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Summar y

A st r uct ur al l y and f unct i onal l y r el at ed gr oup of genes, l ymph node homi ng r ecept or ( LHR) ,

gr anul e membr ane pr ot ei n 140 ( GMR140) , and endot hel i al l eukocyt e adhesi on mol ecul e 1( ELAM- 1)

ar e shown t o const i t ut e a gene cl ust er on mouse and human chr omosome 1 . I n si t u hybr i di zat i on

mapped GMP- 140 t o human chr omosome 1 bands 21- 24 consi st ent wi t h chr omosomal l ocal i zat i on

of LHR. Gene l i nkage anal ysi s i n t he mouse i ndi cat ed t hat t hese genes and ser um coagul at i on

f act or V ( FV) al l map t o a r egi on of di st al mouse chr omosome 1 t hat i s synt eni c wi t h human

chr omosome 1, wi t h no cr ossover s i dent i f i ed bet ween t hese f our genes i n 428 mei ot i c event s .

Mor eover , l ong r ange r est r i ct i on si t e mappi ng demonst r at ed t hat t hese genes map t o wi t hi n

300 kb i n bot h t he human and mouse genomes . These dat a suggest t hat LHR, ELAM- 1, and

GMP- 140 compr i se an adhesi on pr ot ei n f ami l y, t he sel ect i ns, t hat ar ose by mul t i pl e gene dupl i cat i on

event s bef or e di ver gence of mouse and human . Fur t her mor e, t he l ocat i on of t hese genes on mouse

and human chr omosome 1 i s consi st ent wi t h a cl ose evol ut i onar y r el at i onshi p t o t he compl ement

r ecept or - r el at ed genes, whi ch al so ar e posi t i oned on t he same chr omosomes i n bot h speci es and

wi t h whi ch t hese genes shar e a r egi on of sequence homol ogy . These dat a char act er i ze t he

or gani zat i on of a genomi c r egi on t hat may be cr i t i cal f or i nt er cel l ul ar communi cat i on wi t hi n

t he i mmune syst em.

The pr i mar y st r uct ur es of t hr ee gl ycopr ot ei ns def i ni ng a

novel cl ass of adhesi on r ecept or s, t er med sel ect i ns, have

r ecent l y been det er mi ned ( 1- 5) . The f i r st i s t he Mel - 14 an-

t i gen, a mur i ne l ymph node homi ng r ecept or ( LHR) 1, 2 al so

P

' Abbr evi at i ons used i n t hi s paper : ELAM- 1, endot hel i al l eukocyt e adhe-

si on mol ecul e; FV, coagul at i on f act or V; GMP- 140, gr anul e membr ane

r ot ei n 140; LHR, l ymph node homi ng r ecept or .

The Human Gene Mappi ng Nomencl at ur e Commi t t ee has assi gned

t he f ol l owi ng desi gnat i ons f or t he genes ut i l i zed i n t he cur r ent

r epor t : LHR, LYAM; ELAM- 1, ELAM; GMP- 140, GRMP; FV, F5 .

The Mouse Nomencl at ur e Commi t t ee has assi gned t he f ol l owi ng des-

i gnat i ons f or t he same genes i ndi cat ed above : LHR, Lnhr ; ELAM- 1,

El am; GMP- 140, Gr mp; coagul at i on f act or V, R5 .
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f ound on neut r ophi l s and monocyt es ( 3, 4) . The gene f or

t he human count er par t , encodi ng t he Leu- 8/ TQ1 ant i gen

or LAM- 1, has al so been cl oned ( 6- 9) . I n addi t i on t o l ym-

phocyt e homi ng, t hi s mol ecul e may pl ay a r ol e i n neut r ophi l

adhesi on t o endot hel i um at si t es of i nf l ammat i on ( 10) . The

second sel ect i n i s endot hel i al l eukocyt e adhesi on mol ecul e 1

( ELAM- 1) , a cyt oki ne- i nduci bl e r ecept or f or neut r ophi l s on

human endot hel i um ( 1, 11) . The t hi r d i s gr anul e membr ane

pr ot ei n 140 ( GMP- 140) ( 3) , a membr ane gl ycopr ot ei n f ound

i n secr et or y gr anul es of human pl at el et s ( 12- 15) and en-

dot hel i um ( 16- 18) . When t hese cel l s ar e act i vat ed by agoni st s

such as t hr ombi n, GMP- 140, al so known as PADGEMpr o-

t ei n i s r api dl y r edi st r i but ed t o t he pl asma membr ane wher e

i t medi at es adhesi on of neut r ophi l s and monocyt es ( 19- 21) .
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I n addi t i on t o t hei r f unct i onal r el at i onshi p, t he sel ect i ns

shar e ext ensi ve ami no aci d si mi l ar i t y and over al l domai n or -

gani zat i on . Each mol ecul e cont ai ns an NH2- t er mi nal do-

mai n homol ogous t o Cat +- dependent l ect i ns ( 22) , f ol l owed

by an epi der mal gr owt h f act or - l i ke domai n, a var i abl e number

of t andemconsensus r epeat s r el at ed t o t hose i n compl ement -

bi ndi ng pr ot ei ns ( 23- 25) , a t r ansmembr ane segment , and a

shor t cyt opl asmi c t ai l .

I n t he cur r ent st udy we exami ne t he genomi c or gani za-

t i on of LHR, ELAM- 1, and GMP- 140 . Usi ng a combi na-

t i on of cyt ogenet i c, i nt er speci f i c backcr oss mouse l i nkage dat a,

and l ong r ange r est r i ct i on si t e mappi ng, we demonst r at e t hat

LHR, ELAM- 1, and GMP- 140 ar e physi cal l y l i nked bot h on

human chr omosome 1 and on di st al mouse chr omosome 1 .

These st udi es def i ne an adhesi on r ecept or gene compl ex and

r ai se t he possi bi l i t y t hat t hese genes may have common modes

of r egul at i on si mi l ar t o ot her cl ust er s of r el at ed genes such

as t he maj or hi st ocompat i bi l i t y l ocus .

Mat er i al s and Met hods

Somat i c Cel l Hybr i ds .

	

Somat i c cel l hybr i ds wer e gener at ed by
PEG1000- medi at ed cel l f usi on of human VA2, A549, or I MR90

f i br obl ast or per i pher al human l ymphocyt e cel l s t o ei t her Chi nese
E36 or Syr i an BHKB1 hamst er cel l s as pr evi ousl y descr i bed ( 26) .

A panel f or mappi ng st udi es was sel ect ed f r om a ser i es of hybr i ds

t hat cont ai ned t he ent i r e r odent genome but t hat have sel ect i vel y

l ost di f f er ent combi nat i ons of human chr omosomes . A [ 3zP] GMP-

140 pr obe l abel ed by t he r andom ol i gonucl eot i de pr i mi ng met hod

t o a speci f i c act i vi t y of 1- 3 x 109 dpm/ ug was hybr i di zed t o

Sout her n bl ot s of hi gh mol ecul ar wei ght DNAf r om t hese hybr i d

cl ones t hat had been di gest ed t o compl et i on wi t h EcoR1, el ect r o-

phor esed, and bl ot t ed as pr evi ousl y descr i bed ( 26) .

I n Si t u Chr omosomal Hybr i di zat i on.

	

Human met aphase cel l s wer e

pr epar ed f r om PHAst i mul at ed PBL. Radi ol abel ed GMP- 140

genomi c pr obes ( a 3- kb Hi ndI I I genomi c f r agment f r om t he 3'

end of t he gene and a 2. 1- kb Hi ndI I I / Sal l genomi c f r agment f r om

t he 5' end of t he gene) wer e pr epar ed by ni ck t r ansl at i on of t he

ent i r e pl asmi d wi t h al l f our 3H- l abel ed deoxynucl eosi de t r i phos-
phat es t o a speci f i c act i vi t y of 1. 0 x 10" dpm/ Ag . I n si t u hybr i di za-

t i on was per f or med as descr i bed pr evi ousl y ( 27) . Met aphase cel l s

wer e hybr i di zed at 1 . 0 and 3. 0 ng of pr obe per mL of hybr i di zat i on

mi xt ur e . Aut or adi ogr aphs wer e exposed f or 11 days .

Mi ce.

	

C3H/ HeJ- gl d/ gl d and Mus spr et us ( Spai n) par ent al mi ce

and [ ( C3H/ HeJ gl d/ gl d x M. spr et us) F, x C3H/ HeJ- gl d/ gl d] i n-

t er speci f i c backcr oss mi ce wer e br ed and mai nt ai ned as pr evi ousl y

descr i bed ( 28) . Mus spr et us was chosen as t he second par ent i n t hi s

cr oss because of t he r el at i ve ease of det ect i on of i nf or mat i ve r est r i c-

t i on f r agment l engt h var i ant s ( RFLV) i n compar i son wi t h cr osses

usi ng convent i onal i nbr ed st r ai ns.

Sout her n Hybr i di zat i on .

	

DNAi sol at ed f r ommouse or gans by

st andar d t echni ques was di gest ed wi t h r est r i ct i on endonucl eases,

and 10 hg sampl es wer e el ect r ophor esed i n 0. 9%agar ose gel s. DNA

was t r ansf er r ed t o Nyt r an membr anes ( Schl ei cher & Schul l I nc . ,

Keene, NH) , hybr i di zed at 65° C, and washed as pr evi ousl y de-

scr i bed ( 28) except f or l ow st r i ngency condi t i ons ut i l i zed f or t he

human cDNA pr obes . Low st r i ngency condi t i ons wer e i dent i cal

t o hi gh st r i ngency condi t i ons except t hat a 0. 5x SSC/ 0. 1%SDS

wash f ol l owed t he i ni t i al 2 x SSC/ 0. 1%wash, and t he f i r st and

second wash t emper at ur es wer e l ower ed f r om 65 t o 58 ° C. Wash
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t i me was decr eased f r om30 t o 15 mi n f or t he f i r st bl ot wash, and

f r om 30 t o 10 mi n f or t he second bl ot wash .

Mouse Gene Li nkage Anal yses .

	

Maxi muml i kel i hood est i mat es
of r ecombi nat i on pr obabi l i t i es and t hei r st andar d er r or s among back-

cr oss pr ogeny wer e cal cul at ed accor di ng t o Gr een ( 29) . The best

gene or der was det er mi ned accor di ng t o Bi shop ( 30) .

Pul sed Fi el d El ect r ophor esi s.

	

Si ngl e donor human PBL and C3H/

HeJgl d/ g1d mouse per i pher al l ymph node cel l s wer e pr epar ed and
suspended i n agar ose bl ocks as pr evi ousl y descr i bed ( 31) . Di gest s

of nucl ei suspended i n agar osebl ocks wer e car r i ed out usi ng 0. 5- 20
Ur est r i ct i on endonucl ease/ Ag DNA( Boehr i nger - Mannhei mBi o-

chemi cal s, I ndi anapol i s, I N) i n i x appr opr i at e r est r i ct i on buf f er
f or 4 h at t he manuf act ur er ' s r ecommended t emper at ur e . React i ons

wer e t er mi nat ed by t he addi t i on of 0. 5 MEDTA.

Pul sed f i el d gel el ect r ophor esi s ( PFGE) was per f or med as pr evi -

ousl y descr i bed ( 31) . Lar ge DNAf r agment s of si ze 1, 000- 6, 000
kb wer e separ at ed usi ng pul se t i mes of 15- 90 mi n, l i near l y r amped,

usi ng an LKB- Phar maci a appar at us ( Pi scat away, NJ) , and a r un-
ni ng t i me of 144 h at 54 V DNA f r agment s of si ze 200- 1, 200

kb wer e separ at ed usi ng pul se t i mes of 70- 145 s at 145 Vf or 46 h.

DNAf r agment s of si ze 20- 800 kb wer e separ at ed usi ng pul se t i mes

of 30- 80 s at 170 Vf or 20 h. Hi gh mol ecul ar wei ght si ze st andar ds
i ncl uded chr omosomes of yeast Sacchar omwes cer evi si ae, st r ai n

YNN295 ( Bi o- Rad Labor at or i es, Rockvi l l e Cent er , NY) , yeast

Schi zosacchar omyces pr mbe, st r ai n 972, and concat amer s of i nt act

bact er i ophage XDNA( FMCBi opr oduct s, Rockl and, ME) . Af t er

el ect r ophor esi s, gel s wer e st ai ned wi t h et hi di umbr omi de t o vi sual i ze
si ze st andar ds, whi ch wer e mar ked wi t h I ndi a i nk bef or e al kal i

t r ansf er ont o nyl on membr anes as pr evi ousl y descr i bed ( 31) . Hybr i di -

zat i ons of r adi oact i ve l abel ed pr obe wer e per f or med as descr i bed

el sewher e ( 28) . Hybr i di zat i on of mouse DNAwi t h human pr obes

was per f or med under l owst r i ngency condi t i ons as i ndi cat ed above

f or st andar d genomi c bl ot s .

Mol ecul ar Pr obes .

	

Al l pr obes wer e l abel ed by t he hexanucl eo-

t i de t echni que wi t h a- [ 31 P] dCTP as pr evi ousl y descr i bed ( 28) .
Gene pr obes used f or Sout her n bl ot hybr i di zat i ons wer e : a 2. 7- kb

Xbal f r agment f r om human ELAM- 1 cDNA ( ki nd gi f t of Br i an

Seed and Mi chael Bevi l acqua) ( 1) ; a 3. 2- kb Sal l i nser t cont ai ni ng

a f ul l - l engt h human GMP- 140 cDNA ( 2) ; a 1. 5- kb Hi ndI I I / EcoRI

f r agment f r om a human f act or V ( FV) cDNA ( 32) ; a 2. 3- kb EcoRI

f r agment f r om human LHR cDNA cl one hLHRc ( 7) ; a 1. 5- kb

Not I f r agment f r ommouse LHR cDNA ( 3) .

Resul t s

Local i zat i on of GMP- 140 t o Human Chr omosome 1, Bands

q21- 24 . To obt ai n a chr omosomal assi gnment a cDNApr obe

f or GMP- 140 was hybr i di zed t o genomi c DNA bl ot s con-

t ai ni ng sampl es f r om a ser i es of somat i c cel l hybr i ds . The

r esul t s showed per f ect concor dance bet ween t he human GAP-

140 r est r i ct i on endonucl ease bands and human chr omosome

1 ( Tabl e 1) . Al l of t he ot her human chr omosomes showed

a si gni f i cant di scor dance ( 32- 65%) .

To i ndependent l y l ocal i ze GMP140, genomi c pr obes wer e

hybr i di zed t o nor mal met aphase chr omosomes . Thi s r esul t ed

i n speci f i c l abel i ng onl y of chr omosome 1 . Of 100 met aphase

cel l s exami ned f r om t he hybr i di zat i on of t he 5' genomi c pr obe,

32 ( 32%) wer e l abel ed on t he r egi on q2 of one or bot h chr o-

mosome 1 homol ogues . The di st r i but i on of l abel ed si t es on

t hi s chr omosome i s i l l ust r at ed i n Fi g. 1 ; of 194 l abel ed si t es



Tabl e 1 .

	

Synt eny Test of GMP- 140 Gene and Human

Chr omosomes i n Rodent x Human Hybr i d Cl ones

GMP- 140 gene" /

human chr omosome#

Numer at or cor r esponds t o t he pr esence ( +) or absence ( - ) of

GMP- 140 codi ng sequences det er mi ned by Sout her n hybr i di zat i on .

t Denomi nat or r epr esent s t he pr esence ( +) or absence ( - ) of speci f i c

human chr omosomes i n somat i c cel l hybr i d cl ones as assayed by

gene- enzyme syst ems .

obser ved, 69 ( 35. 6%) wer e l ocat ed on t hi s chr omosome. These

si t es wer e cl ust er ed at bands l g21- 24, and t hi s cl ust er r epr e-

sent ed 23 . 7% ( 46/ 194) of al l l abel ed si t es ( cumul at i ve pr oba-

bi l i t y f or t he Poi sson di st r i but i on i s <0. 0005) . A smal l , yet

si gni f i cant , cl ust er of gr ai ns was obser ved at bands l g31- 41

( 10/ 194, p < 0 . 0005) , suggest i ng t hat t hi s pr obe cr oss-

hybr i di zes t o DNA sequences t hat ar e l ocat ed i n t hi s r egi on.

Hybr i di zat i ons wi t h bot h 5' and 3' pr obes wer e r epeat ed t wi ce

and gave si mi l ar r esul t s . Si nce t he t wo GMP- 140 genomi c

pr obes used f or i n si t u anal ysi s di d not cont ai n sequence en-

codi ng t he compl ement r ecept or consensus r epeat uni t s, t he

cr oss- hybr i di zat i on at bands l g31- 41 coul d not be at t r i but ed

t o compl ement r ecept or genes t hat ar e t i ght l y cl ust er ed at

1832 ( 23- 25) .

Local i zat i on of GMP- 140, LHR, and ELAM- 1 t o Mouse Chr o-
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Fi gur e 1 .

	

Di st r i but i on of l abel ed si t es on human chr omosome 1 i n

100 met aphase cel l s t hat wer e hybr i di zed wi t h t he GMP- 140 5'

genomi c pr obe . The l abel ed si t es obser ved i n t hi s hybr i di zat i on wer e

cl ust er ed at bands 1821- 24.

mosome 1 .

	

The cyt ogenet i c l ocal i zat i on of GMP- 140 t o human

chr omosome 1, bands q21- 24, suggest ed t hat GMP- 140 coul d

map near LHR, pr evi ousl y l ocal i zed t o human chr omosome

1, bands q23- 24 ( 6) . However , cyt ogenet i cal l y l ocal i zed genes

have i ndet er mi nat e physi cal r el at i onshi ps, si nce chr omosomal

band segment s may i ncl ude up t o sever al mi l l i on base pai r s

of DNA. Pr evi ous st udi es f r omour l abor at or y have def i ned

a 30 cMspan of di st al mouse chr omosome 1 i n whi ch over

20 genes ar e synt eni c wi t h human chr omosome 1, bands

q21- 32 ( 28, 33, 34) . We t her ef or e r easoned t hat t hi s r egi on

of t he mouse genome f or whi ch we have char act er i zed a l ar ge

panel of i nt er speci f i c backcr oss mi ce [ ( C3H/ HeJ- gl d/ gl d x

M. spr et us) F l x C3H/ HeJ- gl d/ gl d] woul d enabl e pr eci se

l i nkage st udi es .

Gene pr obes wer e i ni t i al l y hybr i di zed t o nyl on membr anes

cont ai ni ng genomi c DNAs f r omM. spr et us and C3H/ HeJ-

gl d/ gl d mi ce t hat wer e di gest ed wi t h var i ous r est r i ct i on en-

donucl eases i n or der t o det ect i nf or mat i ve POWbet ween

t he t wo speci es . Uni que i nf or mat i ve RLFVf or pr obes whi ch

det ect FV, GMP- 140, ELAM- 1, and LHR ar e shown i n Fi g.

2 . FV was i ncl uded i n t hi s st udy si nce pr evi ous st udi es had

i ndi cat ed t hat t hi s gene mapped t o human chr omosome 1

bands q21- 25 ( 32) . A panel of genomi c DNAs f r om428 i n-

t er speci f i c backcr oss mi ce [ ( C3H/ HeJ- gl d/ gl d x M. spr et us)

Ft x C3H/ HeJ- gl d/ gl d] wer e di gest ed wi t h t he appr opr i at e

Human

chr omosome +/ + + / - - / + - / -

Per cent

asynt eny

1 20 0 0 18 0

2 8 10 2 13 36

3 14 6 3 5 32

4 4 5 7 5 57

5 10 6 10 6 50

6 12 7 11 4 53

7 2 7 1 4 57

8 6 8 8 7 52

9 12 6 9 6 45

10 8 4 4 7 35

11 14 6 11 3 51

12 12 7 8 8 43

13 13 3 10 3 45

14 14 6 8 7 40

15 10 7 9 5 52

16 8 3 8 5 46

17 17 1 12 1 42

18 4 10 2 7 52

19 12 8 10 5 51

20 9 7 12 6 56

21 2 11 0 4 65

22 0 6 0 5 55

x 9 11 10 5 60



Tabl e 2 .

	

Gene Mappi ng Usi ng ( C3H/ Hef - gl d/ gl d x M. spr et us) F, x C3H/ Hef - gl d/ gl d Backcr oss Mi ce

Mouse genes

At - 3

ELAM- 1, LHR, GMP- 140, FV

At p- b

T3z

Number of mi ce

	

51

	

365#

	

2

	

7

	

1

Li nkage i nt er val $

	

r

	

( CM)

At - 3 - Sel ect i ns, FV

	

9/ 428

	

( 2 . 10)

GMP- 140, LHR, ELAM- 1, FV

	

0/ 428

	

( 0 . 00)

Sel ect i ns, FV - At p- b

	

1/ 428

	

( 0 . 23)

At p- b - T3z

	

2/ 428

	

( 0 . 47)
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Number of r ecombi nat i on event s'

Fi gur e 2 .

	

I dent i f i cat i on of RFLV
uni que f or M. spr el t us det ect ed wi t h FV,

GMP- 140, LHR, and SLAM- 1 gene
pr obes . Rest r i ct i on endonucl eases ar e i n-
di cat ed at t he bot t om, and mol ecul ar si ze

st andar ds ( i n ki l obases) ar e shown at t he
l ef t of each panel . " CC" r epr esent s t he

par ent al ( C3H- gl d/ gl d) pat t er n and " SC"

r epr esent s t he par ent al ( C3H- gl d/ gl d x

M. spr et us) F, pat t er n . The ar r ows t o t he

r i ght of each panel si gni f y bands pr esent

i n DNA f r om i nt er speci f i c F, mi ce t hat
ar e not pr esent i n DNA f r om t he C3H-

gl d/ gl d par ent al mi ce .

0. 96

	

3. 99

0. 00

	

0. 86

0. 01

	

1 . 28

0. 06

	

1 . 66

Col umns i ndi cat e t he hapl ot ype of i ndi vi dual backcr oss mi ce as det er mi ned by l oci t yped by RFLV i l l ust r at ed i n Fi g . 2 and t hose pr evi -

ousl y r epor t ed ( 28, 34, 35) . CC, C3H/ HeJ- gl d/ gl d genot ype ; SC, Fl genot ype ; x, cr ossover .

t The l ar ger number of chr omosome mar ker s t ypi ng as C3H/ HeJ- gl d/ gl d r ef l ect s sel ect i on of many of t he backcr oss mi ce ( N75%) f or t he

gl d/ gl d phenot ype, consi st ent wi t h t he pr evi ous st udy l ocal i zi ng gl d t o t hi s segment of mouse chr omosome 1 ( 28) .

S r , r ecombi nat i on f r equency; r and P r epr esent 95%conf i dence i nt er val s based on bi nomi al di st r i but i on .

Not e : Mul t i pl e cr ossover s wer e obser ved bet ween genes l i st ed above and t he gl d l ocus, excl udi ng above l oci as candi dat e genes ( Wat son,

M. L . , and M. F . Sel di n, unpubl i shed obser vat i ons) .

None One

SC CC SC CC CC SC CC SC

x x

SC CC CC SC CC SC CC SC

x x

SC CC CC SC SC cc CC SC

x x

SC CC CC SC SC cc SC CC
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r est r i ct i on enzyme, t r ansf er r ed t o nyl on membr anes, and hy-

br i di zed wi t h pr obe . Each pr obe yi el ded ei t her t he homozy-

gous pat t er n ( C3H/ HeJ- gl d/ gl d = CC) or t he het er ozygous

pat t er n ( ( C3H/ HeJ81d/ gl d x M. spr et us) Ft = SC) . The

hapl ot ype dat a f or al l 428 i nt er speci f i c backcr oss mi ce at t hese

l oci and l oci def i ned by pr evi ous st udi es ( 28, 34, 35) ar e shown

( Tabl e 2) . The best gene or der ( 30) ± st andar d devi at i on ( 29)

was: Cent r omer e At 3- 2 . 10 ± 0 . 69 cM- ( ELAM- 1, LHR,

GMP- 140, FV) - 0 . 23 ± 0 . 23 cMAt pb- 0 . 47 ± 0 . 33 cMT3z-

t el omer e. Ther e wer e no cr ossover s bet ween ELAM- 1, LHR,

GMP- 140, and FV i n 428 mei ot i c event s ( 95% upper

conf i dence l i mi t r - 0 . 86) .

Long Range Rest r i ct i on Mappi ng of t he Sel ect i ns on Human

Chr omosome 1 . Si nce t he genet i c dat a i n t he mouse i ndi -

cat ed t hat FV, GAP- 140, LHR, and ELAM- 1 l oci wer e t i ght l y

l i nked wi t h each ot her on di st al mouse chr omosome 1, l ong

r ange r est r i ct i on si t e mappi ng st udi es usi ng PFGE wer e done

t o det er mi ne t he physi cal r el at i onshi p of t hese genes on human

Under scor e i ndi cat es aut or adi ogr aph pr omi nent f r agment s .

chr omosome 1 . These st udi es empl oy r est r i ct i on endonucl eases

t hat r ecogni ze genomi c sequence cont ai ni ng t he r el at i vel y

r ar e hypomet hyl at ed CpGdi nucl eot i de ( 36) . Uni que r egi ons

known as CpGi sl ands cont ai n st r et ches of hypomet hyl at ed

CpGs, and t hese sequences may be cl eaved by met hyl at i on

sensi t i ve r ar e cut t i ng endonucl eases, r esul t i ng i n DNA f r ag-

ment s aver agi ng up t o one mi l l i on base pai r s i n si ze ( 36) .

Al t hough some r ar e r est r i ct i on si t es ar e met hyl at ed i n a t i ssue-

speci f i c manner , est i mat es of i nt er geni c di st ances and t he

i dent i f i cat i on of hypomet hyl at ed CpG i sl ands can be made

usi ng t hese r est r i ct i on endonucl eases . The r esul t s ar e sum-

mar i zed i n Tabl e 3, i ndi cat i ng al l r est r i ct i on f r agment si zes

det ect ed .

I ni t i al PFGE st udi es wer e per f or med t o det er mi ne t he pr es-

ence of physi cal l i nkage of t he sel ect i ns and FV usi ng sever al

r est r i ct i on endonucl eases and di gest i on condi t i ons t hat pr o-

duce DNA f r agment s i n t he megabase pai r si ze r ange. Par t i al

di gest s i n whi ch pr ef er ent i al r est r i ct i on si t es ar e cl eaved wer e

Tabl e 3 .

Enzyme

Si zes of Human

FV

Rest r i ct i on

GMP- 140

Endonucl ease

LHR

kb

Fr agment s

ELAM- 1

Tabl e 3 .

Enzyme

( cont i nued)

FV GMP- 140

kb

LHR ELAM- 1

Not l 1, 800 1, 800 1, 800 1, 800 510 510 510 510

M1ul 260 260 260 1, 050 590 590 590 590

1, 050 690 690 690 690

Sal l 440 440 440 440
770 770 770 770

660 660 660 660 NaeI / Ml ul 260 260 170 170

720 720 720 720 360 360 260 260

770 770 770 770 430 430 360 360

2, 200 2, 200 2, 200 2, 200 430 430

2, 800 2, 800 2, 800 2, 800
Nr ul 380 380 380 380

SaI I / M1ul 260 260 260 510
Nr ul / Ml ul 260 260 120 120

510 460
380 380 260 380

460
380

Cl al 245 300 300 300
Xhol 300 300 300 300

380 380 380 380
380 380 380 380

610 490 490 490
420 420 420 420

670 610 610 610

670 670 670 SmaI 200 40 220 220

360 200 260 260
C1aI / Ml ul 260 260 260 410

260 360 360
410 350

360
350

Smal / Ml uI 170 40 170 170
NaeI 390 390 390 390

330 170 260 260
470 470 470 470

260 330 330

330



achi eved by usi ng a l i mi t i ng amount of r est r i ct i on en-

donucl ease. FV, GMP- 140, LHR, and ELAM- 1 pr obes al l

r ecogni zed a pr edomi nant 1, 800- kb Not l f r agment , common

2, 200- kb and 2, 800- kb Sal l par t i al f r agment s, st r ongl y sug-

gest i ng physi cal l i nkage ( dat a not shown) . Fur t her st udi es

demonst r at ed common Sal l f r agment s 440, 660, 720, and

770 kb i n si ze ( Fi g. 3 a) , and a common Nr ul f r agment 380

kb i n si ze ( Fi g. 3, a and b) . Toget her t hese dat a demonst r at ed

t he physi cal l i nkage of t hese f our genes on human chr omo-

some 1q and suggest ed t hat t he maxi mum di st ance encom-

passi ng t hese genes t o be 380 kb.

To f ur t her def i ne t he genomi c or gani zat i on among t hese
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Sequent i al hybr i di za-

t i on wi t h FV, GMP- 140, LHR,

and ELAM- 1 gene pr obes on

PFGE bl ot s separ at i ng DNA f r ag-

ment s . Human si ngl e donor PBL

DNA was separ at ed by PFGE

usi ng r amped pul ses f r om 70 t o

145 s ( a) or f r om 30 t o 80 s ( b) .

Rest r i ct i on enzymes ar e i ndi cat ed

at t he t op and mol ecul ar si ze st an-

dar ds ( i n ki l obases) ar e t o t he

r i ght and l ef t of each panel . LM

i ndi cat es l i mi t i ng mobi l i t y . Al l

gene pr obes r ecogni ze common

Sal l ( 440, 660, 720, and 770 kb) ,

Nr ul ( 380 kb) , CI aI ( 380, 610,

and 670 kb) , and NaeI ( 390, 510,

and 680 kb) r est r i ct i on f r agment s

( a) . I nf or mat i ve doubl e di gest s i n-

di cat e FV and GMP- 140 pr obes

r ecogni ze an i nt er nal f r agment of

260 kb not r ecogni zed by t he

ELAM- 1 pr obe f or di gest s usi ng

Ml ul and ei t her Sal l , Cl al , NaeI ,

or Nr ul ( b) . I nst ead t he ELAM- 1

pr obe hybr i di zes t o 510- and 460-

kb SaI I / Ml ul f r agment s, 410- and

350- kb Cl aI / Ml uI f r agment s, a

170- kb NaeI / MI ul f r agment , and

a 120- kb Nr ul / MI ul f r agment ,

pl aci ng ELAM- 1 at most 120 kb

f r om LHR ( b) . Al l f our pr obes

r ecogni ze common NaeI ( 390 kb)

and Nr uI ( 380 kb) f r agment s,

conf i r mi ng a maxi mum di st ance of

380 kb separ at i ng al l t hr ee sel ect i n

f ami l y genes and FV ( b) .

f our genes, mul t i pl e exper i ment s i nvol vi ng addi t i onal r est r i c-

t i on endonucl eases and doubl e r est r i ct i on endonucl ease di gest s

wer e per f or med . FV, GMP- 140, and LHRpr obes hybr i di zed

t o a 260- kb M1uI f r agment t hat was not det ect ed wi t h ELAM- 1

( Fi g. 3 b) . I n cont r ast , ELAM- 1 and LHR hybr i di zed t o a

1, 050- kb Ml uI f r agment t hat was not det ect ed wi t h FV and

GMP- 140 ( dat a not shown) . I nf or mat i ve doubl e di gest s i n-

cl udi ng M1uI , i ndi cat ed t he pr esence of an Ml ul r est r i ct i on

si t e ( of t en coi nci dent wi t h gene associ at ed " CpG" i sl ands,

r ef er ences 36, 37) l ocat ed wi t hi n t he LHRgenomi c sequence,

and suggest a gene or der of FV/ GMP- 140- LHR- ELAM- 1 .

Addi t i onal st udi es al l owed det er mi nat i on of gene or der and
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ELAM

720-

- 770

def i ned t he r el at i ve l ocat i on of di f f er ent r est r i ct i on si t es i n

t hi s r egi on . For exampl e, ELAM- 1 hybr i di zed t o a pr omi -

nent 510- kb Sal l / M1uI band and a 460- kb mi nor band, i ndi -

cat i ng t he pr esence of a Sal l r est r i ct i on si t e 510 and 460 kb

f r om LHR i n t he di r ect i on of ELAM- 1 ( Fi gs . 3 b and 4) .

Si mi l ar r est r i ct i on si t e anal yses wer e per f or med f or t he r ar e-

cut t i ng r est r i ct i on endonucl eases Cl al , NaeI , and Nr ul ,

r esul t i ng i n t he f r agment s shown i n Tabl e 3 and Fi g. 4. The

coi nci dence, wi t hi n exper i ment al er r or , of cl eavage si t es f or

sever al r ar e r est r i ct i on endonucl eases suggest s t he pr esence

of at l east one hypomet hyl at ed " CpGi sl and" ( 36, 37) i n t he

r egi on 260 kb f r omLHR i n t he di r ect i on of FV/ GMP- 140

( Fi g. 4) .

Exper i ment s usi ng r est r i ct i on endonucl eases Xhol and Smal

wer e per f or med t o conf i r m t he det ai l s of t he physi cal map.

Xhol f r agment s of 420, 380, and 300 kb wer e al so r ecog-

ni zed by al l f our pr obes ( Tabl e 3 and dat a not shown) . ELAM- 1,

GMP140, and LHR, but not FV, addi t i onal l y hybr i di zed

t o a common 260- kb SmaI f r agment , physi cal l y separ at i ng

FV f r om t he ot her t hr ee genes. Whi l e t he ELAM- 1 and LHR

pr obes hybr i di zed t o a common 220- kb Smal f r agment , GMP

140 and FV r ecogni zed a common 200- kb Smal f r agment .

Onl y t he GMP140 pr obe hybr i di zed t o a pr omi nent 40- kb

Smal f r agment . An or der of FV- GMP- 140- LHR- ELAM- 1,
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Long- r ange r est r i ct i on map of a segment of human chr omosome 1 cont ai ni ng t he sel ect i n gene compl ex . Rest r i ct i on endonucl ease

si t es f or endonucl eases M1uI ( MI ) , Nr uI ( Nr ) , Sal l ( SI ) , C1aI ( Cl ) , NaeI ( Na) , SmaI ( Sm) ar e shown. FV, GW- 140, LHR, and ELAM- 1
genomi c r egi ons ar e i ndi cat ed by boxes and posi t i oned i n agr eement wi t h dat a above. Gene si zes have not been det er mi ned and ar e not dr awn t o

scal e. Rest r i ct i on f r agment s cor r espondi ng t o ' gabl e 3 ar e gi ven i n ki l obases and ar e shown t o scal e.

i s consi st ent wi t h t he above dat a and f ur t her subst ant i at es

a maxi mumdi st ance of - 300 kb whi ch physi cal l y l i nks al l

f our genes ( Fi g . 4) .

Long Range Rest r i ct i on Anal ysi s on Mouse Chr omosome 1 .

	

To

f ur t her def i ne t he conser vat i on of gene or gani zat i on bet ween

t he human and mouse, PFGE st udi es wer e per f or med usi ng

mouse genomi c DNA. These st udi es wer e i n par t l i mi t ed

by ut i l i zat i on of t he human pr obes f or FV, ELAM- 1, and

GMP- 140 si nce t he mouse homol ogues have not yet been

cl oned. Al t hough human pr obes FV, GMP- 140, and ELAM- 1

cr oss- hybr i di zed wi t h mouse DNA under l ow st r i ngency,

t he vi sual i zat i on of bands was consi der abl y r educed . Never t he-

l ess FV, GMP- 140, LHR, and ELAM- 1 pr obes al l r ecogni zed

a common 570- kb Nod f r agment and a 340- kb Ml uI r est r i c-

t i on f r agment ( Tabl e 4) . Fur t her anal ysi s of mouse pul sed

f i el d bl ot s showed t hat FV and LHRpr obes hybr i di zed t o

common Cl al ( 310 kb, 470 kb, 560 kb) and Sal l f r agment s

( 370 kb, 520 kb, 650 kb) , and al so t o common NaeI ( 350

kb) , Nr ul ( 290 kb) , BssHI l ( 300 kb) , and SacI l ( 340 kb)

f r agment s . These r esul t s set an upper l i mi t of 290 kb separ at i ng

FV and LHR, and suggest ed even cl oser physi cal l i nkage,

si nce no nonl i nki ng f r agment s wer e obt ai ned f or t he t wo

pr obes . These dat a ar e mar kedl y si mi l ar t o t he det ai l ed human

physi cal map of t hi s r egi on pr esent ed above.



Di scussi on

The r esul t s i ndi cat e t hat ELAM- 1, LHR, and GMP- 140 ar e

member s of a gene compl ex on human chr omosome 1 and

di st al mouse chr omosome 1 . Long r ange r est r i ct i on si t e anal ysi s

est abl i shed t hat t he sel ect i ns ar e i ncl uded wi t hi n a genomi c

segment no l ar ger t han 300 kb i n human, and 340 kb i n mouse.

These dat a, combi ned wi t h t he sequence si mi l ar i t y among

t hese genes ( 1- 9) , ar gue i n f avor of t hei r gener at i on f r om

a pr i mor di al ancest or ( s) ( 38) . Si nce t hese t hr ee genes ar e si mi -

l ar l y cl ust er ed wi t hi n a much l ar ger synt eni c segment i n bot h

t he mouse and human genome, gene dupl i cat i on pr obabl y

occur r ed bef or e t he di ver gence of man and mouse - 80 mi l -

l i on year s ago. Exami nat i on of t he or gani zat i on of t he sel ect i n

genes i n genomes of speci es mor e phyl ogenet i cal l y di ver gent

t han man and mouse may cl ar i f y t he evol ut i on of t hese genes

as a f ami l y . I n addi t i on, i t r emai ns t o be det er mi ned whet her

f ur t her sel ect i n- l i ke gl ycopr ot ei ns ar e pr esent i n t hi s r egi on

of t he genome.

Human and mouse chr omosome 1 i ncl ude al l t he char ac-

t er i zed genes bel ongi ng t o t he compl ement r ecept or ( CR) -

r el at ed gene f ami l y i ncl udi ng t he genes f or C4 bi ndi ng pr o-

t ei n, compl ement f act or H, and CR 1 and CR 2 ( 23- 25,

39) . These genes shar e a hi ghl y conser ved 60 ami no aci d r e-
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peat , si mi l ar t o t he homol ogous r epeat mot i f pr esent i n one

of t he sel ect i n domai ns ( 1- 9) . The sel ect i n homol ogous r epeat s
di f f er f r omt he CRr epeat s par t i cul ar l y i n t he 5' hal f of each

r epeat , i n whi ch t her e ar e sever al ami no aci d di f f er ences ( 1- 9) .

Not abl y, t he consensus sel ect i n mot i f cont ai ns 6 cyst ei nes i n-

st ead of t he f our char act er i st i c of CRgenes ( 1- 9) . Al t hough

ot her genes, i ncl udi ng t he 1172 r ecept or , cont ai n homol ogous

r epeat mot i f s si mi l ar t o CR genes, t he sel ect i n genes have
t he pr i mar y sequence wi t h t he cl osest si mi l ar i t y t o t he con-
sensus sequence f or t he compl ement r ecept or mot i f ( 5) . Thi s

sequence si mi l ar i t y and t he physi cal r el at i onshi p of t he sel ect i n
gene compl ex and CRgenes on mouse and human chr omo-

some 1, suggest t hat t he sel ect i n genes have evol ved by
el abor at i ng t he basi c CRmot i f t hr ough domai n f usi ons wi t h

ot her gene domai ns t o cr eat e t he pr esent pr i mar y st r uct ur e .

Al t er nat i vel y, t he sel ect i ns may r epr esent an ol der l ocus and

t he numer ous CRpr ot ei ns ar e t he r esul t of sever al exoni c

r educt i on and dupl i cat i on pr ocesses. Of i nt er est , i n i n si t u

exper i ment s, GMP- 140 genomi c pr obes t hat di d not cont ai n

CR- r el at ed sequence cr oss- hybr i di zed t o t he r egi on of human

chr omosome 1 t hat cont ai ns t he CR genes . Thi s suggest s

t he pr esence of non- CR encodi ng sequence r el at ed t o t he

sel ect i ns i n t hi s r egi on of t he genome. Toget her t hese f i ndi ngs

i mpl y a st r ong evol ut i onar y r el at i onshi p bet ween t he r egi on
encodi ng t he sel ect i ns ( human chr omosome 1 bands q21- 24)

and t hat encodi ng t he CR genes ( human chr omosome 1 band

q32) .

Long r ange r est r i ct i on anal yses of t he sel ect i n r egi on demon-

st r at ed conser vat i on of i nt er geni c di st ances and hypomet hyl at ed

CpGi sl ands bet ween human and mouse genomes. Thi s t ype

of conser vat i on yi el ds si mi l ar r est r i ct i on f r agment si zes f or

var i ous r ar e cl eavi ng r est r i ct i on endonucl eases ( Tabl es 3 and

4) , and i s consi st ent wi t h obser vat i ons i n anot her r egi on of

human and mouse chr omosome 1 ( 31) . The cl ose physi cal

l i nkage of GMP- 140, LHR, and ELAM- 1 on conser ved chr o-

mosomal segment s i n t he mouse and human genomes may

r ef l ect a dupl i cat i on event so r ecent t hat st ochast i c pr ocesses
have not occur r ed . Al t er nat i vel y, t hese genes may have r e-

mai ned l i nked due t o t hei r need f or a common r egul at or y

mechani sm. Acombi nat i on of bot h mechani sms i s possi bl e .

The cl ose l i nkage of FVwi t h t he sel ect i n genes i n bot h mouse

and human suggest s t hat cer t ai n conser ved f eat ur es of genomi c

or gani zat i on ar e i ndependent of gene f unct i on . Fut ur e ex-

per i ment at i on may el uci dat e t he dr i vi ng f or ces t hat shape r el a-

t i onshi ps bet ween genomi c or gani zat i on and gene expr essi on.
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Tabl e 4 .

Enzyme

Si zes of

FV

Mur i ne Rest r i ct i on

GMP- 140

Endonucl ease

LHR

Fr agment s

ELAM- 1

kb

Not l 570 570 570 570

MI DI 340 340 340 340

CI al 310 ND 310 ND

470 470

560 560

SaI I 370 ND 370 ND

520 520

650 650

Nael 350 ND 350 ND

Nr ul 290 ND 290 ND

BssHI I 300 ND 300 ND

SacI I 340 ND 340 ND
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