molecule
camprising 4 nucleotide sequence having at least about 80% nucleic acid sequence
identity, altcenatively at ieast gsbout 81% nucleic acid sequence identity, altecnatively
at least about 82% nucleic acid sequence jdentity, alternalively at least about 83%
nucleic acid sequence identity, alternatively at least about 84 % mucleic acid sequence
dentity, alternatively at least shout 5% mucleic acid sciuence idemtity, alternatively
ut least abowt 86% pucleic acid sequence identicy. alternacively at least about 87 %
nucleic acid sequence identity, alternatively at least about 88 % nucleic acid sequence
identity, alternarively at least about 89% nucleic acid sequence identity, alternatively
at least about 90% nucleic acid sequence identity, alicrnatively at least about ¢1%
nucleic acid sequence identity, alternartively at least about 92% nucleic acid sequence
idenlity, alternalively at least about 93% nucleic acid sequence identity, alternatively
at least about 94% nucleic acid sequence jdentity, alterpatively at lcast about 95%
nucleic acid sequence identity. alternatively at least about 36% nucleic cid sequence
identity, alternatively al least about 97% nucleic acid sequence identity, alternatively

at least abour 98% nucleic acid sequence identity and alternatively at least about 99%
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nuclcic acid sequence identity (o (a) the fuil-length polypeptide coding sequence of the
haman protein cDNA deposited with the ATCC on November 21, 1997 under ATCC
Deposit No. 209480 (DNA49433-1219) or (b} the complement of the nucleotide
sequence of (8). In a preferred embodiment, the isolated nuelsic acid roolecule
comprises (a) the ful}-length polypeptide coding sequence of the DNA deposited with
the ATCC on November 21, 1957 under ATCC Deposit No. 209480 (DNA49435-
121%} or (b) the complement of the nucleotide sequence of (a).

In another aspect, the invention concerns an isolated nucleie acig molecule
which encodes an active FGF-19 polypeptide as defined below comprising a nucleotide
sequence that hybridizes to the complement of a nucleic acid sequence that encodes
amino acids 1 or about 23 to about 216, inclusive, of Figure 2 (SEQ ID NC:2).
Preferably, hybridization occurs under stringent hybridization and wash conditions.

In yet anether aspect, the invention concerns ar isolated nucleic acid molecule
which encedes an active FGF-19 polypeptide as defined below comprising a nucleotide
sequence that hybridizes 1o the complement of the macleic acid sequence between about
nucleotides 464 or about 330 and about 1111, inclusive, of Figure 1 (SEQ ID NO:1).
Preferably, hybridization occurs under stringent hybridization and wash conditiens.

In a further aspect, the invention concerns an isolated nucleic acid molecule
having at ieasl about 22 nucleotides and which is produced by hybridizing a test DNA
molecule under stringent conditions with {a) a DNA molecule encoding a FGF-19
polypeptide having the scquence of aming acid residues from about 1 or about 23 to
about 216, inclusive, of Figure 2 (SEQ I NO.2), or (b) the complement of the DNA
melecule of {a), and, if the tcst DNA moleculc has at Jeast about an 80% mucleic acid
sequence identity, alterpatively at least about 81% nucleic acid sequence identity,
alternatively at least ahout 82% nucleic acid sequence identity, alternatively a1 least
about 83 % macleic acid sequence idemity, alternatively at least about 84 % nucleic acid
sequence identity, aliematively at least abour 85% mucleic acid sequence idertity,
alternatively at least about 86% nucleic acid sequence identity, alternatively at least
sbout 87 % nucleic acid sequence identity, aiternatively at least about 838% nucleic acid
sequence identity, alternatively at least about 89% nucleic acid sequence identity,

alternatively at least about 90% nucleic acid sequence identity, alternatively at least
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ahout 51 % mucleic acid sequence identity, aliernatively at least about 92% nucleic acid
sequence identity, alternatively at least about 93% nucleic acid sequence identity,
alternatively ar least about 94% nucleic acid sequence identity, alternatively at Jeast
about 85% nucleic acid sequence identity, aliernatively at least about 96% nucleic avid
sequence identity, alterngtively at least about 97% nucleic acid sequence identity,
alternatively at least about 98% nucleic acid sequence identity and alternatively at least
about 99% nucleic acid sequence identity to {a} or (b), and isclating the test DNA
molecule,

In another aspect, the invention concerns an isolated nucleie acid molecuie
comprising {a) a nuclectide sequence encoding 2 pelypeptide scoring at Jeast abour 80%
positives, alternatively at least about 81% positives, alternatively at least about 82%
positives, alternatively a1 least abeut 83% positives, alternatively at least abaut 4%
posilives, alternatively at least about B5% positives, aliernatively at Jeast about 86%
positives, alternatively at least about 87% positives, alternatively at Jeast ahout 88%
positives, allernatively at least about 89% positives, alternatively at Jeast sbout 90%
positives, alternatively at least about %1% positives, alternatively at least about 92%
positives, alternatively at lzast about 3% positives, alternarively at ieast abour 94%
pasitives, allernatively at Jeast about 93% positives, alternatively at least sbout 96%
positives, aliernatively at least about 97% positives, alternatively at least about 98%
positives and alternatively at feast about 99% positives when compared with the amino
acid sequence of residues about I or about 23 to 216, inclusive, of Figure 2 (SEQ [D
NG:2}, or (B) the complement of the nucleatide sequence of (a).

Tn a specific aspect, the invention provides an isolated mcleic acid molecule
comprising DNA encoding a FGF-19 pelypeptide without the M-termina! signal
sequence and/or the injtiating methionine, or is complememary to such encoding nucleic
acid molecule. The signal peptide bas been tentatively identified as extending from
ahout amino acid pasition 1 to about amino acwd position 22, inclusive, in the sequence
of Figure 2 (SEQ 13 NO:2). It is noted, however, that the C-terminal boundary of the
signzl peptide may vary, but maost likely by no more than about 5 amino acids on either
side of (he signal peptide C-terminal boundary as initially identified herein, whercin the

C-terminal boundary of the signal peptide may be identified pursuant 1o criteria
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routingly employed in the art for identifying thai type of aminy rcid sequence element
{e.g., Niclsen et al., Prot. Eng. 10:1-6 {1997} and von Heinje et al., Nucl. Acids. Res.
14:4683-4690 (1986)). Moreover, it is also recognized thar, in some cases, cleavage
of a signal sequence from a secreted polypeptide is not entirely uniform, resulting in
more than one secrered species. These polypeptides, and the polynucleotides encoding
them, are contemplated by the prescrt invention. As such, for purposes of the present
application, the signal peptide of the FGF-19 polypeptide shown in Figure 2 (SEQ 1D
NO:2) excends from amine acids 1 e X of Figure T (8EQ ID NO:2), wherein X is any
amina aeid from 17 te 27 of Figure 2 (SEQ ID NO:2). Therefore, mature forms of the
FGEF-19 polypeptide which are encompassed by the present invention include those
comprising aming acids X to 216 of Figure 2 (SEQ ID NO:2), wherein X is any amino
acid from 17 to 27 of Figure 2 (SEQ [D NO:2) and variants thereof as described below.
Isolated nucleic acid molecules encoding these polypeptides are also contemplated.
Anather embodiment is directed to fragments of a FGF-19 polypeptide sequence
which includes the coding sequence that may find use as, for example, hybridization
probes or for encoding tfragments of a FGF-19 polypeptide that may optionally encode
& polypepiide comprising & binding site for an anti-FGF-19 antibody. Such nucleic acid
fragments are usually at least about 20 macleotides in length, alternatively at least about
30 nucleotides in length, aliernatively at least about 40 nucleotides in length,
alternatively at least about 30 nuclcotides in length, alternaiively at least shout 60
nucleotides in lenpth, alternatively at least about 70 nucleotides in length, alternatively
at least about 80 nucleotides in length, alternatively at least about 90 nucleotides in
length, alezrnatively at least about 100 nucleotides in lengih, alternatively at least about
110 pucleotides in Jength, alternatively ai least about 120 nuclectides in length,
alernatively ai least about 130 nucleotides in length, alternatively af least abow 140
nucleotides in length, alternatively at least about 150 nucleotides in length, allernatively
at least about 160 oucleotides in length, alternatively at least about 170 nucleotides
length, allernatively at least about 130 nucleotides in lergth, alternatively at least ahout
190 nucleotides in length, alternatively at least about 200 nuclectides in lengih,
alternatively at least about 230 nucleotides in length, alicrnarively at least about 300

nuclcotides in length, aliernatively at Jeast about 350 nucleotides inx length, alternatively
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at least about 400 nuclectides in length, alternatively at least about 450 nucleotides in
Iength, alrernatively at least about 500 nuclectides in length, alternatively at least about
600 nucieotides in length, alternatively at least about 700 nucleoudes in length,
alternatively at least about BOD nucleotides in length, alternatively at least about $00
muclectides in ength and allernatively at least about 1000 mucleonides in length, wherein
in this context the term "about” means the referenced nucleotide sequence length plus
or minus 10% of that referenced length. In a preferred embodiment, the nucleotide
sequence fragment is derived from any coding region of the nucleotide sequence shown
inFigure 1 (SEQID NOC:1). Tt is puted thay novel fragments of a FGF-19 polypeplide-
encoding nucieotide sequence may be determined in a routine manner by aligning the
FGF-19 polypeptide-encoding puclenide sequence with other known mucleotide
seyuences using any of a number of well known sequence alignment programs and
determining which FGE-19 polypeptide-encoding nucleotide sequence fragment{s) are
wovel.  All of such FGF-19 polypeptide-encoding tmucleotide  sequences  are
contemnplated herein and can be determined without undue experimertation. Also
contemplated are the FGF-19 polypeptide fragments encoded by these mucleotids
molecule fragments, preferably those FGI-19 polypeptide fragments that comprise a
binding site for an anti-FGF-19 antibody.

In another embodiment, the invention provides a vector comprising a nucleotide
sequence encoding FGF-19 or its variams. The vector may comprise any of the
wsolated nucleic acid molecules heremabove identified.

A host cell comprising such a vector is also provided. By way of example, the
hast cells may be CHO cells, E. colf, baculovirus infected insect cells, or yeast. A
process for producing FGE-19 polypeptides s further provided and comprises culuring
host cells under canditions suitable for expression of FGF-15 and recovering FGF-19
from the cell culwse.

In another embodiment, Lhe inveniion provides isolated FGF-19 polypeptide
encoded by any of the isolated nucleic acid sequences hereinabove identified.

In a specific aspect, the invention provides isolated native sequence FGF-19
polypeptide, which in certain embodiments, includes an amino acid sequence

comprising residues from about 1 or about 23 to about 216 of Figure 2 (SEQ ID NO:2).
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Ia anpther aspect, the invention concerns an isolated FGF-19 polypeptide,
cOmprising an amine acid sequence having at least aboul 0% amine acid sequence
identity, alternatively at least about 81% amino acid sequence identity, alternatively at
least about 82% amice acid sequence identity, alternatively at Jeast about 83% amine
acid sequence identity, alternatively at least about 84% amino acid sequence identity,
alternatively at least about 85% amme acid sequence identity, alternatively at least
about 86% amino acid sequence identity, alternatively at least about 87% amino acid
sequence idenrity, aleernatively ar least abow 88% amino acid sequence identity,
alternatively at Jeast about 89% amino acid sequence identity, altermatively at least
about 90% amino acid sequence identity, alternarively at least about 91% amino acid
sequence identity, alternatively al lezst about 92% amine acid seguence identity,
alternatively at least about 93% amino acid sequence identity, alternatively at least
zbout $4% amine acid sequence identity, alteroatively at least about 95% amino acil
sequence identity, alternatively at least about 6% aminc acid sequence identity,
alternatively at least about 97% amino acid sequence identity, alicrnatively at least
about 98% amine acid sequence identity and alternatively at least about 99% amino acid
sequence identity to the sequence of anyino acid residues from about 1 er abour 23 to
about 216, inclusive, of Figure 2 (SEQ 1D NO:2).

In a further aspect, the invention concerns an isolated TFGF-19 polypeptide
comprising an amioo acid sequence having at least about 80% amino acid sequence
identily, alternatively at least about 81 % amino acid seyuence identily, alternatively at
least abour 82 % amine acid sequence identity, alternatively at least abeut 83% amino
acid sequence identiry, alternatively at least about 84% amino acid sequence identity,
glternalively at least about 85% amino acid sequence identity, alternatively at least
2bout 86% amino acid scquence identity, alternatively at least sbout 87 % amino acid
sequence identity, alternatively a1 keast about 88% amino acid sequence identity,
alternatively at least ahout 89% amino acid sequence idenrity, alternatively at Jeast
zboul X% amino acid sequence identity, altcrnatively at keast about 91% amino acid
scquence identity, alternatively at least about 92% amine acid sequence identity,
alternatively a1 least about 93% amino acid sequence identity, alternatively at least

about 94% amino acid sequence identity, alternatively at least about 93% amino acid
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sequence jdentity, alternatively at least abowt 96% amino acid sequence identiry,
aliernatively at least about 97 % amino acid sequence identity, alternatively ar least
about 98% amino acid sequence identity and alternatively at least about 99% amino acid
sequence identity 1o an aming acid sequence ¢ncoded by the human protein cDNA
deposited with the ATCC on Movember 21, 1997 under ATCC Deposit No. 209480
(DNA49435-1219). In a preferred embodiment, the isolated FGE-19 polypeptide
comprises an amino acid sequence encoded by the human protein cDNA deposited with
the ATCC on November 21, 1997 under ATCC Deposit No. 29480 {DNA49435-
1219).

Tn a further aspect, the invention concemns an isolated FGF-19 polypeptide
comprisiog an amino acid sequence scoring at least about 80% positives, altematively
at lcast ahout 81 % positives, alternatively at least about 82% positives, alternatively at
least about 83% positives, alternatively at least aboul 84% positives, alternatively at
least about 83 % positives, akernatively at least about 86 % positives, akternatively at
least about 87% positives, alternatively st least about 88% positives, alternatively at
least aboul 89% positives, alteroalively at least about 90% positives, alternatively at
least about 91% positives, alteroatively at least about 2% posilives, alternatively at
least about 93% positives, alternatively at least abowt 94% posiuves, alrernarively at
least about 95% positives, wlternatively at leasl about 6% posilives. alternatively at
least about 97% positives, alternatively at least about 98% pesitives and alternatively
ar least about 99% positives when compared with the amine acid sequence of residues
frora about 1 or about 23 to about 214, inclusive, of Figure 2 {(SEQ ID NO:2).

In a specific aspect, the invention provides an isolated FGF-19 polypeptide
without rhe N-terminal signal sequance and/or the initiating methionine and is encoded
by a nucleotide sequence that encodes such an amino acid sequence as hereinbefore
described. Processes for producing the same are also hergin described, wherein those
processes comprise culturing a host cell comprising a vector which compriscs the
appropriate encoding nucleic acié molecule under conditions suitable for expression of
the FGF-19 polypeptide and recovering the FGF-19 poiypeptide from the cell culture.

In yet another aspect, the invention concerns an iselated FGE-19 polypeptide,

comprising the sequence of amino acid residues from about 1 or about 23 10 about 216,
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inclusive, of Figure 2 (SEQ D NO:2), or 2 fragment thereot which is biologically
active or sufficient to provide a binding site for an anti-FGF-19 antibody, whercin the
identification of FGF-19 polypeptide fragments that possess biological activity or
provide a binding site for an anti-FGF-19 antibody may be accomplished in & routine
manoer using techniques which are well known in the art.  Preferably, the FGF-1%
fragment retains a qualitative biological activity of a native FGF-19 palypeptide,
including the ability to therapeucically treat obesity.

In & still further aspect, the invention provides a polypeptide produced by (i)
hybridizing a 1est DNA moleculs under stringent condirions with (2) a DNA molecule
encoding a FGF-19 polypeptide having the sequence of amino acid residoes from abour
1 or abour 23w about 218, inclusive, of Figure 2 (SEQ ID NO:2), or (k) the
complement of the DNA molecule of (a), and if the test DNA molecufe has al least
zboutan 80% sequence identity, preferably at least about an 0% nucleic acid sequence
identity, alternatively at least about B1% sucleic acid sequence identity, alternatvely
at Jeast abour 82% nucleie acid sequence identity, alternatively at least zbout 83 %
nueleic acid sequence identity, alternatively at least abour 84 % nuckic acid sequence
identity, alternatively at least about 85% nucleic acid sequence identity, alternatively
at Jeast ahout 86% mucleic zcid sequence idemtity, alternativety at Icast about 87%
nucleic acid sequence identity, alternatively at least about 88% nucleic acid sequence
identity, allernatively ar least about 89% mucleic acid sequence identity, aliernativedy
ar least about 90% nucleic acid sequence identity, alternatively at least about 9%
nucleic acid sequence idenuty, alternacvely al leasi about 92% nucleic acid sequence
identity, aliernatively at least about 93% nucleic zcid sequence identity, alternatively
ar least abowt 94% nucleic acid sequence identity, alternatively at least about 95%
nucleic acid sequence identity, alternatively at least about 96% nucleic acid sequence
identity, alternatively at least about 97% nucleic acid sequence identity, alternatively
at least about 98% nucleic acid sequence identity and alternatively af least about 99%
nucleic acid sequence identity t (a) or (b), (i} cultaring 1 host cell comprising the test
DNA melecule vnder conditions suitable for expression of the polypepride. and (iii)

recovering the polypeptide from the cell culture.
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In another embodirment, the invention provides chimeric mulecules comprising
2 FGF-19 polypeptide fuscd to a heterologous polypeptide or amino acid scquence,
wherein the FGF-19 palypeptide may comprise any FGE-19 polypeptide, variant or
fragment thereof as hereinbefore described. An example of such a chimeric molecule
comprises a FGF-19 palypeptide fused 1o an ¢pilope tag sequence or a Fo reion of an
immunoglabulin,

In another embodiment, the invention provides ap antibedy as defined below
which specifically binds to a FGF-19 polypeptide as hereinbefore described.
Qptionally, the antibady is a monoclonal antibody, an antibody fragment or a single
chain antibody.

In yet another embodiment, the invention concerns agonists and anagonists of
a native FGF-19 polypeptide as defincd below. In a particular embodiment, the agonist
or antagonist is an anti-FGF-19 antibody or & small molecule.

[na fusther embodiment, the invention congerns a method of idenifying agoaists
or antagonists to 2 FGF-1% polypeptide which comprise contacting the FGE-19
pedypeptide with a candidate maolecnle and menitoring a biological acrivity medjared by
said FGE-19 polypeptide. Preterably. the FGF-19 polypeplide is a native FGEF-19
polypeptide.

In 2 stll further embodiment, the invention concerns a3 compaosition of marter
vomprising a FGF-19 polypeptide, or an agonist or antagonist of a FGF-19 polypeptide
as berein described, or an anti-FGF-19 antibody, in combination with a carrier.
Opticnally, the carrier is a pharmacentically acceptable carrier.

Another embodiment of the present invention is directed to the usc of a FGF-19
polypeptide, or an agonist or antagonjst thereof as herein described, or an anti-FGF-19
antibody, for the preparation of a medicament vseful in the treatment of 4 condition
which is responsive to the FGE-19 polypeptide, an agonist or antagonist thereot or an
anti-FGF-19 antibody.

In ene embodiment, a methed for screening for a binactive agent capable of
binding 1o FGF-19 is provided. In one aspect, the method comprises adding a

candidate bioactive agent to a sample of FGF-19 and determining the binding of said
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candidate agent 1o said FGF-19, whergin binding indicaies a bicactive agent capable of
binding 1o FGF-19.

Additionally pravided hercin is a method for screening for a bioactive agent
capable of modulating the activity of FGIF-19. In one embediment, a method is
provided which cormprises the steps of adding a candidate bioactive agent (o a sample
of FGF-19 and determining an alteration in the biological activity of FGF-19, wherein
an alweration indicates a bivactive agent capable of modulating the actvity of FGE-19,
In one embodiment, FGF-19 activity is decreased uptake of glucose in cells. In another
embodiment, FGE-19 activity is increased leptin release from cells. In a prefarred
embodiment, FGE-19 activity is decreased uptake of glucose and increased leptin
release from cells. Preferably the cells are adipocytes. In yet another embodiment,
FGF-1% activity is increased oxidation of lipids and carbohydrates. Preferably the cells
are liver or muscle cells.

In yet anvther embodiment. the inveation provides a method of wdentifyiog a
receptor for FGF-19. In a preferred embodiment, the method comprises combining
FGF-19 with a compositen comprising cell membrane material wherein said FGE-19
complexes with 2 receptor on said cell membrane material, and identify ing said recepsor
as 2 FGF-19 receptor. In one embadiment, the method includes a step of crosslinking
said FGF-19 and receptor. The cel) membrane can be from an itact cell or a cell
membrane extract preparation.

In a further aspect of the invention, a methad is provided for inducing ieptin
release from cells, preferably adipocytes. [n one embodiment, the methed comprises
administering FGF-19 o cells in an amount effective 1o induce leplin release.

In the methods provided herein, FGF-19 may be administered as a nucleic acid
which expresses FGF-19 or in protein form.  As Turther deseribed below, FGF-19 may
be administered by infusion or in a sustained release formulation. Preferably, FGE-19
is administered o an individual with & pharmaceutically acceptable carrier.

Alsa provided herein is a method for inducing a decrease in glucnse uprake in
cells. preferably adipocyte cells. [n ong embodiment the method comprises
administering FGF-19 to cells in an amount effective to induce a decrease in ghicose

uptake.
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In yzt another aspect of the invention a method of treating an individual for
obesity is provided. In one embodiment the method comprises administering to an
individual a composition comprising FGF-12 in an ameount effective 1o treat obesiry.
In this manner, conditions related to obesity can also be treated such as cardiovascular
disease.

Also provided herein is a methad of reducing total body mass in an individual
comprising administering to said individual an effective amount of FGF-19. In a
preferred embodiment, adiposity (fat) of an individual is reduced.

Moreover, a method is provided herein for reducing the level of at least one of
triglycerides and free faty acids in an individual comprising administering to said
individual an effeciive amount of FGF-19. Alse provided hersin is a method of
increasing the metaholic rate in an individeal comprising administering to said
individual an cffective amount of FGF-19.

Alse provided herein is an animal model for determining the affects of FGE-19
&nd modularors thercof under varving conditions and states. [n one embodiment, an
animal, prelerably a rodent, is provided which comprises 2 genome comprising a

transgene encoding FGF-19.

BRIEF DESCRIPTION QF THE DRAWINGS

Figure I shows the nucleatide sequence (SEQ ID NC:1) of a cDNA containing
z macleotide seguence (nucleotides 464-1011) encoding native sequence FGF-19,
wherein the nucleotide sequence (SEQ ID NO:1) is  clone designated herein as
"DNA49435-1219". Also presented in bold font and underlined are the positions of the
respective start and stop codons.

Figure 2 shows the amine acid sequence (SEQ [D NO:2) of a native sequence
FGF-19 polypeptide as derived from the coding sequence of SEQ IO NO:1. Also
shown are (he approximate locations of various other impertznl polypeplide domains.

Figures 3A ardd 3B show bar graphs demonstrating that MILC-FGF-19 transgenic
mice weigh less than their non-transgenic limermates (Figure 3A) ami have Jower
circulating lcptin Jevels (Figare 3B). Figure 3A shows the weight of FGF-19 transgenic

mice (50li bars) and non 1ransgenic (wild-type) licermaies {stippled bar) ac 6 weeks of
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age during ad libimm feeding (far left}, after 6 and 24 hour fests, and 24 hours after
ending a 24 hour fast {far right). Figure 3B shows the sera of the same groups of mice
represented im Figure 3A in an assay for leptin (vertical bar).

Figures 4 A-4D> are bar graphs demonstrating that FGF-19 transgenic mice have
increased food intake and urine production but have a normal hematgerit. A group of
mice were monitored for food intake during ad libitum feeding and 24 hours after
ending a 24 hour fast (Figure 44), water imake {Figure 4B). urine oueput (Figure 4C)
and hermatecrit (Figure 41 wherein the results for the FGF- 19 transgenic mice in each
praph are shown by the solid black bar and the resulis for the wild-type are shown by
the stippled bar.

Figure 5 is a bar grapb demonstrating that FGE-19 transgenic mice have an
increased rate of oxygen consumption. Oxygen comsumption is shown for FGF-19
Transgetue mice (solid black bars) and wild-type (stippled bars) during both fight cycles
{dark or light}, tellowing a 24 hour fast and 24 bours after ending a 24 hour [ast.

Fipures 6A and 6B are bar graphs demonstirating that FGF-19 transgenic mice
(solid black bary) have decreased triglycerides (Figure 6A) and free fatly acids (Figure
6B} over wild-type mice (stippled bars).

Figures 7A and 7B are bar graphs which demonsmrate that infusing non-
transgenic nice with FGF-19 (solid black bars) Jeads to an increase in food intake
(Figure 7A) and an increase in oxygen consumption (Figure 7B) over mice infused with
vehicle lzacking FGE-19 (stippled bars), wberein "n" means night and "4" means day.

Figures ¥A and 8B are bar graphs indicating that FGI-19 increases leptin
retcase from adipoacytes (Figure 8A) and decreases glucose uptake by adipocytes (Figure
8B).

Figure 9 is & har graph showing the fat pad weight of FGF-19 transgenic mice
(shaded bars) or wild-type (solid black bars) each on a high fat diet (11FD) over time,
wherein alomg the horizontzl bar starting at the left, the results are shown at & weeks
for epididymal {HFD Ep) and then for reroperitoneal with peri-renal (HFD RP/FR),

and then at 10 weeks for epididymal and then for retroperitonzal with peri-renal.
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Figure 10 is 2 bar graph showing the glucose tolerance of FGF-19 transgenic
mice {shaded bars) or wild-type (solid black bars) over time (beth on high fai diets for

ten weeks}.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
I Definitions

The terms "FGF-19 polypeptide”, “FGP-19 protein” and "FGF-19" when used
herein encompass mative sequence FGF-19 and FGF-19 polypeptide variants (which are
further defined herein). The FGE-19 polypeptide may be isolated from a variety of
sources, such as from human tissue types or from another source, or prepared by
recombinant and/or synthetic methods.

A "native sequence FGF-19" comprises a pelypeptide having ihe same amine
acid sequence as a FGF-19 derived from nawre. Such native sequence FGF-19 can be
isolated from nature or can be produced by recombinant and/or synheric means, The
term "native sequence BGF-19" specifically encompasses naturally-occurring truncated
or secreted forms (e.g., an extracellular domain sequence), naturally-occurring variant
torms (e g, alternatively spliced forms) and naturally-occurring allelic variauts of ile
FGF-19. Inene embadiment of the invention, the native sequence FGF-19 is a muture
or full-length native sequence FGE-19 comprising amino acids I to 216 of Figure 2
(SEQ ID NO:2). Also, while the FGF-19 polypeptide disclosed in Figure 2 (SEQ ID
N2} is shown (o begin with the methioning residug designated herein as amino acid
position 1, it is coneeivable and possible that enother methionine residue located either
upstream or downstream from amino acid pesition 1 in Figure 2 (SEQ 113 NO:2) may
be employed as the starting amine acid residue for the FGF-19 polypeptide.

"FGF-19 variant polypeptide” means an active FGE-19 polypeptide as defined
below having a1 keast about 80% amine acid sequence identity with the amino acid
sequence of (a) residues 1 or about 23 to 216 of the FGF-19 polypeptide shown in
Figure 2 (SEQ ID NO:2), (b) X 10 216 of the FGF-19 polypeptide shown in Figure 2
(SEQ 1D NO:2), wherein X is any amino acid residue from 17 w 27 of Figure 2 (SEQ
IDr NQ:2), or (¢) another specitically derived tragment of the amino acid sequence
shown in Figure 2 {(S8EQ TD NO:2). Such FGF-19 variant polypeprides include, for
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instance, FGE-1% polypeptides wherein one or more amino acid residues are added, or
delered, at the N- and/or C-lerminus, 4s well as within one or more internal domains,
of the sequence of Figure 2 (SEQ ID NO:2). Ordinarily, 2 FGF-19 variam polypeptide
will bave a1 least about Q% amine acid seynence identity, alternatively at least about
81 % amino acid sequence identity, alternatively at least about 82 % amino acid sequence
identity, alternatively at least about 83 % amino acid sequence identity, alternatively at
Jeast ahout 84% amino acid scquence identity, alternatively 2t least about 85% amino
acid sequence identity, alternauvely at [cast about 80% amino acid sequence identity,
alternatively at least about 87% amino acid sequence identity, alternatively at least
about 88% amine acid sequence identity, alternatively al Jeast about 89% amino acikl
sequence identity, alternatively at lcast about 90% amino acid sequence identity,
alternatively av teast about 91% amino acid scquence identity, alternatively a1 least
about 92% amino acid sequence identity, alternatively at least abeut 93% amino acid
sequence identity, aiternatively at lcast about 94% amino acid sequence identily,
alternatively at least about 95% amizo acid sequence jdentity, aliernatively at least
about 96 % amino acid sequence identity, aliernatively at least about 97% amino acid
scquence Identity, alternatively ar least about 98% arnine acid sequence idemity and
alterpatively at Jeast about 99% amine acid sequence identity with (a) residues 1 or
about 23 10 216 of the FGF-19 polypeptide shown in Figore 2 {SEQ ID ND:2), (b) X
10 216 of the FGF-19 polypeptide shown in Figure 2 (SEQ ID NO:2), wherein X is any
aming acid resilue from 17 0 27 of Figure 2 (SEQ D NO:2), or (¢) another
specifically derived fragment of the amino acid sequence shown in Figure 2 (SEQ 1D
MNO:2). FGF-19 variang polypeptides do not encompass the native FGF-19 polypeptide
sequence. Ordinarily, FGE-19 variant polypeptides are at east ahout 10 amino acids
in length, altermatively ar least about 20 amino acids in length, alternatively at least
about 30 amino acids in length, alternatively at least about 40 amino acids in length,
alternatively at least about 30 amine acids in length, alternatively at least about §0
aming acits io length, alternatively at keast about 70 amino acids in length, allernatively
at least about 80 aniino acids in length, alternatively at least about 0 amino acids in

length, alernatively at keast about 100 amino acids in lengeh, alternatively at least shout
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150 amino acids in length, alternatively at least aboul 200 amino acids m length,
alternatively at least about 300 arine acids in length, or more.

“Percent (%) amino acid sequence identity” with respect 10 the PGF-19
polypeptide sequences identified herein is defined as the percentage of amine acid
residues in & candidate sequence thar are identical with the amino acid residues in a
FGF-19 sequence, after aligning the sequences and introducing gaps, if necessary, to
achicve the maximum percent sequence identity, and net considering any conservative
subslilutions as part of the sequence identity. Alignment for purposes of determining
percent amino acid sequence identity can be achieved in various ways that are within
e skill in the aet, for instance, wsing publicty available computer software such as
BLAST, BLAST-2, ALIGN, ALIGN-2 or Mcgalign (DNASTAR) software. Those
skilled in the art can delermine appropriate parameters for measuring alighment,
including any algorittums needed to achieve maximal alignment over the fuil-length of
the sequences being compared. For putposes herein, however, % amino acid sequence
identity values are obtained as described below by using the sequence comparison
computer program ALIGN-Z, wherein the complete source code for the ALIGN-2
program is provided in Table 1 below. The ALIGN-2 sequence comparison compuier
program was authored by Genentech, Inc. and ¢he source code shown in Table 1 has
been filed with vser documentacion in the U.S. Copyright Office, Washington I.C.,
20559, where it is registered under U.8. Copyright Registration No. TXTU510687. The
ALIGN-2 program is publicly available through Genemntech. Inc., South San Francisco,
California or may be compiled from the source code provided in Table 1. The ALIGN-
2 program should be compiled for use on a UNIX operating system, preferably digital
UNIX ¥4.0D.  All sequence comparison parameters arc sct by the ALIGN-2 program
ang do nat vary.

For purposes herein, the % amino acid scquence identity of a given amino acid
sequence A to, with, or against a given amino acid scquence B {which can alternatively
be phrased as a given amino acid seguence A thar las or comprises a certain % amino
acid sequence xlentity to, with, or against a given amino agid sequence B} is calculated

as follows:
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L0 times the fraction X/Y

where X is the pumber of amino acid residues scored as identical matches by the
sequence alignment program ALIGN-2 in that program’s alignment of A and B, and
where Y is the total number of amino acid residues in B. Tt will be appreciated that
where the length uf amino acid sequence A is not equal o the length of amino acid
sequence B, the % amiuo acid sequence identity of A to B will not equal the % amime
acid seyuence idenlity of B 0 A, As examples of % wmino acid sequence identity
calculations, Tables 2 and 3 demonstrate how to calculate the % amino acid sequence
identity of the amino acid sequence designated "Compagison Protein” to the amino acid
sequence designated "PRO".

Unless specifically stated otherwise, all % amino acid sequence identity values
used herein are obtained as described above using the ALYGN-2 sequence comparison
computer program. Hewever, % amino acid sequence identity may alse be determined
using the sequence comparison prograzn NCBI-BLAST2 (Alischul et al., Nucleic Acidg
Res. 25:3380-3402 (1997)). The NCBI-BLAST2 seguence comparison program may
be downloaded frem hep:/fwww nebi.m.nih.gov or otherwise abrained from the
National Instilute of Health, Bethesda, MD. NCRI-BLAST2 uses several search
partamerers, whergin all of those search parameters are set o default values including,
for example, unmask = yes, strand = all, expected occurrences = 10, minimum low
complexity length = [5/5, muli-pass ¢-value = .01, constant fir multi-pass = 25,
dropoff for final gapped alignment = 23 and scoring matrix = BLOSUME2.

In simacions where NCBI-BLAST? is employed for amino acid sequence
comparisons, the % amino acid sequence identity of a given amino acid sequence A to,
with, or against 3 given amino acid sequence B (which can alternatively be phrased as
a given amino acid sequence A that has or comprises 4 cerlain % amine acid sequence

identity to, with, or against a given amino acid sequence B) is caleulated as follows:

100 times the fraction X/Y
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where X i3 the number of amino acid residues scored as identical matches by the
sequence alignment program NCBI-BLASTZ2 in that program’s alignment of A and B,
and where Y is the total nomber of amino acid residues in B. It will be appreciated thal
where the length of aming acid sequence A is not equal fo the length of amine acid
sequence B, the % amino acid sequence identity of A to B will not equal the % amino
acid sequence identity of B to &,

"FGF-19 variant polynucleotide” or "FGF-19 variant nucleic acid sequence™
means a nucleic acid molecule which encodes zn active FGF-19 pelypeptide as defined
below and which has at least about 830% nucleic acid sequence identicy with cither (a)
a nucleic acid sequence which encodes residues 1 or zbout 23 to 216 of the FGF-19
polypeptide shown in Figure 2 (SEQ 1D NO:2), (b) a nueleic acid sequence which
encodes amino acids X to 216 of the FGF-19 polypeptide shown in Figure 2 (SEQ [D
NO:2), wherein X is any amino acid residue from 17 o 27 of Figure 2 (SEQ B
NO:2), or {c) a nucleic acid sequence which encodes anether specifically derived
fragmem of the amine acid sequence shown in Figure 2 {(SEQ ID NO:2). Oxdinarily,
a FGF 19 variant polynucleotide will bave at least about 80% nuckeic acid sequence
identity, alternatively at least about 81% nucleic acid sequence identity, alternatively
at Jeast aboue 82% pucleic acid sequence identty, alzernatively at least about 83 %
nucleic acid sequence identity, alternatively at lcast about 84 % nucleic acid sequence
identity, alternatively at Jeast about 33 % nucleic acid sequence jdentity, alternatively
at least about 86% nucleic acid sequence identity, alternatively at least about 87%
nucleic acid sequence idemity, altermatively ar least aboul 88 % nucleic acid sequence
identity, alternatively at least ahout 9% nucleic acid sequence identity, alternatively
at least about 90% puclzic acid sequence identity, alternatively at least about 91%
rucleic acid sequence identity, alternatively at least about 92 % nucleic acid sequence
identity, alrernatively at least about 93% nucleic acid sequence identty, alternarively
at lease about 94% nucleic acid sequence sdentity, allernatively at least about 95%
nucleic acid sequence identity, alternatively at feast about 90% nucleic acid sequence
identity, alternatively at least about 97% nucleic acid sequence identty, alternatively
at least about 98% mucleic acid sequence identity and alternatively at least about 99%

nutleic acid sequence identity with either (a) a nucleic acid sequence which encodes

2l
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residucs 1 or gbout 23 1o 216 of the FGF-19 polypeplide shown m Figure 2 (SEQ ID
NQ:2), {b) a nucleic acid sequence which encedes amino acids X to 216 of the FGF-19
polypeptide shown in Figure 2 (SEQ ID NQ:2), wherein X is any amine acid residue
from 17 to 27 of Figure 2 (SEQ ID NC:2), or {c) a nucleic acid sequence which
encades another specifically derived fragment of the amino acid sequence shown in
Figure 2 {(SEQ ID NO:2). FGF-19 polynucleotide variants do not encompass the native
FGF-19 nucleotide sequence.

Ordinarily, FGF-19 variant polynucleotides are at least about 30 nucleotides in
length, alternatively at least about 60 nucleotides in length, alternatively at least about
90 nucleotides in length, aliernatively at least about 120 nucleotides in length,
alternatively at lzast about 150 nucleotides in length, alternatively at lcast ahout |80
nuecieatides in lengih, alternatively af Least about 2190 pucleotides in length, alternatively
at least about 240 nucleotides in length, alternatively at least about 270 nuclectides in
Iengeh, alternatively at Jeast about 300 nucleotides in length, alternatively ar least about
430 nucleotides in Jength, alternmatively at least about 600 nucleotides in length,

alternatively at least about 900 nucleotides in length, or more.

“Percent {%) nucleic acid sequence identity” with respect to the FGF-1%
polypeptide-enceding oucleic acid sequences identified herein is defined as the
percentage of nucleotides in a candidate sequence that arc identical with the nucleotides
in & FGF-19 polypeptide-¢ncoding nucleic acid sequence, after aligning the sequences
and introducing gaps. if necessary, 10 achieve the maximuin pereent sequence identity.
Alignment for purposes of determining percent nucleic acid sequence wlentity can be
achieved in various ways that are within the skill in the art, for instance, using publiciy
available computer software such as BLAST, BLAST-2, ALIGN, ALIGN-2 or
Mepalign (DMASTAR) sottware. Those skilled in the art can determine appropriatc
parameters for measuring alignmient, inchiding any algorithms needed to achieve
reaximal aligoment over the foll-length of the sequences being cempared. For purposes
herein, however, % nucleic acid sequence identity values are obtained as described
below by using the sequence corapatison computer program ALIGN-2, wherein the

complete source code for the ALIGN-2 program is provided in Table 1 below. The
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ALIGN-2 sequence comparison computer program was authored by Genentech, Inc.
and the scurce code shown in Table 1 has been filed with vser documentation in the
U.S. Copyright Office, Washington D.C., 20559, where it is registered under U.S.
Copyright Registration Mo, TXUS10087. The ALIGN-2 program is publicly available
through Genentech, Inc., South San Francisce, California or may be compiled from the
source code provided in Taklz 1. The ALIGN-2 program should be compiled for use
on a UNIX operating system, preferably digital UNIX V4.0D. All sequence
comparison parameters are set by the ALIGN-2 program and da not vary.

For porposes herein, the % nucleic avid sequence identity of a given necleic
acid sequence C (o, with, or againgt a given mucleic acid sequence I {which can
alternatively be phrased as a given nucleic acid sequence € that bas or comprises a
certain % nucleic acid sequence identity to, with, or against a given nucleic acid

sequence 1) is calculated as follows:

100 times the fraction W/Z,

where W is the number of nucleotides scored as identical matches by the sequence
alignment program ATLIGN-2 in that program’s alignment of C and D, and where Z 38
the total number of puclectides in D, Tt will be appreciated that where ihe length of
nueleie acid sequence C is not equal to the length of nueleic acid sequence D, the %
nucleic acid scquence identity of € to I will not equal the % nucleic acil sequence
identity of 2 to C. As examples of % nucleic acid sequence identity calculatiens,
Tables 4 and 5 demaonstrate how to calculaic the % mucleic acid sequence identity of the
nucleic acd sequenke designated "Comparison DNA" o the mxcleic acid sequence
designated "PRO-DNA".

Undess specifically stated otherwise, all % nucleic acid sequence identity values
used hercin ate obtained as described above uging the ALIGN-2 sequence comparisen
computer program. However, % nucleic acid sequence identily may also be determined
using the sequence comparison program NCBI-BLAST?2 (Alwschul et al., Nucleic Acids
Res. 25:3389-3402 (1997)). The NCBI-BLAST? sequence comparison propram may

be downloaded from hep://www.neblnlm.nib.gov or otherwise obiained from the
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Mational Institute of Healih, Bethesda, MD. NCBI-BLAST2 uses several search
parameters, wherein all of those search paramelers are set te defaplt values including,
for example, unmask = yes, strand = all, expected occurrences = 10, minimum low
complexity length = 15/5, multi-pass e-value = .01, constant for multi-pass = 253,
dropoff for final gapped alignment = 25 and scoring matrix = BLOSUMG62Z.

In siuations where NCBI-BLASTZ is employed for sequence comparisens, the
% nucleic acid sequence idendity of a given nucleic acid scquence C to, with, or against
a piven necleie ucid sequence [ (which can aliernatively be phrased as a given nucleic
acid sequence C that has or compriscs a certain % nucleic acid sequence identity to,

with, or against a given nucleic acid sequence D) is calculated as follows:

100 times the fraction W/Z

where W is the number of nucleotides scored as identical masches hy the sequence
alignment program NCBI-BLAST2 in that program’s alignment of C and D, and where
Z is the totzl number of nucleotides in B. It will be appreciated that where the length
of nucleis acid sequence € js not equal 10 the lenpeh of nuclzic acid sequence D, the %
nucleic acid sequence identity of C to D will not equal the % nucleic acid sequence
identity of D to .

1n cother embodiments, FGF-19 variant polynucleotides arc nucleic acd
malecsles that crcode z2n active FGF-19 polypeptide and which are capable of
hybridizing, preferably under stringent hybridization and wash conditions, 1o nucleotide
sequences encoding the full-length PGF-19 polypeptide shown in Figure 2 (SEQ TD
NG:2). FGF-19 variant polypeptides may be those that are encoded by a FGF-19
variant polynucleotide.

The term “positives”, in the context of the amino acid sequence identity
cemparisons perforined as described above, includes amino acid residues in the
sequences compared that are not only identical, but also those that have similar
properties. Amino acid residues thai score a positive value 1o an amino acid residue

af interest are these that are gither identical to the aming acid residuc of interest or are
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& preferred substimtion (as defined in Table 6 below) of the amino acid residuz of
interest.

For purposes herein, the % value of positives of a given amino acil sequence
A to, with, or against a given amino acid sequence B {which can zlternatively be
phrased as a piven amino acid sequence A thal has or Comprises a certain % positives

10, with, or against a given amino acid sequence B} is calculated as follows:
100 times the fraction X/Y

where X is the number of amino acid residues scoring a positive value as detined above
by the sequence alignment program ALTGN-2 in that program’s alignment of A and B,
2 where Y is the total number of amino acid residues in B. It will be appreciated that
where the length of amine acid sequence A is not equal to the length of amino acid
sequence B, the % positives of A w B will not equal the % posibves of B te A.

"Isolated.” when used to describe the various polypeptides disclosed herein,
means polypeptide that has been identified and separated and/for recovered from a
component ol its natural environment. Preferably, the isclated polypeptide is free of
association with all components with which it is rllaturally asseciated.  Contaminant
components of its natural environment are materials that would typicslly interfere with
diagnostic ar therapewtic uses for the pelypeptide, and may include enzymes, hormaones,
and other proteinaceous or non-proteinaceous solutes. [n preterred embodiments, the
polypeptice will be purified (1) to a degree sufficient to obtain at Icast 15 residues of
N-terminal or internal amino acid sequence by use ©f a spinning cup sequenalor, or (2)
10 homogeneity by SDS-PAGE under non-reducing or reducing conditions using
Cooemassie blue or, preferably, silver stain. Isolated polypeptide includes polypeptide
in sire within recorabinant cells, since at least one component of the FGF-19 natural
environment wil] not be present. Ordinarily. however, isofated polypeptide wili be
prepared by at least one purification step.

An “isolated” mucleic acid molecule encoding a FGF-19 polypeptide is 4 nucleic
acid molecule that is identificd and separated frem at Jeast one contaminant mucleic acid

molecule with which it is ordinarily associated in the nawral source of the FGE-19-
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encoting nucleic acid. Prelerably, the isolated mucleic is free of association with all
compoents with which it is naturally associated. Anisolated FGF-19-encoding nucleic
acid molecule is other than m the form or setting in which it is found in pature.
Tsolated nucleic acid molecules therefore are distinguished from the FGF-18-enceding
nucleic acid molecule as it exists in patural cells. However, an iselated nucleic acid
molecule encoding a FGF-19 polypeptide includes FGF-19-encoding nueleic acid
molecules contained in cetls chat ordinarily express FGF-19 where, for example, the
nucleic acid molecule is in a chromosomal location different from that of natural cells.

The term “"control sequences” refers 10 DNA sequences necessary for the
expression of an operably linked coding sequence in a particular host organism. The
control sequences that ace suitable for prokaryotes, for example, include a promoter,
optionally an operator sequence, and a rihosome binding sitc.  Bukaryotic cells are
known te ulilize promoters, polyadenylaton signals, and cnhancers.

Nucleic acid is "eperably linked" when it is placed inte a tunctional refationship
with snather nucleic acid sequence. For example, DNA for a presequence or sceretory
leader is operably linked to DNA for a polypeptide if it is expressed as a preprotein that
participates in the secretion of the polypeptide; a promeoter or enhancer is operably
linked to a coding sequence if it affects the transcription of the sequence: or a nbosame
binding site is operably linked to a coding sequence if jt is positioned so as to facilitate
translation. Generally, "operably tinked™ means that the DNA sequences being linked
arc contiguous, and, in the case of a sceretory leader, contiguous and in reading phase.
However, enhancers do not have to be contiguous. Lioking is accomplished by ligaiion
al convenient restriction sites. If such sites do not exist, the synthetic oligonuclentide
adaptors or linkers are used in accordance with conventional practice.

The term "antibody” is used in the broadest sense and specifically covers, for
example, single anti-FGF-19 monoclenal antibodies {(including aganist, antagonist, and
newralizing  antibodies), anti-FGF-19 ameibody compositions with polyepitopic
specificity, single chain anti-FGF-19 antibodies, and fragments of ant-FGF-19
antibodies (see below). The term "menoclonal antibody ™ as vsed herein refers 10 an

antibody obtained from a population of substantially homogeneous antibodies, i.e., the
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individual awibodies comprising the population are Llentical exeept for possible
natural ly-occurring mutations 1hat mnay be present in minor amounts.

"Stringency’ of hybridization reactions is readily determinable by one of
ordinary skill in the ast, and generally is an eropirical calculation dependent upen probe
lengrh, washing temperamre, and salt concentrarion. In general, longer probes require
higher temperatures for proper anoealing, while shorter probes need lower
temperatures. Elybridization generally depends on the ability of denstured DNA to
reanneal when complementary strands are present in an environment below (heir
meiting temperature. The higher the degree of desircd homology between the probe
and hybridizable sequence, the higher the relative temperature which can be wsed. As
a result, it follows that higher relative temperatures would tend 1o make the reaction
conditions more steingent, while lower reraperanires less =0, For additionat desiis and
explanation of stringency of hybridization reactions, see Ausubel & af., Curre
Protocols in Molkecular Biolopy, Wiley Interscience Tublisherss, (1995).

“Stringent condifions” or "high stringency conditions”, as detined herein, may
be identified by those that: (1) employ low ionic strength and high femperature for
washing, for example ¢.015 M sodium chioride/0.0015 M sodium citrate/0. 1% sodinm
dedecyl sulfate at 50°C; (2} employ during hybridization a denaturing agent, such as
formamide, for example, 30% (v/v) formamide with 0.1% bovine serum aibumin/0.1%
Ficoll/0.1% polyvinylpyrrolidone/50mM sodiam phosphate buffer at pH 6.5 with 750
mM sodium chioride, 75 mi sodium citrate at 42°C; or (3) employ 30% formamide,
5 x §8C {0.75 M NaCl, 0.075 M sedium citrate), 50 mM sodium phospbate (pH 6.8),
0.1% sodium pyrophosphate, 5 x Denhardt’s solution, sonicated salmon sperma DNA
(50 pg/ml), 0.1% SDS, and 10% dextran sulfate at 42°C, with washes at 42°C in 0.2
% 85C (sodium chloridefsedium citrate) and 30% formanmide at 55°C, followed by a
high-stringency wash consisting of 0.1 x $5C containing EDTA at 55°C.

"Moderately stringent conditions” may be identified as described by Sambrook
er al.. Molecular Cloning: A Laboratory Maoual, New York: Cold Spring Harpor
Press, 1989, and inglude the use of washing solution and hybridization comlitions (e.g.,
temperature, fonic strength and %SDS) less siringent that those described above. An

exampie of moderately stringent conditions  is overnight incubation at 37°C in a
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solution comprising: 20% formamide, 5 x S5C {150 mM NaCl, i5 mM ftrisodiam
citrate), 50 mM sodiwm phosphate {pH 7.6), 5 x Denhardt’s solution, 10% dextran
sulfate, and 20 mg/ml denatured shezred salmon sperm DNA, followed by washing the
filters in 1 % §SC av about 37-30°C. The skilled artisan wilt recogrize how to adjust
the temperalure, ionic strength, etc. as necessary to accornmodate factors such as probe
length and the fike.

The term "epitopa tagged” when used Lerein refers to a chimeric polypeptide
comprising a FGF-19 polypeptide fused to a "tag polypeptide”. The tag polypeptide
has enough residues 10 provide an epitope against which an antibody can be made, yet
is short enough such that it does not interfere with activity of the polypeptide to which
it is fused. The 1ag polypeptide preferably also is faixly unique so that the aotibody
does not substantially cross-react with other epitopes.  Suitable tag pelypeptides
gencrally have ar least six amino acid residues and usually between about 8 and S0
amino acid residues (preferably, between about 10 and 20 amino acid residues).

As used herein, the term “immuncadhesin” designates antibody-like molecules
which combing the binding specificity of a heterologous protein (an "adhesin") with the
¢lfecior functions of immunoglobulin constanl domains. Structurally, the
immunoeadhesing comprise a fusion of an amino acid sequence with the desired hinding
specificity which is other than the antigen recognition and binding site of an antibody
(i.e., is "heterologous”), and an immupoglobulin constant domain sequence. The
adhesin part of an immunoadhesin molccule typically is a contiguous amino acid
sequence cemprising 4t least the binding site of a recepor or a ligand. The
immunoglebulinconstant domain sequence in the immunnadhesin may be obtained from
any immuaeoglobulin, sech as 1gG-1, IgG-2, [pG-3, or laG-4 subtypes, [gA (including
IgA-J and IgA-2), IgE, IgD or [gM.

"Active” or "activity* for the purposes herein refers to form(s) of FGF-19 which
retain a hiological and/or an immunological activity of native or naturally-occurring
FGF-19, wherein "biological” activity refers to a biological function {eithcr inhibitory
or stimulatory) caused by & native or nararally-occurring FGF-19 other than the ability
te induce the production of an antibody against an antigenic epilope possessed by a

native or paurally-occurring FGF-19 and an “immunological* activity refers to the
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ahility to induce the production of an antibody against an antigenic epitope possessed
by a native or naturally-occurring FGF-19. A preferred biological activity includes any
one or more of the following activitics: increases metabolism (or metaholic tate) in an
individual, decreases body weight of an individual, decreases adiposity in ap incdividoal,
decreases glucose uptake into adipocytes, increases leptin release from adipocytes,
devreases triglycerides in an individual, and decreases free fatty acids in an individual,
It is understood that some of the activities of FGF-19 ave directly induced by FGF-£9
ard some are indirectly induced, however, each are the result of the presence of FGF-
19 and would not otherwise have the result in the absence of FGF-1%.

The term "antagonist” is used in the broadest sense, and includes any molecule
that parbally or flly blocks, ighibits, or nevtralizes a biclogical activity of a native
FGF-19 polypeptide disclosed herein. Tna similar manner, the term "agonist” is used
in the broadest sensc and includes any molecule that mimics a biological activity of a
native FGF-19 polypeptide disclosed herein. Suitable agonist or antagonist molecules
specifically inchrde agonist or antagonist antihodies or antibody fragmenis, fragments
or amino acid sequence variants of ative FGF-19 polypeptides, peptides, small organic
molecules, etc. Methods for identifying aponists or antagonists of a FGF-19
polypeptide may comprise contacting @ FGE-19 polypeptide with & candidate agomst
or astagonist molecule and measuring a detectable chanpe in one or more biological
activities normally zssociated with the FGE-19 polypeptide.

“Treatmeni” refers 1o both therapeutic lreatment and prophylactic or
prevemative measures, wherein the object is 10 prevent or slow down (lessen) the
targeted pathotogic condition or disorder. Those in need of trcatment include those
alreacdy with the disorder 25 well as those prone 1o have the disarder or those i whom
the disorder is to be prevenied.

*Chronic” administration refers to adminisiration of the agent(s) ina coninuous
mode as oppascd te an scute mode, 0 as to mainrain the initial therapentic effect
{activity} [or an extended period of ime. “Intermittent” administration is Lrezlment that
is not consecutively done without intertuption, but rather is cyclic in narure.

"Mammal" [or purposes of treatment refers to any animal classified as a

mammal, including humans, domesiic and farm animals, and zoo, sports, or pet
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animals, such as dogs, cats, caitle, horses, sheep, pigs, goats, rabbits, etc. Preferably,
the mammal is human.

"Individual” is any subject, preferably a mammal, more preferably a human.

"Obesity” refers 10 a condition whereby a mammal has a Body Mass Index
(BMI), which is calculated as weight (kg) per height’ (meters), of at least 25.9.
Conventionally, those persons with normal weight have a BMI of 19.9 to less than
25.9. The obesity herein may be due o any cause. whether genetic or environmental.
Examples of disprders that may result in abesity or be the cause of obesity include
overeating and bulimia, polycystic ¢vartan disease, craniopharyngioma, the Prader-
Willi Syndrome, Froblich's syndrome, Type il diabetes, GH-deficient subjects, normal
variant short stature, Turner's syndrome, and other patholegical conditions showing
reduced metabolic activity or a decrcase in resting energy expenditure as a percentape
of 1otal fat-lree mass, <.g., children with acute Jympbeblastic leokemia.

"Conditicns refated te obesity” refer to conditions which are the result of or
which are ¢xasperated by obesity, such as, but not limited to dermatological disorders
such as infections, varicose veins, Acanthpsis nigricans, and eczems, exercise
imolerance, diabetes mellitus, insulin resistance, hypertension, hypercholesterolemia.
cholelithiasis, osteoarttwing, orthopadic inury, thromboembolic disease, cancer, and
coronary {or cardiovascular) heart disease, particular those cardiovascular conditions
associated with high wiglycerides and free fatty acids in an individual.

Administration "in combination with" one or more further therapeutic agents
includes simultanecus (concurrent) and consecutive administrarion in any order.

"Carriers” as uvsed herein include pharmaceutically acceptable carriers,
excipients, or slabilizers which are nontoxic to the cell or mammal being exposed
therero at the dosages and concentrations cmployed.  Often the physiologically
acceptable carrier is an agueous pH buffered selurion. Examples of physiologically
acceptable carriers include buffers such as phosphate, citrate, and other organic acids:
antioxidants including ascorbic acid; low molecular weight {Jess than about 10 residucs)
polypeptide; proteins, such as serum albumin, gelatin, or immunoglobulins; hydrophilic
polymers such as polyvinylpyrrolidone; aming acids such as glycine, glutamine,

asparagine, arginine or lysine; monosaccharides, disaccharides, and other carbohydrates
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including glucose, mannose, or dexirins; chelating agents such as EDTA: sogar
alcohols such as mannitol or sorbitol, sakt-forming counterions such as sodium; and/or
nonipnic  surfactants soch as TWEEN™,  polyethylene glycol (PEG), and
PLURONICS™.

“Antibody fragmenis” comprise a portion of an intact antibody, preferably the
antigen binding or variable region of the intact antibody. Examples of anlibody
fragments include Fab, Fab', F(ab'},, and Fv fragments; diabodies; inear antibodies
(Zapataetal., Protein Eng. 8(10): 1037-1062 [1995]); single-chain antibody molecules;
and multispecific antibodies tormed feom antibody fragments.

Papain digestion of antibodies produces twa identical antigen-binding fragments,
called "Fab" fragraznts, each with a single antigen-binding site, and a residual "Fe"
fragment, a designation reflecting the ability te crystallize readily.  Pepsin treatment
yields an Fab"), fragment that has two antigen—combining sites and is stll capable of
cross-linking antigen.

“Fv" is the minimum antibody fragment which contains a complete antigen-
recognition and -binding site. This region consists of a dimer of one heavy- and one
light-chain variable domain in tight, non-covalent association. 1 is in this configuration
thar the three CDRs of each variable domain interact to define an anrigen-binding site
on the surface of the VH-VL dimer. Collectively, the six CDRs confer antigen-binding
specificity to the antibody. However, even a single variable domain (or half of an Fv
comprising only three CDRs specific for an antigen) has the ability 1o recognize and
bind antigen, although at a lower atfinity than the entire binding siwe.

The Fab fragment also contains the constant domain of the light chain and the
first constant domain (CHI) of the heavy chain. Fab fragments difier from Fab’
fragments by the addition of a few residues at the catboxy terminus of the heavy chain
CHI domain including one or more cysreines from the antibody hinge region. Fab'-5H
is the designation herein for Fab' in which the cysteine residue(s) of the constant
domains bear a free thiol group. F(ab'), antibody tragments originally were produccd
as pairs of Fab’ fragments which bave hinge cysteings between them. Other chemical

couplings of antibody fragments are also known.
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The "light chains” of antibodies (immunoglobuling) from any vertebrate species
can be assigned 10 one of wo clearly distinet types, called kappa and lJambda, based on
the amino acid sequences of their constant domains.

Depending oo the amine acid sequence of the constaot domain of their beavy
chaing, immunoglobulins can be assigned to different classes. There are five major
classes of immunoglobulins: IgA, IgD, IgE. IgG, and IgM, and several of these may
be further divided into subclasses (isotypes}, e.g., [2G1, 16G2, [gG3, TeG4, IgA, and
JeAZ,

"Single-chain Fv" or "sFv" antibody fragments comprise the VH and VL
domains of antibody, wherein thess domaing are present in a single polypeptide chain.
Preterably, the Fy polypeptide further comprises a polypepiide linker between the VH
and VL domains which enables the sFv to form the desired strucrre for anrigen
tinding. For a review of sEv, see Pluckthun in The Pharmacology of Monoclonal
Antibedies, vol. 113, Rosenburg and Moyre eds., Springer-Verlag, New York, pp.
269-315 (1994).

The term “diabodies” refers to small antibody fragments with two antigen-
Bbinding sites, which fragroents comprise a heavy-chain variable domamn {VH) connected
to a light-chain variable domain {VL} in the saroe polypeptide chain (VH - VL}. By
using a linker that is ©00 short 1o allow pairing berween the two domains on the same
chain, the domains are forced to pair with the complementary domains of another chain
and create two antigen-binding sites. Diabodies are described roore fully in. for
example, EP 404,097, WO 93/11161; and Hollinger ¢t al., Proc. Natl. Acad. Sci.
TISA, 90:6444-6448 (1593).

An "isolated" antibedy is ong which has heen identified and separated and/or
recovered from a component of its natural environment. Contaminant components of
its naturel environment are materials which would inlerfere with diagnostic or
therapeutic uses for the antibody, and may irclude enzymes, hormones, and other
prateinaceeus or nanproeinacecus seluws, In preferred embodiments, the antibody
will be purified (1) to greater than 5% by weight of antibody as determined by the
Lowry method, and most preferably more than 99% by weight, (2) 10 a degree

sufficient to obtain 2t lcast 15 residucs of N-werminal or internal amino acid sequence
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by use of & spinning cup sequenstor, or (3) to homogeneity by SDS-PAGE under
reducing or nonreducing conditions using Cocmassie blue or, preferably, silver stain.
Isolated antibody includes (he antibody in situ within recombmant cells since at least
ome component of the antibody's namural environment will not be present. Ordinarily,
however, isolated antibody will be prepared by at least one purification step.

The word "label” when used herein refers w a detecrable compound o
composition whick is conjugated direcily or indirectly o the antibudy so a5 to generale
2 "labeled” antibody. The labei may he detectable by itself (e.g. radioisotope labels or
fluorescent labels) or, in the case of an enzymatic label, may catalyze cherical
alteration of a sebsirale compound or compasition which is detectable.

By "solid pbase” is meant a non-aqueous marrix to which the antibody of 1he
presen invention cun adhere. Examples of solid phases encompassed herein include
those formed partially or enirely of glasa ¢e.g., controlled pore glass), potysaccharides
{e.g., agarose), polyacrylamides, pelystyrens, polyvinyl alcohol and silicenes. In
certain embodiments, depending on the context, the solid phase can comprise the well
of an assay plate; in others it is a purification colume (e.g., an alfinity chromalegraphy
column). This tern also includes a discontinueus solid phase of discrete particles, such
as Lhose described in U 5. Patent Na. 4,275,149

A "liposome” is a small vesicle composed of various types of lipids,
phospholipids and/or surfactant which is useful for defivery of a drug (such as a FGE-
19 polypeptide or antibody theyeto) to 2 mammal. The components of the liposome are
commonly arranged io a bilayer formation, similar w the lipj.(l arrangement of
bivlogical membranes.

A “smali molecule” is defined hercin to have a molecular weight below abput
500 Daltops,
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Table 1 (conl®

< utchis -

<ctypeh

MAXIME 16 % 3ax jamps in 3 diag ¥

MAXGAR 24 % don't contime 1o perlize gaps larger than this %

MPS 1024 {* max jmps in an path 7

MX 4 7% save if there's at Jewa MX-§ hases since lax jmp 3/

DMAT 3 7* vatue of maiching bascs *f

DMES ] 42 penalty for mizmatched bases */

DINSE ] i penalty for 3 gap *f

DINSL 1 i penalty per basc

PINSD £ 1% penalty Far a gap *f

PINS] 4 7 penaley per resiue *f
struct imp {

shart A[MAXIMP]; #* size af jmg {neg far dely) ¥

umsigned shirt A[MAXIMPY; 4 bage v, of jmp in seq x4
% 4 limits seq tn 2716 -1
srruet disg {

il st i+ stpre at last jmp %

lang atfset: #% oifser of prev block */

shart ijmp. #* cuereat jmp index 5

sirucl jmp i # list of jrgs: =

struet pach §
i

shart
int

int

int

long

A disg
stroel qatt

char

e 1 umber of lzading spaces 9/
IMBS]; i size of jmp (gum 4/
AIMPS]; i Lo of jmp (2 clom bofare gap) +

file; #* vogpat ke name *
*namesi2]: #* seq nanes) geweqy) ¥
*prog; #* prog name foT 17 megs ¥
*seqall; 1 seus: gelseqsd)

drmx; # hest ding: aw() %

e, # final diag *

dn, % et 3f dna: mainf) =7
endgeps. £ setaf peralizing end gaps ¥
2207 BApY: 1 towal gaps in s2qs 5/

lent. (en); #* 5eq Jens

TRAPA. TERPY 15 tatl stee of gaps 4f

sz, 1% (ax score: owl} 4

b #+ himap far matching +
offscr: F* curceat offen i fmp e +
x; 1+ holds dizgomals *

pl2l: # holtts gath for seqs */

*aalhie(), *maltoe(, *indea), *smpy(h
sguiseq(), *g_eallacy;

Page 1 of nw.h
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% Meadleman-Wunsck aligament prgram

B
* usage: prags fite | filel

wheee filet and fileZ are twer dne or bwo protein sequences.

The. sequences cun be i upper- or [ower-case an may contain ambiguity
Ay lines begintting with *=*, '% " ar ' <" are jgoored

Max filc Jength is 65535 (it by unsigned dhort x in the jop o)

A sequence witl 13 or mare of its elements ACITL 15 assumed to o DNA
Cuarpan 5 im the Rl “align.mn™

R E

* The program may eceate a tnp [ in op 1 uld infe sbout tracetuek.
* Originoi versivn develuped under BSD £.3 on 3 sz 8650
»

Hinclude T
Hinclude “day.h’
stutic _dbval[26] = {

114.2.13.0.04.010.0,12.0.0.15.0.00.5 5.8.5.7.9,0,100

satic _poval[26) = {
L2 < <D AN < <CN-A 408,16, 30 6,
128, 256, GxFFEFFFF, 1< <10, 1< li, 1€ <12, 1< 213, 1< <14,
fecls leald 1<l Le<IB 12219, 12 €20, <21, Le <22,
pe w3l eIt 1 <5 CE ANl <CO-AN

Tainac, av) main

int ac;
<har *av(|;
d

prog = avi0]:

it (e = 3) {
tprintf{swlerr, usage: %6 filel (e, progh
fprintf{sulerr, “where el and file2 see tva dna or ten protein sequences a”);
fprintf(siderr." The sequences can be in upper- or lower-casein”);
fprintf{stdarr.” Any lines beginoiog w or "< ane ignaredin )
fprinti{sulere,"Output is s the file align.ooil*in");
exnit{l},

wamex[0] = avli]:

namex[1] = av[2]):

sequ[0] = getseqinamex|0], &lard),

seqx[1] = gelseq(ramex|1], &lent),

xbm = (da)! _dhwal ; _pheat;

endpaps = G; * L w penabize endgaps */

afile = "align.out®; i output file +/

i)y 4L i the matrix, get the possible jmps *f

ceadjmpst); 1¢ et the actual pips </

priat(); /% print stats, alignment 4/

cleanup(0); /* unlink any rmp tiles ®/

¥
Page | of nw.c
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Table | (rant')

/% do the aligrment, requrm best score: muind}
* doa: valyes in Firch and Smith, PNAS, 80, 1382-1386, 1483
* pro: PAM 250 values
* When scores are equal, we prefer mismatches 1o any gap, prefec
® 2w gap to extanding an pugaing gap, and prefer a gap in seqx
® 10 & gap bl s y.
b

]}

{

o
char xRy i* seqs aud pres
int ndely, *dely; £¥ keep track of dely */

int ndelx. dedx: P keep track of delx %/

int “imp; £ Far swapping rowd, row] *f
int = swore for gnch type */

int £ insertion peralties */
Tagister I dizgonal index *

register ijs £* jinp index *i

register *eold, *coll: #* score for curr, fast row ¥
register XX, ¥¥ #*index. inta seqs *f

dx = (struct diag =)_caloel"© pet diags”, Tend +leol + [, sizenRstonct disg)):
nidely = tint *)g_calloed " gt ndely " lenl +1, sizeofging):
(im1 Y)g_valloc"to get dely”, lonl +1, of(int)):
{int 4)p_calloe(™o pet cold”, lenl + 1 siveof(int));
(int *)5_calloe{"10 get voll”, tenl +1, sizeoflinti);
(dnay? DINSO : PINSD;
insl = (dnay! DINS1 : PINST;
SMRx — -1000(:
if {endraps) {
For (col0[0] = dely[l] = -insl), yy = 1:yy <= leal; yy++} {
coldlyy] = delylyy] = cold[yy-1] - insl:
udelylyy] = yy:

}
0] = 0 #* Waterman Trul] Math Biol 84 +/

elye
for (yy = b yy <= lenl: yy++)
delylyyl = -insl;
#* fill in match marix

for (px = seqx|d], xx = 1; 01 < = fesd; px+ +. xx+ 43 {
£ initiglize first ety in col

it (ernigaps) {
i == 1)
cail ] = delx = -(insd +insl)

clse
catl [0 = delx = col0[0] - insi;
ndelx = xx;
}
olse {
call[Q) =
deix ins(:
ndelz H
}

Page 2 of nw.c
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Tuble 1 founfh
o
for (py = sequ[1]. yy = Liyy < = ool py++ 3y ++) {
mis = coldfyy-1);
if (doz)

miis + = (xbmf*px-"A'&xbm{*py-'A'T)T DMAT : DMIS;
clac
mis + = _dayl*px A1y AT

% updace penilty for del in x se;
* favac new del over ongong del
*ignare MAXGAP if weighting endgaps
*

iF (endgapss | | ndely[yy] < MAXGAP) {
i eoldlyy] - insd = = dely[yyD {
edelylyy] = cold[yy] - (ins0+insd)c
nelylyy] = 1
} else {
dely[yy) -= ins);
ndelylyy] + +:

Y else {
if teal0lyy] - (insO+ins]) > = delyfyy) {
dely[yy] = oolllyy] - {ins0+insl);
ndelylyy] = 1:
§ else
ndelylyy] + +;
}

/< update penalty for del in y seq;
* favor new del over ongong del
*
if (endgaps | | ndelx < MAXGAP} {
if (20l [yy-1] - ins@ > = delx} {
dels = coll[yy-1] - {insl-+insT);
ndelx - |
belse {
delx == insl;
ndela++;

j else
if (oolllyy-11 - {insQ+ins1} > = delx} {
delx = coll[yy-1] - {insD+insl)
ndelx = L;
}else
wdelx+ +;

}

#* pick the maximum score; we'te favoring
* mis weer any del and dels over dely
]

Page 3 of nw.c
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“Tsbte 1 fewnt)

e
i3 = xx-yy +lenl -1
if (mig > = delx && mis > = dely[yy]}
colllyy] = mis;
else iF (@dolx > = dely[yy] {
enll[yy] = delx:
ij = drlid].ijmp:
if (dx[id].jp.n[0] && (idwa || {adelx > = MAXNIMP
Sde xx > dxliol jpodil+MX) | | mis > oxlid] seore = DINSGY {
dx[id).iimp+ +;
(4 +i] > = MAXIMP} {
wrilejmps(id);
ij = dxfid] ijmp = 0:
Un[id]. ofsgr = ofiser;
offset + = sizeof(struct jmp) + stzeof{nfiset);

1

H

didid].jp.nli) = ndelx;
dxlid].jp.x[f] = ax:
dxlid].scare = dalx:

else {
ool Tlyyl = delybyyl;
i = dxliaL.ijmp
if {ox[id].ip-nO] && (Mdna || (odefylyy] > = MAXIMP
&deoxx > dxfid] jpx[i}+MX) || mis > dxfed] score +DENSOR {
dx[id].ifmp + +;
P+ +ij > = MAXIMP) {
writgjmps(id);
ij = axid].ijmp = 0:
afid].oMset = offser;
offsel + = sizeaf(struet jrep} + sizeoftafset);

)

i

dx[id] jp.nlil = -ndetylyy]:
dafid].jp.x[H] — xx:
dxlid].seore = delylyyl:

i)r ik == lenD & yy < leal) {
1* loat col
L]
3€ fendgaps)
cell|yy| -= ingl+insl*{lenl-yy},
i€ ol l{yy] > smax) {
smax =

)

}
SE (enduaps && xx < lenll)
coll[yy-11-= insih--ins{*(enlxx):
il feall [yy-1] > snax) §
smax = colllyy-11:
dmax = d;
tmp = ooll); €0l = coll; call = impy;
]
(void) free({char *ludely);
(vaid) fres{tchar *)dely):
(vaid) frec{fchar *)col0):
(void) free{{char *jcalt):
3 Page 4 of nw.c
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Table ) {eonit)
IS

* primy{] -- oply rouling visible ewiside fhis module
-

* static:

* getmat() -- trace hack est pall, count matches: print()

* pr_aligny - print alignment of described in array pll: print(

* dumpblick) - dump a bluck of ling with numbers, stars: pr_align()
* mns(} - put vut 8 number line: dumpblock()

* putling(} — put ot 2 line (name. [nom). seq. [num]): dunipblock(

* stars() - -put z line of stars: damphtockd)

* wripnama) - sirip any path and prefix frot A seqnarc

M

#incluge "nw h*

#define SPC 3

#Adefine P_LINE 256 * maximunt eutput line */

Adefine P SPC 3 #* space between name or nur and sej */

extern _day|26[[26],

int len; #* set aupnt line leogih 2/
FILE 40y % output file */
print
{
int Iz, ly, Ffirstgap, lasigap: M aguerlap ¥

i ((fx = Rapen(ofile, “w")y —== 0} §
fprintf{swer,” %5 can't write fsio”, preg, ofile);
cleanup(1):

Tprintf(er. " <first soquence: %s {fength = Balka”, namex(0], lend):

fpeintf(fx, " <ieeind sequence: %s (length = %dfn®. names| 1], lenl):
olen = &,

Ix = lenty;

by = lenl:

lirsdgap = lastpap = 0

if (dmax < Jenl - 1) § /* Jeading gap inx *f

pp0).spc — firstgap = [enl -dmax - 1;
ly -= pp[0].5nc;

else JF (dmax > lenl - 1) { /¥ leading gap iny +
rpLllspe = firsegap — divax - Jeal - 1);
Ix -= ppl1].5pc

i tamaxl < fen®- 1} * trailing gap in x %
lastgap = lenQ - dmaxt} -1,
Ix -= lasigap:

elie if (drnaxd > lend - 1} { /* trailing gapiny %
Ragap = dmaxéy - (lend - 1);
Iy = hustgup:

petmatilx, ly, frysn, lasgapy:
or_align{y:

40
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Tabke 1 (reat!

”

* teace back fhe bagr path, caunt matches

static

permarlx, Ly, firstpap, fastgap) geianat
inl %,y 5 “eure” (minus endpaps) =
int firstgap, lstgap; 1+ bding trailing oveclup *7

4
int num, i0, i1, sizd, sizl;
char oula32]:
dauble pety
Tegister nd, nl;

register char “p0, *pl:
4% get total matdies, scure
»

i =il = sied = sizl =
= seqr[0] + pplil.g
P1 = reqei1) + ppld].spe:
W = ppll).spe + L;
wl = pp[0).spe + 12

nm =0;
while { *p0 & *pl1{
i (siz0) {

PO+ +
ud+
sizlas
el {
i (xbm{*p0-"AJ&xbm[*p[-"A'])
e+
iF{n0++ == pplOl.x[ie])
sizf) = ppl0].nfi0+ +1;
irnl++ pp(lLx(ilgy
szl = pplif.nlil ++];
P+
pl++
H

}

™ pet homology:

= if penalizing endgaps, base is the shorrer seq

* clse, knock off overnangs and tzke shorer core
L

if {endgaps)
Ix = (leal < lenl)? leal) @ benl;

else
Ix = (x < W7 Iy

pet = 108 "(daublenmdouble}lx;

fprinligfx, “\0");

fprimfitx, " < ®d match %s in an overlap of %d: % If percent similarity'n®,
i, o= = 0P 7T "es® I, peth:

Pape 2 of nwprint.c
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Tuble d oy
. " < gaps in first sequence: %d”, gapx); At
if (gapn) §
(vyid} spriniffoutx, " {Fd Hy%s)",
ngepx, {dna}? "hase”:“residue”, (ngaps == 1)7 "":"s'};

fprinuf(ex," %s”, outx)

fprintf(tx, ", gaps in second sequence: %d", gepy);

if papy) {
{void) sprimitouns, " {Bd FsFs)",
ngagy, {dna
Fprintf(x," %s",
H
if tana)
fprintf(fx,
"0 < score: %d {match = Fd, mismateh = %d, gap pensky = %d + Bd pes haselln”,
smax, DMAT, DMIS, DINSE, DINSLL
else
fprintf{fx,
“\n <seore: %d (Dayboff PAM 230 mawrix, gap penaly = %d + %d per residuve)\n”.
smax, PINSO, PINS1);
if {endgaps)
TprintfiFr,
" <endgapa ponzlized. lefi endgap: %4 %5%:. right endgap: %d %s%ain”,
firstgap. (dna)? “hose” : “residuc’ . {firstgap —= )2 ** ;"
lasigap, {doa)? "hase” : "rosidue”, (lasigap == 17 " -
else
priotf(fx. " <endgaps not peoalizedin®):
!
static nn; #* marches in core - for checking */
static Imax: £# [engrhs of stripped file nemes *
static i21; ## jmp index for a path */
stetic ncl2l ¥ number at start of current line */
statie nil2l; 2*® current elem nurber -- for gapping =/
starle mz[2);
static char nz| Z]; I% pIv 10 cureent element £/
static char *pal2]; 7% DI {0 niext owpt char slot *f
static chur out[2](P_LINE): /* output line */
static char starfP_LINE], I* st by stars(y 2/
I~
* peint alignment of described i struct path ppl}
*
static
pr_align{} pr_olign
{
int * char cown 4/
nt
register B

far (i = 0, Tmax = 0 < 2 i++)
nn = sriprametrameslily;
ifCan > tmax)
Imar =

nei]
it =
szli] - ijli] =&
psfi] = seqr(il;
pali] = owli):

} Page 3 of nwprint.c
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WU 011820 POTUS00M6ATT
Tk feanty
for fan =nm =0, more = |, more; ) § wpr_align
For (i =more 0, 1< 2 i) [
I

* do we have more of this sequence?
*

if ¥ psli])
continue:

mare+;

it tppli]-spe) { # loading space */
*pufil-+=""
i) spe—

else if (siz[i]} { Minapap ¥
rpolitt+ ="
sizfi]-;

else { 1+ we'ne putling a 20 element
+

*pofi] = *ps[i]:
if (islower*ps[i1)
*psli] toupper(*ps[]};
polip+,
reli]++

m
* ace we at next gap for this seq?
‘t'

TEqrifi] — pplila[iflill
I

* we need to merge all gaps

* at this lecwtion

ay

se[i] - pplilnliililF-+

while (ni(i] = ppilalilil]y

siz[i]) += ppfiLAfUl++1

¥
nifil++;

}

(F 1o = olen || fmore && nn) {
dumphlock{
for {i=0;i<2;i++)

pali) = autli);

no =0

i
”
* dump a block ol lines, Including numbers, siars: pr_align()
.
stafic
dumphbtock(y dumpblock
{

register 3

Borgi=0; i 2;iw=)

*palij-- =0 Page 4 of nwprinie
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i

"
.
*

static

ourns(ix}

{

H

"
* put ot
U3

static
putline(tx]

Tahle 1 (rout'}

{void} putedn', fx);
far[i=0;i22;i++)
iFroui] &bt (Fauti] £+° | *{polily =" {

ifli==0)
mums(i},

i =—0&& *out]1]}
stara()

mrding{i);

=0 && *ou[1])
fprintfifx, sar)

if{i=1)
nums{il;

it out a number line: dumpblock()

int ix: /* indiex in out[]) bolding seq ltne &/
chre nfine[F_LIKE]:
register ik
repister char *pn, *px, *ny
for {gpn = aling, 1 i< P SPE i+, prek+)
on=
For (i = nelix], pr utfix]; *py; py+-, pae)
E(rpy =""[*py ="}
A =t
rlse
iF{i%610 mm 0 || (F =} && nefix] 1= 1134
=My
For {px =i |1 j 710, pr)
epx =jOL10 1 0
iF(ie
tox =
t
clse
fpit -t
.
i
|
o ="
nelix] i
for (pn - line: *pr; pne+)
{void) putc(*pn, fx};
(void) pute(Ww, ),
2 [ina (oame, [num]. seq, [oum [ dumgblogk(}
)
int i

44
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”

"
static
stars()

{

Table 1 {cont’}

int i
register char Fpip

for {px = namexjix]. i — : *px &k *px 1=
{void) putc(*px. k.

For ;i < lniex+P _SPC; i+4)
(void) pure(” *, £);

L pRAE, (HL)

7 thess count from i
* nil] is cumrenl glement (from 1)
* nef] is number al start of current line
.
for (px - outfis]; *px; paa+)

(void) pure(*px&0xIF. fx}
{vaid} putedn', fi};

* put & line of stars {seys always in outj®], autf1]): dwnpblock()

int i
register char “p, *pl,ex. "pat

{2 out0]]] *eu[d] — ' E& *(paf))
Poa 1] (font[[]=="" && *(pa[I)=""))

Feburn.
px = star;
for (i = Tmax+P_§
Tpxt

far (p0 = ow[0], pl = omf1]: “pd &8 *p¥; pd+r, pl++) {
if (isalphal *pf)y & & isalpha(*p 1) {

if (<[ *ph1- A’

ex -

D

i
else if (tdna &t _day[*pi- A |"p1 A') > 6}
ex ="

ehie
ex ="
i
else
="
bt = ex;
*pE =

=

43
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Table I {conc'}
"
* sarip path or prefix fram pn, retom len: pr_akign{}
»

static
stpngme(pn} stripname
char  *pn;  / filc ramse (may he path} *f
i
register char  4px. *py;
py =0,
Tar {px = po: *pre; pret)
iT(*py ==}
py=px+ L
if(py)
(vuid) strepu(pn, pyk
retprn(siclen(pn));
¥

Pape 7 of nwprint.c
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Table 1 {cont™)

I

* cleanupy} - clsanup any mip file

* gerseq() - rend in sey. sevdng, len, maxlen

% 3_calloct) - calloz(} with exrar checkin

* readjmps() -- gel the good jmps, from tmp file if necessary

* writejmpst) — write a fied acray of fmps @ a tnp file: nw()

€

#indude “mv.h"

Hioel ade <gys/ Db

char  *jname = "AmphomgX XXXXX"; 7 tmp file for jmps */
FILE %

int cleanup(} ¥ cleanup unp file ¥/

Jang  lseek(}:

"
* ramove any tmp file if we blow

*

cleanup{i} cleanup
int i
it

(vohl} unlinkijrmey,

exitgil:

1

n

* rend, tenurm r T deq, setdng, len. maxlen
* skip lines starting with '/, ', or ">

* 500 15 wppET Or lawer case

*

char .
Egescyifile, len) getseq
char *fle, 7* file narc =7
int *len; *seqlon *f
[
char line[1024), *pscq;
ropister char *px, *pyi
int natge. llen;
FILE *ip.

AF (¢ = Fopenifile.'r']) = 0) ¢
Fprintf{siderr, "5 can't read %swn”, prog, fite}.
exitfl)

3

flen = nage =0,

(igets(line, 1024,
if{*linc —

e

Hline =='<' | #fifc == 5

con 3
far (px = line: *px t= " pit £}
¥ (isupper(*px) || islower *px))
ten-+;
i
if fipseq = malloc{{unsignau)tleni &)} == U3 [
fpriotistdere.” %s: mallocd) failed to get %d bytes for %sin®, prog, ten+8. file),
exi{ 1)

!
pseafl] = pseql 1] = pseq(2] = poeg(3] — W;

Page 1 of pwsubr.e
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Table [ [eant”
wegetseq
Py =puey + 4,
*lkn = (len;
rewind(fp);

while { Gactsline, 1024, (p)) £
if(Hling mm 1] 4Ling e ] line = ")
continue;
for (px - line; ®px 1= "0, prk+) {
if (isnpper(*px))
Spy+ = fpx;
else if (ishrwer(*px])
Py = ouppertpR);
if Gindex("ATGCL™ *(py-111)

natgett:
J
H
LIr—_
\UH
(vaid) felose(fp);
dna = natge > (e
remurngpseq-3);
H
char .
g_calloc(msg, mx. sz} & callog
char  Smsg * progrnn, calling routine %
int N st A number end sice of clemenlty &
{
char *px, “calios();

If{{px  calloe{(unsignednx, (unsigned)sz)t =01

i€t msg) {
fprintistderr, "%s: g_calloc() failed %s (n=%%d. sz=Yudju", prog. msg, nx. sz,
exit(1):
t
H
return(pa);
1
”n

* get final jmps fram dxj] erimp file, set pp(]. réser dmax: mainf}
*

rradimps(} readjmps
int fd=-h
int siz i, il

register 3. J, xx

IFCy
(vaid} Eelossffj];
iU = open(iname, O_RDOONLY, 013 < ) |
fpriotfisrderr, s can’t opsn(] %s'n", prog, jname);
cleanupt L},
3
)
for (i =i =il =0, dinax® = dmax, xx = lenl; ; i++) {
while (1) (

Far (1 = dxfdmaxjijmp; § == 0 && dufdmaxjrxl) = xx; j-)
Page 2 of mwsubre
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Tuble I {cont”}

iT(j = 0 && dsldmax] affeer && ) {
{void} Iseck(fd, dx[dmax].offser, G,
(void) read(fd, (chur *)&dx[dmux] jp. sizeafstruct jmp)).
(void) read(R, (char ¢)&dx{dmux].offset, sieeof{dy [dmax).offvet));
du[dmax]ijmp=MAXIMP-[,

.readjmps

else
break;

1

if (i >=IMPS)
Forintfstderr, "%a: o many gaps in alignmentia®, prog);
cleanupfl);

siz = dx|dmas [jp.alil;
X == et dmax ) jp X[,
dmax 4= siz
If(ziz<0) | 4* gap in sscond seq
ppLnfil] = iz,
XX = Ri
1= xx-yy tlenl -
ay

ppl11sl] = xx - dma + fenl - 1
BAYTH
TEEPY —= SIT,

#* ignare MAXGAT when daing cdgaps */
siz = (she < MAXGAP || endgeps)? -siz : MAXGAP,
Bl H4y

H

else if(5iz>0){ /% gap in first seq ¥/
ErLnlio] - sce;
PRIE)[D] = xx;
gapx-i;
nyapx b= s8iz,

1* ignore MAXGAP when doing endgans */

sir = [xiz = MAXGAP || endgaps)? siz - MAXGAP,
iy

else
break;

'

M reverse the order of imps

far () =4, 00— < I3 o, 10—}
pl0 Lol pol(nii] = pplOLot U], pREGLAl0) =1,

= ppl01.x}il; prl0].x[)] = ppIGLA[i0]. pRO1.2[30] =1,

3

far{y 0,0l j<
ppll el ppll Lab)= pp{LLalil ], pp(2]nli] =
i =pplTLX0T: ppl1aeli] = pp[ 15 [i1T; po(Ealil] =

}
WA 520
(void) clmelfd};
ifeli {
(vold) unlink{juame):
-0
offsel -

H Page 3 of nwsubr.e
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Tablc 1 {cont’}

”
* write & fillea jmp struct offset of the prev one ¢l any): ma()

writefmps(ix} writejnups
int i,

i
chur *mktempl);

i
iF (mktemp{jname) < 0] 4
fprintt{stderm. "5 can't mktemp() %5n", prog. jname);
cleanp(1);

3

SE((f] = fopenijname, "w"y) == 0} {
fprintfsidert, "%6s: can't write %s\n", prog, jnamel;
exigl);

}

1
{vaid) fwritel(char *)&dx[ix] jp. sizenfistroce jmp). 1. §);
{vaid) fwritef(char & dxJix] offsct, sizeaf(dx[ix] offset), 1, f)

Page 4 of nwsubr.c
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Tahlg 2
PRO IOCRKKOKKEX XXX (Length = 15 amine acids)
Comparison Protein OOORYYYYYY (Length =12 amine acids)

% amino acid sequence identity =

(the number of identically malching amino acid residues between the two polypeptide
sequences as determined by ALIGN-2) divided by (the total number of amine acid
residues of (he PRO polypeptide) =

Sdivided by 15 =33.3%
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Table 3
PRO 19:.9.9.0.0.¢.0.9.9.4 (Length = 10 amino acids)
Comparison Prowcia XXXUXYYYYYYZZY?  (Lepgth = 15 amine acids)

% amino acid sequence identity =

(the number of identically matching amino acid residues between the two polypeptide
sequences as determined by ALKGN-2} divided by (the total number of amine acid
residues of the PRO polypeptide) =

5 divided by 10 =50%
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Table 4
PRO-DNA NINININNNNNINNNNMN {Length = 14 nuclentides)
Comparison DNA NMNNNNLLLLLLLLLL  {Length= 16 nuclectides)

nucleic acid sequence identity =
{the number of identically matching nucleotides between the two nucleic acid sequences
as determined by ALFGN-2) divided by (the total nuraber of nuelectides of the PRO-DNA

nucleic acid sequence) =

S divided by 14 =42.5%
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Table &
PRO-DNA NNNNMNNNNNNN {Lengih = 12 nucleotides)
Cumparison DNA NNNNLLLVV {Length =9 nucleotides)

% nueleic acid sequence tdentity =

(the number ef identically matcling nucleotides between the two nuclei acid sequences
as determined by ALIGN-2) divided by (the {etal number ofnueleotides of the PRO-DNA
nnclejc acid sequence) =

4 divided by 12=33.3%
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1I. Compositions and Methods of 1he Invention
A. Full-length FGF-19 Polypeptide

The present invenlion provides newly identified and isolated nucleotide sequences
encoding pelypeptides relerred 10 in the present application as FGE-19 (or also UNQ334).
In particular, cDNA encoding a FGF-1% polypeptide has been identified and isolated, as
disclosed in further detail in the Examples below, 1 is noted thal proicins produced in
separate expression rounds may be given different PRO numbcrs but the UNG number
is uniyue for any given DNA and the encoded protein, and will not be changed. However,
for sake of simplicity, in the present specification the protein encoded by DMNA4G435-
1219 a5 well as all Turiber native homologues and vartants ncluded in the foregaing
definition of FGF-19 (also sometimes referred to as PRO333), will be referred to as
“BGF-19", repardless of their origio or mode of preparation.

As disclosed in the Lxamples below, a ¢DNA clone designated berein as
DNA49435-121% has been deposited with the ATCC. The actual nucleotide sequence of
the clone can readily be determined by the skilled artisan by sequencing of the deposited
clone using routine methods in the art. The predicted sminc acid scyuence can be
determined from the nuclentide sequence using routine skill. Forthe FGF-19 polypeptide
and encoding nucleic acid described herein, Applicants have identified what is believed
ta be the reading {rame best identifizble with the sequence information available al the
time.

Using the ALIGN-2 sequence alignment computer program referenced above, 1l
has been found that the full-length native sequence FGE-19 (shown in Figare 2 and SEQQ
10 NO:2) has centain amino acid sequence idearity with AFQO7268 1. Accordingly, it
is presently believed that the FGE-I9 polypeptide disclosed in the present application is
anewly identificd member of the fibroblast growth factor protein family and may possess
one or more biclogical and/or immunological activities or properlies Lypical of that

protein family.

B. FGF-19 Variants
[r addition to the full-length native sequence FGF-19 polypeplides described

herein, it js comemplated that FGF-19 variants can be preparsd. FGF-19 variants can be
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20

prepared by introducing appropriate rucleotide changes into the FGF-19 DNA, and/or by
synthesis of the desired FGF-1% polypeptides. Those skilled in the art will appreciate that
aming acid changes may alter post-translational processes of the FGF-19, such as
changing the number or position of glycosylation sites or aliering the membrane
anchoring characteristics.

Variations in the native full-lengih sequence FGF-12 oc in various demains of the
F&GF-19 deseribed herein, can be made, for example, using any of the techoiques and
guidelines for conservauve and pen-conservarive mutations st forth, for instance, in 1.5,
Fatent No. 5,364,934, Variations may be a substitution, delelion or Insertion of ong or
more coduns encoding the FGF-16 that results in a change in the amino aeid sequence of
the FGF-19 as compired with the native sequence FGE-19. Optionally the variaton iy
by substitution of at least one amine acid with any other amino acid in one or more of the
domains of the FGF-19. Guidance in determining which amino acid residue may be
inscrted, substituted or deleted without adversely affecting the desired activily may be
found by comparing the sequence of the FGF- 1% with that of homologous knawn protein
molecules and minimizing the number of amine acid sequence changes made in reglons
ofhigh homology. Aming acid substitutions can be the result of replacing one amine acid
wilh another amino acid having similar structural and/or chemical properties, suchas the
replacement of a Jeucine with a sering, i.e., conservative amino acid replaccments.
Tnsertions or deletions may optionally be in the range of about 1 10 5 amine acids. The
varjation allowed may be determined by systematically muking insertions, dcletions or
substitutions of amino zcids n the sequence and lesting the resuliing varants for activity
exhibited by the full-lengih or maiure native sequence.

FGF-19 polypeptide fragments are provided herein.  Such fragments may be
truncated at the N-terminus or C-terminus, or may lack internal residucs, for example.
when compared with a full Jength rative protein. Certain fragments lack amine acid
residues that are not cssentizl for a desired biological acuvity of the FGE-1Y polypemide.

FGF-19 fragmems may be prepared by any of a2 number of conventional
technigues. Desired peptide fragments may be chemically synthesized. An alternalive
approach invelves generating FGL'-19 fragments by enzymatic digestion, e.jr., by reating

(he protein with an enzyme known to cleave proteins at sites defined by particular amino
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acid residues, or by digesting the DNA with suitable restriction enzymes and isolating the
desired frugment, Yet another suvitable technique involves isolating and amplifying a
DMA fragment encoding a desired polypeptide fragment, by polymerase chain waction
(PCR). Oligenucleatides that define the desired termini of the DNA tragment are
employed atthe 5'and 3' primers inthe PCR. Preferably, FGF-19 polypeptide (ragments
share at least one biological andfor immunologicat activity with the native FGF-19
polypeptide shown in Figure 2 (SEQ ID NO:2).

I[n particular embodiments, conservative substitutions of interest are shown in
Table & under the heading of preferred substitutions. If such subsiitutions result in a
change in biological activity, then more substantial changes, denominated exemplary
substitutions in Table 6, or as further described below in reference to amino acid classes,

are introduced and the produocts screened.

Table 6

Original Cxemplary Preferred
Residue Substitutions Substitutions
Ala(A) val; leu; ile val
Arg (R) lys; pln; asn lys
Asn (N gin; his; lys; arg gln
Asp (D) sl glu
Cys (C) ser st
Gln () asn asn
Glu (E) asp asp
Gly (G) pro; ala ala
His (1T} asn; glu; lys; arg arg
lic(D) len; val; met; ala; phe;

norfeucing leu
Leu{L} notleucine; ile; val;

met; ala; phe ile
Lys (K) arg; gln, asn arg
Met (M) lew, phe; ile leu
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Phe (F) leu; val, ile; ala; tyr lou
Pro () ala aly
Ser 18) thr thr
Thr (T} ser sUT
Trp (W) iyr; phe tyr
Tyr (Y} tp; phe; thy; ser phe
Val (V} tle; leu; met: phe;
ala; norleucine lew

20

25

30

Substantial modificaticns in function or immunological identity of the FGF-19
pelypeptide are accomplished by selecting substitutions ihat dilfer significantly in their
effect on maintaining (a) the structure of the polypeptide backbone in the area of the
subshitution, for example, as a sbeet or helical corformation, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the bulk ot the side chain.
Nateally occurring residugs are divided imo groups hased on common gide-chatn

propertics:

(1) hydrophobic: norleueine, met, 2la, val, ley, iic;

(2) neutral hydrephilic: cys, ser, thr;

(3) acidic: asp, glu,

(4) basic: asn, gho, his, lys, arp;

{3) restdues that inlluence chain orientation: gly, pro; and

(&) arematic: trp, tyr, phe.

Non-conscrvative substiutions will entail cxchanging a member of anc of hese
classes for another cluss. Such substituted residues alse may be miroduced miv the
conservative substitution sites or, mete preferably, into the remaining (non-conserved)
sites.

The wvariations can be made nsing methods known in the art soch as
aligonucleatide-medinted (site-dirscted) mutagenssis, alopine scanning, and PCR

mutagenesis. Site-dirccted mutagencsis [Carter et al., Nucl. Acids Res., 13:4331 (1986);

Sk
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Zoller et al., Mucl. Acids Res., 10:6487 {1987)), cassene mutagenesis [Wells et al., Gene,

34:315 (1985Y], testriction selection mutagenesis [Wells et al., Philos. Trans, R, Soc,
London SerA, 317:415(1986)] or other known techniques can he performed on the cloned
DMA to produce the FGF-19 variant DNA.

Scanning amino acid analysis can also be cmploved to identify one or more amino
acids along a contiguous sequence. Among the preferred scanning aminoe acids are
relativel y small, neutral amino acids. Such amino acids include a2lanine, glyeine. serine,
and cysteine. Alanine is typically a prefermed scanning amine acid among this group
because it eliminates the side-chain beyond the beta-carbon and is less likely to alter the
main-chain conformation o(1he variant [Cunningham and Wells, Science, 244: 1081-1085
(198%)]. Alanine is also typically preferred hecause it is the most common amino acid.
Further, it is frequently found in both buried and exposed positions {Creighton, The
Proteins, (W H. Freeman & Co., N.Y.); Chothia, J. Mol. Biel., 150:1 (1976)). Il alanine
substinution docs not yield adequate amounts of variant, an isoteric amine acid can be

used.

C. Modifications of FGF-19

Covalent modifications of FGF-19ure included within the scope o this invention,
One tvpe of covalent medification includes reacting 1argeied amino acid residues of a
FGF-19 polypeptide with an arganic derivatizing apent that is capable of rcacting with
selecred side chains or the N- or C- werminal residues of the FGF-19. Derivatization with
hifunctional agents is useful, for instance, for crosstinking FGF-19 1o a water-insoluble
support matrix of surface for use in the method for purifying anti-FGF-19 amibodies, and
vice-versa. Commenly used crosslinking agents include, e.p., 1,1-bis(diazoacetyl)-2-
phenylethane, glutaraldehyde, W-hydroxysuccinimide esters, for example, csters with 4-
azidosalicylic acid, homobifimctional imidoesters, including disuccinimidyl esters such
as 3,3'-dithiohis{succinimidylpropionate), bifunctional maleimides such as bis-N-
maleirido-1,8-ectane and agents such as methyi-3-[(p-azidophenyl)dithio]propicimidate.

Other modifications include deamidation of glutaminyl and asparaginyl residucs
to the corresponding ghutamy! and aspartyl residues, respectively, hvdroxylation of

proline and lysioe, phosphocylation of hydroxyl groups of seryl or threonyl residues,
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methylation of the t-amino proups of lysing, arginine, and histidioe side chains [T.F.

Creighton, Proteins: Structure and Molecular Properties, W.H. Freeman & Co., San
Francisco, pp. 79-86 (1983)], acerytation of the N-terminal amine, and amidation of any
C-terminal carboxyl group.

Anather type of covaleat modification ofthe FGF-19 polypeptide included within
the scope of this invention comprises altering the native glycosylation pattern of the
polypeptide. “Altering the native glycosylation patiern” is intended for purposes bercin
10 mean deleting one or more carbohydrate maieties foumd in native sequence FGE-19
(either by removing the vnderlying glycosylation site or by delcting the glycosylation by
chemical and/or enzymalic means), and/or adding one or mure glycosylation siles that ure
not present in the native sequence FGF-19. 1n addition, the phrase includes qualitative
changes in the glycosylation of the native proteins, involving a change in the nature and
praportions of the various carbohydrote moieties present.

Addition of glycosylation sites 10 the FGF-19 polypeptide may be sccomplished
by altering the amino acid sequence. Lhe alteration may be made, for example, by the
addition of, or substitution by, one or more serine or threonine residues to the native
sequence FGF-19 (for O-linked glycosylation sifes). The FGF-19 amine acid sequence
may optionally be altered through changes at the DNA level, particularty by mutating the
DNA encoding the FGF-19 polypeptlide at preselected bases such that codohs are
generated that will translate into the desired amino acids.

Another means of increasing the number of carbohydrate moieties on the F'GF-19
palypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. Such
methods are deseribed in the art, e, 10 WG 87/05330 published 11 September 1987, and
in Aplin and Wriston, CRC Crit. Rev. Biochem., pp. 253-306 (1981).

Removal of carbohydrate moieties present on the FGE-19 polypeptide may be
accamplished chemically er cnzymatically or by mutational substitution of codons
encoding for amino acid residucs that serve as targets for glycosylation. Chemical
deglyeosylation techniques are known in the art and described, for instance, by

Hakimuddin, et al., Arch. Biochem. Biophys., 259:52 (1987) and by Edge «i al., Anal.

Bigchem., 118:131 {1981). Enzymatic cleavage of carbohydrate moisties on polypeptides
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can be achieved by the usc of a varicty of cnde- and exo-glycosidases as described by
Thetakura gt al., Meth. Enzymel., 138:350 (1987),

Another type of covalent modification of FGF-19 comprises linking the FGF-19
palypeptide to one of a variety of penprotcinaceous pelymers, .., palyetylene glyeol
(PEG), polypropylene glycol, or polyoxyalkylenes, in the manner sef fortivin U.S. Patent
Mos. 4,640,835; 4,496,689, 4,301,144, 4,670,417; 4,791,192 0r 4,179,337,

The FGF-19 ol the present invention may also be madilied in a way to form a
chimeric molecule comprising FGF-19 fused te another, heterologous polypeptide or
amino acid seguence.

In one embodiment, such a chimeric molecule comprises a fusion of the FGF-19
with a lag polypeptide which provides an epitope to which an auli-tag antibudy can
selectively bind. The epitope tag is gererally placed at the amino- or carboxyl- tenminus
ofthe FGF-19. The presence of such epitope-tagped (ooms of the FGF-19 can be detected
using an antibody agaimst the lag polypeptide. Also. provision of the epitope tag enables
the FGF-19 to be readily purified by affinity purification vsing an anti-tag amibody or
another Lype of atfinity matrix that binds W (be epilope tfag. Vanious tag poly peptides and
their respective antibodies are well known in the art. Examples include poly-histidine
(poly-his) or poly-histidine-glycine (poly-his-gly] tags; the flu HA tag peiypeptide and
its antibody 12CAS (Field et al., Mol Cell. Biol., 8:2159-2165 (1988)]; the e-myctaz and
the 8FY, 3C7, 6116, G4, BT and YEID antibodies thereto |Evan et al., Molecular and
Cellular Biclogy, $:3610-3616 {1983)]: and the Herpes Simplex virus glycoprotein T
() tag and 1ts antbody |Paborsky e1 al., Protein Enpineering, 3(6):547-5353 (1950)].
Qther tag polypeptides include the Flag-peptide |Hopp et al., Bio fechnology, 6:1204-
1210 (1988)]; the KT3 epitope puptide [Martin et al., Science, 255:192-194 (1992)); an
a-tubulin epitope peptide [Skinner et al.. J. Biol. Chem,, 266:15163-13166 (19913]; and
the T7 gene L) protein peptide g [Lutz-Freyermuth et al., Proc, Nall, Acad, Sci. TISA,
87:6393-6397 (1990)).

Inanzlternative embediment, the chimeric molecule may comprise a fusion ofthe

FGF-19 with an immuncglobulin or a particular region of an immuroglobulin. For a
hivalent form of the chimeric molecule (also referred (o as an “ymmumoadhesin™), such

a fusion could be 1o the Fe region of an [gG moelecule. The Ig fusions preferably include
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the substitution of a seluble (transmermbrane domain deleled or inactivated) form of a
F(GF-19 polypeptide in place of at least ane variable region within an Ig molecule. Ina
particularly preferred cmbodiment, the immunoglebulin fusion ineludes the hinge, CH2
and CH3, or the hinge, ClI1, CH2 and CH3 regions of an 1gG1 melecule. For the
production of immunoglobulin fusions see also US Patent No. 5,428,130 issued June 27,
1995,

I>. Prepicatiop of FGE-19

‘The deseription betow refales primarily 10 production of FGF-19 by culturing cells
wansformed ue transfected with a veelor containing FGE-19 pucleic acid. 111s, of course,
contemplated that aliernative methods, which are well known in the art, may be employed
w preparc FGF-19. For ingtance, the FGF-19 sequence, or portions thersof, may be
priduced by direct peptide synthesis using solid-phase techniques [see, e.g., Stewast et
al., Solid-Phase Peptide Synthesis, W.H. Freeman Co., San Franciseo. CA {1969);
Memiliekl, L Am. Chem. Soc., B5:2149-2154 (1963)]. fn vifre protein synthesis may be
performed using manual techniques or by automation. Automated synthesis may be
accomplished, for instance, using an Applied Biosystems Peptide Synthesizer (Foster
City, CA) using manufacturer's instructions.  Various portions of the FGF-19 may be
chemically symhbesized separately and combined using chemical or enzymatic methods
to produce the full-length FGF-19.

1. Isolatipn of DNA Encoding FGF-19
CNA encoding FGF-19 may be obtained Irom a <DNA libtary prepared from

tissue believed to possess the FGF-19 mRNA and to cxpress it at a detectable level.
Accordingly, human FGF-19 DNA can be convenigntly obtained from a cDNA library
prepared from human tissue, such as described in the Examples. The FGF-19-encoding
gene may alsa be obtained from a genomie library or by known synthetic procedures {c.g.,
automated] nucleic acid symtbesis).

Libraries can be sereencd with probes (such as anlibodies to the FGF-19 or
aligonucleotides of at least ahout 20-80 bases) desipned 1o identity the genc of interest

er the protein encoded by il. Screening the cDNA or genomic library with the selected
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probe may be conducted using standard procedures, such as described in Sambrook etal.,
Molecular Cloning: A& Tabotatory Manual (Mew York: Cold Sprity Harbor Laboratory
Press, 1989). An alternative means to isolate the gene encoding FGF-19 is to use PCR
methodology [Sambrook et al., supra; Dieffenbach et al,, PCR Primer: A Laboratory
Manua! (Cold Spring Harbor Laboraiory Press, 1995)).

The Examples below describe techniques for screening a ¢DNA bbrary, The
aligonuclectide sequences selected as probes shouid be of sufficient lengih and
sufficiently unambignous that false positives are minimized. The oligonucleotide is
preferably labeled such that it can be deteeted upon hybridization to DNA in the library
being screened. Methods ot labeling are well known in the art, and inelude the use of
radiolabels like =P-labeled ATP, botinylation or enzyme labeling. Hybridization
conditions, including moderate stringency and bigh stringency, are provided in Sambrock
<t al., supra.

Sequences identified in such librasy screening methods can be compared and
aligned to other known scquences deposited and available in public databases such ag
GenBank or other private sequence databases. Sequence idenlity (at esther the amino acid
or nucleotide level) within defined regions of the molecule or across the full-length
sequence can be determined using mcihiods known in the art and as described hercin.

Mucleic acid having protein coding sequence may be ubtained by screening
selected eDNA or genomic libraries using the deduced amino acid sequence disclosed
herein for the first time, and, if necessary, nsing conventional primer extension procedures
as described in Sambrook et al., supm, 10 detect precursors and processing intennediales

of mRNA that may not have been reverse-tranacribed into clJNA.

2 Sclegtion and Transformation of Host Cells

Hast cells are translested or transformed with expressivn or cloning veetors
described herein for FGIP-19 production and cultured in convertional nutrient media
modified as appropriate for inducing promoters, selecting rransformants, or amplifying
the genes enceding the desired sequences.  The culture conditions, such as media,
temnperature, pll and the like, can be selected by the skilled anisan without undne

experimentation.  In general, principles, protocels, and practical techmigues for
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maximizing the productivity of cell cultures can be found in Mamupelian Cell
Biotechnology: a Practical Approach, M. Butler, ed. {IR1. Press, 1991)and Sambrook ct
al., supra.

Methods of sukaryotic cell transfection and prokaryotic cell wwansformation are
known to the ordinarily skilled autisan, for example, CaCly, CaPQ,, lipesome-mediated
and electroporation. Depending on the host cell used, transfomzation is performed using
standard technigues appropriaie to such cells. The calcium ireatment employing calcium
chloride, as desciibed in Sambrock et al., supra, or electroporation s penerally used for
prokaryotes.  Infection with Agropacterinm tumefaciens is used for transformation of

certain plani ¢ells, as described by Shaw et al, Gene, 23:315 (1983) and WO 89/05859

published 29 June 1989. For mammalian cells without such cell walls, the caicium
phosphate precipitation method of Grahum and van der Eb, Virology, 52:456-437 (1978)
can be employed. General aspects ei mammalian cel} host system transfections have been
deseribed in 11.5. Patent No. 4,399,218, Transformations into yeast are typically cormied
vut sceording to the method of Van Selingen ef al., I Bact., 130:946 {1977} and Hsiao
et al., Proc. Nail. Acad. Sci. (USA), 76:3829 (1979). However, other methods for
ntrodueing DNA into cells, such as by nuclear microinjection, €lectroporation, bacterial
proloplast fusion with intact cells, or polycations, e.g., polybrene, polyornithine. may also
be used. L'or variovs techniques for transtorming mammaban cells, see Keown et al.,
Methads in Enzymalogy, 185:327-337 (1920) and Mansour et al., Malure, 3136:348-352
(1988}

Suitable hosi cells for claning or expressing the DNA jn the vectors herein include
prokaryote, yeast, or higher cukaryole cells. Sutable prokaryotes include but are not
lintited to eubacteria, such as Gram-negative or Gram-positive arganisms, for example,
Enterobacteriaceae such as £ coli. Various E. coli strains are publicly available, sach as
E. coli K12 strain MM294 (ATCC 31.4486); £. cofi X1776 (ATCE 31,537): £. cofi strain
W3110 (ATCC 27,325) and K5 772 (ATCC 53,635). Other suitable prokaryotic host
cellsinclude Enterobacteriacens such as Escherichia, e.g., E. coll, Enterobacter, Erwinia,
Klebsiellu, Proteus, Satmonella, e.p., Sulmonella ryphimurium, Servatig, e.p., Serratia
mareeseans, and Shigelia, as well a3 Bocilti suchas B, subtilis and B. ticheniformis (¢.g.,
B. lickeniformis 41P disclosed in DD 266,710 published 12 April 1989), Pseudomenas
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such as F. geruginosa, end Streptomyeces. These examples are illustrative rather than
limiting. Straio W3110 is one panticularly preferrad kost or pasent host because it is a
common host strain for recombinant DNA preduct fermentations. Preferably, the host
cell sevretes minimal amounts of protec! ylic enzymes. For example, sirain W31 10 may
be moditied to effect 1 genetic mutation io the genes encoding proleins endogenous o Lhe
host, with examples of such hosts including £, cefi W3110 strain A2, which has the
cemplete genatype ford | £ coli W3 10 strain 9E4, which has the complete penotype
tond prrd; E. coli W31 strain 27C7 (ATCC 55,244), which has the complete genotype
tond ptr3 phod E15 (argh-fac) 169 degl ompT kar', £. coti W3114) strain 3706, which
has the complete genotype tond pird phod E15 (argF-lac)i69 degF owmpT rbs7 ivG
ken?', £, coli W3110 struin 40B4, which. is strain 37D6 wilh a non-kanamycin resistant
degf deletion mutation; and an £ coli sirain having mutant poriplasmic protease
disclosed in L8, Patent No. 4,946,783 issued 7 August 1990, Allematively, in vitro
methods of cloning, e.g., PCR or other nucletc acid pelymerase reactions, are sullable.
Inaddition to prakaryotes, enkaryotic microbes such as filamentous fungf or yeast
are suitable cloning or expression hosts for FGF-19-encoding vectors. Swccharomyces
cerevisiae is a commonly used lower eukaryofic host microorganism. Gthers include
Schizosaccharomyces pombe (Beach and MNurse, Nature, 296: 140 [1981]; EP 139,383
published 2 May 1985Y;, Kfuyveromyces hosts (U S, Patent No. 4,943,529, Fleer et al.,

Bio/Technology, 9:968-975 (1991)) such as. eg., K lacts (MWO8-8C, CBS683,
CBS4574; Louvencourt et al., J. Bacieriol., 154(2):737-742 [1983]), K. fragilis (ATCC
12,4240 K budgaricus (ATCC 16,045), K. wickeramil (ATCC 24,178), K waltii (A1CC
56,500), K. drosophifariin (ATCC 36,906; Van den Rerg ct al., Bio/Uechnology, 8:135
(1990%), X. thermotolerans, and K. marxianis, yarrowig (EP 802,228, Pickia pastoris
(EP 183,070; Srcekrishna ct al, L. Basic Microbiol., 28:265-278 [1988]). Candida,
Trichoderaa reexia (EP 244,234); Newrospora eressa (Case et al., Proc, Wall. Acad. Sci.
USA, 76:5259-5263 [1979(); Sefmvanniomyvees such as Scimmannivomyces occidentalis (CP

394,538 published 31 Octeber 19907; and Hilamenieus fungi such ax, e.g., Newrospora,
Penicitlivm, Yolvpeclacing { WO 91/00337 published 1) January 1991}, and Aspergiiius
hosts such as A. nidulans (Ballance et al., Bigchem. Biophvy. Res. Commun., [12:284-
2RO T1983]; Tilburn et al., Gene, 26:205-221 [1983]; Yelton et al., Proc. Natl. Acad. Sei.
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USA, 81: 1470-1474 [1984]} and A. niger {Kelly and Hynes, EMBO 1., 4:475-479
{1985]). Methylotropic yeasts are suitable herein and include, but are not limited te, yeast
capable of growth on methunol selected from the genera consisting of Hunsenulo,
Candida, Kineckera, Pichia, Saecharomyces, Torulopsis, and Rhodetarula. A list of
specific specics that are exemplary of this class of yeusts may be found in C. Anthony,
The Biachemistry of Methylotrophs, 269 (1982).

Suitable host cells Tor the expression of glycosylated FGF-19 are derived from
muiticellular organisms. Examples of invertcbrate cells include inscet cells such as
Brrosaphila $2 and Spoudoptera Sf9, as well as plant cells. Examples of useful mammalian
hast cell lirez include Chinese hamster cvary (CHQ) and COS cells. More specilic
examples include monkey kidney CV1 line transformed by 3V40 (COS-7, ATCC CRI.
1651% human embryonic kidney line {293 or 293 cells subcloned for growth in
suspension culture, Grahamn et al., J. Gen Virol., 36:5% {1977)); Chinese hamster ovary
vells/-DHFR (CIIO, Urtaub and Chasin, Proc. Nall. Acad. Sci. USA, 77:4216 (1980))
mouse sertoli cells (TM4, Mather, Biol. Reprod., 23:243-251 (1980)); human lung cells
(W138, ATCC CCL 75); hwnan liver cells (Hep G2, HB 8065); and mouse mammary
tumor (MMT 060562, ATCC CCL5L). The selection of the appropriate host cell is

decmed to be within the skill in the art.

kS Selection and Use of a Replicable Vector

The stucleic acid{e.g..cDMA or genomic DMNA)Yencoding FOF-19may be inserted
imoa replicable vector for cloming (amplification ofthe DNA) or for expression. Various
veulors are publicly available. The veclor may, for example, be in the form of a plasmid,
casmid, viral particle, or phage. The appropriate nucleic acid sequence may he inserted
inte the veclor by o variety of provedures. o general, DNA is inserted into an appropriate
Testriction endonuclease site(s) using technigues known in the arl. Vector components
generally include, but are oot limiled 1o, one or more of a signal sequence, an origin of
replication, one ot more tharker penes, an enhancer eleihent, a promaer, and a
trapscription termimation sequence. Construction of suitable vegtors containing one or
more of these components employs standard ligation techniques which are known to the

skilled amisan.
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The FGF-19 may be produced recombinantly not enly dircetly, but also as a fusion
palypeptide with u heterologous polypeptide, which may be a signal sequence or other
polypeptide having a specific cleavage site at the N-terminus of the mature protein or
palypeptide. In general, the signal sequence may be a component of the vector, or it may
be a part of the FGF-19<ncoding DINA that is inseried inio the veclor. The signal
sequence may be a prokaryotic sigeal sequence selected, for example, ftom the group of
the alkaline phosphatase, penicillinase, lpp, or heal-stable enterotexin [1 leaders. For
yeast secrenion the signal sequence may be, .., the yeast invertase leader, alpha factor
leader fincluding Seccharomyces and Kfigyveromyces u-factor leaders, the latter described
in U8, Parent Ne. §,010,182), or acid phosphatase leader, the C. afpicans gluccamylase
leader (LY 362,179 published 4 April 1990}, or the signal described in WO 90/13646
published 15 November 1950, In mammalian cell expressier, mammalian signal
sequences may be used to direct seeretion of the prowin, such as signal sequences frem
secreted polypeptides of the sume or related species, as well as viral secretory leaders.

Both expregsion and cloning vectors contain a nucleie acid sequence that enables
the vector to replicate in one or more setected host cells. Such sequences are well known
for a variety of bacieria, yeast, and viruses. The origin of replication from the plasmid
pRE322 is suitable for most Gram-negative bacteria, the 2u plasmid origin is suitable for
veast, and various viral origins ($V 40, polyoma, adenovirus, VSV or BPV) are useful for
cloning vectors it mammalian cells,

Expression and cloning veciorswilf typically contain a selection gene, also termed
uselectable mucker. Typical selection genes encode proleins thal () confer resistance Lo
antibiotics or other toxins, e.g., ampicillin, ncomycin, methotrexate, or tetracycline, (b)
complement avxotrophic deficiensies, of () supply criticat nutrients rot available from
complex media, e.g., the gene encoding D-alanine raccmase for Bucilli.

An example ol suilable selectable markers Tor mammalion cells are those that
enable the identification of cells competent 1o take up the FGF-I9-encoding nucleic acid,
such as DIFR or thymidine kinase. An appropriate host egll when wild-type DIIFR js
employed is the CHO cell line deficient in DHFR activity, prepared and propagated as
described by Urlaub et al.,, Proc. Natt. Acad. Sej. USA, 77:4216 (1980). A suitable

selection gene for use in yeast is the #rpl gene present in the yeast plasmid YRp7

67

SUBSTITUTE SHEET (RULE 26)

JP 2004-500037 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(159)

WO 0118210 PCTUSNOMG471

20

25

30

[Sunchoomb et al., Matere, 282:38 (1979); Kingsman et al., Gens, 7:141 (1979),

Tschemper ct al., Gene, 10:157 (198@)]. The #rp] gene provides a sclection marker for

2 mutant strain of yeast lacking the ubility 1o grow in teyptophan, lor example, ATCC Ne.
44076 or PEP4-1 [lones, Geneties, $5:12 (1977)].

Expression and cloning veciors usually contain a promioter operably linked to the
FGF-19-enceding nucleic acid sequence to direct mRNA synthesis. Promoters recognized
by a variety of potential host cells are well knewn. Promoters suitable for nse with
prokaryotic hosts include the B-lactamase and lactosc prometer sysicms [Chang ct al.,
Nawre, 275:615 (1978); Goeddel et al., Nature, 281:544 (1979)], alkaline phosphatase,
a tryptophan (trp) promaoter system |Goeddel. Nucleic Acids Res.. 8:4057 (198G);, CP

36,776], and hybrid promoters such as the tac promoter [deBoer et 2., Proc. Natl. Acad.
Sci. USA, 80:21-25 {1983)]. Promoters Jor use in bacterial systoma also will contain a
Shine-Dalgarne (8.D.) sequence operably lirked te the DNA encoding FGF-19.

Examples of suitable promoting sequenses for use with yeast hosis include the
promoters tor 3-phosphoglycerate kinase [Hitzeman et al., ). Biol. Chent., 255:2073
(1930} or ether plyeolytic enzymes [Hess ef ak, ). Adv. Enzyme Reg,, 7:149 (1988);
Holland, Biochemistey, 17:4900 (1978)], such as enaolase. glyceraldehyde-3-phosphate
dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, glucose-6-
phosphate isomerase, 3-phosphegiycerate mutase, pyruvaie kinase, irioscphesphate
isomerase, phosphoglucose isomerase, and glucokinase.

Qther yeast promolers, which are inducible promoters having the additional
advantage of iranscription contralled by growth conditivns, are the promoter regions (or
alechol dehydrogenase 2, ooytechrome C, acid phosphatase, degradative enzymes
associated with nitrogen metabolism, metallothioncin, glyceraldehyde-3-phasphate
dehydrogenase, and enzymes responsible for malose and gataclose utilization, Suitable
vectors and promoters for usc in yeast expression are turther described in EP 73,657.

FGF-1% transcription from vectors in mammalian host eells is controlied, for
example, by promoters obtained from the genomes of viruses such a8 polyoma virus,
fowlpox virug (UK 2,211,504 published § July 1989), adenovirus (such as Adenovirus 2),
bovine papilloma virus, avian sarcoma virus, cytomegalovirus, a retrevirus, hepatitis-B

virs and Simian Virus 40 ($Y40), from beterologous mammalian promuoters, e.g., the
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actin promoter or an immungglobulin promoter, and from heat-shock prometers, provided
such promoters are compatible with the host cell systems.

Transeription of a DNA encoding the FGF-19 by higher eukaryotes may be
increased by inserting an enhancer sequence into the vector. Enhancers are cis-acting
clements of DN A, usually about from 10 to 304 bp, that act on a promoter to increase is
transcription. Many enhancer sequences are now known from mammalian genes (globin,
elastase, albumin, a-fetoprotein, and insulin).  Typically, however, one wiil use an
cnhancer ftom a eukaryotic cell virus. Examples include the $V40 enhancer on the late
side of the replication erigin (bp 100-270}, the cytomegalovirus early promoter enhancer,
the pil yoma enhancer on the late side of the replication origin, and adenovirus enhancers,
The enhancer may he spliced into the vector at & position 3 or 3' to the FGF-19 coding
sequence, but is preferably Tocared at a site 3' from the promerer.

Expression vectors used in eukaryefic host cells (veast, fungi. insect, plant, animal,
human, or pucleated cells from other multicellular prganisms) will also contain sequences
nevessary for the termination of tanscription and for stabilizing the mINA. Such
sequences are commonly available from the 5' and, occasiorally 3, untranslated regions
of eukaryotic or viral DMAs or cDNAs, These repions contain nucleotide segments
traoscribed as polyadenylated fragments io (he untransiated portion of the mRNA
encading FGF-19.

Still ather methods, veetors, and host celis suitable for adaptation to the synthesis
of FGI-19 in recombinant vertebrate cell euliure are described in Gething er al., Marure,
203:620-625 (1981); Mantel et al. Nature, 281:40-4G {1979} EP 117,060: and FP
117,058,

4. Detecting Gene Amplification/Expression
Gene amplification and/or cxpression may be measurcd in a sample directly. for
cxample, by conventional Southern blotting, Northern blotting to guantitate the
wanscription of mRMA [Thomas, Proc, Natl, Acad, Sci. USA_77:3201-5205 (1 980)], dot
hlotting (DA analysis), or i vitu hybridization, using, an appropriately labeled probe,
based on the sequences provided herein. Alternatively, antibodies may be emploved that

can recopnize specific duplexes, including DNA duplexes, RNA duplexes, and
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DNA-RMA hybrid duplexes or DNA-protein duplexes. The antibodies in turn may be
labeled and the assay may be carried out where the duplex is bound to a surface, so that
upon the formation of duplex on the surface, the presence of antibody bound to the duplex
can be detected.

Gene expression, altemalively, may be measured by immunological methods, such
as imemunohistochemical slaining of eells or tissve sections and assay of cell culire or
bedy fluids, to quantitate directly the expression of gene product. Antibodies useful {or
immunohistochemical staining and/or assay of sample fluids may be cither monoclonal
or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may
be prepared against a native sequence FGF-19 pelypeptide or against a synthetic peptide
based on the DNA. sequences provided hereln or agoinst exogenous sequence fused Lo

FGEF-19 DNA and encoding a specific antibody epitope.

5. Purification ol Folypeplide

Forms of FGF-19 may be recovered from culture medium ar from host cell
Iysates.  [f membrane-bound, it can be released from the membrane wsing 2 suitable
detergent solution (e.g. Triton-X 100) or by enzymatic cleavage. Cells employed in
cxpression of FGF-19 can be disrepted by various physical or chemical means, such as
freeze-thaw cyeling, sonication, mechanical discuption, or cel] lysing agenls.

It may be desired w purity FGIF-19 from recombinam cell proteins or
polypeptides.  The iullowing proccedures are exemplary ot suitable purification
provedures: by fractionation on an jon-exchange column; ethanol precipitation; reverse
phase HPLC; chromatography on silica or on a cation-cxchange resin such as DEAT;
chromatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration using, for
cxample, Sephadex G-75; protein A Scpharose colunins to remove contaminants such as
1eG; and metal chelating columns o bind epitope-tagged forms of the FGF-19. Varions
methods of protein purification may be employed and such methods are known in the an
and described for example in Deutscher, Methods in Enzymelegy, 182 {1990):; Scopes,
Protein Puritication: Principles and Practice, Springer-Verlag, New York (1982). The
purification step(s) seleeied will depend, for example, on the nawre of the preduction

process used and the particular FGF-19 preduced.
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E. Uses for PGF-19

Mucleotide sequences (or their complement) encoding FGF-19 have various
applications in the art of molceular biology, ineluding uses as hybridization probes, in
chromosome and gene mapping and in the generation of anti-sense RNA and DNA, FGF-
19 nucleic acid will also be useful for the preparation of FGF-1Y9 polypeptides by the
recombinant technigues described herein.

The full-length native sequence FGF-19 gene (SEQ ID NO: 1), or portions thereof,
may beused as hybndization probes for a cDNA hibrary to fsolate the full-length FGF-19
c¢NA or to isolate still other cDNAs (for instance, those encoding naturally-occurring
vaniants of FGF-19 or FGF-19 from other species) which have a desired sequence identity
to the FGF-19 sequence disclosed in Figure 1 {SEQ ID MO:1). Optionally, the length of
the probes will be about 20 to about 50 bases. The hiybridization probes may be derived
from at least partially novel regions of the nucleotide sequence 0f SEQ 1D NO: 1 wherein
those regions may be determined without undue experimentation or ltom geromic
sequences including promoters, enhancer elements aod introns ol native sequence FGF-
19. By way of example, a screening method will comprise isolating the coding region ol
the FGGF-19 gene using the known DNA sequence to synthesize a seleeted probe of about
40 bases. Hybndization probes may be labeled by a varicty of labels, including
radionucleotides such as *P or *S, or enzymatic labels such as alkaline phosphatase
coupled to the probe via avidin/biotin coupling systems. Luabeled probes having a
sequence complementary w that of the FGF-19 pene of the present invention can be used
o sereen librarics of human cONA, genomic DNA or mRNA w0 determine which
members ol such libraries the probe hvbridizes to. Hybridization techniques are described
in further detail in the Examples below.

Any EST sequences disclosed in the present application may similarly be
cmployed as probes, using the methods disclosed herein.

Other uscful fragments of the FGF-12 nueleic acids fnclude antisense or sense
oligonuclentides comprising a singe-siranded nucleic acid sequence (either RNA or DNAY
capable of binding {o target FGF-19 mRNA (sense) or FGF-1% DNA (antisense)
sequences, Antsense of sense oliganucieotides, according to the present invention,

comprise a fragment of ke coding region of FGF-19 DINA. Such a fragment generally

71

SUBSTITUTE SHEET (RULE 26)

JP 2004-500037 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(163)

WO 0118210 PCTUSNOMG471

10

15

20

30

comprises at least about 14 nucleotides, preferably from about 14 to 30 nuclectides. The

ability to derive an antisense or a sense oligonucleotide, based upoen a cDNA sequence

encoding & given protwin is described in, for example, Stein and Cohen {Cancer Res.

48:2659. 1988) and van der Krol et al. {BioTechniques 6:958, 1988).

Binding of antisense ot sense oligenucleotides to target nucleic acid sequences
results in the formation of duplexes that block transcription or translation of the target
scquence by one of scveral means, including enhanced degradation of the duplexes,
premalure ermination of ranseription or translation, ot by wther means. The entisense
oligonucleotides thus may be used o block expression of FGF-1% prateins. Antiscasc or
sense oligonuclectides further comprise oligonucleotides having modificd sugar-
phasphediester backbones (or other sugar linkages, such as thosc described in WO
/46629 and wherein such supar linkages are resistant te endogenous nucleases. Such
oligonucleotides with resistant sugar linkages ara stable iz vive (i.e., capable of resisting
cnzymatic degradation) but retain sequence specificity to be able io bind to tarpet
nucleotide sequences.

Other examples of semse or anlisense oligonucleotides include  those
oligonucteotides which are covalently linked 1o erganic moieries, such as those described
in WO 90/10048, and other moielies that increases aflinity of the oligonucleotide for a
target nucieic acid sequence, such as poly-(L-lysine). Vunher stll, intercalating agems,
such as cllipticine, and alkylating agents or metal complexes may he aitached to sense or
amisense eligonucleotides o modily binding specifcities of (he anuisense or sense
uligonuclevtide for the target nucleotide sequence.

Antisense or sense oligemcleotides may be introduced into 5 cell containing the
target nucleic acid sequence by any g;::n:: transfer method, including, for example, CaP0,-
mediated DNA transfection, electroporation, or by using genc transfer vectors such as
Epstein-Barr virus. In a prelered procedure, an antisenss or sense eligenucleolide is
inserted into a suitable retroviral vecter. A ccll containing the target nucleic acid
sequence is contacied with the recombinant rergviral vecuwor, either in vivg or ex vive.
Suitable retroviral vectors include, bat arc not limited to, these derived from the murine
retrovirus M-MoL V', N2 (a rerrovirus derived trom M-MuLV), or the double copy vectors
designated DCTSA, DCTSB and DCTIC (see WO 90/13641).
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Sensc or antiscnse oligonucleotides atsa may be introduced into a cell containing
the targel nuelestide sequence by formation of a conjugate with a ligand binding
rolecule, as described in WO 91/04753. Suitable ligand binding molecules include, but
are not limited o, cell surfave receptors, growih factors, other cylokines, or other ligands
that bind to cell surface receptors. Preferably, conjugation of the ligand binding molecule
does not substantially inteefere with the ability of the lipand binding moleeule 1w bind 1o
its correspending melecule or receptor, or block entry of the sense or antisense
oligonucleotide or its conjugated version inte the cell.

Alternatively, a sense or an antisense eligonucleotide may be introduced into & cell
containing the target nucleic acid sequence by formation of an oligonucleotide-lipid
compiex, as described in WO 90/10448. The sense or antisense oligonucleotide-lipid
complex is preferably dissociated within the cell by an endogenous Lipase.

The probes may alse be employed in PCR techniques o generate a pool of
sequences for identification of closely related FGE-19 coding sequences.

Mucleatide sequences encoding a FGF-19 can also he used to construct
hybridization probes for mapping the gene which encodes that FGF- 19 and (erthe genetic
znalysis of individuals with genetic disorders. 1he nuclestide sequences provided herein
may be mapped to a chromosome and specific regions of 2 chremoseme using known
techpigues, such as in sits hybridiration, linkage analysis against known chromosomal
markers, and hybridization screcning with libraries.

When the coding sequences for FGF-19 encode a protein which binds to another
protein (exemple, where the FGF-19 is a receplor}, the FGF-19 can be vsed in assays o
identify the other proteins or molecules involved in the binding intcraction. Ry such
methods, inhibitors of the receptor/ligand boding interaction can be identified. Proteins
involved in such binding interactions can also be used to screen for peptide or small
molecule inhibitors or agonists of the binding imeraction. Also, (he receptor FGF-19 can
be used o isolate correlative ligand(s). Screening assays can be designed 10 find lead
compounds that mimic the biological activity ol a nutive FGF-19 or a receptor for FGF-
19. Such screening assays will include assays amenable 1o high-throughput sereening of
chemical libraries, making them pamicularly sujtable for idewifying small molecule drug

candidates. Small molecnles contemplated include synthetic vrganic or inorganic
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vompounds. The assays ¢un be performed in a varicty of formats, including protein-
protein binding assays, biechemical screening assays, immiunoassays and cell based
assays. which are well characterized in the art.

Mucleie acids which engode FGF-19 or its modified forms can also be used to
generate gither transgenic animals or "knock out™ animals which, inturn, are useful in the
development and sereening of therapeutically useful reagents. A transgenic animal (e.g.,
2 mouse or rat) is an animal having cells that contain a transgene, which transgene was
introduced into the animal or an ancestor of the animal at a prenatal, c.g, ., an embryonic
stage. A transgene is a DNA which isintegrated into the genome of a ecll from which a
transgenic animal develops. In one embodiment, cDNA encoding FGF-19 can be used
to-clone genomic DNA encoding FGF-19 in accordance with established technigues and
the genomic sequences used (o penerate transgenic animals that centain cells which
express DNA encoding FGF-19. Methods for generaiing transgenic animals, particularly
animals such as mice or rats, have become conventional in the art and are described, for
example, in LS. Patent Mos. 4,736,866 and 4,870,009, Typically, padicular cells would
be targeted for FGF-19 transgene incorporabion with tissue-specitic enhancers.
Transgenic animals thal include a cupy of a transgene encoding FGF-19 introduced into
the germ line of the animal a1 an embivonic stage can be used 10 examine the effect of
increascd expression of DNA enceding FGF-19. Such animals can be used as tester
animals for reagems thought to confer protection from, for example, pathelogical
conditions associated with its overexpression. In accordance with this facet of the
inveation, an animal is weated with the reagent and a reduced incidence of the
pathological condition, compared o untreated animals bearing the transgene, would
indicate a potentiel therapeutic intervention for the pathological condition.

Alternatively, non-human homologues of FGF-19 can be used 1o vonstruct a FGF -
19 "knock out” animal which has a defective or altered gene encoding FGF-19 as a result
of homologous recombination beiween the endogenous gene ¢nceding FGF-19 and
altered genomic DNA cncoding FGF-19 introduced into an embryonic stem ccll of the
animeal. For exampte, eDiNA encoding FGF-19 ¢an be used o clone genomic DNA
encoding FGF-19 in accordance with established techniques. A portion of the penomic

DNA enceding FGY-19 can be deleted or replaced with another gene, such us a gene
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encoding aselectable marker which can be used to monitor integration. Typicaily, scveral
kilobascs of unaltered flanking DNA (both at the 5 and 3 ends) are inciuded inthe vector
[see e.g., Thomas and Capecchi. Cell, 51:503 (1987) for a description of homologous

recombination vectors]. The veetor is intreduced into an embryonic siem cell line (2.q.,
by electroporation)and cells in which the introduced DNA has homologously recombined
with the endogencus DNA are sclevted [see e, Li gt al,, Cell, 62915 (1992)]. The
selected celis are then injected inte a blastocyst of an animal {e.g., & movse or rt) o form
epgregationchimeras [see e.g., Bradley, in Teratocorcinanias amd Embryonic Stem Cells:
A Practical Approoch, L. J. Robertson, ed. {IRL. Oxford, 1987), pp. 113-152]. A
chimeric embrys can then be implanted into a suitable pseudepregnant female foster
animal and the embryo brought to term to create a “knock owt" animal. Progeny
harbering the homologously reeombined DNA in their genm cells can be identified by
standard techniques and used to breed animals in which 1l cells of the animal contain the
homelogously recombined DNA. Knockout animals can be churacterized for instance,
for their abiliy w defend apainst cenain pathological conditions and for their
development of pathelogival conditions due 1o absence ol the FGEF-19 polypeplide.

Mucleje acid encoding the FGF-19 polypeptides may also be used in genc therapy.
In pene therapy applications, genes are introduced into eclls in order to achieve in vive
synthesis of a therapeutically effective genetic product, for example far replacement off
adefective gene. "Gene therapy " includes both conventional gene therapy where alasting
effectisachieved by asingle treatment, and the adminisiration of gene therapeutic agents,
which invelves the one time or repeated administration of a therupeutically effecuve DNA
or mRNA. Antisense RNAs and DNAS can be used as therapeutic agents for blocking the
expression of certain genes in wive, 1t has already been shown that short antisense
olignnucleotides can be imported inte cells where they act as inhibitors, despite their low
intracellular concentreiions vaused by their testricled uptuke by 1he cell membrane.
(Famecnik ef of., Proc. Nath Acad. Sci, USA 83:4143-4146 [1986]). The
oligonuclestides can be modified w enhance their uptake, e.g. by substituting their
negalively charged phosphodicster groups by uncharged groups.

‘There are a variety of techniques available for introducing nucleic acids i viable

cells. The techniques vary depending upom whether the nucleic acid is transferred into

75

SUBSTITUTE SHEET (RULE 2¢)

JP 2004-500037 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

25

(167)

WO 0118210 PCTUSNOMG471

cultured cells in vitro, or i vive in the cells of the intended bost, Techmiques suitable fir
the transter of nucleic acid into mammalian celis /n virvo include the use of liposomes,
electroporation, micrpinjection, cell fusion, DEAE-dextran, the caleiom phosphate
precipitation method, ete. The currently preferred iz vive gene transferlechniques include
transfeetion with viral (typically retroviral) vectors and wiral eoat protein-liposone
mediaied transfection (Dzau et al., I'tends ip Biotechnology 11, 205-210[1993]). [nsenw
situations it is desirabie to provide the nucleic acid source with an agent that fargets the
target cells, such as an antibody specilic for 2 cell surface membrane protein or the target
cell, a ligand for a recepror on the target cell, etc. Where liposomes are employed,
prateins which bind 16 2 cell surface membrane protwin associated with endeeytosis may
be used for targeting and/or to facilitate uptake. e.g. capsid proteins or fragments thereof
tropic for a particular cell ype, antibodies for proteins which underge internalization in
cycling, proteins that target intracellular localization and enhence intracellular hall-life.
The technique of recepter-mediated chidocytasis is deseribed, for example, by Wu et al |
J. Biol. Chem. 262, 4429-4432 (1987); and Wagneretal., Proc. Natl. Acad. Scij. USA 87,
3410-3414 (1990). For review of gene marking and genc therapy protocols ses Anderson

ct al., Scicnee 256, 808-813 (1992).

The FGF-19 polypeptides described herein may also be employed s molecnlar
weight markers for protein electropheresis purposes.

The nucleie acid molecules encoding the FGF-19 polypeptides or fragmenis
thereo! described hercin are usetul for chromosome identification. In this regard, ther
cxists an ongning need to identify now chromosome markers, since relatively fow
chromaosome merking reagents, based upon actual sequence data are presently available.
Each FGF-19 nucleic acid molecule of the present invention can be used as 2 chromosome
narker.

The FGI-19 poiypeptides and nucleic acid molecules of the present invention may
alse be used for tissue iy ping, wherein the FGF-19 polypeplides of the present invention
may be dillerentially expressed in one tissue as compared 1o another. FGF-19 nucleic
acid molecules will find use for generating probes for PCR, Northern analysis, Southem

unalysis and Western analysis.
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The FGF-19 pelypeptides and modulators thercof deseribed herein may alse be
employed as therapeutic agents. The FGF-19 palypeptides and modulators thereof of the
present invention can be formulated according tw knoewn metheds to prepare
pharmaceutically useful compositions, whereby the FGF-19 product hereof is combined
inadmixture with a pharmaceutically acceptable carrier vebicle. Therapeutic farmulations
are prepared for storage by mixing the active ingredient having the desired degree of
purity with optional physiologically acceptable carrers, excipients or stabilizers
{Remington's Pharmmaccutical Sciencgs 16th edition, Gsol, A Ed. (1980)), in the form of
lyophilized formulations or agueous solutions. Acceptable carriers, cxcipients or
stabilizers are nontoxic 1o recipients at the dosages and concentratiens employed, and
include buffers such as phosphate, citrate and other organic acids; antioxidants including
ascorbic acid; low molecular weight (less than about 10 residues) pelypeptides; proteins,
such as serum albumin, gelatin or immunoglobulins; hydrophilic polymers such as
polyvinylpyrrolidone, amine acids such as glycine, glotamine, asparagine, arginine or
tysing; monosaccharides, disaccharides and other carbohydrates including glucose,
mannose, ar dextring; chelating 2gents such as EDTA; sngar alcehols such as mannital
or sorbitei; salt-forming counterions such as sodium; and/er nanionic surfictants such as
TWEEN™, PLURONICS™ ar PIIG.

The tormulations to be used for ir vive administration must be sterile. This is
readily accomplished by [ltration shrough sterile filization membrancs, prior o or
Iollowing lyephilization and reconstitution.

Therapeutic compositions herein generally are placed into a container having a
sterile access port, for example, an intravenous solution bag or vial having a siopper
pierceable by a hypodermic injection needle.

The route of administration is in accerd with known methods, e.g. injection or
infusion by intravenous, intraperitoneal, intracerebral, intramuscular, intraocular,
intraarterial or intralesional routes, fopical administration, urby sustained relense systems.

Doesuges and desired drug concentrations of pharmaccutical compositions of the
present invention may vary depending on the particular use envisioned. The
determination of the appropriate dosage or toute of administration is well within the skill

of an ordinary physiclan.  Ammal experiments provide rehuble puldance for the
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determination: of cffective doses for human therapy. Interspecies scaling of elfective
doses can be performed following the principles laid down by Mordenti. J. and Chappell,
W. “The use of Interspecies scaling in oxicokinetics” In Toxicokineligs and Mew Drug
Development, Yacobi et 2., Eds., Pergaman Press, New York 1989, pp. 42-96.

When in vivo administration of a FGF-19 polypeptide or agonist or antagentst
ihereof is employed, normal dosage amounts may vary from aboui 10 ng/kg to up to 100
mgfkg of mammal body weight or more per day, preferably about | pp/kg/day to 10
my/kgiday, depending upon the route of administration. Guidance as to particular
dosages and methods of delivery is provided in the literature; see, for example, ULS. Par.
Nos. 4,657,760; 5,206,344; or 5,225,212, It is anticipated that different formulations will
be effective for different treatment compounds and different disorders, that administration
tarpeling vne organ or lissue, for example, may necessitate delivery in a manner different
from that to another organ or tissue.

Where sustained-release adiministration of a FGF-19 polypeptide or modulator is
desired in a formulation with release characteristics suitable for the treatment of any
discase or disorder requiring administration ot the FGF-19 polypeptide or modulator,
microencapsulation is contemplated. Microencapsulation of recombinant proteins for
sustained release has been successfally performed with human growth hormone (thGH).
interferon-{ri FN- ), interleukin-2, and MM rgp1 20. Johnson ctal., Nal, Med., 2:795-79¢
(1996); Yasuda, Bigmed. Ther., 27:1221-1223 (199%); Hora e al., Big/lechnology.
§:755-758 (1590); Cletand, "Design and Production of Single Immunization Vaccines
Using Polylactide Polyglycolide Microsplere Systems,” in Vaccine Design: The Subunit
and Adjuvant Appeoach, T'owell and Mewmam, eds, (Plenum Press: New York, 1995). pp.
439-462; WO 9703692, WO 96/40072, WO 96/0739Y; and 1.8, Pat. No. 5,654,010.

The sustained-releass formulations of these proteins were developed using poly-
lactic-coglycolic acid (PLGA) pelymer due to its biocompatibility and wide range of
biodegradable properties. The degradution products of PLGA, lactic and glycolic acids,
cam be cleared guickly within ihe human body. Morcover, the degradability of this
polymer can be adjusted from manths to years depending on its molecnlar weight and

composition. Lewis, “Cuntrolled release of bioactive agents from lactide/glycolide

18

SUBSTITUTE SHEET {RULE 28}

JP 2004-500037 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

10

20

15

(170)

WO 0118210 PCTUSNOMG471

palymer,” in: M. Chasin and R, Langer {Eds.), Biodcgradable Polvmers as Dy Delivel
Systems (Marcel Deldker: New Yorl, 1990), pp. 1-41.

The therapeutic agents and compositions comprising FGF- 19 provided herein can
be used in a oumber of applications. The applications include treafing an individual with
obesity or acondition asseciated with obesity. In one aspect, FGF-19 is administered to
an individual in need thereofin an amount etfective to ireat the condition. Preferably, the
condition is one which requires at least one of the following ta be treated: an increase in
mctabolism, a decrease in body weight, a decrease in body fat, a decrease in triglyecrides,
a deerease in free fatty acids, an inerease in glucose release from adipecytes andfor an
increase in leptin release from adipocytes. Lach of these parameters can be measured by
standard methods, for example, by measuring oxygen consumption to determine
metabolic rate, using scales to detenmine weight. and measuring size to determine fat.
Moreover, the presence and amount of triglyeerides, free fatty acids, glucose and leptin
can be determined by standard metheds. Each of these parameters is exemplified below
in the specilic examples.

FGF-19 and compositions comprising FGE-19 are preferably used i vivo.
Howewver, a5 discussed below, admiristralion can be in vitre such as in the methods
described below for screening for modulators of FGEF-19. Although, itis understood that
modulators of FGF-19 can also be identificd by the use of animal models and samples
from patiencs,

This invention cncormpasses metheds of screening compeounds to identify those
that mimic or enhance the FGF-19 polypeptide (agonists) or prevent or inhibit the effect
of the FGF-19 pelypeplide {antagonists). Agonists and antegenists are refemred 12 as
modulaters herein,  Sereening assays for antagonist drug candidates are designed to
identify compounds that bind or complex with the FGF-19 polypeptides encoded by the
penes identified herein, or otherwise interfere with the interaction of the encoded
polypeptides with other cellular protefng. Such screening assays will includs assays
amenatle to high-throughput screening of chemical libraries, making them particularly

suitable for identifying small molecule drug candidates.
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The assays can be performed in a variety of formats, including protein-protein
binding assays, biochemical screening assays, immunoassays, and ccll-based assays,
which are well characterized in the art.

All assays for antagonists are common in that they call {or conlacting the drug
candidate with a FGFE-19 polypeplide encoded by a nucleic acid identitied herein under
conditions and for a time sufficient to allow these two components 1o interact,

In binding assays, the interaction is binding and the complex fonned can be
isolated or detected in the rcaction mixture. [n a particular embodiment, the FGF-19
palypeptide encoded by the gene identified herein or the drug candidate is immobilized
on a solid phase, e.g.. on a microtiter plate, by covalent or non-covalent attachments.
Non-covalent attachment generally is aceomplished by couting the solid surlace with a
solution of the FGF-19 polypeptide and drying. Alternatively, an immobilized antibody,
c.g., a manoclonal antibody, specific for the FGF-192 palypeptide to be immobilized can
be vsed o anchor it to a solid surface. The assay 1s performed by adding the non-
immobilized component, which may be iabeled by a detectable 1abel, to the immobilized
componeot, €., the coated surlace containing the anchored component.  When the
reaction is complete, the non-reacied components are removed, e.g., by washing, and
complexes anchored on the solid surface are detected. When the originally non-
immohilized componenl carmies a deteciable Tabel, the detection of label immobilized on
the surface indicates that complexing occurred. Where the eriginally non-immobilized
component docs not carry a label, camplexing can be detected, for example, by using a
labeled antibody specifically binding the immobilized complex.

I1the candidate compound interacts with but docs not hind to a particutar FGF-19
potypeptide encoded by a gene identified herein, fts interaction with that polypeptide can
be assayed by methods well known for detecting protein-protcin interactions. Such assays
include traditional approaches, such as, e.g., eross-linking, eo-immunaprecipitation, and
co-purification through gradients or chromatographic columns. [n addition, protein-
protein interactions can be monitored by using a yeast-bascd geneltic system described by
Fields and co-workers {Fields and Song, Nature (London), 340:245-246 (1989); Chien el
al, roc. Natl. Acad. Sci. TISA, 88:9578-9382 (1991)) as disclosed by Chevray and
Nathuns, Proc. Matl, Acad. Sci. USA, 89: 5789-5793 (1991). Many transcriptional
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activators, such as yeast GAL4, consist of two physicaljy discrete inedular domains, one
aciing as the DNA-binding domain, the other one functioning as the transcription-
activation domain. The yeast expression systern described in the foregoing publications
(penerally referred to as the "two-hybrid system") takes advantage of this property, anc
employs two hybrid proteins, one in which the target protein is fused to the DNA-binding
domain of GAL4, and another, in which candidate aciivating proteins are fused ro the
aclivation domein. The expression of a FAL I-leeZ reporter gene under control of 2
GaLs-activaled promoter dopends on reconstitution of GAL4 aetivity via prolein-protein
interaction. Colonics containing interacting polypeptides are detected with achromogenic
substrate for fi-galactosidase. A complete kit (MATCHMAKER™) for identifying
protein-protein interactions between two specitic proteins using the twe-hybrid technique
is commereially available from Clontech. This system can zlso be extended to map
proieindomains involved in specific proteininteractions as well as to pinpont amino acid
residues that are crucial for these interactions.

Compuunds that interfere with the interaction of a gene encoding & FGF-19
polypeptide identified herein and other intra- or extracellular components can be tested
as follows: usually 2 feaction mixture is prepared containing the product of the gene and
the intra- or extracellutac component under conditions and for a time allowing for the
interactien and binding of the two products. To test the ability of a candidate compound
1o inhibit binding, the reaction is run in the absence and in the presence of the fest
compound. In addition, 2 placebo may be added t¢ a third reaclion mixture, 1o serve as
positive control. The hinding (complex formation) between the test compound and the
intra- or extracellular component present in the mixture is monitored as described
hereinabave. The formation ot'a complex in the contrel reactien(s) but not in the reaciion
mixture containing the test compound indicaies that the test compound interferes with the
interaction of the test compound and its reaction pariper.

To assay for antagonists, the FGF-19 polypeptide may be added to a cell along
with the: compound to be screened for a particuler agtivity and the ability of the compound
1o inhibit the activity of intercst in the presence of the FGF-19 polypeptide indicates that
the compound is an antagonist 10 the FGF-19 polypeptide. Alternatively, aniagonists may

be detected by combining the FGF-19 polypeptide and a poteniial antagonist with
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membrane-bound  FGF-19 polypeptide receptors or recombinant receptors under
eppropriate conditions for a competitive inhibition assay. The FGF-19 polypeptide can
be labeled, such as by radicactivity, such that the number of FGF-19 polypeptide
molecules hound 1o the receptor ¢an be used to determing the effectivencss of the
potential antagonist. The gene encoding the receptor can be identifisd by numerous
methods known to those of skill in the art, for exarnple, digand panning and FACS sorting.
Coligan et al, Current Protecols in lmmun., 1(2); Chapler 5 (1991}, Preferably,
expression cloning is emplayed whercin polyadenylated RNA is prepared from a cell
responzive to the FGF-19 polypeptide and a <DNA library created from this RNA {s
divided into pools and used to transfect COS cells or other cells that ave not responsive
19 the FGF-19 pelypeptide, Transfecled cells thet are grown on glass slides are exposed
to labeled FGEF-TY polypeptide. The FGI-19 polypeptide can be Jabeled by a varety of
means including iodination or inglusion of a recognition sife for a site-specific protein
kinase. Following fixation and incubation, the slides are subjected to auoradiographic
analysis. Positive pools are identitied and sub-poels are prepared and re-transfected using
an interacizve sub-ponling and re-screemung process, eventually vielding & sigle clone
thal encodes the putative receptor.

As enalternative approach for receptor identification, labeled FGF-19 pelypeptide
can be photoalTinity-linked with cell memhrane or extract preparalions that express the
recepror mokecule. Cross-linked material is resolved by PAGE and exposed 1o X-ray film.
The labeled complex containing the receptor can be cxcised, resolved into peptide
fragiments, and subjected o protein micro-sequencing. The amine acid sequencevblained
from micro- scquencing would be used to design 2 set of degencraie oligonuelcotide
prabes to sercen a cDNA library to identify the gene encoding the putative reccptor.

In arother assay for antagonists, mammalian cells or 2 membrane preparation
expiessing the recepior would be incubated with labeled FGF-19 polypeptide in the
presence of the candidare compound. The ability of the compeund to enkance or block
this interaction could then be measured.

More specific examples ol potential antagonisls include an oligonucleotide Lhat
binds to the fusions of immunoglobulin with FGF-19 polypeptide, and, in particulur,

antibedies including, without limitation, pely- and monoclongl antibedies and antibody
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{ragments, single-chain antibodies, anti-idioty pic antibodies, and chimernic or bumeanized
versions of such antibodies or fragments, as well as human antibodies and antibody
fragmcn;s. Alternatively, a potential antagonist may be a closely related protein, for
example, 2 mutated form of the FGL-1% pelypeptide that recognizes the receplor but
imparts no effect, thereby campetitively inhibiting the action of the FGF-19 polypeptide.

In one embodiment herein where competitive binding assays are performed. FOF
recepter 4 or an antibody to FGF-19 is used as a competitor.

Another piential FGF-19 polypoptide antagonist is an antisense RNA or DNA
construct prepared using antiscnse technology, where, ¢.g., an antisense RNA or DNA
molecule acts to block directly the wanslation o lmRNA by hybrdizimg to largeted mRNA
and preventing protcin translation.  Antisense technology can be used to control genc
cxpression threugh triple-helix formation or antisense DNA or RNA, both of which
methods are based on binding of 2 polynucleotide to DNA or RNA. For example, the &'
coding portion of the pelynucleotide sequence, which encodes the mature FGF-19
polypeptides herein, is used to design an anisense RNA oligenucleotide of from about
10 to 40 base pairs in length. A DNA oligonucleotide is designed to be complementary
to a region of the gene involved in transcription {riple helix - see Lee et al., Nyel. Acids

Res., 6:3073 (1979); Conney et al., Science, 241: 456 {1988); Dervap el al., Science,

251:1360 (1991)), thereby preventing tanscription and the production of the FGF-19
polypeptide. The antisense RNA oligonucleotide hybridizes to the mRNA in vivo and
blocks translation of the mRNA molecule inte the FGF-19 polypeptide (antisense -

(kano, Neurochem., 56:560 (1991); Oligodecoxynucleotides as Antisense Inhibitors of

Gene Expression (CRC Press: Boea Raton, FL, 1988). The oliponucleotides deseribed
above can also be delivered to cells such that the antisense RNA or DNA may be
expressed in vive ta inhibit production of the FGF-19 polypeptide. When antisense DNA
is used, oligodeoxynbonucleotides derived from the translation-initiation site, e.g.,
between about - 10 and + 10 positions of the target gene nucleotide sequence, are preferred.

Porential antagenists include small melecules that bind 10 the active site, the
receplor hinding site, or growth facior or other relevant binding site of the FGF-19
pelypeptide, thereby blocking the normal biological activity of the FGE-1% polypeptide.

Examples of smalt molecules include, bin are nol Bmited to, sroall peptides or peptide-like
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molecules, preferably seluble peptides, and synthetic non-peptidyl organic or inorganic
compounds,

Rihozymes are enzymatic RNA molecules capable of catalyzing the specitie
cleavage of RMNA. Ribozymes act by sequence-specific hybridization to the
complemeatary target RNA, followed by endonucleslytic cleavape. Specific ribozyme
cleavage sites within a potential RNA ranzet can be identifted by known technigues. For
further details sec, e.g., Rossi, Curreat Biology, 4:469-471 {1994}, and PCT publication
MNo. WO 97/33551 (published Seplember 18, 1997).

Muclcic acid melecules in teiple-helix formation used to inhibit transcription
should be sipgle-siranded and composed of deoxynucleotides. The base compasition of
these oligonuclcotides is designed such that it promotes triple-helix formation via
Heogsteen base-pairing rules, which generally require sizeable sweetches of purines or
pyrimidines on one strand of a duplex. or further details see, e.g., PCT publication No,
WO ON3I551, supra.

These small molecules can be identilied by any one or more of the screening
essays discussed hereinabove and/or by any other screening techniques well known for
those skilied n the arl,

It is appreciated that all the assays provided herein can be used to screen a wide
variety of candidate bicactive agents. The term "candidate bicactive agent”, “candidate
agent” or “drug candidate” or grammatical cquivalents as uscd hercin deseribes any
molecule, s.g., protein, oligopeptide, small organic melecule, polysaccharide,
pelynuclectide, purine analog, etc., to be tested for bivactive agents thut are capable of
dicectly or indirectly altering either the celfular activity phenotype or the expression ot a
FGF-19 sequence, including boeth nucleic acid sequences and protein sequences.

Candidate agents carr encompass numerous chemical classes, though typically they
are organic molecules, preferably smail organic compounds having a molecular weight
of more than 100 and less than about 2,500 daltons (d). Small meiccules are further
defined herein 2s having a molecular weight of berween 50 d and 2000 4. In another
embodiment, small molecules have a moleewar weight of less than 1303, or less than
1200, of less than 1000, or less than 750, or Tess than 500 d. In one entbodiment, a small

molecule as used herein has a molecular weight of about 10010 200 d. Candidate agents
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comprise functional groups necessary for structural interaction with proteins, particulacly
hydregen bending, and typically include at least an amine, carbenyl, hydroxyl or carboxyl
group, preferably at least two of the tunctional chemical groups. The candidate agents
often comprise cyclical carbon er heterecyelic stroctures andfor aromatic or polyaromatic
structures substituted with enc or more of ihe above functional groups. Candidate agents
ure also found among biomolecules including peptides, saccharides, Mty acids, sieroids,
purines, pyrimidines, derivatives, structural analogs or cembinations thereel. Particularly
preferred are peptides,

Candidate agents are obtained from a wide variety of sources including libraries
of synthetic or natural compounds. For example, numerous means are available for
random and directed synthesis of a wide variety of organic compounds and biomolecules,
including expression of randomized oligonucieotides. Altcrmatively, libraries of natural
compounds in the form ef bacterial, fungal, plant and animal extracts are avatlable or
rcadily produced.  Additionally, natural or synthetically produced librades and
compounds are readily modified through eonventional chemical, physical and
bivchemical means. Known pharmaceological agents may be subjected to directed or
randam chemical modifications, such as acylation, alkylation, esterification, amidification
to produce structural analogs.

In 2 preferred embodiment, the cundidate bivactive agents are proteins. By
“protein’” herein is meant at lcast twe ¢ovalently attached amino acids, which includes
proteins. polypeptides, oligopepiides and pepudes. The protein may be made up of
naturally occurting amine acids and peptide bunds, or synthetc peptidomimenc
structures. Thus "amino acid", or "peptide residuc”, as used herein means both naturally
oceurring and synthetic amino acids, For example, homo-phenylalaning, citrulline and
norcleucine are considercd amino acids for the purposes of the invention. " Amino acid”
alse includes imino acid residues such as proline and kydroxyproline.  The side chains
may be in either the (R) or the (8) configuration. n the preferred embodiment, she amino
acids are in the (3} ot L-configuraiion. 1§ non-naturally occurring side chainx are used,
non-amina acid substituents may be used, for example to prevent or retard in vivo

degradations.
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[n a prefemed embcdiment. the candidate bioactive agents are naturally occwting
proteins or fragments of naturally nccurring proteins. Thus, forexample, cellular extracts
containing proteins, or random or directed digests of proteinaceous cellular extracts, may
be used. In this way libraries of procaryotic and eucaryotic proteins may be made for
sereening in the methods of the invention. Particularly preferred in this embodiment are
libraries of hacterial, fungal, viral. and mammalian proteins, with the latter being
prefemred, and human proteins being espacially preferted.

In a preferred embodiment, the candidate bioactive agents are peptides ot fl’Ul;’l
about 5 10 about 30 aming acids, with from about 5 to about 20 aming acids being
preferred, and from about 7 to about 15 being particularly preferred. The peptides may
be digests of naturally occuring proteins as is outlined above, random peptides, or
“hiased” rundom peptides. By “randomized” or grammatical equivalents herein is meant
that each nucleic acid and peptide consists of essentially random nueleetides and amino
acids, respectively. Since gensrally these random peplides (or nucleic acids, discussed
below) are chemically synthesized, they may incorporate any nucleatide or amino acig
at any position. The syathetie process can be desipned to generare randomized proieing
or nucleic acids, o allow Lhe foanation of 2]l or most of the possible combinations over
the length of the sequence, thus forming a library of randomized candidate bioactive
proleinaccous agents.

In one embodiment, the library is fully randomized, with no sequence preferences
or constants at any position. In a preferred embodiment, the library is biased. That is,
some positions within the sequence are either held constant, or are selected (rom a limited
number of possibilities. For example, in a preferred embodiment, the nucleotides or
amino acid residues are randomized within a defined class, for example, of hydrophobic
amino acids, hydrophilic residues, stetically biased (eitber small or large) residues,
towards the ereation of nucieic acid binding domains, the creation ni cysteines, for cross-
linking, prolines for SH-3 domains, serines, threonines, tyrosines or histidines for
phasphorylation sites, ete., or (0 purines, ete.

[r a preferred embodiment, the candidate bioactive agents are nucleic acids. By
*nucleic acid” or "gligonucleatide” or gramimaiical equivalents herein means at least two

nuclestides covalently linked together. A nucleic acid of the present invention will
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zenerally contain phosphedicster bonds, although i seme cases, as outlined below,
nueleie acid analogs are ineluded that may bave altermate backbones, comprising, for
example, phosphoramide (Beaucage etal., Tetrahedron 49(10):1925 (1993)and references
therein; Leisinger, J. Qrg. Cherm. 35:3800 (1970); Sprinz eial., Eue. J. Biochem, §1:579
(1977, Letsinger et al., Nucl. Acids Res. 14:3487 (1986). Sawai et al, Chem. Lett. 805
(1984), Letsinger et al., ). Am. Chem. Sce. 1 10:4470 (1988); and Pavwels et al.,, Chemica
Scripla 206:141 %1986)), phosphorothioste (Mag et al., Nucleic Acids Res. 19:1437
(1991); and U.5. Patent No. 5,644,048), phosphorodithisate (Briu et al., 3. Am. Cher.
Soc. 111:2321 (1989), O-methylphopheroamidite linkages ({see LEckstein,
Oligonucleatides and Analogues: A Practical Approach, Oxford University Press), and
peptide nucleie ucid backbones and linkages {see Egholm, ). Am. Cheny Soc. 114:1895
(1992); Meier et al.,, Chem. Int. E4. Engf. 31:1008 (1992); Niclsen, Nature, 365:366
(1893); Carlssor et al. Mature 380:207 (1996}, all of which are incorporated by
reterence). Qther analog nucleic acids include those with positive backbones (Denpey et
al, Proc. Natl. Acad. Sci. USA 92:6097 {1993); non-ionic backbones (.S, Patent Nos.
3,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863; Kiedrowshi et al., Angew.
Chem. Intl. Ed. English 30:423 (1991); Letsinger ot al, . Am. Chem. Soc. 110:4470
{1988); Letsinger et al., Mucleoside & Nucleatide 13:1397 (1994, Chapters 2and 3, ARC
Symposium Series 580, “Carbohydrate Modifications in Antisense Research”, Ld. Y8,
Sanghui and P. Dan Cook; Mesmacker et al.. Bioorganic & Medicinal Chem. Lett. 4:395
(1994); Jefls ef al., J. Biomoleculac NMR 34: 17 (1994); Tetrahedroo Leint. 37:743 (19961
and non-ribose backbones, including those described in U.S. Patent Nos. 53,235,033 and
5,054,306, and Chapters 6 and 7, ASC Symposium Scries 580, “Carbohydrate
Modilications in Antisense Research™, Ed ¥ 8, Sanghui and . Dan Cook. Nucleic acids
containing one or more carbocyclic sugars are also included within the definition of
nuclels ucids {see Jenkins et al,, Chem, Sug. Rev, {1595) ppl89-176). Several nueleic
actd apalogs are deseribed in Rawls, C & E News June 2, 1997 page 35. All of these
references are hereby expressly incorporated by reference. These modifications ol the
ribose-phosphate backbone may be done to facilitate the addition of additional moieties
such as labels, or 1y increase the stubility and hatt-life of such molecules in physiotogical

cnvironments. In addition, mixtures of naturally vecurring nucleic acids and analogs can
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be made. Alernatively, mixtures of different nucleic acid analogs, and mixwres ol
naturally oceurring nucleic acids and analogs may be made. The nuclcic acids may be
single stranded or double stranded, as specified, or comtain portions of both double
stranded or single stranded sequence. The nucleic acid may be DNA. both genontic and
¢DNA, RNA or a hybrid, where the nucleic acid contains any combination of deoxyribo-
and ribo-nucleotides. and any combination of bases, including uracil, adenine, thymine,
cylosing, guanine, inosine, xathanine hypoxathanine, 1socytosing, isoguanine, etc.

As described above generally for proteins, nucleic acid candidate bicaclive agents
may be paturally occurring nucleie acids, randoro nucleic acids, or “biased” random
nuckeic acids. For example, digests of prokaryotic or eukaryotic penomss may be vsed
as is outlined ahove for proteins.

In a preferred embodiment, the cavlidate biosctive agents are osgganic chemical
moieties, a wide variety of which are available in the hiterature.

In a preferred embodiment, s outlined above, sureens may be done on individual
genes and gene preducts (proteins). In a preferred enabodiment, the gene or protein has
been identified as described below in the Fxamples as a differentially expressed gene
associated with particular tissues and thus conditions related to those tissues. Thus, inone
embaoiliment, screens are designed 1o frst find candidate agents that can bind to FGI-19,
and then these agents may be used in assayvs that evaluate the ability of the candidate
agent lo modutate TGT-19 activity. Thus, as will be appreciated by those in the art, there
are a number of different assays which may be run.

Sereening (or agents that mudulzie the activity of FGF-19 may also be done. [n
& pieferred embodiment, methods for screening for a biwactive agent capable of
modulating the activity of FGF-19 comprise the steps of adding a candidate bioactive
agent 1o a sample of FGF-19 end determining an alteration in the biological activity of
FGE-19. “Modulating the aElivity of F(GF-19" includes an increase in activity, a decreasc
in activity, or a change in the type or kind of activity present. Thus, in this embodiment,
the candidate agent should both bind 1@ FGF-19 (although this may not be necessarny), and
alter its bivlogical or biochemical activity as defined herein. The methods include both
in vitro sereening methods, as are generaily eutlined above, and in vivo serecning of cells

for alterations in the presence, expression, distmbution, activity or amount of FGF-19.
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Thus, in this embodiment, the methods comprise combining a sample and o
candidate bicactive agent, and evaluating the effect on FGE-19 activity. By “FGF-19
protein activity” or grammatical equivalents hercin is meent at least one of the FGF-19
pretein's biological activities as described above.

In a preferred embodiment, the activity of the FGF-19 protein is increased; in
another preferred embodiment, the activity of the FGF-19 protein is decreased. Thus,
bivactive agents thal are antagonists are preferred in some embodiments, and bioactive
agents that are agonists may be preferred in olher embodiments.

Inone aspect of the invention, cells containing FGE-19 sequences are used in drug.
sereening assuys by evahiating the effect of drug candidates on FGF-19, Celltyps include
narmal cclls, wmor cells, and adipocytes.

Methods of assessing FGF-19 activity such as changes in glucose uptake, feptin
release, metabolism. triglyceride and free fanty acid levels, body weight and body fat, are
kncwn in the art and are exemplified below in the examples.

In a preferred embadiment, the methods comprise adding a candidate bivactive
agent, as defined above, to a cell comprising FG¥-19. Preferred cell types include almost
any cell. The cells contain a nucleic acid, preferably recombinant, that encodes a FGF-12
protein. [n a prefered embodiment, a Jibrary of candidaie agents are tested oo a plurality
of cells.

In one aspect, the assays are evaluated in the prescnce or ahsence or previnus or
subsequent exposure to physiological sipnais, for example hormones, antibodies. peptides,
antigens, cytokines, growth factors, action potentials, pharmacological agents including
chemotherapeutics, radiation, carcinugenics, or other cells (i.e. ceil-cell contacis). In
another example, the determinations are determined zt different stages of the cell cycle
process.

‘Thie FGI-19 sequences provided hercin can also br used in methods of diagnosis.
Qverexpression of FGF-19 may indicate an abnormally high metabolic vatc and
underexpression may indicate a propensity for obesity. Moreover, asample from o patiem
may be analyred for mutated or disfunciional FGF-19. Generally, such meihods include

comparing a sample from a patient and comparing FGF-19 expression to that of a centrol.
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E. Anti-FGE-19 Antibodies
The present invention futther provides anti-FGF-19 antibodies. Excmplary
antibodies include polyclonal, moneclonal, humanized, bispecilic, and heteroconjugate

antibedies.

1. Pelyclopal Antibodies

The anti-FGF-19 anlibadies may compnse polyclonal antibodies. Methods of
preparing polyelenal antibodies are known to the skilled artisan. Polyclonal antibodies
can be raised in a2 mammal, for example, by one or mere injections of an immunizing
apent and, if desired, an adjovant. Typically, the tmmunizing agent andfor adjuvant will
be injected in the mammal by multiple subculaneous or Intraperitoneal injections, The
immunizing agent may include the FGF-19 polypeptide or a fusion protein thereof. It
may be useful te confugate the immunizing agert 1o & protein knewn 1 be immunegenic
in the mammal being immunized. Examples o such immunegenic proteins include but
are not limited to keyhole limpet hemocyanin, serum albumin, bovine thyraglobulin, and
soybean trypsin inhibitor.  Examples of adjuvanls which may be employed include
Freund's complete adjuvant and MPL-TDM adjuvant (monophespheryl Lipid A, synthetic
trehalose dicorynomyealate}. The immunization protocol may be selected by one skilled

in the art without undug experimentation.

2 Monoclonal Antibodies
The anti-FGF-19 antibodies may, allermatively, be monoclonal anibodies.
Monpclonat antibodics may be prepared using hybridoma mcthods, such as thoss

described by Kobler and Milstein, Nature, 256:495 (1975). In a hybridoma method, o

mouse, hamster, or other appropriate host animal, is typically immunized with an
immunizing agent to elicit {ymphocyles that produce or are capable of producing
antibodies that will specifically bind o the immunizing agent.  Alernatively, the
lymphocytes may be immunized in viteo.

The immunizing agent will typically include the FGE-19 polypeptide or & fusion
protein thereof. Generally, either peripheral blood lymphacytes ("FBLs") are used if cells

of human origin are desired, or spleen cells or lymph node celts are used it non-human
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mammalian sources are desired. The Iymphocytes arc then fuzed with an immeortalized
cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma
cell [Goding, Monoclonal Antibodies: Principles and Practice, Academic Press, (1986)
pp. 59-1031  Imwmortalized cell lines arc usually transformed mammalian cells,
particularly myeloma cells of rodent, bovine and burnan origin. Usually, rat or mouse
myeloma cell lines are employed. The hybridoma cells may be cultured in a suitable
culture medivm that preferably contains one or more substances that inhibit the growth
or survival of the unfused, immortalized cclls. For example, if the parental cclls lack the
enzyme hypaxanthine guanioe phosphoribasyl transferase (HGPRT or HIRT), the culiire
mediunt for the hybridomas typically will inciude hypoxanthine, aminopterin, and
thymidine ("BAT medium™), which substances prevent the growth of HGPRT-deficient
cells.

Preferred immortalized ecl) lines are those that fose efficiently, support stable high
level expression of antibody by the selected antibody-producing cells, and are sensitive
1 a medium such as HAT medium. More preferred immortalized cell lines are murine
myeloma bnes, wiich can be obtained, for instance, irom the Salk Institute Cell
Distribution Center, San Diege, California and the American Type Culiure Collection,
Manassas, Virginia. Human myeloma and mouse-human heteromyeloma cell lines also
have been deseribed for the production of human monoclonal antibadies {Kozhor, 1.

mmunol., 133:30071 (1984); Brodeur et al., Monoclonal Antibody Production Technigues
and Applications. Marcel Dckker, Inc., New York, (1987) pp. 31-03].

The culse medium in which the hvbridema cells are cultured can then be assayed
for the presence of monoclonal antibodies directed against FGF-19.  Preferably, the
binding speeificity of monoclonal antibodies produced by the hybridoma cells is
determined by immunoprecipitation or by an in vitre binding assay, such as
radiocimmunoassay (RLA) or enzyme-linked inxmunoabsorbent assay (ELISA). Such
wehpiques and gssays are known in the art. The binding affinity of the monoclonal
antibody can, for example, be determined by the Scatchard analysis of Munson and
Pollurd, Anal. Biochem., 107:220 (19803

After the desired hybridoma ecils are identified, the clones may be subcloned by

Lmiting dilution proceduses and grown by standard methods | Goding, supra). Switable
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culture media for this purpose include, for example, Dulbecee's Modified Eagle's Medium
and RPMI-1640 medium. Alternatively, the hybridoma cells may be grown ir vive as
aseites in 2 mammal,

‘The monoclonal antibodies secreted by the subclones may be isolated or purified
from the culture medium or ascites fluid by conventional immunoglobulin purification
procedures such as, for example, protein A-Sepharese, hydroxylapatite chromatography,
ge!l electrophoresis, dialysis, or affinity chromatography.

The monoclenal antibodies may alse be made by recombinant DNA methods, such
as these deseribed in 118, Patent No. 4.816,567. DNA encoding the mongelonat
antibodies of the invention can be readily isolated and sequenced using conventional
procedures {e.g.. by using oligonucleotide probes that are capable of binding specifically
1w genes encoding Lhe heavy and light chains of murine antibodies). The hybridoma cells
of the invention serve as a preferred source of such DNA. Once isolated, the DNA may
be placed into expression vectors, which are then transfected into host cells such as simian
COS cells, Chinese hamster ovary (CHO) cells, or myeloma cells that do not stherwise
produce smmunaglobulin protein, to obtain the synthesis of monoclonal antibodics in the
recombinant host cells. The DNA also may be medified, forexample, by substituting the
cading sequence for human heavy and Jight chain constam domains in place ol 1he
hemelegous murine sequences |U.S. Patent Ne. 4,810,567, Morrison et al., supra] or by
covalently joining to the immupoglobulin coding sequence all or part of the coding
sequence for a non-immunoglobulin polypeptide.  Such a non-imewnoglebulin
pelypeptide can be substituted for the constant domains of an amibody of the invention,
or can ke substiuted for the vanable domains of ene antigen-combining site of an
antibody of the invention to create a chimeric bivalent antibody.

The antibodies may be monevalent antibodies. Methods for preparing monevalent
amtibodies are well known in the art. For example, one method involves recombisant
expression of immuroglebulin light chain and modified heavy chain. The heavy chain
is truncated penerally at any peiol in the Fo region so as to prevent hoavy chaln
crosslinking. Alternatively, the relevant cysteine residues are substituted with anather

amine acid residuc or are deleted so as to prevent crosslinking.
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T vitro methods are also suitable for preparing monovalent antibodjes. Digestion
of aptibodies te produce fragments thereef, particularly, Fab lragments, can be

accomplished using routine technigues known in the art.

3. Human and Humanized Antibodics

The anti-FGF-19 antibodies of the invention may further comprise humanized
antibodies or human antibodies. Humanized forms of non-human (e.g., murine)
antibodies are chimeric immunoglobulins, immunoglobulin chains or [ragments thereol
(suchas I'v, Fab, Fal', F(ab'"), or other antigen-binding subsequences of antibodics) which
contain minimal sequence derived from non-human immunoglobulin.  Humanized
aptibudies include human immuneglebulins {recipient antibody) in which residues from
acomplementary determining region (CDR) of the recipicnt are replaced by residues from.
2 CDR of a non-buman species {doner antibody) such as mouse, ral ot rabbit havinyg the
desired specificity, affinity and capacity. In some inslances, Fv framework residues of
the human immunoglobulin are replaced by corresponding non-human residues.
Tlumanized anlibodies may alse comprise residues which are (vend neitber in the
recipient antibody nor in the imported CDR or framework sequences. n general, the
humanized antibody will comprise substantially all of at least one, and Lypically 1wao,
variable dumains, in which all or substamtially all of the COR regrions correspond to those
of a non-human immunoglobulin and all or substentially all of the FR. regions are those
of a human immunoglobulin consensus sequence. The humianized antibody optimally
also will comaprise at least a portion of an immunoglobulin constant region (Fel. typically

that of 2 human immunoglobulin [Jones et al., Natare, 32]:522-525 (1986); Riechmann

etal., Nature, 332:323-320 (1988 ) and Prestu, Curt. Op. Struct, Bicl,, 2:593-596(1992)].

Mcthods for humanizing non-human antibodics are well known in the art.
Generally, a humagized antibody has one ot more anine seid residues intreduced into it
from a source which is non-human, ‘These non-human amino actd residucs arc often
referred to as "impent” residues, which are typically wken fromr an “import" variable
domain, Humanization can be essentially performed following the method of Winter and
co-workers [Jones el al., Nature, 321:522-525 {1986); Riechmann et al., Nawre, 332;323-
327 (1YEB), Verhoeyen et al., Science, 239:1534-1336 (1988)], by substituling rodent
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CDRs or CDR sequences fur the corresponding sequences of a homan antibody.
Accordingly, such "humanized” untibodies are chimeric antibodies {U.S. Patent Neo.
4,816,567), wherein substantially less than an intact human varizble domain has been
substiluted by the corresponding sequence from a non-buman species. In practice,
humanized artibodies are typically human antibodies in which some CDR residues and
possibly some FR residues are substituted by residugs from analogous sites in rodent
antibodics.

Turman antibodies can also be produced using vanious wehnigues known in the art,
including pkag: dispiay libraries |Hoogenboom and Winter, J. Mol Bial., 227:381
(1991); Marks ct al,, 1. Mol. Bial., 222:581 {19913]. The technigues of Cole et 2l and
Boemer ct al. are also availabic for the preparation of human menaclonal antibedies {Cole
et al., Monoclonal Antibedies and Cancer Therapy, Alan R. Liss, p. 77 {1985) and
Boerner ¢t al., 1. Immuneol., 147(1):86-93 (1991)]. Simtlarly, human antibodies can be
made by intreducing of human immunoglobulin loci into Lmnsgcniclanimals, c.g., mice
in which the endogenows immunoglobulin genes have been partially or completely
ingctivaled. Upon challenge, human antibody production is observed, which closely
resembles that seen in humans in all respects, including pene rearrangement, assembly,
and antibady repertoire.  This approach is described, for example, in 11.8. Patent Nos.
5.545.807; 5,545,806, 5,569,825, 5,625,126, 5,633,425, 3,661,016, and in the following
scientific publications: Marks e/ ol Bio/Technology 10, 779-783 (1992); Lonberg e al.,
Nature 368 856-859 (1994); Morrison, Mature 368, 812-13(1$94); Fishwild er g/, Nature

Biotechnology 14, 845-51 (1996), Neuberger, Nature Biotechnelogy 14, 826 (1996),
Lobberg and Huszar, Intermn. Rev. [runurol. 13 65-93 (1995).

4. Bispecific Antibodies

Bispecific anlibodies are monuclonal, preferably human or humarized. antibodies
that have binding specificities for at least two ditferent antigens. In the present case, one
al the binding specificities is for the FGF-19, the other one (s for any other antigen, and
preferably for a cell-surface protein or receptor or receptor subunit.

Methods for making bispecific antibodies are known in the art. I'raditicaally, the

recombinant production of bispecific antibodies is based on the co-expression of twu
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jmmunoglobulin heavy-chaiw/light-chain pairs, where the two heavy chains have different
speeificities [Milstein and Cucllo, Nature, 305:537-539 (1983)]. Because of the random
assortment of immunoglebulin heavy and light cbains, these hybridomas (quadramas)
produee o polential mixture of ten different antibody molecutes, of which enly one has
the cormect bispecific structure. The purification of the correct molecule is usuvally
accomplished by affinily chromatography steps. Stroilar procedures are disclosed in WO
43/08829, published 13 May 1993, and in Traunecker et al., EMBO 1., 10:3655-3659
(1991).

Antibody varighle domains with the desired binding specificities {antibody-antigen
cambining sites} can be fused to immumoglobulin constant domain sequences. The fusion
preferably is wilh a0 immunoglebulin heavy-chain constant domain, comprising at least
part of the hinge, CH2. and CH3 regions. It is preferred to have the first heavy-chain
constant region (CIT13 certaining the site necessacy for lipht-chain binding present inat
least one ol the fusions. DNAs encoding the immunoglobulin heavy-chaio fusions and,
if desired, the immunoglobulin light chain, are isserted intn separate expression veetors,
and are co-trans(ected into a suitable host organism. For further details of generating
bispecific antibodies see, for example, Suresh et al., Methods in Lnzymolopy, 121210
(1986).

According to anolher approach described in WQ 96727011, the interfuce berween
a pair of antibedy molecules can be engineered to maxitze the percentage of
heterodimers which are recovered (rom recombinant cell culture. The preferred interface
comprises al least a part of the CH3 region of an antibody constant domain. ln this
method, one or more small amino acid side chains from the interface of the first antibody
moleeule are replaced with larger side chaing (¢.g. trrosing or tryplophan). Compensatery
“cavitics” of identical or similar size to the large side chain(s) are created on the interface
of the second antibody molecule by replacing large amine acid side chains with smaller
ones (e.g. alanine or threonine). This provides a mechanism for increasing the vield of
the heterodimer over other unwanted end-products such as homodimers.

Bispecilic anlibodies can be prepared as fuli length antibodies or antibody
lrugmenis (e.g. F(ab’), bispecific amibodies). Techniques for generating bispecific

antibodies from antibody fragments have been described in the literature. For example,
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bispecific antibodics can be prepared can be prepared using chemical linkage. Breonan
ef al, Science 229:81 (1983) describe a procedure wherein intact antibodies are
proteolytically cleaved to generate F(ab'), fragments. These fragments are reduced in the
presence of the dithiol complexing agent sodivm arsenite w stabilfze vicinal dithiols and
prevent intermolecular disulfide formation. The Fab' fragments generated are then
converted to thionitrobenzoaie (TNB) derivatives, One of the Fab’-TNB derivatives is
then reconverted 1o the Fab'-thiol by reduction with mercaptoethyluming and is mixed
with an equimolar amount of the other Fab’-TNB derivative to form the bispecific
antibody. The bispecific antibodies produced can be used as agents for the selertive
immabilization of enzymes.

Fab’ [ragments may be directly recovered from E. ¢eff und chemicully coupled to
form bispecific antibodies. Shalaby eraf., J. Exp. Med. 175:217-225 (1992) describe the
production of a fully humanized bispecific antibody F(ab'), molecule. Fach Fab'
fragment was separately secreted from £ cofi and subjected to directed chemical coupling
1 vitra 10 form the bispecific antibody. The bizpecific antibody thus fermed was able o
bind to cells overexpressing the ErbB2 reeeplor and normal human T cells, as well a5
trigger the lytic activily of human cytotoxic lymphocytes against human breast tumor
targets.

Various technigue for making and isalating bispecific antibody fragments directly
from recombinant c¢ell cultuse have also been described. For example, bispecific
antibodies have been produced using leucine zippers. Kostelny er o/, I Jmmunal.
14850 1547-1553 {1992}, 'The leucine wipper peptides (ront the Fos and Jun proteins
were linked to the Fab® partions of two different antibodies by gene fusion. The antibody
homodimers were reduced a1 the hinge region 1o form monomers and then re-oxidized to
form the antibody hetcrodimers. This methed can alse e utilized for the production of

antibody homodimers. The “diabody” technology described by Hollinger et of, Proc.

MNatl. Acad. Sci. USA 90:6444-5448 (1993) has provided an alternative mechanism for

making bispecific antibody fragments. The fragments comprise a heavy-chain variable
domain (V) connected to a light-chain variable demain (V) by 8 linker which is oo
shor to allow paitng between the iwo domaing on the same chain. Accordingly, the Vy

angd V¥, domains of one fragment arc forced 1o peir with the complementary V, and Vy,
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domains of another fragment, thereby forming two antigen-binding sites.  Ancther
strategy [or making bispecific antibody frapments by the use of single-chain Fv (sFv)
dimers has also been reported. See, Gruber ef &f., J. Immunol. 152:3368 (1994},
Antibodies with more than two valencies are contemplated.  For example, luspecifie
antibodies can be prepared. Tutt ef of., ). Immunol. 147:60 [1921).

Exemplary bispecific antibodies may bind 10 tweo different epitopes on 2 given
FGF-19 polypeptide herein,  Alternatively, an anti-FGEF-19 polypeptide arm may be
combined with an arm which binds to a triggering molecule on a leukocyte such as a
Tcell receptor molecule (e.g, C2, CD3, CD2ZE, or BY), ur Fe receptors for G (FeyR),
such as FevyRI (CD64}, FcyR11{CD32) and FevRII (CD16) so as to focus cellular defense
mechanisms (o the cell expressing the particular FGF-19 polypeptide.  Bispesific
antibodies may alsa be used to localize eytotoxic agents to cells which express a particular
FGT-19 polypeptide. These antibodies possess a FGF-19-binding arm and an arm which
binds 4 cytotoxic agent or a radionuclide chelator, such as EOTUBE, DPTA. DATA, or
TETA. Anather bispecific antibody ofinterest binds the FGF-19 polypeptide and further

binds tissue factor {TI7).

5. Heteroconjugate Antibodies

IZeteroconjugate antibodies are also within the scope of ihe present invention.
Heteroconjugate antibodies are composed of two covalently joined antibodies. Such
antibidies have, for example, been proposed to target immune system cells 1o unwanted
cells [LLS. Patent No. 4,676,980), and for treatment of H1V infection [W{(0 91/00360, WO
92/200373; EP 030891, 1t is contermplated that the antibadics may be prepared in vitre
using known methods o synthetic protein chemistry, including those invelving
crosslinking agents. For cxample, immunotoxins may be constructed using a disulfide
exchange reaction or by forming athicether bond. Examples of suitable reagents for this
purpose inciude iminothiolate and methyl-4-mercaptobuiyrimidate and these disclosed,
for example, ip .S, Paient No. 4,676,980,

6. 2 ffector Funetion Engineering
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[tmay be desirable to modify the antibody of the invention with respect Lo effector
funcrion, 5o as to enhance, 2.g., the etfectiveness of the antibedy in ireating cancer. For
example, cysteine residus(s) may be introduced into the Fe region, thereby allowing
interchain disulfide bond formation in this region. The homodimeric antibody thus
generated may have smproved juternalization capability and/or increased complement-
mediared ¢ell killing and antibody-dependent cellular cytotoxicity (ADCC). See Caron
eral, ). Exp Med,, 176: 1191-1195 (1992) and Shopes, J. Immunol., 148: 2918-2922
(1992). Homodimeric antibodies with cnhanced anti-tumor activity may also be prepared
using heterobifunctional cross-linkers as deseribed i Wolff er af. Canecr Research, 53:
2360-2565 (1993). Alternatively, an antibody can be engineered that has duzl Feregions
and may thereby have enhanced complement Iysis and ADCC capabilitics. Sce Stevenson
ef al., Anti-Cancer Drug Design, 3. 2719-230 (19%9).

7. Immunoconjugates

The invention also pertains to immunoconjugales comprising an antbndy
conjugaied to 4 cytotuxic agent such as a chemotherapeulic agent, toxin (e.g., an
enzymatically active toxin of bacterial, fungal, plam, oc animal origin, or fragments
thereof), or a radioactive isolope (i.e., a radioconjugale).

Chemotherapewtic agems usefill in the generation of such immunocenjugates have
keen described sbove. Enzymatically active toxins and fragments thereof'that can be used
include diphtheria A chain, nonbinding active fragments of diphtheria toxin, exiloxin A
chain (from Psevdomonas aeruginosa), ricin A chain, abrin A chain, modeccin A chain,
alpba-sarcin, Alewrites fordii proteins, dianthin proteins, Phytolaca americana proteins
{PAPL, PAPIL and PAP-S), momordica charantia inhibitor, curein, crobin, sapacnaria
officinaliz inhibitor, gelonin, mitogellin, restrictocin, phenomycin, enomycin, and the
tricothecenes. A variety of radionuclides are available for the production of
radicconjugated antibodies. Examples include *?Bi. "', "In, ™'Y, and "™Re.

Conjugates of the antibody and cytotuxic agenl are made using a variety of
bifunctional pretcin-coupling agents such as N-snccinmidyl-3-(2-pyridyldithiol)
propionate (SPDP}. iminothislane {IT), bifurctional derivatives of imideesters (such as
dimethyl adipimidate HCL), active esters {such as disuccinimidyl suberate). aldehydes

Gsuch as glutreldebyde), bis-azido compounds (such as bis (prazidobenzoyl)
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hexanediamine), bis-diazonium  derivatives (such as  bis-{p-diazonivmbenzoyl)-
ethylenediamine), diisoeyvanates (suchaas tolyene 2,6-dilgocyanate), and bis-active fluorine
compounds {such as 1,5-difluoro-2,4-dinitrobenzene). For example, aricin immunotoxin

can be prepared as deseribed in Viletts ef of | Sticnee, 238: 1098 (1987 Carbon-14-

labeled I-isothiveyanatobenzyl-3-methyldivthylene traminepentaacelic acid (MX-DTPA)
is um exemplary chelating apent for conjugation of radionucleotide to the antibady. See
WQO4/11026,

In another embodiment, the antibody way be conjugated to 5 "receptor” {such
streptavidin) for milization intumor pretargeting wherein ibe antibody-receptor conjugate
is administered to the patient, followed by removal of unbound conjugate from the
cireulation using a clearing agent and then administration of a “ligand” (e.z, avidin) that

is conjugated to a cylotoxic agent {e.g., a radionucleatide).

3. lmmunolipesomnes

The antibadies disclosed herein may also be formulated as irmmunotiposomes.
Liposomes containing the antibody are prepared by methods known in the art, such as
described in Epstein er af., Proc. Natl. Acad. Sci. USA, 82: 3688 (1983); Ilwang ef of,
Proc. Natl Acad. Sci. USA, 77: 4030 (1980); and U.S. Pat. MNos. 4,485.045 and

4,544,545, Liposomes with enhanced circulation time are disclosed in 11.5. Patent No
5,013,356,

Particularly useful liposomes can be géncrated by the reverse-phase evaporation
methed witha lipid composition comprising phosphatidylcholine, cholesierol, and PEG-
derivatized phosphatidylethanolamine (PEG-PE). Lipasomes are extruded through filters
of defincd pore size to yield lipesomes with the desired diameter. Fab' fragments of the
antibody of the present invention can be conjugated te the liposomes as described in
Martin ez af |, I Biol. Chem., 257: 286-288 (1982) via a disulfide-interchange reaction.
A chemotherapeutic agent fsuch as Doxorubiciny is optionally comained within the
liposome. Sce Gabivon et &f, 1. National Cancer Tnst., 81(19): 1484 (1989).
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Antibodies specifically binding a FGF-12 polypeptide identified herein, as well
as other molecules identified by the screening assays disclased hereinbefore, can be
admimistered for the treatment of various disorders in the form of pharmaceutical
compesitions,

It the FGF-19 pelypeptide is intracellular and whole antibodies are used as
inhibitors, internal izing antibodies are preferred. However, lipolections or liposomes can
also be used ta deliver the antihody, or an antibody fragment, into cells. Where antibody
fragmenis are used, the smallest inhibitory fragment that specifically binds to the binding
domain of the target protein is preferred. For example, based upen the variable-region
sequences of an antibody, peptide maolecules can be designed that retain the ability to bind
the target protein sequence. Such peptides can be synthesized chemically and/or produced
by recombinant DMA lechnology. See, e.g. Marasco ¢ al, Proc, Nad. Acad. Sci, USA,
S0: T839-7893 (1993). The formulation herein may also contain more than one active
compound as necessary for the particular indication being treated, preferably those with
complementary activities thal do not adversely affect each other.  Alternatively, or in
addition, the composition may camprise an agent that cnhances its function, sbch as, for
example, a cytotoxic agent, cyteking, chemotherapeutic agent, or grewth-inhibitory agent.
Such molecules are suitably present in combination in amounts that are eflective for the
purpese lntended.

The active ingredients may also be entrapped in microcapsules prepared, for
example, by ceacervution techniques or by interfacial pelymerization, for example,
hydroxymethylceliuiose or  gelatin-microcapsules and  poly-{methylmethacylate)
microcapsukes, respectively, in colloidal drug delivery systems {for esample, liposomes,
albumin microspheres, microemulsions, nano-particles, and nanocapsules) or in
macroemulsions. Such lechniques are disclosed in Remingion's Phanmaceutical Sciences,
supra.

The formulativns to be used for 2a vive administration must be sterile. This s
rcadily accomplished by filtrativn through sterile filtration membrancs,

Sustained-release preparations may be prepared. Suitable examples of sustained-
release preparations include semipermeable matrices of solid Lydrophobic polymers

containing the antibody, which mairices are in the form of shaped articles, e g, films, or
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microvapsules. Examples of sustaimed-relzase matrices includs polyesters, hydrogels (for
example, poly(Z-hydroxycthyl-methacrylzte), or poly{vinylalcohol}}, polylactides (U.S.
Pat. No. 3,773,919), copotymers of L-glutamic acid and y ethyl-L-glutamate, non-
degradable ethylene-vinyl acetate, degradahle lactic acid-glycolic acid copolymers such
as the LUPRON DEPQT ™ (injectable microspheres compased of lactic acid-glycolic
acid copolymer and leuprelide acetate), and poly-D-(-)-3-hydroxybutyric acid. While
polymers such as ethylene-vinyl acetate and lactic acid-glycolic acid egsble release of
melecules {or ever 190 days, certain hydrogels release protzins (or shotter ime perieds.
When encapsulated antibodies remain in the body for a long time, they may denafure or
ageregate s a result of exposure (0 moisture at 37°C, resuliing in a loss of hiological
activity and possible changes in immunogenicity. Rational strategies can be devised for
stabilization depeoding on the mechanism invelved. For example, if the aggregation
mechanism is discovered 10 be intermolecular $-5 bond formation through thio-disulfide
interchange, stabilization may be achieved by medifying sulfhydeyl residucs, Lyephilizing
from acidic solutions, controlling moisture content, using appropriate additives, and

developing specific pelymer matrix compositions.

G. Uses [or anti-FGF-19 Antibodies

The ami-FGF-19 antibodies of the invention have varicus wilities. For example,
anti-FGF-19 antibodies may be used in diagnostic assays for FGF-19, e g., detecting its
expression in specific cells, ussues, or senamy. Various diagnostic assay techniques known
in the art may be used, such as competitive binding assays, direct or indircet sendwich
assays and  immunoprecipitation assays conducted in either heterogeneous or
homogencous phascs [Zola, Monoclonal Antibodics: A Manual of Technigues, CRC
Press. [nc. (1987) pp. 147-158]. The antibodies used in the diagnostic assays can be
labeled with a detectable moiety. The detectable moicty should be capable of producing,
cither directly or indirectly, a detectaible signal. For example, the detectable maiety may
be 0 radioisotope, such as *H, “C, P, P8, or L. a fluorescent or chemilumingscent
compound, such as luorescein isothiocyanate, rhodamine, or lucilerin, or an enryme,
such as alkaline phosphatase, beta-galactosidase or horseradish peroxidase, Any method

known in the art for conjugating (he antibudy (o the detectable moiety may be employed,

101

SUBSTITUTE SHEET (RULE 26)

JP 2004-500037 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(193)

WO 0118210 PCTUSNOMG471

10

15

25

30

including thosc methods described by Huntereral., Nature, 144:945(1962); Davidetal.,
Liochemmistry, 13:1014 (1974); Pain et al., I [mmunol. Meth,, 46:215¢1981); and Nygren,
I. Histochem, and Cytochem., 30:407 {1982).

Anti-FGEF-19 antibodies also are useful (or the affinity purification of FGF-19

from recombinant cell culture or nztural sources. In this process, the antibodies against
FGF-19 are immobilized on a suitzble suppert, such a Sephadex resin or filer paper,
using methods well known in the arl. The imunobilized antbody then is contacled with
a sample cantaining the FGE-19 to be purified, and thereafter the support is washed with
a suitable selvent that will remove substantizlly all the material in the sample except the
F(3F-19, which is bound to the immaobilized antibody. Finally, the support is washed with
another suitable solvent that will release the FGE-19 frem the antibody

The following examples arc offered for illustrative purposes only, and are not
intended 10 Jimit the scope of the present invention in any way.

All patent and literature references cited in the present specification ate hereby

incorporated by reference in thelr entivety.

EXAMPLES
Commuercially available reagents referred to in the examples were used according
to manufaciurer's instructions unless otherwise indicated. The source of those cells
identified in the following examples, and throughout the specification, by ATCC

zccession numbers is the American Type Culture Collection, Manassas, VA,

EXAMPLE 1
lsolation of cDNA Clones E| ing a Human FGE-
The EST sequence accession number AF(Q0726%, amurine fibrobiast growth factor
(FGF-15) was used Lo scarch various public EST databases (e g. GenBank, Dayhoff, ete.).
The search was performed using the compner program BLAST or BLASTZ [Alschul et

al., Methads in Enzymology, 266:460-480 {1996)] as a comparison of the ECD protein

sequences to & 6 frame translaiion of the ENT sequences. The search resulled in a hit with
GenBauk IS T AA220094, which has been identified as STRATAGENE MT2 neuronal
preeursor 937230, The scquence of AA220394 is also referred to herein as DNA47412.
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Based on the DNA47412 sequence, oligonucleatides were svnthesized: 1) to
denify by PCR a ¢DINA libiary that contained the sequence of imerest, and 2) for use as
probes to isolate 2 clone of the full-length ceding sequence for FGEF-19. Forward and
reverse PCR primets generally range from 20t 30 nucleetides and are often designed to
give a PCR product of about 100-1000 bp in lenglh. ‘The probe sequences are typically
46-55 bp in lenpth. Tn some cases, additional oli gonucléotides are synthesized wheu the
consensus sequence is preater than abeut 1-1.5%bp. Inorder to sureen several librunes for
a full-length clone, DNA from the libraries was screened by PCR amplification. as per
Ausnbel etal., Current Protocels in Melecular Biology, supra, with the PCR primer pair.
A positive library was then used to isclate clones encoding the gene of interest using the
probe oligenusteotide and one of the primer pairs.

PCR primers {forward and reverse} were synthesized:
forward PCR primer 5-ATCCGCCCAGATGGCTACAATGTGTA-3Y (SEQIDNO:3),
and
reverse PCR primer 3-CCAGTCCGGTGACAAGCCCAAA-Y (SEQ ID NO:4)
Additionally, a synthetic nligonuclectide hybridization probe was constructed from the
DNA47412Z sequence which had the following nucleotide sequence:
hybridization probe
3-GCCTCCCGGTCTCCCTGAGCAGTGCCAAACAGCGGCAGTGTA-Y (SEQ ID
NO:3).

RHNA for canstruction of the eDNA librarics was isolated from human fetal retima
tissue, The cDNA Nbraries used to isolate the eXNA clones were constructed by standard
methods using eommenrcially availabie recagents such as those from Invilrogen, San Dicga,
CA. The ¢DNA wis primed with aligo dT contairing a NMotl site, linked with blunt to
Sail hemikinascd adaptors, cleaved with Notl, sized appropriately by gel clecirophoresis,
and cloned in & defined orientation into a suitable ¢loning veetor (such as pRER or
PRED: pRK 3D is a precursor of pRK.3D that does not contain the Siil site: see, [lolmes
et al., Science, 253:1278-1280 (19211) in the unique Xhol and Netl sites.

DMNA sequencing of the clones isolated as described above gave the full-length

DHMA sequence for a [ull-length FGF-19 polypeptide (designated herein as DNA4G435-
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1219 [Figure |, SEQ ID NO: 1]} and the decived protein sequenve for that FGP-19
pelypeptide.

The fiali length ¢lone identified above contmined a single open reading (rame with
an apparent translational initiation site at nuclectide positions 464-466 and a stop signal
at pugleotide positions 1112-1114 (Figure 1, SEQ I NO: ). The prediced polypeptide
precursor is 216 amino acids long, has a calculated molecular weight of approximately
24,003 daltons and an estimated pl of approximately 6.99. Apalysis of the (ull-lenpth
FGF-19 sequence shown in Figure 2 {SE(} 11 NO:2) evidences the presence of a varicty
of impartant polypeptide domatns as shown in Figure 2, wherein the locations given for
those important polypeplide domains are spproximate as described above. Chromoesome
mapping evidences that the FGF- | 9-encoding nucleic actd maps to chromosome 1 1913.1,
band q13.1, in humans, Clone DNA%49435-1219 has been deposited with ATCC on
November 21, 1997 and is assigned ATCC deposit no. 209480,

An analysis of the Dayhoff database (version 3545 SwissProt 35), using the
ALIGN-2 sequence alignment analysis of the full-length sequence shown in Figure 2
(SEQ ID N(:2), evidenced scquence idertity between the FGF-19 amino acid sequence
and the following Dayhofl sequences:  AFQ07268 I, 554407, P W52586,
FGP2_XENLA, P_W33793, AB002097_1, P_R27966, HSU67918_1, S23595, and
P_R70824.

EXAMPLE 2
Use of FGF-19 as a hybridization probc

The following method desernibes wse of 2 nucleotide seyuence encoding FGI-19
as a hyhridization probe.

[INA comprisiog the coding sequence of (ull-length or mature FGF-19 is
employed as a probe to sercen for homaologous DNAs (such as those encoding naturally-
oceurring variants of FGF-19) in human tissue eDNA hibraries or human tissue genomic
librartes.

Tiybridieanion and washing of filters containing either libsary DNAs is performed
under the following high stringency conditions. Hybridization of radiolabeled FGF-19-

derived probe to the filters is perforned in a solution of 50% formamide, 5x S5C, 0.1%
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5D35, 0.1% sedium pyrephosphate, 50 mM sodium phosphate, pH 6.8, 2x Denhardt’s
solution, and 10% dexwan sulfate ai 42°C for 20 hours. Washing of the filiers is
performed in an aqueous solution of €.1x 88C and 0.1% SDS§ at 42°C.

DNAs having a desired sequence identily with the IINA encoding full-length
native sequence FGF-19 can then be identified using standard iechniques known in the

art.

EXAMPLE }
Lxpression of FGF-19 in £ colf

This example illustrates preparation of an unglycosylated form of FGF-19 by
secombinant expression in E. coli.

The DNA sequence encoding FGF-19 is initially amplified using selected PCR
primers. The primers should centain césteiction enzyme sites which correspond to the
restriclion enzyme sites on the selected expression vector. A variety of expression vectors
may be employed. An example of a suitable vector is pBR322 {derived from E. colf, see
Bolivar et al., Gene, 2:95 (1977)) which contains genes [or ampiclin and tetracycline
resistance. The vector is digested with restriction enzyme and dephospharylated. The
PCR amplificd scquences arc then ligated into the vector. The veetor will preferably
include sequences which gncode for an antibotic resistance gene, a trp promoter, a
polyhis leader (including the first six 8TI1 codons, polybis sequence, and enterokinase
cleavage site), the FGT-19 coding region, lambda transcriptional terminator, and an argl)
gene.

“The ligation mixture is then usced to transform a sclected £ coli strain using the
methods described in Sambrook et al., gupea. Trangformants ace identified by their ability
ta grow on LB plates and antibiotic resistant colonies arc then selected. Plasmid DNA
can be isolated and confirmed by restriction analysis and DNA sequencing.

Selegted clones can be grown overnight in liquid colmure medium suchas LB broth
supplemented with antibiotics, The overpight culture may subsequently be used to
invculate a larger scale culture. The cells are then grown to a desired optical density,

during which the expression promoter is fumed on.
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Afier culloring the eells for several meze hours, the cells can be harvested by
centrifugation. The cell pellet obtained by the centrifugation can be solubilized using
various agenls known i the art, and the solubilized FGF-19 protein can then be purified
using a netal chelating column under conditiens that aliow tight binding of the protein.

FGF-19 may be expressed in £ goli in a poly-T1is tagged fonn, using the
following procedure. The DNA encoding FGF-19 is initially amplified using selected
PCR primers. The primers will contain restriction enzyme siies which comespond to the
restrichor enzyme sites on the selucted expression vector, and other useful sequences
providing for efficient and reliable translation initiation, rapid purification on a metal
chelation eolumm, and proteelytic removal with enterokinase. The PCR-amplified, poly-
His tapged sequences are then ligated into an expression vector, which is used 10
trapsform an £ celi host based on stratn 52 (W3110 fuhA(tonA) lon galL rpel Hs{htpRis)
clpP(laclq). Transformants are first grown in LB containing 50 mp/mt carbeniciilin at
30°C with shaking until ap O.13.600 of 3-5 is resched. Culres are then diluted 50-300
fold intc CRAP media (prepared by mixing 3.57 g (NH.180, 9.71 g sodium
citratev2H20, 1.07 g KCI, 5.36 g Difco yeast exiract, 336 g Sheffield hycase SF m 500
roL water, as weil as 110 miM MPOS, pH 7.3, 0.55% (w/v) glucese and 7 snM MgS8O,)
and grown. for appraximately Z0-30 hours at 30°C with shaking. Samples arc removed
o verify expression by SDS-PAGE analysis, and the bulk culture is centrifuged to pellet
the cells. Cell pellets are frozen wntil purification and refolding.

E. colfi paste from 0.3 w0 1 L fermentations (6-10 g pellets) is resuspended in 10
volumes (w/v} in 7 M guaniding, 20 mM Tris, pH 8 bufter. Solid sodium sulfite and
sodium tetrathiunale is added (o make final concentralions of 0.1M and 0.02 M,
respectively, and the solution is stirred overnight at 4°C. This step results in a denatured
protein with all eysteine testdues blocked by sullitoliztion. The solution is centr luged
at 40,000 rpm in a Beekman Ultracentifuge for 30 min. The supemnatant is diluted with
3-3 volumes of metal chelue column bufler (6 M guanidine, 20 mM Tris, plI 7.4) and
filtered through 0.22 micron filters 10 clarify. The clarified extract is loaded onto a 3 mi
Qisgen Ni-NTA metal chekue column equilibrated in the metal chelate column buffer,
The column is washed with additional buffer containing 30 mM imidazoele (Calbiochem,

Utrol grade), pll 74, The protein is ¢hned with buffer containing 250 miM imidazole,
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Fractions containing the desired protein are pooled and stored ut 4°C. Protein
coneentration is estimated by its absorbance at 280 nm using the calculated extineticn
coefficient based on its amine acid sequence,

The proteins are refolded by diluting the sample slowly into freshly prepared
refolding buffer consisting of: 20 mM Tris, plI 8.6, 0.3 M NaCl, 2.5 M urea, 5 mM
cysteing, 20 mM glycine and | mivi EDTA. Refolding velumes are chosen so that the
final protwin concentration is between 50 to 100 micrograms/mt. The refolding solution
is stired gently at 4°C for 12-36 hours. The refoiding reaction is quenched by the
addition of TFA 10 a final concentration of 0.4% (pH of approximately 3). Before further
purification of the protein, the solution is filtered through a 0.22 micren filter and
aeetonitrile is added to 2-10% final concentration. The refolded protein s
shromatographed on a Poros R1/H reversed phase column using a mobile buffer of 0.1%
TFA with elution with a yradient of accionitrile from 10 to 80%. Aliquots of fractions
with 4280 absorbance are analyzed on SDS polyacrylamide gels and fractions containing
homogeneous relolded protein are pooled. Generally, the properly refolded species of
most proteins are chited at the lowest concentrations of acetonitrile sinee those species are
the most compact with their hydrophehbic interiors shiclded from interaction wilh the
reversed phuse vesin.  Apgreguted species are usually eluted at higher accronitrile
concentrations. In addition to resolving misfolded forms of protcing from the desired
form, the reversed phase step also removes endotoxin [rom the samples.

Fractions containing the desired tolded FGF-19 polypeplide are pooled and the
acetonitrile removed using a gentle stream of nitrogen directed at the solution. Proteins
are formulzled into 20 mM Hepes, pH 6.8 with {. 14 M sodium chloride znd 4% mannilol
by dialysis or by gel filtration using G235 Superfine {Pharmacia) resins equilibrated in the

forraulation buffer and sterile Hltered,

EXAMFLE 4
Expression of FGF-19 in mammalian cclls

This example illustrates preparation of a potentially plycosylated form of FGF-19

by recombinant expressien in mammalian cells.
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The vector, pRIKS (see EP 307,247, published March 15, 1989), is emplayed as
the expression vector, Optionally, the FGF-12 DNA is ligaied into pRKS with selected
restriction enzymes to allow insertion of the FGF-19 DNA using ligation methods such
a5 deseribed in Sambrook et al, supra. The resulting vector is called pRES-FGF-19.

In ane embodiment, the selected host cells may be 293 cells. Human 293 cells
(ATCC CCL 1573) are grown 10 confluence io tissue culture plates in medium such as
DMEM supplemented with fetal calf serum and oplionally, nutrient components and/or
anribiotics. About 10 g pRES-FGF-19 DNA is mixed with about 1 pp DNA encoding
the VA BMNA pene [Thimmappaya et al., Cell, 31:543 (1982)] and dissolved in 508 plof
| mM Tris-HCl, 0.1 mM EDTA, 0.227 M CaCl,. To this mixture is added, dropwise, 500
ul of 50 mM HEFES (pll 7.35), 280 mM Na(l, 1.3 mM MNaPQ,, and a precipitate is
zllowed to form for 10 minutes at 25°C. The precipitate is suspended and added to the
291 cells and allowed 0 settke for about four hours at 37°C. The culture medium is
aspirated off and 2 ml of 20% glycerol in PBS is added for 30 seconds. The 293 cells are
then washed with serum fiee medinm, fresh medium is added and the cells are incubated
{or about 5 days.

Approximately 24 hours after the iransfections, the eulture medium is removed
and replaced with culture medium (alone) or culture medium containing 200 pCiiml 8-
cysteine and 200 pC¥ml *¥S-methionine. After a 12 hour incubation, the conditioned
medium is callected, concentrated on 4 spin filter, and leaded onto a 13% SDS gel. The
processed gel may be dried and exposed 1o (ilm for a selected period of 1ime (o revesl the
presenee of FGF-19 pulypeptide. The cultures contaiming transfected cells may undergo
further incubation (in scrum free medium) and the medium is tested in sclected bioassays.

1n &n altermative technique, FGF-19 may be tntroduced inte 293 cells transiently
using the dextran sulfate method deseribed by Somparyrac et al., Prac. Natl. Acad, Sci.,
12:7575 (19810, 293 cells are grown o maximal density in a spinner Oask and 700 pe
PREKS-FGF-19 DNA is added. The cells are first concentrated from the spinner flask by
centrifugation and washed with PBS. The DNA-dextran precipitate 1% incubated on the
vell pellet for four hours. The cells are treated with 20% glycerol for %1 seconds, washed
with tissue culture medium, and re-introduced into the spinner flask containing tissue

culture medium, 3 pp/ml bovine insulin and 0.1 pug/iml bevine transferrin, After about
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four duys, the conditioned media is centrifuged and filtered to remove cells and debris.
The sample containing expressed FGF-19 can then be concentrated and purified by any
selected method, such as dialysis and/or column chromatography.

Tn another embodiment, FGF-12 can be expressed in CHO cells. The pPX5-FGF-
19 can be transfected into CHO cells using known reagents such as CaPO, or DEAE-
dextran, Asdescribed shove, the cell cultures can be incubated, and the medium replaced
with culture medium (wiene) or medium containing a radiolabel such as **S-methionine.
After derermining the presence of FGF-19 polypeptide, the culture medium may be
replaced with serum free medium. Preferably, the cultures are incubated forabout 6 days,
and then the conditioned medium is harvested. The imedium centaining the expressed
FGF-19 can ther be concenirated and purified by any selected method.

Epitope-tagged FGF-19 may also be expressed in host CHO cells. The FGF-19
raay be subcloned om of the pRES vector, The subclone insert can undergo PCR 1o fuse
in frame with a selected epitope tag such as a poly-his tag into a Baculovirus expression
vector. The poly-his tagged FGF-19 insert can then be suheloned inmo a SV40 driven
veetor containing a selection matker suchas DHER for selection.of stable clones. Finally,
the CHO cells can be transfected {as described above) with the §V40 driven vector.
Labeling may be performed, as described above, 10 verify expeession. The culiere
medium containing the expressed poly-1lis tagged FGT-19 can then be concentrated and
purified by any selected method, such as by Ni?'-chelate atfinity chromatography.

FGF-19 may also be expressed in CHO and/or COS cells by a transient £xpression
procedure or in CHO eells by another slabke expression procedure.

Stable expression in CHO ceils is performed using the fallowing proccdure. The
proteing are expressed as an 1gG construct (immunoadhesin, in which the coding
scquences for the soluble forms {c.g. extracellular demains) of the respective preteins are
fused 1o an [gG1 constan! region sequence contwining the hinge, CH2 and CH? domains
and/or s a poly-His tagged form.

Following PCR amplification, the respeciive DINAs are subcloned in a CHO
expression veclor using standard techniques as described in Auwsubel ci al., Current
Frotocols of Molecular Bia , Unit 316, John Wilsy and Sons (1997 CHO

expression vectors are constructed 1o have compatible restriction sites 5° and 37 of the
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DNA of interest to allow the convenient shuttling of < DNA's. The vectorused expression
in CHO cells is as deseribed in Tucas et al,, Nocl. Acids Res. 24:9 {1774-1779 (1996),
and uses the 8V4{ earty promoter/enhancer to drive expression of the cDNA of interest
and dikydrofalate reductase (DHFR). DHFR expression permits selecton for stable
mzintenance of the plasmid following transfection.

Twelve microgramsofthe desized plascoid DNA Jsintroduced inlo approximately
10 million CHO cells using commercially avaiiuble transiection reagents Superfect®
{Quiagen), Dosper® or Fogene® (Bochringer Mannheim)., The cells are grown as
described in Lucas et al., supra. Approximately 3 x 107 cells ars frozen in ar ampuls for
further growth and preduction as described below.

The ampules containing (he plasmid DNA are thawed by placement inte water
bath and mixed by vortexing. The contents are pipetted into a centrifuge tube containing
10 mls of media and cenirifuged a1 1000 rpro for § minutes. The supernatant is aspirated
and the cells are resuspended in 10 mL of selective media (0.2 um filtered P'S20 with 5%
0.2 pm diafiitered feta! bovine serom}. The cells are then aliquoted into a 100 ml. spinner
containing 90 mL of selective media. After 1-2 days, the cells are (ransfemred st a 250
mL spinner filled with 150 mL selective growth medium and incubated at 37°C. After
another 2-3 days, 250 mi., 500 mL and 2000 mL spinncrs are sceded with 3 x 10°
cellsimL,  The cell media is exchunged with fresh medfa by centrifugation ond
resuspension in preduction mcdium.  Although any suitable CHO media may be
employed, a production medium described in U.S. Patent No. 5,122,469, issued Tune 16,
1992 may actoally be used. A 3L production spinper is seeded a1 1.2 x 10° cells/mi.. Qn
day 0, the cell number pH e determined. On day 1, the spinner is sampled and sparging
with filtered air ts commmenced. Onday 2, the spinner is sampled, the wemperature shifted
to 33°C. and 30 mL of 500 g/L. glucose and 0.6 ml of 10% antifoam (c.g.. 35%
polydimethylsiloxane emulsion, Dow Corning 365 Medical Grade Emulsion) taken,
Throughout the production, the pH is adjusted as necessary (o keep it ataround 7.2, Atter
10 days, or until the viability dropped below 70%, the cell culture is harvesied by
centrifugation and filtering through a 0.22 pam fiiter. The filirate was cither stored at 4°C

or immediately loaded onto columns For purification.
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For the poly-His tagged constructs, the proteins are purified using a Ni-NTA
column (Qiagen). Before purification, imidazele is added 1 the conditioned media to a
congentration of 5 mM. The conditioned media is pumped onto a 6 ml Ni-NTA column
equilibrated in 20 mM tlepes, pll 7.4, buffer contzining 0.3 M NaCl and $ mM imidazoie
at a flow rate of 4-3 mi/min. at 4°C. After loading, the column is washed with additional
equilibration buffer und the protein eluled with equilibration buffer containing 0.25 M
imidazole. The highly purified protein is subsequently desalted into a storage buffer
<comtaining 10 mM Hepes, 0.14 M NaCl and 4% manniwol, pH 6.8, with & 25 ml G235
Supertine (Pharmacia) column and stored at -80°C.

Immunoadhesin (Fe-containing) constructs arg purified from the conditioned
media as follows. The conditioned medium is pumped onto a 5 m! Protein A column
{Pharmacia) which had been equilibrated in 20 mM Na phosphate buffer, pH 6.8 After
loading, the column is washed extensively with equilibration buffer belore elution with
100 mM citric acid, pH 3.5, The eluted protein is immediately neutralized by collecting
1 ml fractions into Tubes containing 275 2L of | M Tris bufler, pH 9. The bighly purified
protein is subsequently desalted into storage buffer as described above for the poly-His
tagged proteins. The homapeneity is assessed by SDS polyacrylamide gels and by N-

terminal aminc acid sequencing by Edman degradation.

EXAMPLE 5
Cxpression of FGE-19 in Yeast

The [ollowing method describes recombinant expression of FGF-19 in yeast.

First, yeast expression vectors are constructed for intracellular production or
searetion of FOF-19 from the AD2HGAPDH prometer. DNA encoding FGP-19 and the
promoter is inserted into suitable restriction enzyme sites in the selected plasmid to direct
intracellular expression ol FGF-19. For seeretion, DNA encoding FGF-19 can be cloned
into the selected plasmid, together with DNA encoding the ADH2/GAPDH promoter, a
native FGF-19 signal peplide or other mammalian signal peptide, or. for gxample, a yeast
alpha-factor or invertase scerctory signal/lcader seguence, and linker sequences (if

needed) for expression of FGE-19.
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Yeast cclis, such as yeast strain AB110, can then be mansformed with the
expression plasmids described above and cultured in selected fermeniation media. The
transformed yeast supamatants can be analyzed by precipitation with 10% trichloreacetic
zcid and separation by $DS-PAGE, followed by staining of the gels with Coomassie Blue
stain.

Recombinant FGIF-19 can subsequently be isulated and purificd by removing the
yeast cclls from the fermentation medium by centrifugation and then concentrating the
medium using selected cartridge fitters. The concentrale contuining FGF-19 may {urther

be purified using selected column chromatography resins.

EXAMPLE 6
Expression of FGF-19 in Baculovirus-Infieted Inseet Cells

The following method describes recombinant expressien of FGF-19 in
Baculovirus-infected insect ceils

The sequence coding for FGF-19 is fused upstream of an epitope tag contained
within a baculovirus expression vector. Such epitope tags inciwde pely-his tags and
immmuttoglobulin tags (like Fe regions of [gG). A variety of plasimids may be employed,
including plasmids derived [rom commercially available plasmids such as pvL1393
Novagen). Baefly, the sequence encoding FGF-19 or the desired portion of the coding
sequence of FGF-19 such as the sequence encoding the exiracellular domaia of a
trapsmembrane protein or the sequence encoding the mature protein 1iF the protein is
extraccllular is amplified hy FCR with primcrs complementary to the 5 and 3' regions.
The §' primer may incorporate flanking (scleeted) restriction enzyme sites. The product
is hen digested with those selected restriction enzymes and subcloned inte the expression
veetor.

Recombinant baculovirus is generated by co-transfecting the above plasmid and
BaculoGeld™ virus DNA (Pharmingen) into Spadoptera frugiperda (" Sf") cells (ATCC
CRE 171 ) using lipofectin (commercially avatlable (tem GIBCO-BRL). After4 - 5 days
of incubation at 28°C, the released viruscs are harvested and used for further

amplificalions. ¥iral infection and protein expression are performed as described by
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University Press (1994).

Expressed poly-his 1agged FGF-19 can then be purified, for example, by Ni¥'-
chelate affinity chromatograghy as follows. Extracts are prepared from recombinant
virus-infected S92 cells as deseribed by Rupert et al., Nature, 362:175-179 (1993,
Briefly, SI? cells are washed, resuspended in sonication buffer (25 mL Hepes, pH 7.9;
12.5 mM MgCl,; 0.1 mM EDTA; 10% glyceral; O. [% NP-40; 6.4 M KCI), and sonicated
twice for 20 seconds on ice. The sonicates are cleared by centrifugation, and the
supematant is diluted 50-fold in loading buffer (50 mM phosphate, 300 mM NaCl, 10%
glycerol, pH 7.8) and fihered through a 0.45 g Glter. A NiF"-NTA agarose column
(commercially available from (Qiagen) is prepared with a bed volume of 5 nl,, washed
with 23 mL of water and eqgailibrated with 25 mL of leading buffer. The (illered cell
extract is loaded onto the column at 0.5 mL per minute. ‘The column is washed to
baseline Ay, with loading huffer, at which point fraction collection is started. Next, the
eolumn is washed wilh 2 secondary wash butfer (50 mM phesphate; 300 mM NaCl, 10%
glycerol, pH 6.0}, which elutes nonspecifically bound protein. Aficr rcaching Aoy,
bascling again, the column is developed with a 0 to 509 mM Imidazole gradient in the
secondary wash bulfer. One mL fractions are collecled and analyzed by SDS-PAGL and
silver staining or Westemn blot with Ni*-N'TA-conjugated 1o alkaline phosphatasc
(Qiagen). Fractions containing the cluted His,o-tagged FGF-19 are pooled and dialyzed
against joading boffer.

Alternatively, purification of the IgG tageed (or Fe tagged) FGF-19 can he
pevformed using known chromatography technigues, including for instance, Protein A or

protetn G column chromatography.

LEXAMPLE 7
Preparation of Antibodics that Bind FGE-19
This example illustrates preparation of monoclonal antibodies which can
specifically bind FGF-19.
Techniques for producing the monoclonal antibodies are known in the art and arc

described. for instance, in Goding, supra. Immunogens that may be employed include

13
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purified FGE-19, fusion proteins cordaining FGE-19, and cells expressing recombinant
FGP-19 on the cell surface. Selection of the immunogen can be made by the skilled
artisan without undue experimentation.

Mice, such as Balb/c, are immunized with the FGF-19 tmmunogen emulsified in
compiete Freund's adjuvant and injected subcutaneously erintraperitoneally inan artount
from 1-100 micrograms.  Allernatively, the immunogen is emulsifted In MPL-TDM
zdjuvant (Ribi [mmunocheimical Research, Hamilton, MT) and injceted into the animal's
hind foot pads. The immunized mice age then bousted 16 to 12 days later with additional
immunogen emulsified in the selected adjuvant. Thereafter, for several weeks, the mice
may also be boosted with additional immunization injeetions.  Serum samples may be
periedically obtained from the mice by retro-orbital bleeding for testing in LLISA assays
o detect anti-FGF-19 antibodies.

After a suitable antibody titer has been detected, the animals "positive” for
antibodies can be injected with a final intravenous injection of FGF-19. “Three o four
days later, the mice are sacrificed and the spleen cells are harvested. The ypleen cells are
then fused (using 35% palyethylene glycol) to a selected murine myeloma cell line such
as P3X63Agl1L), available from ATCC, No. CRL 1597, The fusions gencrate hybridoma
cells which can then be plated in 96 well tissuc culture plates containing HAT
(hypoxanthine, aminopterin, and thymidine) medium to Inhibit proliferation of non-fused
cells, mycloma hybrids, and spleen cell hybrids.

The hybridoma cells will be screened in an EL1SA [or reactivity against FGT-19.
Determination ol “positive” hybriduma cells secreting the desired monoclonal antibodies
apainst FGF-192 is within the skill ir: the art.

The positive hybridoma cells can be injected intraperitoneally into syngeneic
Balb/c mice to produce ascites containing the anti-FGF-19 monoclonal antibodies.
Altermatively, the hybridoma cells can be grown in tissue culture Nasks or roller bottles,
Purification of the monoclonal antibodies produced in the ascites can be acconiplishied
using ammonjum sulfaie precipitation, followed by gel exclusion chromatography.
Alternatively, affimty chromatography based upon binding of antibody to protein A or

protein G con be employed.
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EXAMPLE 8
Purification o[ FGF-19 Polypeplides Using Specific Antibodies

Mative or recombinant FGF-19 pelypeptides may be purified by a variety of
standard techoiques in the art of protein purification. TFor example, pro-FGF-19
polypeplide, mature FGF-19 polypeptide, or pre-FGF-19 polypeptide is purificd by
immunealfinily chromatography using aniibodies specific for the FGE-19 palypeptide of
intcrest. Ingeneral, an immunoatfinity column is constructed by covalently coupling the
anti-FGE-19 polypeptide antibody w an aclivated chromatographic resin.

Polyclonal immunoglobulins arc prepared from immune scra cither by
precipitation with ammoniom sullete or by purification on immobilized Prolein A
(Pharmacia LKB Biotcchnology, Piscataway, N.J.). Likewisc, monoclonal antibodies arc
prepared from mouse ascites fluid by ammaoninm sulfate precipitation or chromatography
on immebilized Protein A, Partially purified inmuncglebulin is covalently attached to
a chromatographic resin such as CnBr-uctivated SEPHARQSE™ (Pharmacia T.KB
Biotechnology). The antibody is coupled 10 the resin, the resin is blocked, and 1he
derivative resin is washed according to the manufacturer's instructions. )

Such an immunoaffinity colume 35 utilized in the purification of FGF-19
polypeptide by preparing s fraction from cells coniaining FGF-1 9 polypeplide ina soluble
form. This preparation is derived by solubilization of the whole cell or of 2 subcellular
fraction obtained via differential centrifupation by the addition of detergent or by ather
methods well known in the arl. Allemnatively, soluble FGF-19 polypeptide containing #
signal sequence may be secreted in uselul quantity into the medium in which the cells are
grawn.

A soluble FGTF-19 polypeptide-centaining preparation is passed over the
immuncaffinity column, and the column is washed under conditions that allow the
preferential absorbance of FGE-19 polypeptide (e.z., high ienic strength bullers in the
presence of detergent). Then, the column is cluted under conditions that disrupt
antibody/FGF-19 polypepiice binging (¢4, a low pli bufler such 3 approsimately pH
2-1, or a high concentration of a chactrope such as urca or thincyanate ion}, and FGF-19

polypeptide is coliected.
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EXAMPLE 9
Drug

This invention is particularly vseful for screening compounds by using FGI-19
pelypepiidss or binding fragment thereofin any of 2 variety ol drug sereening lechoigues.
The FGF-19 polypeptide or lragment employved in such a test may either be free in
selution, #ffixed 10 a selid suppor, bome on a cell surface, or located inteacellularly. One
methed ef drug, screening utilizes eukearvolic or prokaryoetic host cells which are stably
transtormed with recombinant nucleic acids expressing the FGF-19 polypeptide or
fragment. Drugs are screened against such transformed cells in competitive binding
zssays. Such cells, either in viable or fixed form, can be used for standard binding assays.
Cne may measure, for example, the formatien ef complexes between FGF-19 polypeptide
or 2 fragment and the agent being tested. Alternatively, one can examine the diminwion
in complex tormation between the FGF-19 polypeptide and ils target ¢ell or arger
receptors caused by (he agent being tested.

Thus, the present invention provides methods of sereening for drugs or any other
agents whick cun alfecl a FGF-19 polypepuide-associated disease or disorder, These
methods comprise contacting such an agent with an FGF-19 polypeptide or fragment
thercofand assaying (1) for the presence of a complex between the agent and the FGF-19
polypeptide or fragment, or (i3} for the presence of a complex between the FGF-19
polypeptide or fragment and the eell, by mesthods well known in the an. 1o such
competitive binding assays, the FGF-19 polypeptide or fragment is typically labeled.
After suilable incubation, (ree FGF-19 polypeptde or fragment is separated lrom that
present in bound form, and the amount of trec or uncomplexed label is a measure of the
ability of the purticular agent to bind 1o FGF-19 polypeptide or o Interfere with the FGE-
19 poiypeptide/eell complex.

Another technigue for drug sereening provides high throughput serecning for
campounds having suitable binding affinity 1o a polypeptide and is described in detail in
WO 84403564, published on September 13, [984. Briefly stated, large numbers of
difterent small peptide test compounds are synthesized on a solid substrate, such as plastic
pins or some other surface. As applied to a FGP-19 polypepide, the peptide test
compounds are reacted with FGF-19 polypeptide and washed. Bound FGF-19 pelypeptide
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is deteeted by methods weil known in the art. Purilied ¥GI-19 polypeptide can also be
coated dircetly onto plates for use in the aforementioncd drug screening techniques. In
addilion, non-neutralizing antibedies ean be used 1o capture the peptide and imimobilize
it on the solid support.

This invention alse contemplates the use of cormpetitive drug screening assays in
which neutralizing antibodies capable of binding FGE-19 polypeptide specifically
compete with a test compound for binding to FGF-19 polypuptide or fragmeats thereof.
In this manner. the antibodies can be used 10 detect the presence ol any peptide which

shares one or mare antigenic determinants with FGF-19 polypeptide.

EXAMPLE 10
Rational Drug Design

‘The goal of rational drug design is to produce structural analogs of biclogically
active polypeptide of interest (ie., a FGF-19 polypeptide) or of small molecules with
which they interact. e.g., agonists, antagoenists, or inhibitors. Any of these examples can
be used to fashion drups which are more active or stable forms of the FGF-19 polypeptide
or which enhance or interfere with the function of the FGF-192 polypeptide in wivo (c.f,
Hodgson, Bio/Technology, 9: 19-21 (1951)).

In one approach, the theee-dimensional structure of the FGF-19 polypeptide, or
of an FGF-19 polypeplide-inhibitar complex, is determined by x~ray crystallograpby. by
compuier modeling or, most typically. by a combination of the twe approaches. Both the
shapc and charges of the FGF-19 polypeptide must be ascerlained to clucidaie the
struciure and 1o detemmoine active site(s) ol the molecule. Less ollen, welol information
regarding the structure of the FGF-19 palypeptide may be gained by madeling bascd on
the structurg of hemolagous proteins. In both cases, relevant structural information is used
te desipnanzalogons F(i¥-19 polypeptide-like molecules orto identify efficient inhibitors.
Uscful examples of rational drug design may inchude molecules which have improved
activity o stability as showi by Braxton and Wells, Biochemistry, 31.7796-7801 (1992)
ot which act as inhibitors, agonists, or antagenists o native peptides as shown by Athauda

ef afl., I Biochem., 113:742-744 (1993).
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1tis also possible to isclate a target-specific antibody, sclected by functional assay,
as described abave, and then te solve its crystal structure. This appreach, in principle,
yields a pharmacore upon which subsequent drug design can be based. 1t is possible to
bypass proteinarystallography altogether by penerating anti-idiotypic antibodies (ant-ids)
to a funclional, pharmacelogically active antibody. As a mirror image of a mmirrer image,
the binding siic of the ant-ids would be expecied 10 be an analep of the original receptor.
The anti-id could then be used 10 identifly and isolate peplides from banks of chemicaily
ar hiologically produccd peptides. The isolated peprides would then act as the
pharmacore.

By virlue of the present invention, sufficient amounts of the FGF- 19 polypeptide
may be made available to perform such analytical studies as X-ray crystallography. In
addition, knowledge ofthe FGF-19 polypeptide amino acid sequence pravided herein will
provide guidance to those employing computer modeling techniques in place of or in

addition te x-ray crystallography.

LXAMPLE 11
Investigation of Weight, Leptin Levels, Food Intake, Urine Production, Oxygen
Consumption. and Triglyceride and Free Fatty Acid Levels in FGF-19 Transgenic
Mice

As described herein, FGF-19 bas been newly identified as a member of a growing
family of sccrcted proteing related to fibroblast growth facter.  FGF-19 has been
characterized herein as imeracung wilh FGY receptor 4 and dees nut appear to act as a
mitogen. To further investigate the functions of this protein, transgenic mice have been
generated that express human FGF-19.

[n particular, the cDNA encoding hunan FGL-19 was clened into a plasmid that
cantains the promoter for myosin light chain, This promoter is sufficieni for muscle
specific ranscription of the wransgene. A splice accepter and donor was also included 5
1o the FGF-19 cDNA 10 increase the level of expression and a splice donor und acceptor
with a poly A addition signal was included 3' 10 the FGF-19 cDNA w inciease the level

of transeription and o provide a wranseription termination site.
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‘The DNA encompassing the MLC promeoter, the 5' splice acceptor and denor, the
FGF-19cDNA and the 3' splice acceptor and donor and 1he transcription termination site
{the transgene) was released from the bacterial vector sequences using appropriate
restrigtion enzymes and purified following size fractionation on agarose gels. The purified
DMNA was injected inte one pronucleus of ferfilized mouse eggs and Iransgenic mice
gencrated and identificd as described (Genetic Modification of Animals; Tim Stewart; In
Explonng Genelic Mechanisms pp565-598; 1997 Lds M Singer and P Bery; University
Seienee Books; Sausalito, Calit). The mice were 6 weeks of age for the measurements
discussed below [or water intake, food consumption, urine culput and hematocrit.  The
leptin, triglycerides and free fatty acid measurements were on the same animals at 8
weeks of age.

As the results discussed helow show, these mice demonstrate increased fond
intake and increased metabolic rate as evidenced hy their rate of oxygen consumption.
Despite the increased [vod intake, thess mice weigh signiticantly less than their non-
transgenic littermaies. This decreased body weight appears to be a conseguence of
decreased adiposity as Jepoin which correlates closely with adipose tissue mass in
humans and rodents and which is decreased in the transgenic mice. [n further support
of this, the transgenic mice have normal linear growth as assessed by nese to rump
length measurements.  They are normal with respect to bedy temperature, hody (hone
fengih) and hematological valugs. Co-incident with the increased food intake, the
rransgenic mice have increased urine output. As the mice do not appear to drink more
and are not dehydrated as determninesd by 4 nermal hematocrit, the mereased urine
output may be derived from the melabelism of the increased food. As FGF-19
decreases adiposity without altering either of muscle mass or long bone formation,
FGE-19 is indicated as an effective therapeutic in the treatment of obesity and related
conditions.

More parlicularly, MLC-FGE-19 transgenic mice were weighed ai various times
under different fasting and feeding conditions. Morte particularly, groups of female
EGPE-19 ransgenic mice and their non-transgenic liermoudes were weighed ar 6 weeks
of age during ad Jibitum feeding, after 6 and 24 hour fasts and 24 hours after ending

a 24 hour fast. As shown in Figure 34, under all conditiens. the FGF-I19 iransgenic
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mice ¢snlid bars) weighed less than their wild type, por fransgsnic Itermaies (stippled
bars).

Figure 3B shows the scra of the same groups of mice represented in Figure 3A,
assayed for leptin. The decreased leptin in the FGEF-19 transgenic mice is consistent
with the lower body weights {Figure 3A) being due 10 decreased adiposiry.

A group of § week old transgenic mice were monitored for food intake (Figure
4A), water intake (Figure 4B}, urinc output (Figure 4C) and hematocrit (Figure 4D,
As can be seen, the FGF-19 transgenic mice (501d bars) consume more food Lthan their
wild type Jittermates but do not drink more.  Although there is no change in water
consumption, the lransgenic mice do produce more urine (Figore 4C), Despite the
increase n urine production, the transgenic mice do not appear to be dehydrated as
evidenced by the rormal hematocrit (Figue 4D).

The decrease in bady weight (Figure 3] with an incsease in food consumption
(Figure 4) could be explzined by an inerease in metabolic rate. The metabolic rate was
determined by measuring oxygen copsumption. As shown in Figure 5, the FGF-19
trensgenic mice have an increased metabolic rate during both light cycles, following 2
24 hour fast and 24 bours after exding a 24 hour fast.

Obesily and elevated triplycerides and free fatty acids are risk factors for
cardiovascular disease. As FGF-19 decreases one of the risk factors for cardiovascular
disease (obesity (Figure 3)), it was investigated whether FGF-19 could also lower other
risk factors. As canbe seen in Figure 4. the level of riglycerides and free fanty acids

(FFA) is also lower in the FGF-19 transgenic mice.

EXAMPLE 12
FGFE-1% [nfusio ad an Increase in [ood Uprake and an Increase in Oxypen
Consumnption
‘To corfirm that the effects seen in the FGF-19 wansgenic mice were caused hy
the FGF-19 proteir, groups of non-mansgenic FvB mice were infused with recombinant
FGF-19 (1 mg/kg/day, iv) delivered by an osmotically driven implanted pump. As
shown in Figures 7A-B, administration of recombinant humap FGF-19 causes an

increase in food intake as compared to the mice infused with the carrier alone. in
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addition, FGF-19 intusion lcads to an increasc in metabolic rate as measured by oxygen

comsumption,

EXAMPIE 13
FGE-19 reases Clucg take an creases Leptin Rele; rom Adi es
To further investigate the mechanism by which FGF-19 alters merabolism,
recombinant human FGF-19 was added to culmres of primary rat adipocvies and
glucose uptake and Ieptin release by the cells was measured. As shown in Figures 8A-
B, FGE-19 increases the release of leptin from and decreases the uptake of glucose into

primary rat adipocytes.

EXAMPLE 14

Mice Fed High Fat Diets
Generally, mice {and humans) on 2 high fat diet will gain weight and adiposity

and will become ¢ither glucose intelerant or diabetic. To examnine whether exposure to
FGF-19 will impact on the adiposity and glucose tolerance cohorls of the transgenic
mice and their non transgenic (age &nd sex matched), littermates were put onto a high
fat diet essentially as described by Rebutfe-Scrive et al Metabolism Val 42, No 11°1993
PpiAU5-1409 and Surwit ct al Metabolism, Vol 44, No 5 1995 pp 645-651 with the
madiftcation thal the sodium content was normalized with respect to the normal chow
(diets prepared by Research Diets Inc. Catalog no. 212330N.

After ten weeks on the either nonmal mouse chow or on the high fat diet the mice
(femalc transgenic and their non transgenic littermates) were subjected to a glucose
tolerance lest. Thus each meuse was injected intruperitoneally with 1.0 my glucose per
kg of' body weight and the coneentration of glucese present in the bleod was measured at
intervals following the injection. The graph in Figure 10 shows the glucoss levels in the
mice and demonstrates that 89 of the female non transgenie mice that has been fod high
fat diet would be detined as diabetic (2 hour glucose levels yreater than 200 mg/dl;
{Wirld Rook of Diabetes in Practice, Vo] 3; Ed Krall, LP.; Elsevier)) whereaas 0/3 of the

transgenic mice fed u comparable diet would be considered diabetic.
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The miale mice that were fied the high fat diet were sacrificed alter being on the
diet for either 6 or 10 weeks and the adipesity determined by measuring the weights of
specifie fat depots. As is shown in Figure 9 the transgenic mice that bad been fed a high

{at diet were significantly less [at then the non transgenic littermates.

eposi Tia
" The following waterials have been deposited with the American Type Culwre
Collection, 10801 University Blvd., Manassas, VA 20110-2209, USA (ATCC):

Material ATCC Dep. No. Deposit [rate
DNA49435-1219 209430 November 21, 1997

This deposit was made wider the provisions of the Budapest Trealy on the
International Recognition of the Deposit of Microorganisms for the Purpose of Patent
Procedure and the Regulations thereupder (Budapest Treaty). This assures maintenance
of a viable culture of the deposit for 30 years from the date of deposit. The deposit will
be made available by ATCC under the terms of the Budapest Treaty, and subject to an
agreement between Genenotech, Inc. and ATCC, which assures permaneni and
unrestricted availability of the progeny of the culture of the deposil tu the public upon
issvance of the pertinent U.S. patent or upon Llaving open 1o the public of any U.S. or
foreign patenc application, whichever comes first, and assures availability of the
progeny (o one decermined hy the U5, Commissioner of Patents and Trademarks o be
entitled thercty according to 35 USC §122 and the Commissioner's rules pursuant
thereto (including 37 CFR §1.14 with particular reference 1o 886 0G 638).

The assignee of the present application has agreed that if a culture of the
materials on deposit should die or be lost ar desroyed whea cultivated under suirable
conditions, the materials will be promptly replaced on notitication with another of the
same. Availability of the deposited material is not to be construcd as a license 1o
praciice the invenrion in contcavention of the rights granted under the authoricy of any
government o accordance with its patent laws.

The foregaing wrinen specification is considered to be sufficient to enable one

skilled in the art to praciice the invention. The present inventien is not 1 be bmited
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in scope by the construct deposited, siace the deposited embodiment is intended as a
single illustration of certain aspects of the invention and any constructs that are
functionally equivaleat are within the scope of this invention.  The deposit of material
herein does net constitute an admission that the writien description herein contained is
inadequate to enable the pracrice of any aspect of the invention, including the best mode
thereof, nor is it to be construed as limiting the scope of the chims w the specific
illustrations that it represents. Indeed, various modifications of the invention in
addition to those shown and described hercin will become apparent to those skilled in

the art from the foregoing description and fall within the scope of the appended claims.
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WHAT I8 ED I5:

i. An isolated nucleic acid molecule which comprises DNA having at least
about 8% sequence identity to (a) a DNA molecule encoding a FGF-19 polypeptide
comprising the sequence of amino &cid residues from abeut 1 or ahour 23 to about 216

of Figure 2 (SEQ ID N0:2), or {b) the complement of the DNA molecule of (a).

2. The isolated nucleis acid molecule of Claim [ comprising the sequence
of nucleotide positions from about 464 or about 330 to about [111 of Figurc 1 {SEQ
1D NO:I.

3. The isolated nucleic acid molecule of Claim 1 comprising the nucieotide
sequence of Figure 1 (SEQ ID NO:1).

4. The isolated nucleic acid melecule of Claim 1 comprising a nucleotide
sequence that encodes the sequence of amine acid residues from about | er about 23 to

about 216 of Bigore 2 (SEQ 1D NO:2}.

5 An isolated nucleic acid molecule comprising BDNA which comprises at
least about 80% scquence identiry to {a) 2 DNA molecule encoding the same mature
polypeplide encoded by the buman protein cDMNA deposited with the ATCC on
November 21, 1997 under ATCC Deposit No. 209480 (DNA46435-1219), of () the

complement of the DNA melecule of (1),

6. The isolated nucleic acid molecule of Claim 5 comprising DNA encoding
the same mature pelypeplide encoded by the human protein cDNA deposited with the
ATCC on November 21, 1997 under ATCC Deposit No. 209480 {DNA49435-1219).

1. An isolated nueleie acid melecule comprising DNA which comprises at

lzast about 80% sequence idemity to (a) the full-length polypeptide coding sequence of
the human protein cDNA deposited with the ATCC on November 21, 1997 under
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ATCC Deposit No. 209480 (DNA49435-1219), or {b) the complérpent of the coding

sequence of (a).

8. The isolated nucletc acid molecule of Claim 7 comprising the fizll-length
polypeptide coding sequence of the human protein cDNA deposited with the ATCC on
November 21, 1997 under ATCC Deposit No. 209480 (DNA46435-1219).

9. An isolated nucleic acid molecule encoding a FGF-19 polypeptide
comprising DNA that hybridizes (o the complement of the nucleic acid sequence that
encodes amino acids | or about 23 to about 216 of Figure 2 (SEG 1D NO:2).

10, The isolated nucleic acid molecule of Claim 9, wherein the nucleic acid
that encodes arpine acids | or about 23 to ahout 216 of Figure 2 (SEQ D NO:1)
comprises nucleotides 464 or about 530 w about 1111 of Figure 1 {SEQ ID NO:1).

11, The isolated nucleic acid molecule of Claim 9, wherein the hybridization

occurs under stringent hybridization and wash cenditivns.

1% An isolated nucleic acid melecule comprising (a) DNA encoding a
polypeptide scoring ar least 3% positives when compared 1o the sequence of amino
acid residues of from 1 or about 23 o about 216 of Figure 2 {SEQ [D N0:2), or (b) the
complement of the DNA of (a).

13, An isolaed nucleic acid molecule comprising at least aboue 22
nucleotides and which is preduced by hybridizing a test DNA molecule under stringent
hybridizstion conditions with (a) a DNA molccule which encodes a FGF-19 polypcptide
Comprising 4 sequence of amino acid residues from 1 or about 23 10 abowt 216 of
Figure 2 (S8EQ ID NO:2), or (b) the complement of the DNA molecule of (1), and

isolating the test DNA molecule.
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14. The isolated nucleic zcid molecule of Clain 13, which has art least about

80% sequence identity o (a) or (b).

15. A vector comprising the pugleic acid molecule of any one of Claims 1

io 14,

16.  The vector of Claim 15, wherein said nucleic acid melecule is operably

linked to conlrol sequences recognized by a host cell wansformed with the vector.

17, A nuckic acid moleculs deposited with the ATCC under accession
number 209480 (DNA459435-12]9).

1B. A host cell comprising the vector of Claim 15.

19. The host ¢ell of Claim 18, wherein said cell is & CHO cell.

20. The host cell of Claim 18, wherein said cell is an K. colf,

21, The host cell of Claim 18, wherein said cell is 4 yeast cell.

22, Aprecess for producing a FGF-19 pelypepiide camprising culwring the
host cell of Claim {8 under conditions suitable for expression of saié FGF-19
polypeptide and recovering said FGF-19 polypeptide from the cell culmre,

23, An isolated TGF-19 polypeptide comprising an amino acid sequence
comprising at least about B0 % sequence identity to the sequence of amino acid residues

from about 1 or about 23 w about 216 of Figure 2 (§EQ ID NC:2).

24.  The isolated FGF-19 polypeptide of Claim 23 comprising amino acid
residues 1 or about 23 1o zbout 216 ot Figure 2 (SEQ 1D NO:2).
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25.  Anisolated FGF-19 polypeptide having ar least about 80% sequence
identity to the polypeptide enceded by the cDNA insert of the vector deposited with the
ATCC on Novembers 21, 1997 as ATCC Deposit No. 209480 (DNMA49435-1219).

26.  The isolated FGF-19 polypeptide of Claim 25 which is encoded by the
cDNA insert of the vector deposited with the ATCC or Nuvember 21, 1967 as ATCC
Deposit Mo, 209480 (DNA49435-1219).

27. An isolated FGF-19 polypeptide scoring at least 80% positives when
compared to the sequence of amine agid residues from | or about 23 10 about 216 of
Figure 2 (SEQ ID NO:2).

28.  Anisolaied FGE-19 polypeptide comprising the sequence of amino acid
residues [rom 1 or about 23 1o about 216 of Figure 2 (SEQ 1D NO:2), or a fragment
therend sufficient 10 provide a binding site for an anti-FGF-19 antibody.

29.  Anisolated polypeptide produced by (i) hybridizing a test DNA molecule
under stringent conditions with (a) a DNA molccule encoding a FGF-19 polypeptide
comprising the sequence of amine acid residues from 1 or about 23 w abom 216 of
Figure 2 {SEQ ID NO:2}, or {b) the complement of the DNA molecule of (a), (i)
cultuing a host cell comprising said rest DNA molecule under conditions suitable for
the expression of said polypeptide, and {iii) recovering said polypeptide from the cell

cultuee,

30. The isolated polypeptide of Claim 29, wherein said test DNA bas at least

about 80% sequence identity to (a) or (b).

31, A chimeric molecule comprising 2 FGF-19 polypepride fused 1o a

heterologous aming acid sequence.
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32, Fhe chimeric molecule of Claim 31, wherein said bewerelogous amino

acid sequence is an epitope tag sequence.

33 The chimeric molecule of Claim 31, wherein said beteroclogous amina

acid sequence is a Fe region of an immuncglobulin,

34, An sutibody which specifically binds to a FGF-19 polypeptide.

a5 The antibody of Claim 34, wherein said antibedy is a monoclonal

antibody.

36.  The antibody of Claim 34, whercin said antibody is a humanized
antibody.

37, The apubody of Claim 34, wher¢in sakl antibody is an amiibody
Iragment.

38.  An agonist lo a FGF-19 pulypeptide.

39.  Anantagonist to a FGF-19 polypeptide.

40. A composition of matter comprising (a) a FGF-19 polypeptide, (b) an
zponist to a FGE-19 polypeptide, {c) an antagonist to a FGE-19 polypeptide, or (d) an
anti-FGF-19 antibody in admixture with a pharmaceutically acceptable carricr.

41. A method for screening for a bicactive agent capable of binding to FGP-
19 comprising:

a) 2dding a cundidaie bivactive agent 1 2 sample of FGF-19; and

b) determining the binding of said candidaic agent (o said FGF-19, wherein
pinding indicates a bioactive agent capable of binding to FGF-19.
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42, A methed for seréening for a bivactive agent capable of modulaiing the
aclivity of FGF-19, said method comprising the steps of:

a) adding a candidate bicactive agent to a sample of FGE-19; and

() determining an alteration in the biological activity of FGF-19, wherein

an alterarion indicates a hinactive agent capable of modulating the activity of FGF-19.

43. A method according to Claim 42, wherein said biological activicy is

decreased uplake of glucese in adipocyles.

44. A method according to Claim 42, wherein said biological activity is

increased leptin release from adipocytes.

45. A method of identifying a receptor for FGF-19, said method comprising
comhining FGF-19 with 3 composition comprising ¢ell membrane material wherein said
FGE-1% complexes with a receptor on szid cell membrane material, and identifying said

receptor as a FGF-19 recepror.

45, The method of Claim 45 wherein FGF-19 binds to said receptor, and

said method further includes a step of cresslinking said FGE-19 and receptor.

47, The method of Claim 45, wherein said composition is a cell.

48. The methed of Claim 45, wherein said compusition is a cell membrane

extract preparation.
49. A method of inducing leptin refease from adipoecyte cells, said metbod
comprising administering FGF-19 ta said cells in an amount effective to induce leptin

release,

50. The method of Claim 49, whercin said FGF-19 is administered as a

protein.
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51, The method of Clairn 49, wherein said FGE-T9 is administered as a

nuelic acid.
5%, A method of inducing a decrease in glucose uptake in adipocyte cells,
said method comprising administering FGE-19 10 said cells in an amount effective o

induce a decrease in glucoss upake.

53. The method of Clam 52, wherein said FGE-19 1s admimstered as a

prefcin.

54. The method of Claim 52, wherein said FG¥-19 is administered as a

nucleic acid.
55. A method of treating an individual for obesity, said method comprising
administering 1o said individual a composition comprising FGEF-19 in an amount

elfective to treat said obesity.

58. The method of Claira 55, wherein said (reatment of obesity further

resules in the (reatment of a condition related w obesity.

57.  The method of Claim 35, wherein szid FGE-19 s adminisiered as 4

protein,

58. The methad of Claim 55, wherein said FGF-19 is administered as a

nucleic acid.

59.  The method of Claim 53, wherein said composition further comprises

a pharmaceurtical acceptable carrier.
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60.  The method according to Claim 55, whererin said FGF-19 has at least
zboul 83% amino acid sequence klentity o the amino acid sequence shown n Figure
2 (SEQ ID NO'2).

61. A method of reducing total body mass in an individual, said method

vomprising administering (o said individual an effective amount of FGF-19.

62, The method of Claim 61, wherein said FGF-19 is administered as a

protein.

63.  The methed of Claim 61, wherein said FGE-19 is administered as a

nucleic acid.

64.  The method of Claim 61, wherein said FGF-19 is adminisiered with a

pharmaceutical aceeptable carrier.

65. The method of Claim 61, wherein said reduction in total body mass

includes a reduction n fat of said mdividual.

6b. The method according te Claim 61, wheretin said FGF-19 has at least
about 85% amino acid sequence identjty Lo the amino acid sequence shown in Figure

2 (BEQ ID NO:2).
67, A methed of reducing the level of @ least one of triglycerides and free
fatty acids in an individual, szid method coniprising administering to said individual an

ettecrive amonnt of FGEF-19.

68. The method of Claim 67, wherein said FGF-19 s administered as a

protein.
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69 The method of Claim 67, wherein sald FGF-19 15 administered as a

nucleic acid.

0. The method of Claim 67, wherein said FGF-19 is administered with a

pharmaceutical acceptable carrier.
71, The method according to Claim 67, whererin said FGF-19 has at least
about 85% amino cid sequence identity to the amino acid sequence shown in Figure

2 (SEQ ID NO:2).

72, A method of increasing the metabolic rate in an individual, said method

comprising administering lo said individual an elfective amaunt ol FGE-15.

73, The methwd of Claim 72, wherein sid FGF-19 is administered as a

protein.

74, The method of Claitn 72, wherein said FGF-19 is administered as a

nucleic acid.

75. The method of Claim 72, wherein said FGE-19 i5 administered wilh a

pharmaceutical acceprable carrier.
76.  The methed according to Claim 72, whererin said FGF-19 has at least
about 85% amino acid sequence identity to the amino acid sequence shown in Figure

2 (SEQ 1D NO:2).

77.  Arodentcomprising a genome comprising a transgene encoding FGF-19.
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GCTCCCAGICRAGRACCTCEGEGCCELTGCGCBETHEEGAGEAGTTCCCCEAARCCCGGCCE
CTAAGCGAGGCCTCCTCCTCCLGCAGATCCGARCGGOCTGRGCGEGGTCACCCCGGUTGGGR
CBAGAAGCCGCCGCCTGUCTECCUGGECCCEGECAGSEGGCTEEEECTGEEGLCGEAGELGE
GGTGTGAGTGGGTGTETGCGGGEGECGEAGECTTGATECAATCCCGATARGRAATCLTCLGE
TGTCTTGGGCACCTACCCGTGEEGCCCGTAAGGCGCTACTATATRAGGCTGLCGGCCCGGAG
CCGCCGCGCCGTCAGRAGCAGGAGCGCTGCGTCCAGGATI TAGGGCCACGACCATCCCARCCC
GGCACTCACAGLCCCGCAGCECATCCCEGTLCGCCGCCCAGLCTCCCGCACCCCCATCGCCGE
AGCTGCGCCEAGACCCCCAGEEAGCTGCCATSCGGAGLGGETGTGTGGTGETCCACSTATGG
ATCCTGECCGECCTCTGGRUTEGCCETGGCCEGECGICLCCTCGCUTTUTCGGACGUGGEECC
CCACGTGCACTACGGCTGGGGCGACCCCATCCGCCTGLRGLACCTGTACACCTCCGGCCCLC
BUGGECTCTCCAGCTGCTTCCTGUGCATCCETGCCGACGGCGTCGTEGRCTGCGCGCGEHEGE
CAGAGUBCGCACAGTTTGCTGGAGAT CARGGCAGTCECTCTGCGGACCETGEECATCARAGGG
CGTGCACRAGCGTGLGGTACCTCTGCATGGGOGCCGACGGCARGATGCAGEGGCTCCTTCAGT
ACTCGGAGGAAGACTCTGCTITCOAGCAGGAGATCCGCCORGATGECTACARTGTGTACEGA
TCCBAGAAGCACCGCCTCCCGGTCTCCCTCAGCAGT GCCARACAGCGGCAGCTGTACAAGAR
CAGAGGCTITCTTCCACTCTCTCATTICCTGCCCATGCTGUCCATGGTIUCCAGAGGAGCCTS
AGGACCTCAGGGECCACTTECGAATCTGACATGTTCTCTTCECCOCTGEAGRECGACAGCATS
GACCCATTTGCECTTGTCACCCGACTCGAGGCUGTGAGGAGTCCCAGCTTTIAGAAGTIRACT
GAGACCATECCCGEGCCTCTITCACTGCTGCCAGGGGCTETEGTACCTGCAGCGTGGGGEACS
TGCTTCTACAAGAACAGTCCTGAGTCCACGTTCTGT TTAGUTT TAGGAAGARACATCTAGRA
GTTGETACATATTCAGAGTTTTCCATTGGCAGTGCCAGTTTCTAGCCAATAGACTTGTCTGAT
CATAACATTGTRAGCCTGTAGCTTGCCCAGCTEUTGLCTGGLECCCCCATTCTGCTCCCTCGA
GGTTGCTGEACAAGCTGCTGCACTSTCTCAGTTCTGL TTGARTACCTUCATCGATGEGGAAD
TCACTTCCTTTGGAARAAT TCTTATGTCARGCTGARATTCTCTAAT TTTTTCTCATCACTTC
CCECAGGAGCAGCCAGAAGACAGGCAGTAGTTTTAATTFCAGGAACAGGTGATCCACTCTGTA
ARACAGCAGETAAATT TCACTCAACCOCATGEGGGAATTGATCTATATCTCTACT TCCRGGS
ACCATTTGCCCTTCCCARATCCCTCCAGGCCAGAACTGACTGGAGCAGGCATGGLCCATCAG
GCTTCAGGAGTAGGGGRAGCCTGEAGCCCCACTCCAGCCCTGGGACAACTTGAGRATTLCCT
CTGEAGGCCAGTTCTGTCATGGATGC TGTCCTEAGRATAACT TGCTGTCCCGGTETCACGTGE
TTCCATCTCCCAGCCCACCAGCCCTCTGCCCACCTCACATGUCTCCCCATGGATTGEGECCT
CCCAGGCCCCCCACCTTATGTCAACCTGCACT TCT TGTTCAARART CAGGRARRGAARAGAT
TTGARGACCCCAAGTCTTGTCARTARCTTGC TG TETGGAAGCAGCGGGGGAAGACCTAGAAC
CCTTTCCCCAGCACTTGGTTTTCCARCATGATAT TTATGAGTAATTTATTTTGATATGTACA
TCTCTTATTTTCTTACATTAT TTATGCCCCCAAATTATATTTATGTAT GTAAGT GAGGTTTG
TTTTGTATATTAAAATGGAGTTTSTTTGT
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MESGCVVVHVH ILAGLWLAVAGRPLAFSDAGPHVHYGWGDFIRLERLY TSGPHGLSSCFLRI
RADGVVDCARGOSAHSLLETKAVALRT VA LKGVHSVRYLCMGADGRMOGLLOYSEEDCAFEE
EIRPDGYNVYRSEKHRLEVSLSSAKQROLYKNRGFLPLSHFL PMLPMVPEEPECLRGELESD
MFSSPLETDSMDFEGLVTCGLEAVRSPSFEK

signal peptidae:
amino acids 1-22

N-myristoylation sites:
amino acids 15-21, 34-£0, 66-72, 201-207

Prokaryotic membrane lipoprotein lipid attachment site:
amino acids 43-39

HBGF/FGF domain:
amine acids §0-131

FIG. 2
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