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The human mannose- bi ndi ng pr ot ei n ( MBP) ' i s an acut e phase ser um pr ot ei n

of - 300 kD compr i sed of mul t i mer s of a 32- kD subuni t ( 1- 3) . I t i s a member of

an ever - gr owi ng f ami l y of ani mal l ect i ns t hat shar e at l east 18 i nvar i ant r esi dues

i n t hei r car bohydr at e r ecogni t i on domai n ( CRD) . The f ami l y can be di vi ded i nt o

membr ane pr ot ei ns and sol ubl e pr ot ei ns, and al l bi nd l i gands opt i mal l y at neut r al

pH i n t he pr esence of cal ci um ( r evi ewed i n r ef er ence 4) . For membr ane pr ot ei ns,

t he CRDi s at t ached t o a membr ane anchor domai n as f ound i n t he asi al ogl ycopr ot ei n

r ecept or s of r at ( 5) and human ( 6, 7) , t he chi cken hepat i c l ect i n ( 8) , t he l ymphocyt e

I gE Fc r ecept or ( 9) , and a r at Kupf f er cel l - bi ndi ng pr ot ei n ( 10) . Thi s gr oup has

r ecent l y been expanded t o i ncl ude a l ymphocyt e homi ng r ecept or ( 11) , a gr anul ar

membr ane pr ot ei n of pl at el et s and endot hel i um, GMP- 140 ( 12) , and ELAM- 1, a

cyt oki ne- i nduci bl e endot hel i al cel l r ecept or ( 13) . The f unct i on of t he at t achment do-

mai ns of t he sol ubl e l ect i ns, whi ch i ncl ude MBP( 14, 15) , t he apopr ot ei n of pul mo-

nar y sur f act ant SP- A ( 16, 17) , car t i l age pr ot eogl ycan cor e pr ot ei n ( 18) , a f l y ( 19) and

sea ur chi n l ect i n ( 20) , and an acor n bar nacl e l ect i n ( 21) ar e not known_ Onl y i n

t he r at and human MBP, and dog, human, and r abbi t ( 22) sur f act ant A pr ot ei n,

ar e t he noncar bohydr at e r ecogni t i on domai ns si mi l ar . I n t hese pr ot ei ns t her e i s a

col l agen- l i ke r egi on t hat i s pr eceded by a cyst ei ne- r i ch NH2- t er mi nal r egi on t hat

medi at es i nt er chai n di sul phi de bonds . As our knowl edge of t he f unct i on of MBP

and sur f act ant Apr ot ei n expands, i t appear s t hat each domai n of t hese pr ot ei ns may

have a def i ned pur pose .

Unt i l r ecent l y, t he f unct i on of MBPwas not known. However , a f unct i on i n host

def ense i s suggest ed by i t s abi l i t y t o bi nd yeast manvans ( 1) and i nt er act wi t h t he

compl ement cascade ( 23) , and by our f i ndi ng t hat MBP pr event s i nf ect i on of H9

l ymphobl ast s by HI V by bi ndi ng t o t he hi gh mannose gl ycans expr essed on t he

Thi s wor k was suppor t ed by Nat i onal I nst i t ut es of Heal t h gr ant R01 AI - 23786 and A Gr ant - i n- Ai d
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Di vi si on of Hemat ol ogy- Oncol ogy, The Chi l dr en' s Hospi t al , Ender s Bui l di ng, 7t h Fl oor , 300 Long-
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1 Abbr evi at i ons used i n t hi s paper : CRD, car bohydr at e r ecogni t i on domai n ; MBP, mannose- bi ndi ng

pr ot ei n .

J . Exp. MED. ® The Rockef el l er Uni ver si t y Pr ess - 0022- 1007/ 89/ 10/ 1175/ 15 $2 . 00

	

1175

Vol ume 170 Oct ober 1989 1175- 1189



1176

	

MANNOSE- BI NDI NG PROTEI N GENE

envel ope gl ycopr ot ei n of HI V( 24) . I n addi t i on, i n ot her exper i ment s, we have shown

t hat nat i ve and r ecombi nant MBP can ser ve an opsoni c r ol e i n t he ser umand t her eby

enhance cl ear ance of mannose- r i ch pat hogens by phagocyt es ( 25) . I nt er act i on of MBP

wi t h t hese or gani sms r esul t s i n at t achment , upt ake, and ki l l i ng of opsoni zed bac-

t er i a, as wel l as act i vat i on of compl ement vi a t he al t er nat i ve compl ement pat hway

( 26) . As SP- A has si mi l ar over al l or gani zat i on t o MBP, i t may ser ve as a l ocal op-

soni n i n t he l ung. A r ol e f or SP- A i n l ocal host def ense i s suppor t ed by i t s abi l i t y

t o bi nd car bohydr at es ( 27) and enhance phagocyt osi s of opsoni zed par t i cl es ( 28) ,

as wel l as i t s abi l i t y t o opsoni ze cer t ai n ser ot ypes of gr oup B st r ept ococcus ( R. A. B.

Ezekowi t z, unpubl i shed obser vat i on) . Thi s suggest s t hat MBP and human SP- A may

have a common evol ut i onar y or i gi n and t hat each domai n of t he mol ecul e may have

a di st i nct f unct i on .

To gai n gr eat er i nsi ght i nt o t he st r uct ur e- f unct i on r el at i onshi p of var i ous domai ns

of human MBP and t o enhance our under st andi ng of t he or i gi ns of t hi s chi mer i c

pr ot ei n, we under t ook t o exami ne i t s gene st r uct ur e and chr omosomal l ocal i zat i on .

Li ke t he human SP- A and r at MBP- A ( 29) , t he human MBP gene appear s t o have

evol ved by r ecombi nat i on of an ancest r al nonf i br i l l ar col l agen gene wi t h a gene t hat

encodes car bohydr at e r ecogni t i on . I nt er est i ngl y, t he gene l ocus i s l ocat ed on t he l ong

ar mof chr omosome 10 at 10g11 . 2- q21, a r egi on t hat i ncl udes t he l ocus f or mul t i pl e

endocr i ne neopl asi a t ype 2 ( 30) .

Mat er i al s and Met hods

Scr eeni ng of Human Genomi c Li br ar y .

	

Ahuman genomi c l i br ar y, pr epar ed by par t i al di ges-

t i on of genomi c DNA wi t h Sau 3AI and l i gat i on i nt o t he Bam HI si t e of phage X EMBL

3A was pl at ed i n Escher i chi a col i st r ai n LE392 at a t i t r e of - 10, 000 pl aque- f or mi ng uni t s/ pl at e

and t r ansf er r ed i n dupl i cat e t o ni t r ocel l ul ose f i l t er s . The f i l t er s wer e scr eened wi t h a r adi ol a-

bel ed cDNA f r agment of 550 by cor r espondi ng t o t he car bohydr at e- bi ndi ng domai n i n 6 x

SSC/ 5 x Denhar dt s/ 0. l oYo SDS/ 5 mMEDTA/ 50 Wg/ ml sal mon sper m DNA at 68° C. Af t er

hybr i di zat i on over ni ght , t he f i l t er s wer e washed t o 0 . 1 x SSC at 68 ° C. Of - 500, 000 pl aques

scr eened, t wo posi t i ves wer e obt ai ned, MBPG26 and MBPG22, cont ai ni ng - 18- 20 kb of

i nser t DNA. MBPG26 was f ur t her char act er i zed usi ng Sout her n bl ot anal ysi s ( Fi g . 1) .

Sout her n Bl ot Anal ysi s/ Subcl oni ng of Rel evant Regi ons .

	

As shown i n Fi g . 1, r el evant por t i ons

of t he phage A ( MBPG26) cl one wer e i dent i f i ed by Sout her n bl ot anal ysi s usi ng pr obes con-

st r uct ed f r om di f f er ent por t i ons of t he cDNA mol ecul e . 1- 2 hg of DNA was di gest ed wi t h

ei t her Eco RI or Pst I , si ze f r act i onat ed on a 15o agar ose gel , and t r ansf er r ed ( 31) t o Magna-

gr aph nyl on membr anes ( Amer i can Labor at or y Suppl y Co. , Nat i ck, MA) . The bl ot s wer e

t hen hybr i di zed under st r i ngent condi t i ons speci f i ed by t he manuf act ur er wi t h 32p ol i go- l a-

bel ed cDNApr obes . Fi g . 1 Dshows t he l ocat i on of t he pr obes used r el at i ve t o t he MBPcDNA:

( a) a 150- bp Pst I - Bst EI I f r agment spanni ng a por t i on of t he 5' cDNA; ( b) a 400- bp Pst

I f r agment spanni ng t he mi ddl e r egi on of t he pr ot ei n- codi ng por t i on of t he cDNA; and ( c)

a 2 . 2- kb Xba I - Eco RI f r agment encodi ng t he 3' unt r ansl at ed r egi on of t he cDNA. Fi g. 1,

A- Cshowt he r el evant Eco RI and Pst I f r agment s t hat hybr i di zed t o t he cDNApr obes . The

f r agment s wer e t hen subcl oned i nt o phosphat ased pUC13 and pUC19 vect or s and t r ansf or med

i nt o compet ent E. col i st r ai n DKl ( r ecb, r ecc, sbcb) . The r espect i ve f r agment s t hat hybr i d-

i zed t o t he 3, mi ddl e, and 5' cDNAs wer e i dent i f i ed and subcl oned i n M13 or pUC vect or s

f or f ur t her anal ysi s .
DNA Sequence Anal ysi s .

	

DNA sequence anal ysi s was accompl i shed usi ng t he st r at egy out -

l i ned i n Fi g. 2 . The Sanger di deoxy chai n t er mi nat i on met hod ( 32) was empl oyed usi ng bot h

si ngl e- st r anded M13 vect or s ( 33) and doubl e- st r anded pUCvect or s . The si ngl e- st r anded vec-

t or s wer e t hen pr i med wi t h a 20- bp uni ver sal pr i mer and ext ended i n t he pr esence of

a- [ 35 S] dCTP wi t h t he Kl enow f r agment of DNAPol ymer ase I ( Amer shamCor p. , Ar l i ngt on

Hei ght s, I L) as pr evi ousl y descr i bed ( 33) . The pUC cl ones cont ai ni ng f r agment s hybr i di zi ng
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t o t he mi ddl e cDNA pr obe wer e sequenced di r ect l y usi ng t he doubl e- st r anded sequenase

met hod ( U. S. Bi ochemi cal , Cl evel and, OH) descr i bed by manuf act ur er . The cl ones wer e

pr i med i n bot h di r ect i ons wi t h f or war d and r ever se pr i mer s and ext ended i n t he pr esence
of a_[ 35S] dATR The boundar i es of t he t hi r d exon wer e l ocat ed by usi ng t wo pr i mer s, 5' ATG
GTGATA GTA GCCTGGC 3' and 5' ACT TTT TGA TAC GTG CC 3; si mi l ar t o t he
cDNA sequence . Two pr i mer s, 5' TCT CGA GGG GTA GAG GGC TCC CCT AAT 3'
and 5' AGGATC CAT CAA AGC AAGGTT GAT 3, der i ved by cDNA sequence at t he
begi nni ng of t he f our t h exon and t he end of t he 3' unt r ansl at ed r egi on, r espect i vel y, wer e
used t o ampl i f y DNA usi ng X G26 genomi c cl one. The Taq pol ymer ase- ampl i f i ed pr oduct
obt ai ned af t er 30 cycl es ( 94° C, 15 s denat ur at i on ; 55° C, 15 s anneal i ng; and 72° C, 1 mi n
ext ensi on) was - 2 . 3 kb. Rest r i ct i on mappi ng and sequenci ng of t he ampl i f i ed pr oduct i ndi -

cat ed t hat i t i s i dent i cal t o t he cDNA sequence i n t hi s r egi on . The genomi c X cl one was al so
sequenced di r ect l y usi ng t hese pr i mer s . Toget her , t hese r esul t s conf i r m t hat t he CRD and

t he 3' UT ar e cont ai ned i n exon 4. Sequenci ng r eact i ons wer e anal yzed on 87o pol yacr yl -

ami de 7 Mur ea denat ur i ng gel s at hi gh vol t age. Sequence dat a was anal yzed wi t h t he
Mi cr ogeni e sequenci ng pr ogr am( Beckman I nst r ument s, I nc . , Pal o Al t o, CA) .

Chr omosomal Local i zat i on .

	

Chr omosome i n si t u hybr i di zat i on was per f or med as pr evi ousl y

descr i bed ( 34) . The r ecombi nant pl asmi d, pMBP68 ( 35) , was l abel ed by ni ck t r ansl at i on
usi ng al l f our dNTPs t o a speci f i c act i vi t y of 1 . 09 x 107 cpm/ Wg . Chr omosomes wer e st ai ned
wi t h qui nacr i ne must ar d di hydr ochl or i de . Dat a wer e col l ect ed at t he mi cr oscope usi ng a com-
bi nat i on of i nci dent ul t r avi ol et and t r ansmi t t ed vi si bl e l i ght t o per mi t si mul t aneous vi sual -
i zat i on of chr omosome bands and si l ver gr ai ns .

The human- r odent somat i c cel l hybr i ds wer e der i ved f r omf usi ons of hypoxant hi ne phos-
phor i bosyl t r ansf er ase- def i ci ent Chi nese hamst er E36 or mouse RAGcel l s wi t h whi t e bl ood
cel l s f r omt wo unr el at ed f emal e car r i er s of di f f er ent X; 19 t r ansl ocat i ons ( 36) ; wi t h f i br obl ast s
f r om a f emal e car r i er of an X; 13 t r ansl ocat i on ( 37) ; or wi t h whi t e bl ood cel l s f r om a nor mal mal e .

Resul t s and Di scussi on

The MBPGene.

	

As t he human MBP appear s t o have di st i nct domai ns, we wer e

i nt er est ed i n det er mi ni ng whet her each domai n of t he pr ot ei n was r epr esent ed i n

a si ngl e exon . Compar i son of t he genomi c nucl eot i de sequence wi t h t he cDNA se-

quence r eveal ed t hat t he pr ot ei n codi ng r egi on i s r epr esent ed by f our exons, whi ch

ar e 251 bp, 117 bp, 69 bp, and 3 . 1 kb . Each i nt r on exon boundar y has a consensus

donor accept or si t e of GT/ AG ( 38) .

5' Regi on .

	

The f i r st exon t hat r epr esent s t he 5' UT r egi on and t he NH2- t er mi nal

por t i on of t he pr ot ei n ends at t he f i r st Gof a gl yci ne codon, wher e t her e i s an aber r a-

t i on i n t he col l agen- l i ke domai n . Anal ysi s of bot h genomi c cl ones and a f ur t her t hr ee

cDNAcl ones f r oma HepG2 cDNAl i br ar y r eveal ed t hr ee er r or s i n t he or i gi nal cDNA

sequence i n t he si gnal pept i de . The i ncl usi ons of t hr ee Cs i nst ead of t wo at posi t i on

70 and t wo Cs i nst ead of a si ngl e C at posi t i ons 79 and 93 r esul t i n an al t er at i on

i n t he si gnal pept i de . Al t hough t hese changes r esul t i n t he i nser t i on of an ext r a ami no

aci d, t he si gnal pept i de has a t ypi cal hydr ophobi c sequence as i s expect ed i n a secr et ed

mol ecul e . The NH2 t er mi nus of t he nat i ve pr ot ei n i s a gl ut ami c aci d r esi due based

on t he NH2- t er mi nal ami no aci d sequence of MBP i sol at ed f r om human ser um.

Thi s r esi due i s pr eceded by a ser i ne t hat conf or ms t o t he gener al r ul e t hat t he ami no

aci d i n posi t i on - 1 pr ecedi ng cl eavage by t he si gnal pept i dase t ends t o be a r esi due

wi t h a smal l si de chai n l i ke ser i ne or al ani ne ( 39) . The f i r st i n f r ame ATG i s sur -

r ounded by ACCATGT, whi ch i s a st r ong Kozak consensus, as t her e i s pur i ne at

t he - 3 posi t i on . The pr esence of an upst r eam out of f r ame ATG at posi t i on +8

i s unusual , and i n some cases has been shown t o decr ease t r ansl at i on ef f i ci ency of

mRNA ( r evi ewed i n r ef er ence 40) . The r ol e, i f any, of t hi s out of f r ame upst r eam

ATG i n r egul at i ng MBP expr essi on i s not known .
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FI GURE 1 .

	

Sout her n bl ot anal ysi s of MBPG26 . 1- 2 Kg of phage XMBPG26 DNA was di gest ed
wi t h ei t her Sal I , Eco RI , or Pst I , si ze f r act i onat ed on a 1% agar ose gel , t r ansf er r ed t o nyl on
membr anes, and t hen hybr i di zed wi t h ol i go 12 P- l abel ed cDNA pr obe encompassi ng di f f er ent
r egi ons of t he human cDNA ( 14) . ( A) ( Lef t hand l ane) Hybr i di zat i on of Sal I di gest ( Sal I si t es
f l ank t he i nser t i n t he EMBL 3A vect or ) wi t h a l abel ed f ul l - l engt h cDNA pr obe. ( Ri ght hand l ane)

Hybr i di zat i on of Eco RI di gest wi t h l abel ed 5' cDNA pr obe . ( B) Hybr i di zat i on of Pst I di gest
wi t h a l abel ed cDNApr obe encompassi ng t he maj or i t y of t he pr ot ei n- codi ng por t i on of t he MBP.

( C) Hybr i di zat i on of Pst I di gest wi t h l abel ed 2. 5- kb cDNA pr obe spanni ng t he 3' unt r ansl at ed
por t i on of t he cDNA. ( D) Rest r i ct i on map of t he f ul l - l engt h human MBP- CcDNA ( 14) i s depi ct ed
as pMBP. I ndi cat ed bel ow ar e r egi ons of t he mol ecul e used t o const r uct ol i go- l abel ed pr obes
encompassi ng t he 5, mi ddl e, and 3' unt r ansl at ed por t i ons of t he human MBP- CcDNA. Pr obes

wer e t hen hybr i di zed t o bl ot s as descr i bed i n A, B, and C, and washed under st r i ngent condi t i ons.
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FI GURE 2 .

	

Rest r i ct i on map of t he human MBP gene ( - 7 kb i n l engt h) . The t hi ckened l i nes
cor r espond t o exons ( 14) . The ar r ows i ndi cat e t he di r ect i on and ext ent of sequence anal ysi s by

t he di deoxy nucl eot i de chai n t er mi nat i on met hod ut i l i zi ng ei t her si ngl e- st r anded M13 vect or s
or doubl e- st r anded pUC vect or s .
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Pr i mer ext ensi on and Sl nucl ease pr ot ect i on exper i ment s i ndi cat e t hat t he t r an-

scr i pt i on i ni t i at i on si t e desi gnat ed posi t i on 1 coi nci des wi t h t he end of t he l ongest

cDNA cl one ( not shown) . Ther e i s a put at i ve TATATA box - 41 by downst r eam

f r omt hi s si t e and a put at i ve CCAAAT box at - 82 ( Fi g. 3) . St udi es ar e i n pr ogr ess

t o assess whet her t hi s r egi on can act as a f unct i onal pr omot er .

The 5' upst r eam r egi on cont ai ns a mot i f , t aagaaat t t ccag ( Fi g. 3, bol d t ype) , t hat

i s si mi l ar t o a heat shock el ement f i r st descr i bed i n Dr osophi l a ( 41) . Recent st udi es

i ndi cat e t hat maxi mumt r anscr i pt i on r equi r es t wo of t hese el ement s ( 42) , t o whi ch

a heat shock t r anscr i pt i on f act or ( 43) bi nds and medi at es enhanced t r anscr i pt i on

of cl oned mammal i an and Dr osophi l a heat shock genes ( r evi ewed i n r ef er ence 44) .

gaat t cct gccagaaagt agagaggt at t t agcact ct gccagggccaacgt agt aageeet t t ccopgaaaat gct t acccaggcaagcct gt gt aaaacaccaaggggaagcaaact

ccagt t aat t ct gggct gggt t ggt gact aaggt t gaggt t gat ct gaggt t gagacct t cct ct t t ggat caccagct t t cagct cagggcct gccaat gagt aaat gat agt t aacag

gt cct ggaggggaat cagct gcccagat acaaagat gggat t caggt ggcagat ggacccgaagaggacat ggagagaaagaggaagct cct acagacacct gggt t t ccact cat t ct c

at t ccct aagct aacaggcat aagccagct ggcaat gcacggt cccat t t gt t ct cact gccacggaaagcat gt t t at agt ct t ccagcagcaacgccaggt gt ct aggcacagat gaa

cccct cct t aggat ccccact gct cat cat agt gcct acct t t gt t aaagt act agt cacgcagt gt cacoaggaot gt t t act t t t ccaaat ccccagct agaggccagggst gggt ca

t ct at t t ct at at agcet gcacccagat t gt aggacagagggcat gct cGCTAAATATGTGTTCATTAACTCAGATTAACCTTCCCTGACTTTTCTCACACCAAGGTCAGCACCATCTCC

Met Ser
CTCTTTCCATCACTCCCTCTCCTTCTCCTGACTATCGTCCCACCCTCTTACTCAGAAACTCTGACCTCTCAGGATGCCCAAAAGACCTCCCCTGCACTGATTCCCTGTAGCTCTCCAGGC

LeuPhePr oSer LeuPr oLeuLeuLeuLeuSer Met Vai Al oAl aSer Tyr Ser CI uThr Val Thr CysGI uAspAl aGI nLysThr CysPr oAl aVal I l eAl aCysSer Ser Pr oGl y

ATCAACCGCTTCCCACCCAAAGATGGCCGTGATGCCACCAACGCAGAAAAGGGCGAACCAGgt acgt gt t gggct gt t ct gt ct ct gcaat t ct t t acct t ccagaggaaact gcct ggg
I I eAsnOI yPhePr oGl yLysAspGI yAr gAspGl yThr LysGI yGI uLysOl yCI uPr oG

gat at gaggagact gat gt cct at t t gagt at at t t t t ct caact at act gt aact caaaacagagat t cagct cgaat t ccacacagcagt t t gt gact aat agt t gt ct t gccagccc

aggaaagt ggcccacaggt caggccat ct cgt gggacacaggat gaat t t t t ct t ct ct gggt cat t gt cat gt cagacccct at t cact t cagt agggat ggcaccaggt t caagaggc

caaagaagagat ggagt cagcaaacaaacat aggt t t t act gggggaat ct gt t t acagggagat ccagcagcagt gggct ggacaggagaacaacaact act ggt aaaaacaaat gcag

t t aat t t t cact t t gcaccct ccct gcagcaacct ccacgt ggcaact t t at t t ct t aagt t at t gct ct caggt gcacaccat acagt t at t gagagcagt gct cagaaaggt cagt cc

t gggt caaggt ct ccct t ct cct gagaagggat t gggcat caaact ct t gaagagagagagcaagaacat agat at t aagt cacat t t cct t t gt ct t ccaacagGCCAAGCGCTCACAG

I yGI nGI yLeuAr gG
CCTTACACGGCCCCCCTGCMACTTGCCGCCTCCAGGAAATCCAGCGCCTTCTGCGTCACCACGACCAAACCGCCAAAAAGGAGACCCTCCAAAAACTCCGCgt aaggaccccagcaagg

I yLeuGI nGI ypr oPr oCI yLysLeuGI yPr oPr oOI yAsnPr oOl yPr oSer GI ySer Pr oGl yPr oLysCI y0I nLysOI yAspPr oGI yLysSer Pr oA

t ct gagct gact t cacccagggt t ct gagacct t gagt at ct ggt aagaggt gcccct t ct cct gt t cct t caaaggaagat acccaaat t t gct t t ct gacccagt gccct cagecct c

t c . . . . cagt t t gaaaaagat act ccact ccct t gt at at gcacagt t ct gaggct cct t ct caacaat gct t ct t t act t t gt t ct aat t t t ct agATGGTCATACTACCCTGCCTCCC

spGI yAspSer Ser LeuAl aAl a

TCAGAMCAAMCCTCTGCAMCAGAAATGGCACCTATCMAMGTgt aagct t t t t ct ct t act ct ccaggcagct t gaagt t t gggaaaaat agaat gcaacaaat at t t gt t gaat g

Ser Cl uAr gLysAl aLeuGI nThr GI uMet Al sAr gI l eLysLysT

cat at aat t t t ct gt a . . . . . . . . t at at gggagat at act aaaat at t cat t gt t t gt ct gaaat t caaat t t aact ggacat act at at t t t at ccggcaact ct act ct agaagact

t t t t ct t gagaaat acct t gagt t gggct t aaggat gagt gagt t t cacccact t t t t cacat t t t agGCCTCACCTTCTCTCTGGCCAAACAACTTGGGAACAACTTCTTCCTGACCM

r pLeuThr PheSer LeuGI yLysGI nVal GI yAsnLysPhePheLeuThr As

TGCTCAAATAATCACCTTTGAAAAAGTCAACGCCTTGTCTGTCAAGTTCCAGGCCTCTCTCGCCACCCCCAGGAATCCTCCACACMTGCACCCATTCAGAATCTCATCAACCAGCAAGC

nGI yGI uI l eMet Thr PheG1uLysVal LysAl aLeuCysVal LysPheGI nAl aSer Val Al aThr Pr oAr gAsnAl aAl aCI uAsnGI yAl aI l eGI nAsnLeuI l eLysGI uGI uAI

CTTCCTCGCCATCACTCATGACMGACACAACCCCACTTTGTGCATCTCACAGCAMTACACTGACCTACACMACTCGMCGACGGTGAACCCAACMTCCTCGTTCTCATGAACATTC

aPheLeuGI yI l eThr AspGI uLysThr Gl uGl y0I nPheVal AspLeuThr GI yAsnAr gLeuThr Tyr Thr AsnTr pAsnGI uGI yGI uPr oAsnAsnAl aGI yser Aspcl uAspCy

TGTATTCCTACTCMMATGCCCAGTGGAATCACGTCCCCTCCTCCACCTCCCATCTGCCCCTCTGTGAGTTCCCTATCTCMGCCTCATATCACTCACCCCCTCCTTCTCTTTTTACTG

sVal LeuLeuLeuLysAsnGI yGI nTr pAsnAspVal Pr oCysSer Thr Ser Hi sLeuAl aVal CysGI uPhopr oI l e

CMCCCACACCCCCACACTATCCTTGMAAGATAMTTATATCAATTTCCTCATATCCACTATTCTTCCTTTTGTGCCCMTCACTAAMATGATCACTMCAGCACCMCAMCCMTA

ATACTACTAGTAGTACTTACCAGCACCAGTACTACTCATCCTAATTATATAATATTTTTAATATATACTATCACCCCCTATCTTTTGCATCCTACATTMTTATCTAGTTTAATTMTCT

CTMTGCTTTCGATACTGTTAACTTGCTGCAGTATCAMATAACACCCAI MTTTTTCCAI I I ACAACAMCACCTCTCCTCTCTTCACCCTTCCTTTCTCTTTGGGTACAGGCCTCCC

CTAATGACATCACCACAGTTTAATACCACAGCTTTTTACCAACTTTCACCTATTAACAAAATCTATTTTCTAACTTTCTCTATGAACTCTCTTTTCTTTCTAATGAGATATTAMCCATG

TAAAGMCATAAATAACAAATCTCAACCMACACCTTCACAAATTCTCACACACATACATACCTATATACTCACTTTCTAGATTMGATATCCGACATTTTTGACTCCCTAGAAGCCCCC

TTATAACTCCTCCTACTACTMCTCCTAGCAAAATACTATTCTGACCTCCATCACTCCACACTMTTTCCTCTGTTTATAAACATTGTATACTTCGAATCATATTCTGTCTAATGTTCTA

TCTCTTGCTTACTCACAATTMCTCTGTCACATTCATTCATCTCATCTGTACMMCTTTCATCCTTTTCATTCCCATCTACCGTTCCCTTATATTAATATTCCTCACTTCATCCATTCT

ATTCTTMTACCCACTTAACTGCCTTCCAATTTTTCGCCATCAGGAAGACMCCCACGMCATTCCTCCACTTGTCTTTTGCTGCACATCCTGCACTMTTTCACTACCTATCCACCACT

CCMCTGGTAGACGATGACGMACCATGTATTCAGCTTTACTAGATATTACCAGTTTTCCTMCTGATTGTATGAAI I I ATCCTCCTACCGCCMTGTCTCGCACTCCTACATCCTCTAT

GTCCTTGTAAMAGTCMTGTTTTCAGTTCTCTTCATTTTCATTATTCCTGTGGATCTAMCTCATATTTCCCCATGGTTTTMTCTGTATTTCCCCMCATGTAATAACCTTCAACACT

TTTTTATATCCTTATTCGCCACTTGGGTATCTTCTTCTCTCAAGTACCCGTTCACATTTTTCTATTTTCTTTAMTTAGTTACCCMTATTTTTCTTACTGATTTTTAACTTATTTTTAC

ATTCTCAATATCTCCTTTTTAATCTCTATTACAAATATTTTGCTAGTTTTTCACTTGCTCCTAATCTTGMTTTTCATGAACAAMTTTCCTMTTTTCACAMCTCTTAI I I ATTCATA

TTTTCTTTCAAAATTAGTCCTTTTTCTGTCATGTTTAAGMATTTTTCCCCATCCCAAAATCATAACATATTTTTCATGATTTTGAMCCATCAAGACATTTTTCATCATTTTCAMTCA

TGAAGATATTTTTCCATTTTTTTCTAATACTTTTATTAATAAACATTCTATCTATTCCTGGTACMTAGATATCCACTTCACACACCACTATGTAGCAMCACCATTTTTCCTCCACTCA

ACTAGGGTGGTCCATTTTTCTMCTTACCTAACTCTATGTGTCTCTGTCTGTTTCTGCGCTGTCTATTCTACTCTATTTCTTCATCCTTCTGTCAMCAGTACACTATCTTMTTATTCT

ACAMATAGTTCTAACTGTAGTCCAGCTTTCTTCTTCTTCAACTCMCATTTCCATATAAATATTACAMCACTTTCTCMTTTCTACAAAATCCTGATCACCTTTCTACTCCGACCAC

ATTCACTCTATCAATCAACTTATCCACMCTCCCAACTTACTACTCAATCTCTAATCAATGTTCATCATCTATCCCTTCAI I I AACTAGCATTTCTCTAACTTAATTCCTATGTTTTCAG

ATTTTTACTTTAAAAACCTTGTATATCTTCTTTTGCTCGTTTTACTCATTTTAATAATATATTTTAAATATTTTTTCTTTTCTATTCTTCTACACACAMTACACTTAACTTTTCTGTCT

ACTCTTACCATCTTTAGTAACCTCAATMCTTTATTTCTTAAATCTACTAATTTCTAGATTCCTCTGCATTTTCTATATCCATACTCATCTMCCTCAAAATATCGCMTACTTCCTTCT

TCCCAATTGCTTTACCTTTTTTCTTACCTTATTCCACTGGTTACCMCCCCAATACACACACCACCACACCAGCTATAGACTCCTCAMCACAATATMTGMGTCCTCCAGTCAGGCCT

ATCTAAACTCGATTCACAGCTCTCTCACTTMTTGCTACATGATCTAGCAGCCAGTTACTTTCTCTTTCAGCCATCTATTTGCAGCTCAGACAMATAATCATTCTTATTTCATCAAAAT

TCTGGCGATGATGAMTMCTTAACACCTTTAAAGTCTGTACTAAACTATCACCATACTATATTTTAGCTCTTAATACACACACTTATCCCCCTAGATACATGCTTTTTAATCACATAAT

CTGATATTATACATAACACATATCGATTTTTAAAAATTAAATCAACCTTCCTTTGATGGAATAAACTCCATTI ACTCACat t t t at ct t gt gt at gt at t at t ggagt ggact t gt t aat

FI GURE 3 .

	

Nucl eot i de sequence of t he human MBP gene . Exon r egi ons ar e i ndi cat ed by capi t al
l et t er s and t he codi ng sequence i s shown as t he t hr ee- l et t er code f or ami no aci ds. The pr esump-
t i ve st ar t si t e i s i ndi cat ed by an ar r ow. The " TATA- box, ° " CCAATbox, " and heat shock consensus
sequence ar e i n bol d t ype, and t he i nst abi l i t y mot i f ATTTA i s under scor ed . I t shoul d be not ed
t hat t her e ar e some di f f er ences i n t he codi ng r egi on f r om t he pr evi ousl y publ i shed cDNA se-
quence ( 14) . These di f f er ences, whi ch r esul t i n neut r al changes i n t he encoded pr ot ei n, ar e due
t o DNAsequenci ng er r or s of t he or i gi nal cl ones and do not r epr esent pol ymor phi sms . The cor -
r ect ed sequence has been submi t t ed t o EMBL/ GenBank Dat a Li br ar i es under t he accessi on number
15422 .
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Asi mi l ar el ement has been i dent i f i ed i n t he 5' f l anki ng r egi on of t he human C- r eac-

t i ve pr ot ei n gene, whose pr oduct , l i ke t he human MBP, i s an acut e phase pr ot ei n

( 45) . Exper i ment s ar e i n pr ogr ess t o det er mi ne whet her heat shock has a r ol e i n

MBPgene expr essi on, as wel l as t o assess t he r el at i ve r ol e of var i ous cyt oki nes t hat

have been shown t o i nduce t r anscr i pt i on of genes t hat encode ot her acut e phase

pr ot ei ns .

TheMBP32- kD subuni t f or ms a t r i mer t hat t hen mul t i mer i zes t o f or ma pr ot ei n

of - 300 kD. The NH2 cyst ei ne- r i ch ar ea, whi ch medi at es i nt er chai n di sul phi de

bonds, i s f ound i n t hi s exon . I nt er est i ngl y, t hi s r egi on i s f ol l owed by a st r et ch of

al t er nat i ng posi t i vel y and negat i vel y char ged ami no aci ds, i nt er sper sed wi t h f our

gl yci ne r esi dues . These ami no aci ds ar e l ar gel y conser ved i n t he r at MBP- C ( Fi g.

4) , i mpl i cat i ng an except i onal st r uct ur al i mpor t ance of t hi s pecul i ar sequence mot i f .

The above ami no aci ds, when ar r anged on a hel i cal wheel ( Fi g . 4) , f or ma st r uct ur e

wi t h one f ace posi t i vel y char ged and t he ot her negat i vel y char ged. Such a st r uct ur e

may gr eat l y assi st mul t i mer f or mat i on not onl y wi t hi n each t r i mer i c uni t but al so

bet ween adj acent subuni t s, vi a opposi t e char ge- char ge neut r al i zat i on . The abun-

dance of hel i x- br eaki ng gl yci nes, however , ar gues agai nst a canoni cal cx- hel i cal con-

f or mat i on of t hi s segment . As much as an ext ended ( S st r and) conf or mat i on seems

t o be an equal l y unl i kel y possi bi l i t y, we pr opose t hat t hi s r egi on f ol ds i nt o a ser i es

of f our ( appr oxi mat el y hel i cal ) t ur ns, t he conf or mat i on of whi ch becomes st abi l i zed

by i nt i mat e i nt er mol ecul ar i nt er act i ons among t he subuni t s .

Col l agen Regi on.

	

Human MBP consi st s of 19 r epeat s of Gl y- XY wi t h t he 10t h

r epeat bei ng Gl y- Gl n- Gl y. The f i r st exon ends at t hi s si t e and t he posi t i on of t he

i nt r on st r ongl y suppor t s t he cont ent i on t hat t wo r egi ons of t he mol ecul e have evol ved

f r omnonf i br i l l ar col l agen genes ( di scussed bel ow) . The next exon encodes 11 r epeat s

of Gl y- XY, wi t h f our of t he Y ami no aci ds bei ng hydr oxypr ol i ne ( 46) . A si mi l ar

col l agen st emi s f ound i n SP- Aand t he f i r st compl ement component , Cl q ( 47) . The

over al l or gani zat i on of MBPi s si mi l ar t o Cl q, al t hough no act ual homol ogy exi st s

bet ween t he t wo mol ecul es . The l ocat i on of t he i nt r on i n t he B chai n of t he Cl q

gene, whi ch i nt er r upt s a gl yci ne codon af t er t he f i r st G, i s si mi l ar t o r at and human

Char ge +- N+- NN+N- +N-

Human MBP- C

	

K D GR D G T K G E K G E

Rat

	

MBP- C

	

K D G H D GA K G E K G E

r

	

K

	

FI GURE 4.
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7

	

11

	

R

	

aci ds of human MBP- C and r at MBP- C r e-

veal s t hat t he posi t i vel y char ged ami no aci ds
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can be al i gned on one f ace of an a hel i x wi t h
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on t he ot her f ace, as depi ct ed by a hel i cal
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MBPand SP- A genes ( 47) . I ni t i al r epor t s suggest ed t hat MBPand Cl q may be f unc-

t i onal l y equi val ent , as i t was det er mi ned t hat MBP i s abl e t o act i vat e compl ement

vi a t he cl assi cal pat hway ( 23) . Subsequent exper i ment s usi ng pur i f i ed compl ement

. component s have shown t hat human ser umMBPi s a pot ent act i vat or of t he al t er na-

t i ve compl ement cascade and not t he cl assi cal pat hway ( 26) . As t hi s col l agen r egi on

i s si mi l ar t o Cl q, we pr edi ct t hat t hi s may r epr esent t he ef f ect or r egi on t hat i nt er act s

wi t h compl ement component s . I n vi t r o mut agenesi s exper i ment s ar e under way t o

i nvest i gat e t hi s possi bi l i t y.

The Put at i ve Cel l - bi ndi ng Domai n .

	

MBP appear s t o sel ect i vel y r ecogni ze conf i gu-

r at i ons of hi gh mannose t hat ar e pr esent on pat hogens and does appear t o bi nd t o

nor mal cel l s ( 24, 25) . However , i nt er act i on of MBPwi t h mannose- r i ch bact er i a r esul t s

i n MBP- dependent at t achment and i ngest i on by phagocyt ec cel l s ( 25) . The engage-

ment of t he pat hogen most l i kel y i nvol ves a conf or mat i onal change i n t he mol ecul e

t hat t hen unmasks a cel l at t achment domai n of MBP I nspect i on of t he sequence

at t he end of exon 2 r eveal s a sequence of KSPD t hat i s t hen f ol l owed by GDS i n

exon 3 . Al t hough t hi s sequence does not mat ch t he exact consensus sequence r ecog-

ni zed by t he i nt egr i n f ami l y of mol ecul es, i t may f or ma l oose consensus, whi ch af t er

a conf or mat i onal change i s abl e t o bi nd t o an i nt egr i n mol ecul e ( 48) . Thi s f ami l y

i s wel l r epr esent ed on t he sur f ace of phagocyt es, and hence, t hey ar e l i kel y candi dat e

r ecept or s f or MBP- coat ed l i gands .

The CRDand _TUTRegi on .

	

The CRDand t he l ar ge 2 . 5- kb 3' UT r egi on ar e en-

coded by a si ngl e exon . The pr evi ousl y publ i shed cDNAs wer e i sol at ed f r om a GC-

t ai l ed human l i ver cDNA l i br ar y and appear ed t o have a 310- bp TUT r egi on f ol -

l owed by an adenyl at i on t ai l . However , anal ysi s of f ul l - l engt h cDNAs i sol at ed f r om

a XGT10 HepG2 cDNAl i br ar y r eveal ed a much l onger TUT r egi on . The pr edomi -

nant mRNA speci es on Nor t her n bl ot anal ysi s i s 3. 5 kb, al t hough a smear i s some-

t i mes obser ved at 1 . 2 kb. I t i s possi bl e t hat t he shor t er cl ones pr evi ousl y descr i bed

ar e t r uncat ed as a r esul t of t he use of an al t er nat i ve pol yadenyl at i on si t e . Al t er nat el y,

t he pol y A t r act obser ved i n t he shor t er cl one may be a cl oni ng ar t i f act , as has been

descr i bed f or ot her cDNAs i sol at ed f r omGC- t ai l ed l i br ar i es ( 49) . The 3' UT r egi on

cont ai ns seven mot i f s of AUUUA, whi ch r epr esent t he so- cal l ed i nst abi l i t y sequence.

Thi s mot i f i s f ound i n t he 3' UT of . mRNAs i n many cyt oki nes ( 49) , oncogenes, and

gr owt h f act or s ( 50) , and i t s pr esence can account f or r api d degr adat i on of mRNA.

I t s pr esence i n t he MBP mRNA may be of f unct i onal si gni f i cance as MBP i s an

acut e phase pr ot ei n . I n mi ce MBP, mRNA i s i nduced bet ween 16 and 18 h af t er

an i n vi vo chal l enge of t hi ogl ycol l at e br ot h, a known st i mul us of ot her act i ve phase

r eact ant s . By 24 h, t he l evel s r et ur n t o basel i ne ( R. A. B. Ezekowi t z, unpubl i shed

obser vat i on) . Mor e det al i ed anal ysi s i s necessar y t o det er mi ne t he pr eci se cont r i bu-

t i on of t he AUUUA mot i f s i n t hi s phenomena.

Compar i son bet ween t he Human MBP- C and Rat A Genes.

	

Pr evi ousl y, at t ent i on has

been dr awn t o t he si mi l ar i t y i n bot h act ual homol ogy and or gani zat i on of t he human

MBP- C and r at MBP- A and - C. Al l t hr ee mol ecul es have a col l agen- l i ke domai n

t hat i s si mi l ar t o nonf i br i l l ar col l agen pr ot ei ns . Thi s gr oup of pr ot ei ns shar es wi t h

t he MBPs a l ar ge gl obul ar r egi on as wel l as a t r i pl e- hel i cal r egi on i n whi ch t her e

ar e di st or t i ons i n t he r egul ar pat t er n as a r esul t of an i r r egul ar i t y i n a Gl y- XY r e-

peat . The human MBPgene, l i ke t he r at Agene, has f eat ur es of nonf i br i l l ar col l agen

genes ( Fi g . 3) . Ther e i s an i nt er r upt i on af t er t he f i r st Gof t he gl yci ne codon at t he
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si t e wher e t her e i s an aber r at i on i n t he col l agen sequence. Bot h t he di st ur bance of

r egul ar col l agen a hel i x and t he char act er i st i c i nt r on pl acement ar e di st i nct i ve f ea-

t ur es of nonf i br i l l ar col l agen genes ( 51) .

The pl acement of i nt r ons i s r emar kabl y conser ved bet ween t he human and r at

genes ( Fi g . 5) . The codi ng r egi ons of bot h pr ot ei ns ar e i nt er r upt ed by t hr ee i nt r ons

t hat ar e l ocat ed at i dent i cal posi t i ons ( Fi g . 5) . Li ke t he r at A gene, t he CRDand

t he 3' UT r egi on appear ed t o be encoded by one exon . However , i n t he human gene

t her e i s a l ar ge 2 . 5- kb 3' UT r egi on, as di scussed above.

Dr i ckamer and McCr ear y ( 29) poi nt ed out t hat t he f unct i onal domai ns of t he

r at MBPpr ot ei n appear t o have evol ved by j uxt aposi t i on of exons by r ecombi nat i on

wi t hi n i nt r ons of genes t hat encode nonf i br i l l ar col l agens and genes t hat encode CRDs .

The si mi l ar i t y bet ween t he MBPhuman Cgene and r at Agene st r engt hen t hi s hy-

pot hesi s, whi ch was pr oposed t o expl ai n t he evol ut i on of chi mer i c pr ot ei ns ( 52) . Li ke

t he r at MBP, t he human MBP CRD i s encoded by one exon, wher eas t he r at

asi al ogl ycopr ot ei n CRD i s encoded by t hr ee exons, suggest i ng t hat t he pr ogeni t or

gene f or t hi s por t i on of t he mol ecul e was di vi ded i nt o t hr ee r egi ons and t hat del et i on

of i nt r ons t hr ough evol ut i on l ed t o exon f usi on ( 53) , t her eby account i ng f or t he genomi c

or gani zat i on of t he MBPgenes . Anal ysi s of t he CRDs of a l ect i n- l i ke f ami l y of pr o-

t ei ns r eveal s 18 i nvar i ant r esi dues f ound i n a conser ved 130- ami no aci d domai n .

These pr ot ei ns bi nd l i gands i n a cal ci um- dependent manner , whi ch have di st i nct

and over l appi ng speci f i ci t i es . I t appear s l i kel y t hat t he conser ved r esi dues f or m a

pol ypept i de f r amewor k t hat f aci l i t at es l i gand bi ndi ng, but cer t ai n r esi dues i nvol ved

i n l i gand bi ndi ng have di ver ged t o accommodat e di st i nct sacchar i de st r uct ur es, as

pr oposed by Dr i ckamer ( 4) .

Compar i son wi t h t he Gene f or Sur f act ant Apopr ot ei n SP- A.

	

I n addi t i on t o an over al l

or gani zat i on homol ogy, t he 28- 36- kDapopr ot ei n of human sur f act ant ( SP- A) , shar es

30%over al l homol ogy wi t h t he human MBPand r at MBPs . The not ed homol ogy

wi t h r at MBPl ed t o t he i nvest i gat i on and ver i f i cat i on of t he car bohydr at e- bi ndi ng

Human MBP

	

MVAASYSETVTCEDAQKTCPAVI ACSSPGI NGFPGKDCRD

	

40zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
" 1 11 " 111' 111 1111

	

1 " 1111

Rat MBP A

	

MLLLPLLVLLCVVSVSSSGSQTCEETLKTCS . VI AC. . . . . . . . . GRDGRD

	

41

I VSI

Human MBP GTKGEKGEPG I yQGLRGLQGPPGKLGPPGNPGPSGSPGPKGQKGDPGKSP

	

88

11111111 I I I I I I I I I I I I I I I I I I 1 " 11 11111111 1 1

Rat MBP A GPKGEKGEPG I yQGLRGLQGPPGKLGPPGSVGAPGSQGPKGQKGDRGDSR

	

89

I VS2

	

I VS3

Human MBP A spGDSSLA . . ASERKALQTEMARI KKT r pLTFSLGKQVGNKFFLTNGE

	

131

" I I

	

I I

	

I " I 1* I I 1111* 11 1

Rat MBP A A I aI EVKLANMEAEI NTLKSKLELTNKL euHAFSMGKKSGKKFFVTNHE

	

134

Human MBP I MTFEKVKALCVKFQASVATPRNAAENGAI QNLI KEEAFLGI TDEKTEGQFV 182

1 1111111 + " I I I I I I I I I I I " " I 11111111 11111*

Rat MBP A RMPFSKVKALCSELRGTVAI PRNAEENKAI QEVAKTSAFLCI TDEVTEGQFM 185

Human MBP DLTGNRLTYTNI NEGEPNNAGSDFDCVLLLKNGQ-wvvpCSTSHLAVCEFPI 235

+I I I I I I I I +I I I + 11 " 1111 " " I I I I I " I I I 111111

Rat MBP A YVTGGRLTYSNWKDEPNDHGSGEDCVTI VDNGLI MI SCQASHTAVCEFPA 238

FI GURE 5 .

	

Compar i son of i n-
t r on l ocat i ons and ami no aci d ho-

mol ogy bet ween human MBP-
Cand r at MBP- A genes . Ar eas

of ami no aci d homol ogy ar e i n-

di cat ed by a dash f or i dent i cal

ami no aci ds, wher eas conser v-

i ng submut at i ons ar e i ndi cat ed

by ast er i sks . Dot s r epr esent
gaps i nt r oduced t o maxi mi ze
al i gnment . The l ocat i ons of i n-

t r ons i n human MBP- Cand r at

MBP- A ar e denot ed by ar r ows

( Best i f i t Pr ogr am, Genet i cs

Comput er Gr oup, Uni ver si t y of

Wi sconsi n, Madi son, WI ) . The

18 i nvar i ant r esi dues char act er -

i st i c of ani mal l ect i ns ( 4) have

been under scor ed.



pr oper t i es of SP- A ( 27) . The genomi c or gani zat i on of human SP- A was compar ed

wi t h human MBP- Cgene ( Fi g. 6) t o ascer t ai n whet her t he si mi l ar i t i es bet ween t he

t wo pr ot ei ns ar e mi r r or ed at t he l evel of t he gene . Sever al si mi l ar i t i es wer e not ed.

Fi r st , t he i nt r on t hat i nt er r upt s t he col l agen domai n i s l ocat ed bet ween t he f i r st and

second posi t i ons of a gl yci ne codon. I n bot h pr ot ei ns t he i nt r on i nt er r upt s t he hel i x-

encodi ng r egi on of t he gene near a si ngl e i r r egul ar i t y i n t he Gl y- XY sequences . The

nat ur e of t he i r r egul ar i t y i s di f f er ent ; i n H- MBP, one Gl y- XY sequence i s r epl aced

by Gl y- Gl n- Gl y, whi l e i n SP- A, t he ent i r e sequence Gl y- Gl u- Met - Pr o- Cys- Pr o- Pr o

i s i nser t ed . Al t hough t he si t e of t he i nt r on i n t hese t wo col l agen cont ai ni ng pr ot ei ns

i s near an i r r egul ar i t y i n t he hel i x, t he pl acement of t he i nt r on i s not i nvar i abl e i n

nonf i br i l l ar col l agen genes ( 51) , and t her ef or e, t he r el at i onshi p of i nt r on pl acement

and evol ut i on of hel i cal di st or t i on r emai ns uncl ear . Second, t he si t e and si ze of t he

t wo exons and one i nt r on t hat make up t he r est of t he noncar bohydr at e domai n ar e

r emar kabl y conser ved i n bot h genes . Thi r d, t he car bohydr at e r ecogni t i on domai n

i n t he codi ng r egi on shows 30%homol ogy bet ween t he t wo pr ot ei ns and t he 3' UT

r egi on i s encoded by a si ngl e exon .

The SP- A TUT r egi on does not cont ai n t he i nst abi l i t y sequences t hat have been

i dent i f i ed i n t he human MBP. MBPand SP- A ar e chi mer i c mol ecul es t hat have ap-

par ent l y evol ved ei t her by si mi l ar pai r i ng of t wo ancest r al genes or dupl i cat i on of

a common gene . Thei r st r uct ur al si mi l ar i t y suggest s t hat t hese t wo pr ot ei ns may

shar e si mi l ar f unct i ons . Recent wor k f r omour l abor at or y, whi ch showed t hat human

MBP ser ves as an opsoni n i n ser um, l ed us t o i nvest i gat e whet her SP- A may have

a si mi l ar r ol e i n t he hyper phase of t he l ung. Wor k i n pr ogr ess conf i r ms t hi s hypot h-

esi s, as pur i f i ed SP- A i s abl e t o bi nd speci f i cal l y t o cer t ai n ser ot ypes of gr oup b st r ep-

Human MBP

Human PSAP

RNA

RNA

5'

Pr ot ei n H- MBP

Pr ot ei n H- PSAP

5' UT
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Summar y of t he f unct i onal r egi ons i n t he human MBP- C gene, mRNA, and pol y-

pept i de, and compar i son wi t h human SP- A gene. The human MBP- C shar es 30% over al l ho-

mol ogy wi t h SP- A as wel l as si mi l ar genomi c and f unct i onal or gani zat i on. Most of t he pr ot ei n

homol ogy i s cont ai ned i n t he exons encodi ng t he car bohydr at e- bi ndi ng domai n of bot h MBP- A

and SP- A.
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t ococci and enhance upt ake of t he opsoni zed bact er i a by phagocyt es ( Ezekowi t z,

R. A. B. , S. Goul d, M. Wessel l s, and D. Phel ps, unpubl i shed obser vat i on) .

Chr omosomal Local i zat i on.

	

Sout her n bl ot anal ysi s of DNAs f r om23 human/ r odent

somat i c cel l hybr i ds ( 54) r eveal ed a hybr i di zat i on pat t er n of r adi ol abel ed human

MBPcDNA t hat was compl et el y concor dant wi t h t he segr egat i on of human chr o-

mosome 10 ( Tabl e I ) . The pat t er n was i ndependent of t hat of ot her aut osomes and

sex chr omosomes, whi ch had di scor dant f r act i ons r angi ng f r om 0. 16 t o 0. 6 .

TABLE I

Segr egat i on of MBP DDNAs wi t h DNAs f r om

Human- Rodent Somat i c Cel l Hybr i ds

The human chr omosome compl ement s of t he hybr i ds wer e det er mi ned

by i sozyme and cyt ogenet i c t echni ques ( 56) and by anal ysi s of hybr i d

DNAs wi t h DNA pr obes f or each aut osome and t he X chr omosome .

x The col umn desi gnat i ons ar e : + / + , hybr i di zat i on si gnal and chr omo-

some bot h pr esent ; - / - , hybr i di zat i on si gnal and chr omosome bot h

absent ; + / - , hybr i di zat i on pr esent but chr omosome absent ; and - / + ,

hybr i di zat i on absent wi t h chr omosome pr esent .
5 Hybr i ds wi t h a r ear r anged chr omosome or i n whi ch t he chr omosome

was pr esent i n <15% of cel l s wer e excl uded f or cal cul at i on of di scor -

dant f r act i ons .
R For t he 12 hybr i d cl ones der i ved f r om f usi ons wi t h l eukocyt es f r om t wo

di f f er ent X; 19 t r ansl ocat i on car r i er s, t hi s cat egor y r epr esent s t he ( der ) - 19

chr omosome .

The X cat egor y i ncl udes hybr i ds wi t h an i nt act X and t hose wi t h der -

( X) t r ansl ocat i on chr omosomes .

Chr omosome' +/ +

Hybr i di zat i on pat t er n$

_/ _ +/ - - / +

Di scor dant

f r act i onss

1 3 7 4 1 0 . 33

2 3 7 2 0 0 . 16

3 4 6 3 2 0 . 33

4 2 4 4 4 0 . 57

5 2 7 5 1 0 . 40

6 3 4 4 3 0 . 50

7 4 6 3 2 0 . 33

8 3 6 4 2 0 . 40

9 1 5 6 3 0 . 60

10 7 8 0 0 0 . 00

11 3 5 4 2 0 . 42

12 3 7 4 0 0 . 29

13 4 5 3 3 0 . 40

14 4 4 2 4 0 . 43

15 3 6 4 2 0 . 40

16 5 5 2 3 0 . 33

17 3 6 4 2 0 . 40

18 3 7 4 1 0 . 33

19 and l 9q+11 6 2 1 6 0 . 47

20 4 5 3 3 0 . 40

21 4 5 3 3 0 . 40

22 4 7 3 1 0 . 27

X and Xq- 1 3 5 4 3 0 . 47

Y 0 8 7 0 0 . 47
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Phot ogr aph of a r epr esent at i ve met aphase spr ead i l l umi nat ed by a combi nat i on of
ul t r avi ol et and vi si bl e l i ght s showi ng hybr i di zat i on of t he MBP gene at 10811 . 2- q21 . An i deo-
gr amof chr omosome 10 wi t h t he di st r i but i on of si l ver gr ai ns scor ed ei t her on or di r ect l y besi de
t hi s chr omosome i s seen at t he r i ght . A si gni f i cant peak of hybr i di zat i on i s seen at 1Og11 . 2- q21 .

To ver i f y i ndependent l y t he somat i c cel l hybr i d assi gnment of t he human MBP

gene and t o det er mi ne t he r egi onal i zat i on of hybr i di zat i on on t he chr omosome, t he

r adi ol abel ed MBP cDNA was ut l i l i zed f or chr omosomal i n si t u hybr i di zat i on . A

t ot al of 170 met aphase spr eads wer e anal yzed f or l ocal i zat i on of t he MBPgene. Of

t he 373 si l ver gr ai ns pr esent ei t her on or di r ect l y besi de chr omosomes, 29 gr ai ns

( 7 . 8%of t he t ot al number of gr ai ns) wer e l ocat ed at 10811. 2- q21 ( Fi g . 7) . Thi s r ep-

r esent ed 67 . 4% of t he t ot al number of gr ai ns on chr omosome 10 . Appr oxi mat el y

14 . 1% of met aphases wer e l abel ed at 10811. 2- q21 . No addi t i onal si t es of hybr i di za-

t i on wer e not ed. I t i s i nt er est i ng t o not e t hat t he SP- A gene has been assi gned a

br oad l ocat i on bet ween 10821- 24 ( 54) . I f t he pr eci se l ocal i zat i on i s cl oser t o 10821,

i t may i ndi cat e t hat t hese si mi l ar genes may have evol ved by dupl i cat i on of a common

gene . However , i f t he di st ance bet ween t he l oci i s f ur t her away, a mor e l i kel y expl a-

nat i on i s t hat t hey evol ved f r om a common ancest r al gene and happen by chance

t o r esi de on t he same chr omosome . Sur pr i si ngl y, human MBP appear s t o map t o

t he r egi on i ncl udi ng t he l ocus f or mul t i pl e endocr i ne neopl asi a t ype 2A. The cl osest

mar ker f or t hi s di sease l ocus i s t he i nt er st i t i al r et i nal bi ndi ng pr ot ei n, whi ch maps

t o 10811. 2- 21 ( 30, 55) . The pol ymor phi c nat ur e of t he MBP gene ( M. Kuhl man

and R. A. B. Ezekowi t z, unpubl i shed obser vat i ons) suggest s t hat t hi s gene may be

a usef ul mar ker f or t he di sease . St udi es wi t h i nf or mat i ve f ami l i es ar e i n pr ogr ess

t o t est t he possi bl e l i nkage of MBP t o t hi s di sease l ocus .

Summar y

The human mannose- bi ndi ng pr ot ei n ( MBP) pl ays a r ol e i n f i r st l i ne host def ense

agai nst cer t ai n pat hogens . I t i s an acut e phase pr ot ei n t hat exi st s i n ser umas a mul -

t i mer of a 32- kD subuni t . The NH2 t er mi nus i s r i ch i n cyst ei nes t hat medi at e i n-



118 6

	

MANNOSE- BI NDI NG PROTEI N GENE

t er chai n di sul phi de bonds and st abi l i ze t he second col l agen- l i ke r egi on . Thi s i s f ol -

l owed by a shor t i nt er veni ng r egi on, and t he car bohydr at e r ecogni t i on domai n i s

f ound i n t he COOH- t er mi nal r egi on . Anal ysi s of t he human MBPgene r eveal s t hat

t he codi ng r egi on i s i nt er r upt ed by t hr ee i nt r ons, and al l f our exons appear t o en-

code a di st i nct domai n of t he pr ot ei n . I t appear s t hat t he human MBP gene has

evol ved by r ecombi nat i on of an ancest r al nonf i br i l l ar col l agen gene wi t h a gene t hat

encodes car bohydr at e r ecogni t i on, and i s t her ef or e si mi l ar t o t he human sur f act ant

SP- A gene and t he r at MBP gene . The gene f or MBP i s l ocat ed on t he l ong ar m

of chr omosome 10 at 10gl l . 2- q21, a r egi on t hat i s i ncl uded i n t he assi gnment f or

t he gene f or mul t i pl e endocr i ne neopl asi a t ype 2A.

We t hank Dr s . Kur t Dr i ckamer and Ji r i Novot ny f or usef ul di scussi ons and Loi s Juer gens

f or t echni cal assi st ance i n t he chr omosomal i n si t u hybr i di zat i on anal ysi s .

Recei ved f or publ i cat i on 21 Apr i l 1989 and i n r evi sedf or m 22 June 1989.

Not e added i n pr oof . Thi s i s t o acknowl edge a manuscr i pt by Tayl or et al . ( 57) . Thi s wor k was

br ought t o our at t ent i on af t er t he submi ssi on of t hi s manuscr i pt . We woul d l i ke t o t hank

Dr . John Summer f i el d f or communi cat i ng r esul t s bef or e publ i cat i on .
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