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Abst r act . Basal ker at i nocyt es at t ach t o t he under l yi ng

der mal st r oma t hr ough an ul t r ast r uct ur al l y uni que and

compl ex basement membr ane zone . El ect r on- dense

pl aques al ong t he basal sur f ace pl asma membr ane,

t er med hemi desmosomes, appear t o at t ach di r ect l y t o

t he l ami na densa of t he basement membr ane t hr ough

f i ne st r ands, cal l ed anchor i ng f i l ament s . The l ami na

densa i s secur ed t o t he st r oma t hr ough a compl ex of

t ype VI I col l agen cont ai ni ng anchor i ng f i br i l s and an-

chor i ng pl aques . We have i dent i f i ed what we bel i eve i s

a novel ant i gen uni que t o t hi s t i ssue r egi on . The mAbs

t o t hi s ant i gen l ocal i ze t o t he anchor i ng f i l ament s, j ust

bel ow t he basal - dense pl at e of t he hemi desmosomes .

I n cel l cul t ur e, t he ant i gen i s deposi t ed upon t he cul -

t ur e subst at e by gr owi ng and mi gr at i ng human ker at i no-

cyt es . Addi t i on of mAb t o t he cul t ur es causes t he cel l s

t o r ound and det ach, but does not i mpai r t hem met a-

bol i cal l y . Ski n f r agment s i ncubat ed wi t h ant i body ext en-

HE basement membr ane zones at epi t hel i al - st r omml
i nt er f aces of ext er nal t i ssues ar e uni que and compl ex .
The der mal - epi der mal j unct i on i s one of t he best st ud

i ed ( Pal ade and Far quhar , 1965 ; Rowl at t , 1969 ; Susi , 1967 ;
Br uns, 1969 ; Br i ggaman and Wheel er , 1975a ; Kawanami et
al . , 1978) . When vi sual i zed by EMf ol l owi ng st andar d condi -
t i ons of f i xat i on, dehydr at i on, and st ai ni ng, a t ypi cal basal
l ami na i s seen, cont ai ni ng a l ami na l uci da and l ami na densa
ext endi ng - 100 nmf r omt he epi t hel i al basal sur f ace ( see Fi g .
2 a) . I n addi t i on, el ect r on- dense t hi ckeni ngs, t er med hemi -
desmosomes ( Wei ss and Fer r i s, 1954 ; Kel l y, 1966) , ar e seen

al ong t he basal ker at i nocyt e sur f ace . Thi n f i l ament s, t er med

anchor i ng f i l ament s ( El l i son and Gar r od, 1984) , appear t o

t r ansver se t he l ami na l uci da, br i dgi ng t he hemi desmosome
and t he l ami na densa . Al ong t he der mal mar gi n of t he l ami na
densa, anchor i ng f i br i l s ext end f r omt he basement membr ane.
The anchor i ng f i br i l s ei t her l oop back and r ei nser t i nt o t he
l ami na densa, or ext end per pendi cul ar l y f r omt he basement
membr ane and i nser t i nt o anchor i ng pl aques, whi ch ar e el ec-
t r on- dense condensat i ons of t he ends of anchor i ng f i br i l s t o-
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si vel y de- epi t hel i al i ze . These f i ndi ngs st r ongl y suggest

t hat t hi s ant i gen i s i nt i mat el y i nvol ved i n at t achment of

ker at i nocyt es t o t he basement membr ane .

Thi s ant i gen was i sol at ed f r omker at i nocyt e cul t ur es by

i mmunoaf f i ni t y chr omat ogr aphy . Two mol ecul es ar e ob-

ser ved . The most i nt act speci es cont ai ns t hr ee noni dent i -

cal chai ns, 165, 155, and 140 kD l i nked by i nt er chai n di -

sul f i de bonds . The second and mor e abundant speci es

cont ai ns t he 165- and 140- kD chai ns, but t he 155- kD

chai n has been pr ot eol yt i cal l y cl eaved t o 105 kD. Li ke-

wi se, t wo r ot ar y- shadowed i mages ar e obser ved . The

l ar ger of t he t wo, pr esumabl y cor r espondi ng t o t he most

i nt act f or m, appear s as an asymmet r i c 107- r un- l ong r od,

wi t h a si ngl e gl obul e at one end and t wo smal l er gl ob-

ul es at t he ot her . The mor e abundant speci es, pr esum-

abl y t he pr ot eol yt i cal l y cl eaved f or m, l acks t he di st al

smal l gl obul e . We pr opose t he name " kal i ni n" f or t hi s

new mol ecul e .

get her wi t h ot her i nt r i nsi c const i t uent s of t he basal l ami na
( Keene et a] . , 1987; Gi pson et al . , 1987) . The ul t r ast r uct ur e of
t he anchor i ng f i br i l net wor k suggest s t hat i t secur es t he base-
ment membr ane t o t he under l yi ng der mi s ( Susi et al . , 1967;
Kawanami et al . , 1978) . Thi s hypot hesi s i s suppor t ed by ob-
ser vat i ons t hat i ndi vi dual s wi t h r ecessi ve dyst r ophi c epi der -
mol ysi s bul l osa l ack anchor i ng f i br i l s ( Br i ggaman and Wheel -
er , 1975b ; Lei gh et al . , 1988 ; Br uckner - Mi der man et al . ,
1989) , and suf f er f r omspont aneous separ at i on of t he epi der -
mal basement membr anes f r omt he subadj acent st r oma .

The ul t r ast r uct ur al het er ogenei t y of t he der mal - epi der mal
j unct i on i s r ef l ect ed by t he pr esence of sever al gl ycopr ot ei ns
whose l ocal i zat i on i s l i mi t ed t o t hi s zone . Hemi desmosomes
cont ai n sever al pr ot ei ns ( Mut asi m et al . , 1989 ; West gat e et
al . , 1985 ; Rei gni er et al . , 1985 ; Jones et al . , 1986 ; St anl ey
et al . , 1984 ; Labi b et al . , 1986 ; Muel l er et al . , 1989) t hat
demonst r at e Mval ues f r om 165, 000- 240, 000. The i nt egr i n
a604 has al so been r ecent l y l ocal i zed t o t he ext er nal r egi on
of t he hemi desmosome ( St epp et al . , 1990) . The anchor i ng
f i br i l s have been det er mi ned t o consi st of l at er al unst agger ed
aggr egat es of t ype VI I col l agen ( Sakai et al . , 1986a ; Lun-
st r um et al . , 1987) . I n addi t i on t o t hese pr ot ei ns, sever al ant i -
bodi es r ecogni zi ng ant i gens uni que t o t he der mal - epi der mal
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j unct i on have been used f or cl i ni cal di agnosi s of epi der mol y-

si s bul l osa, even t hough t he ant i gens ar e onl y par t i al l y char -

act er i zed and t he ul t r ast r uct ur al cor r el at es ar e not known

( Fi ne, 1988) .

The st r uct ur al r el at i onshi ps bet ween pr ot ei ns of t he hemi -

desmosomes, t he ubi qui t ous i nt r i nsi c basement membr ane

const i t uent s, and t ype VI I col l agen i n anchor i ng f i br i l s i s not

cl ear . Ul t r ast r uct ur al anal yses of t hi s zone suggest s di r ect

connect i ons bet ween t he anchor i ng f i br i l s and t he hemi des-

mosomes ( Susi et al . , 1967; El l i son and Gar r od, 1984) . The

associ at i on of anchor i ng f i br i l s and hemi desmosomes i s al so

suggest ed by t he obser vat i ons t hat i n vi t r o, hemi desmosomes
r egener at e onl y on t he si t es al ong denuded basement mem-
br anes di r ect l y over anchor i ng f i br i l s ( Gi pson, 1983) and
t hat hemi desmosomes and anchor i ng f i br i l s appear si mul -

t aneousl y dur i ng devel opment and wound heal i ng ( Gi pson et
al . , 1988 ; Smi t h et al . , 1988) . However , our publ i shed
model f or t he st r uct ur e of anchor i ng f i br i l s pr edi ct s t hat di -
r ect cont act bet ween t ype VI I col l agen and t he hemi desmo-
some i s unl i kel y ( Lunst r umet al . , 1987 ; Keene et al . , 1987 ;
Bachi nger et al . , 1990) . The NC- 1 domai n of t ype VI I col l a-
gen has a l engt h of onl y 37 r un . I f t he st andar d EMi mage
t r ul y r ef l ect s t he i n vi vo st r uct ur e of t he der mal - epi der mal

j unct i on, t hen t he NC- 1 domai n i s not l ar ge enough t o span

t he ent i r e basement membr ane. Thi s model pr edi ct s t hat ad-

di t i onal pr ot ei ns ar e l i kel y t o l i nk t ype VI I col l agen t o t he

hemi desmosomal pr ot ei ns .

To addr ess t he above hypot hesi s, t he pr esent st udy i s t he

descr i pt i on of a pr ot ei n i dent i f i ed by a sear ch f or t he anchor -

i ng f i l ament pr ot ei n . The ul t r ast r uct ur al l ocat i on, t he f i l -

ament ous conf or mat i on, and t he t i ssue di st r i but i on suppor t

t hi s i dent i f i cat i on . The pr ot ei n i s shown t o be necessar y f or

t he i n vi t r o at t achment of ker at i nocyt es t o pl ast i c or gl ass

subst r at es and t o t he basement membr ane i n vi vo . We pr o-

pose t he name " kal i ni n" f or t hi s pr ot ei n .

Mat er i al s and Met hods

Ant i bodi es

The BM165 i mmunogen was der i ved f r oman ext r act of human amni on, pr e-

par ed as f ol l ows . Col l agenase ext r act i on and pur i f i cat i on of t he NC- 1 gl obu-

l ar domai n of t ype VI I col l agen f r om human amni on has been descr i bed

pr evi ousl y ( Bachi nger et al . , 1990) . Dur i ng one st ep of t hi s pur i f i cat i on,

t he ext r act i s i ncubat ed wi t h DEAE- cel l ul ose ( DE52 ; What man Labor at or y

Pr oduct s I nc. , Cl i f t on, NJ) i n a l ow sal t buf f er ( 2 Mur ea, 25 mMNaCl ,

5 mMEDTA, and 50 mMTr i s- HCI , pH 7. 8) . Thi s unbound f r act i on was

used i n t he f ur t her pur i f i cat i on of t he NC- 1 domai n . The DEAE was washed

wi t h an equal vol ume of buf f er cont ai ni ng 0. 2 MNaCl and t he el ut ed mat e-

r i al was i sol at ed af t er cent r i f ugat i on ( 17, 000 g f or 60 mi n) . The sampl e was

concent r at ed 10- f ol d by ammoni um sul f at e pr eci pi t at i on ( 50% sat ur at i on)

and equi l i br at ed i n PBS by di al ysi s . The r esul t i ng compl ex mi xt ur e of pr o-

t ei ns ser ved as i mmunogen.

Hybr i domas wer e pr epar ed and scr eened by i ndi r ect i mmunof l uor es-

cence as pr evi ousl y descr i bed ( Sakai et al . , 1986a) . The BM165 mAb, an

I gG1, was pur i f i ed f r om cel l cul t ur e super nat ant s as descr i bed el sewher e

( Keene et al . , 1990) . The mAbs I I D5 ( Engval l et al . , 1990) and 4C7

( Engval l et al . , 1986a) speci f i c f or t he l ami ni n A chai n, 4E10 ( Wewer

et al . , 1983) speci f i c f or t he B chai n, and 5C6 ( Engval l et al . , 1986b) spe-

ci f i c f or t ype VI col l agen wer e ki ndl y pr ovi ded by Dr . Eva Engval l of t he

La Jol l a Cancer Resear ch Foundat i on ( La Jol l a, CA) . Rabbi t pol ycl onal

ant i ser um agai nst mouse l ami ni n was obt ai ned f r om Si gma Chemi cal Co .

( St . Loui s, MO) .

Cel l Cul t ur e

Human f or eski n ker at i nocyt es wer e pr epar ed accor di ng t o publ i shed pr oce-

dur es ( Boyce and Ham, 1985) . Cel l s wer e gr own i n Ker at i nocyt e Gr owt h
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Medi um cont ai ni ng 0. 15 mM CaC12 and subcul t ur ed accor di ng t o t he
manuf act ur er s i nst r uct i ons ( Cl onet i cs, San Di ego, CA) . For most i mmuno-
cyt ochemi cal exper i ment s f i r st or second passage cel l s wer e gr own i n gl ass
or pl ast i c chamber sl i des ( LabTek Di v. Mi l es Labor at or i es I nc . , Naper -
vi l l e, I L) or on gl ass cover sl i ps t o - 80%conf l uency. For l ar ge scal e col l ec-
t i on of spent medi a cel l s wer e gr own i n 150- cm2 t i ssue cul t ur e di shes and
f ed t hr ee t i mes per week wi t h 15- m1 f r esh medi a .

Human f or eski n f i br obl ast s wer e gener at ed f r omexpl ant cul t ur e and cul -
t i vat ed by st andar d t echni ques i n DME cont ai ni ng 10%FBS.

Cel l At t achment and Det achment Assays

Cel l at t achment exper i ment s wer e per f or med i n 24- mul t i - wel l pl at es
( Cost ar Dat a Packagi ng, Cambr i dge, MA) usi ng unt r eat ed pl ast i c or an en-
dogenous ker at i nocyt e mat r i x . The mat r i x was gener at ed f ol l owi ng sol ubi l i -
zat i on of conf l uent cel l l ayer s wi t h a sol ut i on cont ai ni ng 1%Tr i t on- X- 100,
10 mMEDTA, and 25 mMTr i s- HCI , pH7. 5. The mat r i x was washed ext en-
si vel y wi t h PBS bef or e use . For at t achment , suspensi ons of ker at i nocyt es
( 1 x 105 cel l s/ wel l ) i n gr owt h medi um and f i br obl ast s ( 2 . 5 x 105 cel l s/
wel l ) i n ser um- f r ee DME wer e i ncubat ed f or 1 h at 37° C wi t h t he i ndi cat ed
addi t i ons . For det achment , cel l s wer e pl at ed i n unt r eat ed wel l s f or 24 h i n
compl et e medi um, washed, and i ncubat ed wi t h t he i ndi cat ed addi t i ons f or
4 h at 37° C. Quant i t at i on of at t ached cel l s was per f or med essent i al l y as de-
scr i bed pr evi ousl y ( Aumai l l ey et al . , 1989) , except t hat t he st ai n was sol ubi -
l i zed wi t h 4 M guani di ne bef or e measur i ng absor bance at 570 r un.

Af f i ni t y Pur i f i cat i on of t he BM165 Ant i gen

Medi a col l ect ed f r omgr owi ng ker at i nocyt es was cl ar i f i ed by cent r i f ugat i on

( 2, 000 g f or 10 mi n) and endogenous pr ot ease act i vi t y was mi ni mi zed by
t he addi t i on of EDTA, PMSF, and N- et hyl mal ei mi de t o f i nal concent r at i ons
of 5 mM, 50 AM, and 50 AM, r espect i vel y . The medi a was st er i l i zed by
f i l t r at i on and ei t her pr ocessed i mmedi at el y or st or ed f r ozen at - 20° C unt i l
use. The BM165 mAb was conj ugat ed t o CNBr - act i vat ed Sephar ose 4B
( Phar maci a Fi ne Chemi cal s, Pi scat away, NJ) , at 1 mg of ant i body per ml
of r esi n, as descr i bed by t he manuf act ur er . Ker at i nocyt e medi a ( 1- 2 l i t er s)
was passed t hr ough a 15- m1 ant i body col umn and t he col umn was washed
wi t h PBS. The ant i gen was el ut ed wi t h 1 Macet i c aci d and f r act i ons wer e
moni t or ed f or absor bance at 280 r un . Pool ed f r act i ons wer e t r eat ed wi t h di s-

opr opyl f l uor ophosphat e ( 5 pg/ ml ) and di al yzed i nt o appr opr i at e buf f er s f or
f ur t her anal ysi s . For SDS- PAGE sampl es wer e separ at ed on 3- 5 %gr adi ent

gel s bef or e r educt i on and on 5%gel s af t er r educt i on wi t h 0- mer capt o-

et hanol . I n addi t i on t o hi gh mol ecul ar wei ght pr est ai ned st andar ds ( Bi or ad

Labor at or i es, Ri chmond, CA) , t he di sul f i de bonded t ype VI I col l agen NC- 1

domai n ( 450, 000 M) , r educed NC- 1 ( M 150, 000) , and r educed f i br i l l i n

( 350, 000 Mr ; Sakai et al . , 19866) wer e used i n det er mi ni ng r el at i ve mol ec-

ul ar wei ght scal es .

EM

Ti ssue. Enbl oc i mmunol ocal i zat i on of ant i gens was per f or med as pr evi -

ousl y descr i bed ( Keene et al . , 1987) wi t h some modi f i cat i on . Br i ef l y, hu-

man neonat e f or eski n col l ect ed shor t l y af t er ci r cumci si on was cut i nt o 0. 5-

mmx 1- mmbl ocks, al l i ncl udi ng epi t hel i um, and washed f or 2 h i n PBS,

pH7. 4, at 4° C. They wer e t hen i ncubat ed i n pr i mar y ant i body ( 200 pg/ ml )

i n PBS over ni ght at 4° C, r i nsed i n sever al changes of PBS over 6 h, and
t hen i ncubat ed i n 1- nmgol d- conj ugat ed secondar y ant i body ( Janssen Li f e

Sci ences Pr oduct s, Pi scat away, NJ) di l ut ed 1 : 3 i n PBScont ai ni ng 1. 0%BSA

over ni ght at 4° C. Af t er washi ng, t i ssues wer e submer sed i n i ce- col d si l ver

i nt ensi f i cat i on sol ut i on ( Janssen Li f e Sci ences Pr oduct s) f or 15 mi n, and
t hen r api dl y war med t o r oomt emper at ur e. Af t er al l owi ng si l ver t o pr eci pi -

t at e upon t he 1- nmgol d par t i cl es f or 7 mi n at r oomt emper at ur e, t he t i ssues
wer e r i nsed sever al t i mes over 15 mi n wi t h wat er , and t hen wi t h 0. 1 Mcaco-

dyl at e buf f er , pH7. 4 . Ti ssues wer e f i nal l y f i xed i n 0. 1 Mcacodyl at e buf f er ed

1 . 5%: 1 . 5% gl ut ar al dehyde/ par af or mal dehyde, pH 7. 4, dehydr at ed i n a

gr aded ser i es of et hanol di l ut i ons, exposed t o pr opyl ene oxi de, and embed-

ded i n Spur r s epoxy. Cont r ol ant i bodi es used i ncl uded t hose r ecogni zi ng

el ast i n ( mAb 1OB8, pr oduced and gener ousl y pr ovi ded by Dr . Lynn Sakai ,
Shr i ner ' s Hospi t al ) , col l agen t ype I V ( Sakai et al . , 1982) , and col l agen t ype

VI ( Engval l et al . , 19866) . One sampl e of ski n was f i xed f or 30 mi n i n i ce-

col d acet one, r i nsed i n buf f er , f ur t her f i xed i n 3%: 3% al dehydes and 1%

OsO4, and t hen dehydr at ed i n acet one bef or e embeddi ng i n Spur r s epoxy

t o demonst r at e t he pr esence of anchor i ng f i l ament s ( see Fi g . 2 a) .

Cel l s . For exami nat i on of nor mal cel l ul t r ast r uct ur e bef or e ant i body

t r eat ment , human ker at i nocyt e cul t ur es wer e gr own on gl ass cover sl i ps and

f i xed i n 0. 1 Mcacodyl at e buf f er ed 1. 5%: 1 . 5% gl ut ar al dehyde/ par af or mal -
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Fi gur e 1. I ndi r ect i mmunof l uor escent l ocal i zat i on of t he BM165 an-

t i gen i n human ski n . Fr ozen sect i ons of newbor n f or eski n wer e

st ai ned wi t h ei t her BM165 ( a) or medi a f r om unf used myel omas

( b) . The BM165 mAb r eact s speci f i cal l y wi t h t he der mal - epi der mal

basement membr ane and does not r ecogni ze var i ous ot her base-

ment membr anes pr esent i n t he der mal l ayer . Ar r ows i ndi cat e t he

posi t i on of t he unst ai ned basement membr ane . Bar , 100 Am.

dehyde, 1 . 0%OsO4, dehydr at ed i n a gr aded et hanol ser i es, and t hen ei t her
embedded di r ect l y i n Spur r s epoxy f or t r ansmi ssi on EM( TEM) , ' or cr i t i -

cal poi nt dr i ed and sput t er coat ed f or scanni ng EM ( SEM) as pr evi ousl y
descr i bed ( Keene et al . , 1988) . TEMi mmunoel ect r on mi cr oscopy was per -

f or med on ker at i nocyt es gr own on ei ght - wel l per manox cul t ur e f l asks usi ng
an i dent i cal pr ot ocol as t hat descr i bed above f or t i ssues, except t hat t he i ncu-
bat i on t i me i n pr i mar y ant i body was f or 4 h at r oomt emper at ur e, t he sec-
ondar y ant i body was conj ugat ed t o 5- r un gol d and di l ut ed 1 : 3 i n BSA buf f er
( 20 mMTr i s- HCI , 0. 9 %NaCl , 1 mg/ ml BSA, 20 mMNaN3) , andt he si l ver
i nt ensi f i cat i on pr ocedur e was omi t t ed . Ker at i nocyt es gr own on gl ass cover -

sl i ps and obser ved by SEMaf t er exposur e t o ant i body wer e t r eat ed i dent i -
cal l y, except t hey wer e cr i t i cal poi nt dr i ed f r om l i qui d COZ af t er dehydr a-
t i on i n et hanol .

For r out i ne TEMexami nat i on, 60- 90- nm t hi ck sect i ons wer e cut on

an ul t r ami cr ot ome ( Rei cher t Jung, Vi enna, Aust r i a) usi ng di amond kni ves
and exami ned usi ng a mi cr oscope ( 410 L8 ; Phi l i ps El ect r oni c I nst r ument s,
I nc. , Mahway, NJ) oper at ed at 60 KV af t er cont r ast i ng i n ur anyl acet at e and
Reynol ds l ead ci t r at e ( Reynol ds, 1963) . For r out i ne SEMexami nat i on,
sampl es wer e sput t er coat ed wi t h a mi ni mumamount of Gol d- Pal l adi um
and obser ved i n t he upper st age of a SEM( model DS130 ; I nt er nat i onal
Sci ent i f i c I nst r ument s, I nc . , Mi l pi t as, CA) oper at ed at 10 kV, usi ng a spot
si ze of 3- 10 nm.

Ot her Techni ques

Met hods i ncl udi ng West er n bl ot t i ng, r ot ar y shadow anal ysi s, and l engt h
measur ement s have been det ai l ed el sewher e ( Mor r i s et al . , 1986 ; Lunst r um
et al . , 1986 ; Bachi nger et al . , 1990) .

Resul t s

mAbs wer e r ai sed t o a mi xt ur e of par t i al l y pur i f i ed pr ot ei ns

or i gi nal l y ext r act ed f r omhuman amni on by col l agenase di -

gest i on as descr i bed f or t he i sol at i on of t he t ype VI I col l agen

NC- 1 domai n ( Bachi nger et al . , 1990) . Resul t i ng hybr i d-

omas wer e scr eened by i ndi r ect i mmunof l uor escence f or l o-

cal i zat i on t o t he der mal - epi der mal , but not t o t he vascul ar

basement membr ane zone of human f et al f or eski n . Sel ect ed

hybr i domas wer e r escr eened by West er n bl ot t i ng of t he i m-

1 . Abbr evi at i ons used i n t hi s paper : SEM, scanni ng EM; TEM, t r ansmi s-
si on EM.
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munogen and pr ot ei n ext r act s cont ai ni ng known basement

membr ane component s . Hybr i domas t hat di d not r ecogni ze

known basement membr ane component s wer e r et ai ned f or

f ur t her st udy. One of t hese scr eeni ngs pr oduced t wo hybr i d-

omas t hat appear ed t o r ecogni ze t he same uni que pr ot ei n .

One of t hese, t er med BM165 was used f or t he st udi es r epor t ed

her e . BM165 speci f i cal l y i dent i f i es t he der mal - epi der mal

j unct i on basement membr ane zone of ski n, but shows no r e-

act i vi t y t o t he basement membr anes of t he vascul at ur e or

sur r oundi ng ner ves ( Fi g . 1) . On sal t - spl i t ski n t he BM165 an-

t i gen r emai ns associ at ed wi t h t he der mal l ayer , di st i ngui sh-

i ng i t f r om bot h t he bul l ous pemphi goi d ant i gen and t he

x6( 34 i nt egr i n whi ch par t i t i on wi t h t he epi der mal l ayer ( not

shown) . Addi t i onal l y, t he BM165 mAb does not i mmunopr e-

ci pi t at e l ami ni n or t ype VI I col l agen ( not shown) . The t i ssue

di st r i but i on of BM165 r eact i vi t y i s shown i n Tabl e I . Al l of

t he subepi t hel i al r egi ons showed cr i sp, br i l l i ant , cont i nu-

ousl y l i near f l uor escence. The t i ssue di st r i but i on di r ect l y

par al l el s t he occur r ence of hemi desmosomes and anchor i ng

f i br i l s, wi t h t he except i on of t he occasi onal and weak st ai n-

i ng of t he i nt est i nal smoot h muscl e.

The BM165 ant i body was t hen used t o l ocal i ze t he ant i gen

wi t hi n t he der mal - epi der mal basement membr ane of human

f or eski n . Pr i mar y ant i body was l ocal i zed usi ng secondar y

ant i body conj ugat ed t o 1- nn gol d, whi ch was vi sual i zed by

si l ver enhancement . The use of 1- nmgol d pr oved necessar y

because of t he l i mi t ed penet r at i on of t he basement mem-

br ane by a 5- r un gol d- conj ugat ed secondar y ant i body . Thi s

pr ocedur e l ocal i zes t he BM165 ant i gen t o t he anchor i ng f i l a-

ment s, j ust bel ow t he basal - dense pl at e of hemi desmosomes

( Fi g. 2, b and c) . No l abel i ng of t he anchor i ng f i l ament s was

seen when an ant i body of i r r el evant speci f i ci t y ( see Mat er i al s

and Met hods) was used as t he pr i mar y ant i body ( dat a not

shown) . Some addi t i onal l abel i s seen al ong t hel ami na densa

( Fi g . 2 c) , but t he maj or i t y of t he l abel under l i es t he hemi -

desmosomes . Smal l amount s of gol d deposi t s ar e al so seen

beneat h t he der mal si de of t he l ami na densa .

Thr oughout t hese exper i ment s, ext ensi ve, somet i mes com-

pl et e de- epi t hel i zat i on of ski n sampl es dur i ng i ncubat i on

wi t h t he pr i mar y ant i body was commonl y obser ved . Thi s

was ent i r el y out si de our consi der abl e exper i ence wi t h ant i -

bodi es t o t ypes I V and VI I col l agens . The r egi ons of unspl i t

basement membr ane shown i n Fi g . 2, b and c ar e t hose r el a-

t i vel y r emoved f r om t he t i ssue edge . Near t he t i ssue edge,

wher e t he ant i body concent r at i on was hi ghest and t he epi -

der mi s had separ at ed f r om t he basement membr ane, ver y

Tabl e I . The Ti ssue Di st r i but i on of t he Ant i gen
Recogni zed by mAb BM165 as Det er mi ned by I ndi r ect
I mmunof i uor escence

Ti ssue

	

Resul t

Ski n, subepi t hel i al

	

+
Tr achea, subepi t hel i al

	

+
Esophagus, subepi t hel i al

	

+
Cor nea, subepi t hel i al

	

+
Amni on, subepi t hel i al

	

+

I nt est i nal smoot h muscl e

	

f

Ki dney

	

-

Bl ood vessel s

	

-

Ner ve

	

-

Car t i l age

	

-
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Fi gur e 2. Ul t r ast r uct ur al i mmunol ocal i zat i on of t he BM165 ant i gen i n human ski n . ( a) Human ski n f i xed i n acet one bef or e al dehyde, al l ow-

i ng t he i dent i f i cat i on of t he l ami na l uci da ( LL) , l ami na densa ( LD) , hemi desmosome ( HD) , anchor i ng f i l ament s ( AF) , and anchor i ng f i br i l s

( af t ( b) Local i zat i on of BM165 mAb usi ng si l ver - enhanced 1- nm gol d- conj ugat ed secondar y ant i body . The l abel appear s di r ect l y over

anchor i ng f i l ament s . ( c) Lower magni f i cat i on showi ng BM165 l abel i ng al ong a cont i nuous st r et ch of i nt act ski n and ( d) al ong t he basement

membr ane i n a r egi on wher e t he ant i body has i nduced epi der mal det achment . Bar s : a and b, 100 nm; c and d, 200 nm.

st r ong l abel i ng was seen al ong t he l ami na densa, at what had

been t he cel l i nt er f ace ( Fi g. 2 d) . Some l abel was seen st i l l

at t ached t o t he ext r acel l ul ar f ace of t he hemi desmosome, but

t hi s was r el at i vel y r ar e ( not shown) .

The BM165 ant i body was used t o vi sual i ze t he ant i gen i n

The Joumal of Cel l Bi ol ogy, Vol ume 114, 1991

ker at i nocyt e cul t ur es . As shown i n Fi g. 3 a, when appl i ed

t o conf l uent cel l s, t he ant i body l ocal i zes t o t he sur f ace of t he

pl ast i c subst r at e bet ween t he cul t ur ed cel l s ( compar e t o Fi g .

3 c) . No i nt r acel l ul ar f l uor escence i s obser ved . Thi s unusual

l ocal i zat i on coul d not be dupl i cat ed wi t h ant i bodi es t o t ype
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Fi gur e 3 Ker at i nocyt es deposi t t he BM165 ant i gen on t he cul t ur e subst r at e . Conf l uent ker at i nocyt e cul t ur es wer e st ai ned wi t h ei t her BM165

( a) or cont r ol medi a ( b) . An i nt ense br oad band of st ai ni ng occur s at cel l bor der s . The obser ved f l uor escence cor r el at es wi t h i nt er cel l ul ar

space, as shown by l ow magni f i cat i on TEM i n sect i ons t aken t hr ough t he cel l l ayer par al l el t o t he cul t ur e subst at e ( c) . I f t he cel l s ar e

f i r st r emoved wi t h EDTA, t he BM165 ant i body di r ect s homogeneous st ai ni ng of t he cul t ur e subst r at e ( d) . Bar s : 20 nm.

I V col l agen ( Sakai et al . , 1982) , t o l ami ni n ( see Mat er i al s

and Met hods) , or t o t ype VI I col l agen ( Sakai et al . , 1986a ;

not shown) . I t was al so not seen when ant i bodi es of t he same

i mmunol ogi cal subt ype, but of i r r el evant speci f i ci t y wer e

used ( not shown) . The ant i gen i s pr esent upon t he subst r at e

under neat h t he cel l s as shown by st r ong f l uor escence of t he

ent i r e pl ast i c subst r at e af t er r emoval of t he cel l s wi t h 10 mM

EDTA ( Fi g . 3 d) .

El ect r on- mi cr oscopi c vi sual i zat i on of t he ant i gen i n ker -

at i nocyt e cul t ur es shows l i near deposi t i on of i mmunogol d

conj ugat es uni f or ml y acr oss t he subst r at e upon a f i ne el ec-

t r on- dense f el t wor k ( Fi g . 4 a) . The f el t wor k cont i nued under

t he cel l , but was of t en unl abel ed. Thi ckeni ngs coul d occa-

si onal l y be seen al ong t he ker at i nocyt e pl asma membr ane

t hat r esembl ed i mmat ur e hemi desmosomes ( Fi g . 4 b) , si mi -

l ar t o st r uct ur es obser ved by ot her s ( Compt on et al . , 1989) .

The ul t r ast r uct ur al i mmunol ocal i zat i on st udi es of BM165 i n

ker at i nocyt e cul t ur es wer e compl i cat ed by t he r oundi ng and

det achment of t he ker at i nocyt es dur i ng l ong i ncubat i ons

wi t h concent r at ed BM165 ant i body . Scanni ng mi cr oscopy

showi ng t he al t er ed mor phol ogy of t he BM165 i ncubat ed

cel l s compar ed t o t he mor phol ogy of unt r eat ed ker at i nocyt es

i s shown i n Fi g. 4, c and d, r espect i vel y . Det ached ker at i no-

Roussel l e et al . Kal i ni n : A Component of Anchor i ng Fi l ament s

cyt es r eadi l y r epl at ed ont o pl ast i c and gr ew wi t h equal vi gor

compar ed t o unt r eat ed cel l s, i ndi cat i ng t hat t he r ounded and

det ached cel l s wer e not met abol i cal l y compr omi sed by t he

ant i body t r eat ment ( not shown) .

To pur sue t hese obser vat i ons, t he ef f ect s of t he BM165 an-

t i body on cel l at t achment and det achment wer e f ur t her i n-

vest i gat ed and quant i t at ed ( Fi g . 5) . As shown, t he BM165

ant i body i nhi bi t s, t o >80%, ker at i nocyt e at t achment t o bot h

pl ast i c and an endogenous ker at i nocyt e mat r i x ( Fi g . 5, Aand

B) . The ant i body has no si gni f i cant ef f ect on f i br obl ast at -

t achment t o ei t her of t hese mat r i ces . I n a si mi l ar f ashi on, t he

BM165 ant i body al so i nduces det achment of adher ent ker -

at i nocyt es wi t hout af f ect i ng f i br obl ast s ( Fi g . 5 C) . Ant i bod-

i es t o l ami ni n, t ype I V col l agen, and t ype VI I col l agen coul d

not dupl i cat e t hese ef f ect s . I t i s i nt er est i ng t o not e t hat whi l e

f i br obl ast s at t ach wel l t o t he ker at i nocyt e mat r i x, t he mecha-

ni sm must di f f er f r om t hat used by ker at i nocyt es .

The dat a shown i n Fi g . 3 a i ndi cat es t hat conf l uent ker -

at i nocyt e cul t ur es show no i nt r acel l ul ar f l uor escence. To

eval uat e t he occur r ence of subst r at e deposi t i on of t he ant i gen

r el at i ve t o t i me of pl at i ng, ker at i nocyt es wer e pl at ed at l ow

densi t y, and t he devel opment of f l uor escence was obser ved

as a f unct i on of i ncr easi ng cel l densi t y . At 6 h af t er pl at i ng,
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Fi gur e 4. The BM165 ant i gen i mmunol ocal i zes al ong a cont i nuous subcel l ul ar mat r i x i n ker at i nocyt e cel l cul t ur e . Ker at i nocyt es wer e gr own
t o near conf l uency and ei t her f i xed i mmedi at el y ( b and d) or washed wi t h PBS and i ncubat ed wi t h BM165 mAb ( 50 wg/ ml ) f ol l owed by
5- nmgol d- conj ugat ed secondar y ant i body bef or e f i xat i on . For TEM, sampl es wer e embedded and sect i oned per pendi cul ar t o t he subst r at e .
The ant i body i nduced r oundi ng of ker at i nocyt es and l ocal i zed t o a f el di ke mat r i x pr esent on t he cul t ur e subst r at e ( a) . I n unt r eat ed ker at i no-
cyt es a cont i nuous mat r i x i s obser ved under t he cel l ( b) . St r uct ur es r esembl i ng i mmat ur e hemi desmosomes ar e of t en obser ved on t he basal
cel l sur f ace ( b, ar r ow) . The mi cr ogr aphs exhi bi t di f f er ences because of pl ast i c ( a) vs . gl ass ( b) subst r at es . The mor phol ogy of r ounded
and unt r eat ed cel l s was al so compar ed by SEM ( c and d) . Bar s : a and b, 200 nm; c and d, 20 j m.

onl y i nt r acel l ul ar f l uor escence i s obser ved ( Fi g . 6 a) . By

24 h, i ndi vi dual cel l s and cel l cl ust er s can be seen showi ng

bot h per i nucl ear i nt r acel l ul ar f l uor escence and f l uor escent

st ai ni ng of t he subst r at e i mmedi at el y adj acent t o t he cel l s

( Fi g . 6, b, d, and e) . I n some cases, cel l s appear t o have

mi gr at ed, l eavi ng behi nd f l uor escent st ai n at t ached t o t he

subst r at e ( Fi g . 6, d and e) . As t he cel l cl ust er s enl ar ge ( Fi g.

6 c) , onl y t he per i pher al cel l s demonst r at e i nt r acel l ul ar

f l uor escence, suggest i ng t hat t he cel l s at t he i nt er i or of t he

cl ust er s ar e no l onger synt hesi zi ng t hi s ant i gen . These

r esul t s cor r el at e wi t h pr evi ous obser vat i ons t hat cel l gr owt h

and mi gr at i on occur at t he per i pher y of ker at i nocyt e col oni es

and i nt er nal cel l s ar e qui escent ( Bar r andon and Gr een,

1987) .

To par t i al l y char act er i ze t he ant i gen, t he i mmunogen was

f r act i onat ed f r om ker at i nocyt e medi um by i mmunoaf f i ni t y

chr omat ogr aphy usi ng t he BM165 ant i body, and was ana-

l yzed by pol yacr yl ami de gel el ect r ophor esi s ( Fi g. 7) . Bef or e

di sul f i de r educt i on, t wo speci es wer e vi sual i zed by st ai ni ng

The Jour nal of Cel l Bi ol ogy, Vol ume 114, 1991

wi t h Coomassi e bl ue ( l ane 1) . Bot h mol ecul ar speci es wer e

i mmunobl ot posi t i ve ( l ane 2) . The pr edomi nant speci es mi -

gr at ed wi t h an - 400, 000 MzyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA� and a mi nor speci es 440, 000

M, was of t en seen .

Af t er di sul f i de bond r educt i on, f our maj or el ect r ophor et i c

speci es ar e r esol ved ( l ane 3, ar r ow) ; 165, 000, 155, 000,

140, 000, and 105, 000 M, . None of t hese bands ar e i m-

munor eact i ve wi t h pol ycl onal ant i ser umt o EHS l ami ni n, or

wi t h mAbs t o human A, BI , or B2 chai ns ( dat a not shown) .

Onl y t he 165, 000 speci es ( and an i mmunor eact i ve smal l er

speci es t hat does not cor r espond t o any of t he chemi cal l y

st ai ned bands, and pr esumed t o be a degr adat i on pr oduct )

cont ai ns t he BM165 epi t ope as shown by West er n bl ot ( l ane

4) . The di sul f i de- bonded 400- and 440- kD speci es wer e

separ at el y exci sed f r omt he gel , r educed wi t h 2- mer capt o-

et hanol , and t he r educt i on pr oduct s wer e separ at ed by el ec-

t r ophor esi s . The 440- kD speci es cont ai ns t he 165, 155, and

140- kD chai ns ( l ane 5) and a smal l amount of a 220- kD spe-

ci es seen onl y f ai nt l y by Commassi e st ai n ( l ane 3) . Thi s 200-
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Fi gur e 5. The BM165 ant i body i nhi bi t s ker at i nocyt e, but not f i br o-
bl ast at t achment . The ef f ect s of 50 Lg/ r nl BM165 ( o) and 5 mM
EDTA ( a) on ker at i nocyt e and f i br obl ast at t achment wer e com-
par ed t o unt r eat ed cont r ol s ( o) . ( A) At t achment t o pl ast i c . ( B) At -
t achment t o endogenous ker at i nocyt e mat r i x . ( C) Det achment af -
t er 24 h of cul t ur e .

kD speci es al so cont ai ns t he BM165 epi t ope . The 400- kD

speci es cont ai ns t he 165, 140, and 105- kD chai ns ( l ane 7) .

The r esul t s ar e consi st ent wi t h i dent i f i cat i on of a mol ecul e

wi t h t hr ee noni dent i cal chai ns . The di f f er ence i n t he el ect r o-

phor et i c mi gr at i on of t he nonr educed speci es can be ex-

pl ai ned by a conver si on of t he 155 t o 105 kD by pr ot eol ysi s .

The r esul t s al so suggest t hat t he 165- kD chai n i s r el at ed t o

t he 220- kDchai n . Recent l y, a pr ecur sor pr oduct r el at i onshi p

bet ween t he 200 and t he 165- kD chai ns was conf i r med by

bi osynt het i c pul se- chase exper i ment s ( M. P Mar i nkovi ch,

per sonal communi cat i on) . I t i s not cl ear i f t hese pr ot eol yt i c

event s ar e physi ol ogi cal .

Roussel l e et al . Kal i ni n : A Component of Anchor i ng Fi l ament s

Rot ar y shadow i magi ng of t he pur i f i ed ant i gen shows a l i n-
ear mol ecul e cont ai ni ng a cent r al r od of 107 nm( Fi g. 8) . The
mol ecul e i s seen i n t wo f or ms. The most conunon i mage ap-
pear s as an ext ended dumbbel l ( Fi g . 8, b- e) . Of t en one knob
appear s smal l er t han t he ot her . The l east abundant i s asym-

met r i c wi t h a l ar ge gl obul e at one end and t wo smal l er gl ob-

ul es at t he ot her ( Fi g. 8, f and g) . The i mages ar e unl i ke any

pr evi ousl y r epor t ed, t o our knowl edge. The r el at i ve abun-

dance of t he t wo i mages, and t he addi t i onal knob on t he

l ar ger speci es i s consi st ent wi t h t he possi bi l i t y t hat t he l ar ger
i mage i s cont r i but ed by t he WADmol ecul e.

Di scussi on

We have i sol at ed a pr ot ei n f r omhuman ker at i nocyt e cul t ur e

t hat i s i nvol ved i n t he at t achment of t he cel l t o pl ast i c i n vi t r o

and t o t he basement membr ane i n vi vo. The si mpl est model

t hat expl ai ns t he dat a i s t hat t he i dent i f i ed 165- , 155- and

140- kDchai ns f or ma si ngl e mol ecul e wi t h t he char act er i st i c

r odl i ke mor phol ogy shown by r ot ar y shadowi ng wi t h t wo

smal l gl obul es at one end and a l ar ger gl obul e at t he ot her

end . A second mol ecul e cont ai ns t he 165, 140, and 105 kD

i s r epr esent ed by t he maj or r ot ar y- shadowed i mage, l acki ng

t he second smal l gl obul e at one end . These t wo mol ecul es
di f f er because of cl eavage of t he MADchai n t o t he 105- kD

chai n . At t hi s t i me, we ar e unsur e i f t hi s pr ot eol yt i c event

i s physi ol ogi cal . We pr opose t he name " kal i ni n f or t hi s mol -

ecul e, der i ved f r omt he anci ent Gr eek XAAI NOE, meani ng

a br i dl e or a t hong .

The i mmunol ocal i zat i on of kal i ni n t o human ski n st r ongl y

suggest s t hat t hi s ant i gen i s t he ul t r ast r uct ur al el ement de-

scr i bed as t he anchor i ng f i l ament . The r odl i ke shape and t he

l engt h demonst r at ed by r ot ar y shadowi ng of t he ant i gen i s

al so consi st ent wi t h t hi s assi gnment . The f i ndi ng t hat t he

maj or i t y of t he kal i ni n l ocal i zes t o t he l ami na densa af t er

ant i body- i nduced r upt ur e of t he der mal - epi der mal j unct i on

suggest s t hat t he BM165 ant i body epi t ope l i es near t he r e-

gi on of t he ant i gen r esponsi bl e f or bi ndi ng t o t he hemi des-

mosome. The opposi t e end of t he ant i gen appear s t o be bu-

r i ed i n t he l ami na densa. The obser ved l i near deposi t i on of

col l oi dal gol d beneat h t he basal - dense pl at e suggest s t hat t hi s

i s t he si t e of i nt er act i on wi t h t he hemi desmosome . When t he

cont act bet ween t he hemi desmosome and t he anchor i ng f i l a-

ment i s br oken by bi ndi ng of t he ant i body, t he ant i gen- ant i -

body compl ex r emai ns associ at ed wi t h t he basement mem-

br ane.

Al t er nat i vel y, t he or i ent at i on of t he mol ecul ar el ement s of

t he basement membr ane zone seen by convent i onal mi cr os-

copy may be ent i r el y ar t i f act ual . El ect r on- mi r oscopi c ex-

ami nat i on of r at i nci sor , t ongue, and gi ngi va pr epar ed by

r api d f r eezi ng and f r eeze subst i t ut i on demonst r at e a homo-

geneous 25- 100- nm t hi ck el ect r on- dense basement mem-

br ane compl et el y l acki ng a l ami na l uci da ( Gol dber g and

Escai g- Haye, 1986) . The same r esul t has been obt ai ned wi t h

t he der mal - epi der mal j unct i on of human ski n i n t hi s l abor a-

t or y ( D. R. Keene, per sonal communi cat i on) . Ther ef or e, i t

i s ent i r el y possi bl e t hat t he l ami na l uci da i s an ar t i f act r esul t -

i ng f r om t he cel l shr i nki ng away f r om t he basement mem-

br ane, and t he l ami na densa i s t he r esi due of t he ent i r e base-

ment membr ane . I f t hi s i s t he case, i t i s l i kel y t hat kal i ni n

i s ent i r el y wi t hi n t he basement membr ane, wi t h onl y one end
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Fi gur e 6. Local i zat i on and synt hesi s of t he BM165 ant i gen cor r el at es wi t h gr owi ng and mi gr at i ng cel l s . Ker at i nocyt es wer e subcul t ur ed

and at var i ous t i mes t he BM165 ant i gen was l ocal i zed by i ndi r ect i mmunof l uor escence. Af t er 6 h, at t ached cel l s exhi bi t i nt r acel l ul ar f l uor es-

cence but have not yet f l at t ened ( a) . At 24 h smal l cel l cl ust er s exhi bi t bot h i nt r acel l ul ar and subst r at e l abel i ng ( b) and mi gr at i ng cel l s

have deposi t ed t he ant i gen al ong t hei r pat hs ( d and e) . Af t er 48 h t he st ai ni ng of l ar ger cl ust er s i s het er ogeneous ( c) . I nt er i or cel l s exhi bi t

onl y t he mat r i x st ai ni ng seen i n conf l uent cul t ur es, whi l e per i pher al cel l s al so st ai n i nt r acel l ul ar l y. Bar , 50 I m.

concent r at ed at t he si t e wher e t he hemi desmosome cont act s

t he basal l ami na . The anchor i ng f i l ament s woul d t hen r ef l ect

t hose speci es wi t hi n t he basal l ami na t hat ar e st r ongl y bound

t o t he hemi desmosome and become t aught and l i near as t hey
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ar e pul l ed f r om t he basement membr ane as t he cel l shr i nks

away .

The dat a al so suggest t hat i n devel opi ng or r egener at i ng

epi t hel i a, kal i ni n i s i ni t i al l y di st r i but ed uni f or ml y upon t he
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Fi gur e 7. El ect r ophor et i c anal ysi s of t he BM165 ant i gen i sol at ed

f r omker at i nocyt e cul t ur e medi um. As descr i bed i n Mat er i al s and

Met hods t he ant i gen was af f i ni t y pur i f i ed f r om spent ker at i nocyt e

cul t ur e medi um. When anal yzed by SDS- PAGE bef or e r educt i on

t wo speci es ar e det ect ed by Coomassi e bl ue st ai ni ng, a maj or spe-

ci es mi gr at i ng wi t h a 400, 000 M, and a sl ower mi gr at i ng mi nor

component at 440, 000 ( l ane 1) . The BM165 mAb i dent i f i es bot h

bands upon west er n bl ot anal ysi s ( l ane 2) . SDS- PAGE anal ysi s of

r educed mat er i al i dent i f i es f our maj or bands af t er Coomassi e bl ue

st ai ni ng ; 165, 000, 155, 000, 140, 000, and 105, 000 M( ar r ows) .

Some mi nor , sl ower mi gr at i ng component s ar e al so vi si bl e. Onl y

t he 165, 000 i s r ecogni zed by mAb BM165 ( l ane 4) . The non-

r educed 440, 000 and 400, 000 wer e cut out and t hei r r educt i on

pr oduct s eval uat ed separ at el y . The 440, 000 speci es gi ves r educt i on

pr oduct s wi t h Mof 165, 000, 155, 000 and 140, 000 ( l ane 5) . The

400, 000 speci es gi ves bands of 165, 000, 140, 000 and 105, 000 M

( l ane 7) . I n bot h cases onl y t he 165, 000 speci es i s i dent i f i ed by

mAbBM165 upon west er nbl ot anal ysi s ( l anes 6and 8) . Somet i mes

a mi nor component of 200, 000 Mi s al so r ecogni zed by t he

BM165 mAb ( l ane 6) .

mi gr at i on subst r at e, and becomes r eor gani zed upon mat ur a-

t i on of t he at t achment compl ex . The hypot hesi s i s suppor t ed

by t he obser vat i on t hat ker at i nocyt es cul t ur ed ei t her on pl as-

t i c or gl ass deposi t kal i ni n uni f or ml y upon t he subst r at e, not

sol el y beneat h what appear i n cul t ur e t o be i mmat ur e hemi -

desmosomes .

Rot ar y shadowi ng of kal i ni n i ndi cat es t hat i t i s an asym-

met r i c mol ecul e. Thi s conf or mat i on i s consi st ent wi t h our

hypot hesi s t hat one si t e on kal i ni n mol ecul es i s capabl e of

i nt er act i on wi t h r ecept or s on t he ker at i nocyt e sur f ace and

anot her par t r emai ns bur i ed wi t hi n t he l ami na densa, t hus

pr ovi di ng cel l - subst r at e adhesi on . Thi s i mpr essi on i s f ur -

t her suppor t ed by t he obser ved di sr upt i on of cel l - subst r at e

cont act upon i ncubat i on of cul t ur ed cel l s wi t h t he ant i body,

and t he consi st ent and dr amat i c de- epi t hel i zat i on of ski n

caused by t he BM165 ant i body .

Kal i ni n appear s t o be synt hesi zed onl y by gr owi ng ker -

at i nocyt es . Thi s obser vat i on suggest s t hat i f we ar e cor r ect

t hat kal i ni n i s r equi r ed f or ker at i nocyt e at t achment t o sub-

st r at es, i t may be i mpor t ant t o consi der t he st at e of con-

f l uence of cel l s t o be used f or successf ul r e- epi t hel i al i zat i on

of bur n wounds . The r esul t s al so suggest t hat kal i ni n may be

def i ci ent or al t er ed i n i ndi vi dual s wi t h t he bl i st er i ng condi -

t i ons such as j unct i onal epi der mol ysi s bul l osa ( Eady, 1987)

or her pes gest at i oni s ( Kat z and Pr ovost , 1987) .

The aut hor s gr at ef ul l y acknowl edge t he assi st ance of Dr . Cl yt i e Ri mber g

i n i mpl ement i ng t he ker at i nocyt e cul t ur e syst emused i n t hese st udi es . The

Roussel l e et al . Kal i ni n : A Component of Anchor i ng Fi l ament s

Fi gur e 8. Rot ar y shadow anal ysi s of t he BM165 ant i gen . Af t er
af f i ni t y pur i f i cat i on t he sampl e was di al yzed agai nst 0. 2 N acet i c
aci d and r ot ar y shadowed usi ng st andar d t echni ques . A l ow mag-

ni f i cat i on f i el d ( a) and sever al r epr esent at i ve mol ecul es ( b- g) ar e

shown . The 107- r un- l ong mol ecul es appear as ext ended r ods wi t h
gl obul ar knobs at each t er mi nus . Somet i mes t wo knobs ar e r e-

sol ved at one end ( f and g) . Bar , 100 r un .

aut hor s acknowl edge t he excel l ent t echni cal assi st ance pr ovi ded by Ms .

Mar i e Spur gi n and Ms . Cat her i ne Ri dgeway .

These st udi es wer e suppor t ed by U. S . Publ i c Heal t h Ser vi ce gr ant

AR35689 and t he Shr i ner s Hospi t al f or Cr i ppl ed Chi l dr en, and used f aci l i -

t i es par t i al l y pr ovi ded by t he R. Bl ai ne Br ambl e Resear ch Foundat i on and

t he Fr ed Meyer Char i t abl e Tr ust .

Recei ved f or publ i cat i on 21 December 1990 and i n r evi sed f or m 6 May
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