
I dent i f i cat i on, Devel opment al Regul at i on, and Response t o

Heat Shock of Two Ant i geni cal l y Rel at ed For ms of a Maj or

Nucl ear Envel ope Pr ot ei n i n Dr osophi l a Embr yos :

Appl i cat i on of an I mpr oved Met hod f or Af f i ni t y Pur i f i cat i on

of Ant i bodi es Usi ng Pol ypept i des I mmobi l i zed on

Ni t r ocel l ul ose Bl ot s

20

DAVI D E. SMI TH and PAUL A. FI SHER

Depar t ment of Phar macol ogi cal Sci ences, Heal t h Sci ences Cent er , St at e Uni ver si t y of New Yor k at St ony

Br ook, St ony Br ook, New Yor k 11794

ABSTRACT An af f i ni t y- pur i f i cat i on met hod has been devel oped f or t he r api d, ef f i ci ent , and

pr eci se el ut i on of ant i bodi es speci f i cal l y bound t o ant i gens i mmobi l i zed on ni t r ocel l ul ose af t er

bl ot t r ansf er f r om SDS pol yacr yl ami de gel s . The appl i cabi l i t y of t hi s t echnol ogy has been

demonst r at ed usi ng ant i ser a r ai sed agai nst t he nucl ear mat r i x- por e compl ex- l ami na f r act i on

pr epar ed f r om Dr osophi l a mel anogast er embr yos . I n so doi ng, we have est abl i shed t he

exi st ence i n whol e embr yo l ysat es, of t wo near l y i dent i cal f or ms of t he pr edomi nant 74-

ki l odal t on pol ypept i de pr evi ousl y i dent i f i ed i n l ower r esol ut i on st udi es of t he nucl ear mat r i x-

por e compl ex- l ami na f r act i on . These speci es, di st i ngui shabl e on t he basi s of a sl i ght di f f er ence

i n SDS PAGE mobi l i t i es on l ow concent r at i on pol yacr yl ami de gel s, ar e i mmunochemi cal l y

cr oss- r eact i ve and have been l ocal i zed excl usi vel y t o t he nucl ear per i pher y ( nucl ear envel ope)

by i ndi r ect i mmunof l uor escence anal yses of cr yosect i ons . The st eady- st at e l evel s of t hese t wo

pol ypept i des have been exami ned i n t ot al embr yo l ysat es bot h as a f unct i on of embr yogenesi s

and i n r esponse t o heat shock . The l ar ger speci es i s not det ect abl e i n ear l y embr yos but

appr oaches l evel s appr oxi mat el y equal t o t hat of t he smal l er f or m by about t he t empor al

mi dpoi nt of embr yoni c devel opment . I n r esponse t o heat shock, t hi s l ar ger f or m appear s t o

be conver t ed near l y quant i t at i vel y i nt o t he l ower mol ecul ar wei ght pol ypept i de . These r esul t s,

as wel l as t he gener al r el i abi l i t y of t he ni t r ocel l ul ose bl ot i mmunoaf f i ni t y- pur i f i cat i on met h-

odol ogy, have been subst ant i at ed t hr ough t he use of monocl onal ant i bodi es .

A met hod f or t he af f i ni t y pur i f i cat i on of ant i bodi es f r om

di azot i zed paper bl ot s of SDS pol yacr yl ami de gel s has r ecent l y

been publ i shed by Ol mst ed ( 1) . Al t hough a det ai l ed quant i -

t at i ve assessment of t he ef f i ci ency of t hi s t echni que was not

pr esent ed i n her r epor t , Ol mst ed di d not e t hat i n or der t o

achi eve si gnal s wi t h t he af f i ni t y- pur i f i ed I gG t hat wer e of

compar abl e i nt ensi t y t o t hose seen wi t h t he unf r act i onat ed

ser um, she el ut ed ant i bodi es f r om appr oxi mat el y 10 t i mes

t he amount of paper used t o char act er i ze t hose el uat es i n t he

r epr obe . Thi s, i n conj unct i on wi t h dat a showi ng si gni f i cant

r esi dual si gnal r emai ni ng on t he or i gi nal bl ot af t er el ut i on,

suggest ed a r el at i vel y poor r ecover y of af f i ni t y- pur i f i ed I gG.

Fur t her l i mi t at i ons of t he pr ocedur e r epor t ed by Ol mst ed

i ncl ude t he sel ect i on of di azot i zed paper f or t he or i gi nal bl ot -

ni t r ocel l ul ose i s easi er t o use, gi ves hi gher r esol ut i on, and i s

hence pr ef er r ed f or r out i ne bl ot t i ng appl i cat i ons- as wel l as

t he use of a r adi ol abel ed pr ot ei n A pr obe t o det ect t he f i r st

ant i body bound t o t he bl ot . Thi s det ect i on met hod necessi -
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t at es t he del ay ( as wel l as expense) i nher ent i n any aut or adi -

ogr aphi c pr ocedur e . Fur t her mor e, i t was speci f i ced t hat t hose
por t i ons of bl ot s t hat wer e dest i ned f or subsequent el ut i on of

act i ve ant i body wer e not t hemsel ves pr obed wi t h i odi nat ed

pr ot ei n A or subj ect ed t o t he r i gor s of aut or adi ogr aphy .

Rat her , r egi ons of bl ot s t o be el ut ed wer e l ocat ed by pr obi ng

par al l el st r i ps exci sed f r om t he same bl ot s bef or e i ncubat i on

wi t h pr ot ei n A and al i gni ng t he r esul t ant aut or adi ogr ams wi t h

t he unpr obed por t i on ( 1) . I t woul d seemdi f f i cul t , usi ng such

an appr oach, t o di st i ngui sh wi t h conf i dence t wo cl osel y mi -

gr at i ng pol ypept i des .

I n spi t e of t he t echni cal l i mi t at i ons out l i ned above, t he

pot ent i al appl i cabi l i t y of bl ot - af f i ni t y pur i f i cat i on of ant i body

pr obes t o t he char act er i zat i on of bi ochemi cal l y compl ex sub-

cel l ul ar f r act i ons was r eadi l y appar ent . We t her ef or e set about

t o r ef i ne t he t echnol ogy of Ol mst ed ( 1) wi t hi n t he cont ext of
t he nucl ear mat r i x- por e compl ex- l ami na ( NMPCL) ' f r act i on
pr epar ed f r omDr osophi l a mel anogast er embr yos .

SDS- pol yacr yl ami de- gr adi ent - gel anal ysi s of t he Dr osoph-
i l a NMPCL f r act i on has r esul t ed i n t he obser vat i on of a
quant i t at i vel y maj or band at t he 74- ki l odal t on ( kD) posi t i on
( 2) . Ant i ser a speci f i cal l y di r ect ed agai nst t he pol ypept i de( s)
cont ai ned i n t hi s band have been obt ai ned by i nj ect i ng SDS
PAGE- pur i f i ed ant i gen i nt o r abbi t s ; usi ng t hese ant i ser a f or
i ndi r ect i mmunof l uor escence anl ayses of per meabi l i zed whol e
cel l s, i t has been possi bl e t o demonst r at e an excl usi vel y nu-
cl ear l ocal i zat i on f or t he 74- kD ant i gen dur i ng cel l ul ar i nt er -
phase . As a r esul t of t hi s i n si t u l ocal i zat i on, and i n conj unc-
t i on wi t h dat a r egar di ng cel l f r act i onat i on, appar ent mol ecul ar
wei ght and r el at i ve quant i t at i ve abundance, i t has been sug-
gest ed ( 2) t hat t hi s speci es may be f unct i onal l y anal ogous t o
one or mor e of t he t hr ee nucl ear l ami na pol ypept i des com-
monl y seen i n mammal i an as wel l as ot her ver t ebr at e t i ssues
( desi gnat ed l ami ns A, B, and C i n or der of decr easi ng mol ec-
ul ar wei ght ) ( 3) . Thi s suggest i on was made despi t e t he l ack of
any demonst r abl e i mmunochemi cal cr ossr eact i vi t y bet ween
t he Dr osophi l a 74- kD pol ypept i de and t he ver t ebr at e l ami ns
( 2) .

I n r ecent exper i ment s i n our l abor at or y, t he obser vat i on
has been made t hat what had appear ed upon SDS pol yacr yl -
ami de gr adi ent gel el ect r ophor esi s of t he Dr osophi l a NMPCL
f r act i on t o be a si ngl e pr edomi nant 74- kD pol ypept i de coul d
i n f act be r esol ved i nt o t wo cl osel y mi gr at i ng speci es on hi gher
r esol ut i on cont i nuous concent r at i on gel s . Fur t her , bot h spe-
ci es wer e equal l y i mmunor eact i ve by West er n bl ot anal ysi s
wi t h each of sever al ant i ser a pr epar ed ( as ci t ed above) agai nst
t he SDS PAGE- pur i f i ed 74- kD pol ypept i de. I n l i ght of t he
mul t i pl i ci t y of ver t ebr at e nucl ear l ami na pol ypept i des and of
t he obser vat i on t hat t wo of t he t hr ee, l ami ns A and C, shar ed
consi der abl e sequence homol ogy ( 4- 7) , t he r esol ut i on of t he
Dr osophi l a 74- kD band i nt o t wo, appar ent l y i mmunocr oss-
r eact i ve speci es r ai sed sever al quest i ons wi t h r egar d t o Dr o-
sophi l a nucl ear st r uct ur e and i n a mor e gener al cont ext as
wel l .

I n t he pr esent paper , we r epor t r esul t s det ai l i ng sever al
modi f i cat i ons of t he bl ot - af f i ni t y ant i body pur i f i cat i on t ech-
ni que of Ol mst ed ( 1) i nt r oduced i n or der t o quant i t at e as wel l
as br oaden t he scope and power of t he met hod. We al so
descr i be st udi es usi ng t hi s appr oach t hat demonst r at e t he
pr esence i n Dr osophi l a embr yo l ysat es of t wo ant i geni cal l y

' Abbr evi at i ons used i n t hi s paper : BSA, bovi ne ser umal bumi n ; CAP,
cal f al kal i ne phosphat ase ; l i sp, heat shock pr ot ei n ; NMPCL, nucl ear
mat r i x- por e compl ex- l ami na ; PBS, phosphat e- buf f er ed sal i ne .

r el at ed pol ypept i des t hat mi gr at e i n t he 74- kD r egi on upon
SDS PAGE and can be l ocal i zed excl usi vel y t o t he nucl ear
per i pher y i n si t u. These r esul t s have been cor r obor at ed usi ng
monocl onal ant i bodi es and ext ended t o i ncl ude an exami na-

t i on of t he st eady- st at e l evel s of t hese t wo speci es t hr ough
embr yogenesi s and i n r esponse t o heat shock.

MATERI ALS AND METHODS

Speci f i c I gG f r aci t ons wer e f r omCappel Labor at or i es I nc . ( Cochr anvi l l e, PA) .
[ " C] For mal dehyde was f r om New Engl and Nucl ear ( Bost on, MA) . Ni t r ocel -
l ul ose was f r omSchl ei cher & Schnel l , I nc. ( Keene, NH) . Acr yl ami de, met hyl ene
bi sacr yl ami de, and X- Omat XAR x- r ay f i l mwer e f r om East man Kodak Co .
( Rochest er , NY) . Pol yoxyet hyl ene sor bi t an monol aur eat e ( TWEEN 20) , Fr ac-
t i on V- bovi ne ser umal bumi n ( BSA) and cal f al kal i ne phosphat ase ( CAP) wer e
f r om Si gma Chemi cal Co. ( St . Loui s, MO) . Monocl onal ant i bodi es pr epar ed
agai nst nucl ear ext r act s of Dr osophi l a t i ssue cul t ur e cel l s ( 8) wer e t he gener ous
gi f t of Dr . Pet er Symmons ( Uni ver si t y of Tübi ngen, Feder al Republ i c of
Ger many) . Monocl onal ant i bodi es agai nst t he 70- kD Dr osophi l a heat shock
pr ot ei n ( l i sp- 70) wer e t he gener ous gi f t of Dr . Susan Li ndqui st ( Uni ver si t y of
Chi cago) . 5- Br omo- 4- chl or o- 3- i ndol yl phosphat e, p- t ol ui di ne sal t , and p- ni t r o
bl ue t et r azol i um chl or i de wer e pur chased f r omt he Uni t ed St at es Bi ochemi cal
Cor p. ( Cl evel and, OH) . Embeddi ng medi um f or cr yosect i oni ng was f r om
Li pshaw Mf g. Co . ( Det r oi t , MI ) . Al l ot her chemi cal s wer e obt ai ned commer -
ci al l y and wer e of r eagent gr ade .

Most of t he met hods have been pr evi ousl y descr i bed i n det ai l ( 2, 9, 10) . D.

mel anogast er ( Or egon R, P2 st r ai n) wer e gr own i n mass cul t ur e and embr yos

wer e col l ect ed essent i al l y accor di ng t o Al l i s et al . ( l 1) . Tot al embr yo ext r act s

wer e pr epar ed by Dounce homogeni zat i on of t he f r eshl y har vest ed dechor i on-
at ed embr yos di r ect l y i nt o 4 vol of boi l i ng SDS ( 12% wt / vol ) , 200 mMTr i s-
HCI , pH 8 . 4, 100 mM di t hi ot hr ei t ol ; al i quot s of t he ext r act wer e ei t her
el ect r ophor esed i mmedi at el y or st or ed f r ozen at - 20° C. SDS PAGE was essen-
t i al l y accor di ng t o Laemml i ( 12) as pr evi ousl y descr i bed ( 2, 9) and as det ai l ed
i n t he i ndi vi dual f i gur e l egends. Bl ot t i ng of SDS gel s ont o ni t r ocel l ul ose was

essent i al l y accor di ng t o Sout her n ( l 3) as descr i bed ( 2) . Pr obi ng of bl ot s wi t h

ei t her cr ude ant i ser a or af f i ni t y- pur i f i ed I gG was as det ai l ed bel ow and i n t he

i ndi vi dual f i gur e l egends . Ant i ser a agai nst t he ent i r e Dr osophi l a NMPCL

f r act i on wer e r ai sed i n r abbi t s as pr evi ousl y descr i bed f or t he r at l i ver por e

compl ex- l ami na f r act i on ( 2) ; t he Dr osophi l a pr ot ei n was i nj ect ed ei t her i n

nat i ve f or mas pr epar ed f r om t he embr yos or af t er SDS denat ur at i on . I n vi t r o

" C- l abel i ng of pr ot ei ns wi t h r et ent i on of bi ol ogi cal act i vi t y was per f or med by

t he r educt i ve met hyl at i on pr ocedur e of Jent of t and Dear bor n ( 14) exact l y as
pr evi ousl y ( 2) . Pr ot ei n det er mi nat i ons and st ai ni ng of ni t r ocel l ul ose bl ot s f or
pr ot ei n wer e per f or med accor di ng t o Schaf f ner and Wei ssman ( 15) .

I ndi r ect I mmunof l uor escence : I ndi r ect i mmunof l uor escence
anal ysi s of whol e Dr osophi l a sal i var y gl and cel l s was per f or med exact l y as
pr evi ousl y descr i bed ( 2) . Cr yosect i ons ( 6 wmt hi ck) of Dr osophi l a t hi r d i nst ar
l ar vae wer e cut f r om bl ocks of embeddi ng medi umi n whi ch t he ani mal s had
been f r ozen by i mmer si on i nt o l i qui d Nz . Af t er sect i oni ng, speci mens wer e
pl aced ont o shdes and st or ed at - 70° C f or up t o 6 mo bef or e use. Upon r emoval
f r omt he f r eezer , sect i ons wer e i mmer sed i mmedi at el y i n 3. 7% f or mal dehyde
i n 140 mMNaCl , 10 mMKPO4, pH 7 . 5 ( phosphat e- buf f er ed sal i ne [ PBS] ) .
Af t er 1- 2 mi n i n f or mal dehyde- PBS, sl i des wer e pl aced i nt o phosphat e- buf f er ed
sal i ne f or t wo 10- mi n washes, af t er whi ch t he sampl es wer e i ncubat ed wi t h t he
f i r st and second ant i bodi es, washed, and mount ed exact l y as descr i bed f or
whol e cel l s and t i ssues ( 2) . Speci mens wer e exami ned and phot ogr aphed usi ng
a Lei t z Or t hol ux I I mi cr oscope wi t h epi f l uor escent i l l umi nat i on and an Or -
t homat Wcamer a ( E. Lei t z, I nc . , Rockl ei gh, NJ) .

Ant i body Pr obi ng of Ni t r ocel l ul ose Bl ot s:

	

Af t er compl et i on of
t he t r ansf er pr ocedur e, t he ni t r ocel l ul ose bl ot s wer e i ncubat ed f or l h i n a
mi ni mal vol ume of 100 mg/ ml BSA i n PBS. Bl ot s wer e t hen washed t hor oughl y
wi t h di st i l l ed wat er , ai r - dr i ed, and st or ed at r oomt emper at ur e unt i l use . Bef or e
t he addi t i on of t he f i r st ant i body, bl ot s wer e r ehydr at ed i n 0. 5% ( vol / vol )
TWEEN 20 i n PBS ( TWEEN- PBS) . The r ehydr at ed bl ot s wer e i ncubat ed
over ni ght at r oomt emper at ur e i n t he f i r st ant i body di l ut ed appr opr i at el y i nt o
TWEEN- PBS, washed at r oom t emper at ur e t hr ee t i mes f or 15 mi n each wi t h
TWEEN- PBS, i ncubat ed f or 2 h at 37° C wi t h cal f al kal i ne phosphat ase- con-
j ugat ed goat ant i r abbi t or goat ant i mouse I gGant i body di l ut ed i n TWEEN-
PBS, and t hen washed agai n as above wi t h TWEEN- PBS. Vol umes of sol ut i on
used f or each of t he above st eps wer e based on t he si ze of t he bl ot bei ng pr obed
as pr evi ousl y r epor t ed ( 2) . Goat I gG f r act i ons wer e gl ut ar al dehyde conj ugat ed
wi t h cal f al kal i ne phosphat ase accor di ng t o t he pr ocedur e of Avr ameas ( l 6)
and wer e used at appr oxi mat el y 1 : 40, 000 di l ut i ons r el at i ve t o t he or i gi nal l y
r econst i t ut ed Cappel I gG st ocks .

SMI TH AND FI SHER Pol ypept i des of t he Dr osophi l a Nucl ear Envel ope
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Af t er t he f i nal wash i n TWEEN- PBS, bl ot s wer e st ai ned f or al kal i ne phos-
phat ase act i vi t y essent i al l y accor di ng t o McGadey ( 17) . They wer e f i r st r i nsed

br i ef l y ( 1- 2 mi n) i n 50 mMNa- gl yci nat e, pH 9. 6, and t hen i ncubat ed at r oom
t emper at ur e i n 50 mM Na- gl yci nat e, pH 9. 6, 0. 1 mg/ ml of p- ni t r o bl ue

t et r azol i um chl or i de, 0 . 05 mg/ ml of 5- br omo- 4- chl or o- 3- i ndol yl phosphat e, P-
t ol ui di ne sal t , 4 mMMgCI Z . As above, t he vol ume of st ai ni ng sol ut i on used

was based on bl ot si ze and i n gener al was i dent i cal wi t h t hat used f or t he f i r st

ant i body sol ut i on . Ti mes of st ai ni ng wer e var i ed dependi ng on t he i nt ensi t y of

t he r esponse and ar e as i ndi cat ed i n t he i ndi vi dual f i gur e l egends . Wi t h bl ot s

t hat wer e dest i ned f or subsequent el ut i on, al l of t he above st ai ni ng sol ut i ons

cont ai ned i n addi t i on, 0. 5% ( vol / vol ) TWEEN 20.

El ut i on of Ant i bodi es f r om Ni t r ocel l ul ose Bl ot s:

	

Af t er st ai ni ng

f or al kl i ne phosphat ase act i vi t y as descr i bed above, bl ot s wer e r i nsed br i ef l y i n
TWEEN- PBS and r egi ons cont ai ni ng bands of i nt er est wer e exci sed f r omt he
bl ot and t r ansf er r ed t o mi cr of uge t ubes. Each f r agment was t hen el ut ed wi t h
t hr ee 30- s washes wi t h 5 mMgl yci ne- HCI , pH 2 . 3, 500 mMNaCl , 0 . 5%( vol /
vol ) TWEEN20, 100, ug/ ml of BSA; t hese el uat es wer e i mmedi at el y neut r al i zed
by t he addi t i on of Na2PO4 t o a f i nal concent r at i on of 50 mM. Af t er t he pH2. 3
el ut i on, f r agment s wer e f ur t her washed wi t h t hr ee si mi l ar al i quot s of TWEEN-
PBS, 100 ; &g/ ml of BSA, f ol l owed by t hr ee washes wi t h 3 MNH, SCN, 150
mMKCI , 10 mMNaPO4, pH6 . 0, 100 pg/ ml of BSA. Af t er pool i ng i ndi vi dual
al i quot s, t he t hr ee di f f er ent el uat es wer e mai nt ai ned separ at el y ; f ur t her pr oc-
essi ng was as i ndi cat ed i n t he i ndi vi dual f i gur e l egends . El ut i on vol umes var i ed
bet ween 50 and 300 wl dependi ng on t he si ze of t he ni t r ocel l ul ose f r agment
bei ng el ut ed and t he speci f i c pur pose f or whi ch t he el uat e was bei ng pr epar ed;
det ai l s ar e as speci f i ed i n t he i ndi vi dual f i gur e l egends .

RESULTS

The NMPCL pr epar ed f r omD. mel anogast er embr yos i s a
bi ochemi cal l y compl ex subnucl ear f r act i on r epr esent i ng - 2%
of t he t ot al embr yo pr ot ei n and as much as 40%of t he t ot al
nucl ear pr ot ei n ( 2) . Wor k t o dat e has f ocused l ar gel y on t he
i mmunocyt ochemi cal l ocal i zat i on of t he numer ous pol ypep-
t i de const i t uent s f ound t o make up t hi s f r act i on and t o t hi s
end, we have pr epar ed sever al hi gh t i t er pol yspeci f i c ant i ser a
by i nj ect i ng t he ent i r e NMPCL f r act i on i nt o r abbi t s . As
expect ed, t hese ant i ser a r eact wi t h a l ar ge number of i ndi vi d-
ual pol ypept i des as det er mi ned by West er n bl ot anal ysi s . ( The
r esul t s f or one such ser umar e shown i n Fi g. 2, l ane S; r esul t s
wi t h a si mi l ar ser um pr epar ed agai nst t he r at l i ver por e
compl ex- l ami na f r act i on have been r epor t ed pr evi ousl y [ 2] . )
I n or der t o scr een t hese ant i ser a, i t was i ni t i al l y ant i ci pat ed
t hat i ndi vi dual pol ypept i des coul d be pur i f i ed, ei t her by gel
el ect r ophor esi s or ot her wi se, coval ent l y coupl ed t o Sephar ose
and used t o af f i ni t y- pur i f y monospeci f i c I gG f r act i ons . How-
ever , t he di azot i zed paper bl ot el ut i on pr ocedur e of Ol mst ed
( 1) suggest ed a much mor e conveni ent al t er nat i ve . Fur t her ,
at l east t wo r ecent r epor t s ( 18, 19) i ndi cat ed t hat el ut i on f r om
ni t r ocel l ul ose bl ot s was si mi l ar l y possi bl e .

Our i ni t i al at t empt s t o el ut e ant i bodi es f r omni t r ocel l ul ose
bl ot s usi ng what wer e t hen st andar d buf f er condi t i ons f or f i r st
ant i body i ncubat i ons ( 2) l ed t o ext r emel y var i abl e r esul t s and
onl y ver y poor yi el ds . A pr el i mi mar y st udy of pr ot ei n- ni t r o-
cel l ul ose i nt er act i ons l ed t o t he suggest i on t hat t he poor
r ecover i es obser ved under t hese condi t i ons wer e due t o i n-
compl et e bl ocki ng of t he nonspeci f i c pr ot ei n bi ndi ng si t es on
t he ni t r ocel l ul ose ( R. Fi sher and P. Fi sher , unpubl i shed r e-
sul t s) . Al t hough t hi s pr obl emmi ght have been al l evi at ed by
usi ng mor e exhaust i ve bl ocki ng condi t i ons ( as we have i n f act
done i n swi t chi ng f r oma 10- mg/ ml of BSAbl ocki ng sol ut i on

[ 2] t o one cont ai ni ng 100 mg/ ml of BSA) , i t was r easoned

t hat i f West er n bl ot s coul d be pr obed and anal yzed i n t he

cont i nuous pr esence of an agent t hat di r ect l y pr event ed al l

nonspeci f i c bi ndi ng i nt er act i ons bet ween pr ot ei n and ni t r o-

cel l ul ose, t he pr obl em of poor r ecover i es due t o i ncompl et e

bl ocki ng coul d be ef f ect i vel y ci r cumvent ed . A r ecent r epor t

by Bl ake et al . ( 20) i ndi cat ed t hat t he det er gent TWEEN 20
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mi ght be such a r eagent ; i n t he pr esence of TWEEN 20,
bl ocki ng agent s such as BSA wer e f ound t o be di spensi bl e .

Fur t her , i f ot her wi se compat i bl e, t he use of a phosphat ase-

conj ugat ed second ant i body det ect i on syst em such as t hat
empl oyed by t hese same i nvest i gat or s of f er ed t he advant age

of al l owi ng r api d and di r ect vi sual i zat i on of t he f i r st ant i body
pr i or t o exci si on and el ut i on f r omt he ni t r ocel l ul ose .

Quant i t at i ve Recover y of Rabbi t Ant i goat I gG

Ant i body f r om Ni t r ocel l ul ose- bound Ant i gen

The r esul t s of our i ni t i al at t empt s t o appl y t he pr obi ng and

det ect i on met hodol ogy of Bl ake et al . ( 20) ( wi t h modi f i cat i ons

as descr i bed i n Mat er i al s and Met hods) t o ant i body el ut i on
f r omni t r ocel l ul ose bl ot s ar e shown i n Fi g . 1 . I n t hi s exper i -

ment , di f f er ent concent r at i ons of pur i f i ed goat I gG wer e

el ect r ophor esed on an SDS pol yacr yl ami de gel . One segment

of t he gel , f i xed and st ai ned wi t h Coomassi e Bl ue t o demon-

st r at e t he l i near l y i ncr easi ng pr ot ei n concent r at i ons i s shown

i n Fi g . 1A ( gel ) . Par al l el segment s wer e quant i t at i vel y bl ot -
t r ansf er r ed t o ni t r ocel l ul ose as descr i bed i n Mat er i al s and
Met hods and t hen pr obed f i r st wi t h ` 4 C- l abel ed r abbi t ant i goat
I gG ant i body and t hen wi t h CAP- conj ugat ed goat ant i r abbi t

I gG ant i body . A f l uor ogr aph di r ect l y demonst r at i ng t he pr es-

ence of t he r adi ol abel ed f i r st ant i body on such a bl ot i s shown

i n Fi g . 1 A ( f l uor ogr aph) ; t he r esul t s of st ai ni ng f or al kal i ne

phosphat ase act i vi t y i s shown i n Fi g. 1 A ( bl ot ) . Bot h t he
f l uor ogr aph and t he bl ot st ai ned f or phosphat ase act i vi t y

demonst r at e t he same l i near r el at i onshi p of i nt ensi t y wi t h

r espect t o t he amount of ant i gen l oaded on t he or i gi nal gel

( Fi g. 1 A [ gel ] ) . When t he heavy- chai n band r egi ons f r om a

phosphat ase- st ai ned bl ot i dent i cal t o t hat shown i n Fi g. 1 A

( bl ot ) wer e exci sed and el ut ed usi ng t he sequent i al washes
descr i bed i n Mat er i al s and Met hods, t he r esul t s shown i n Fi g .
1, B and C, wer e obt ai ned . As seen i n Fi g . 1 B, r ecover y of
' 4C- l abel ed r abbi t ant i goat I gG ant i body was l i near wi t h r e-
spect t o t he amount of goat heavy chai n l oaded on t he SDS

gel ; t he vast maj or i t y of t he el ut ed ant i body was r ecover ed i n
t he pH 2 . 3 wash wi t h l esser , but never t hel ess r epr oduci bl e,
amount s f ound i n bot h t he r eequi l i br at i on wash af t er pH 2 . 3
el ut i on and i n t he NH4SCN el uat e . Addi t i onal exper i ment s

have shown t hat t he pH 2 . 3 el uat e has t he hi ghest speci f i c

act i vi t y i n ant i body t i t r at i on exper i ment s ( P. Fi sher , unpub-

l i shed obser vat i on) . Over al l , - 36 ng of r abbi t ant i goat I gG

ant i body was r ecover ed per mi cr ogr am of goat I gG heavy-

chai n ant i gen l oaded on t he or i gi nal SDS gel . As shown i n

Fi g . 1 C, t hi s r epr esent s a r ecover y of bet ween 80 and 90% of
t he ' 4 C- l abel ed I gGt hat was or i gi nal l y bound t o t he bl ot af t er

t he f i r st ant i body i ncubat i on ( det er mi ned by count i ng t he

ni t r ocel l ul ose segment s i n a st andar d non- aqueous sci nt i l l a-

t i on cockt ai l ) .

I mmunochemi cal Speci f i ci t y of I gG Recover ed
af t er Af f i ni t y Pur i f i cat i on Usi ng Ni t r ocel l ul ose-
bound Ant i gen

The ef f ect i veness of our af f i ni t y sel ect i on pr ocedur e f or t he

gener at i on of speci f i c I gGf r act i ons was assessed usi ng ant i ser a

pr epar ed agai nst t he ent i r e NMPCL f r act i on obt ai ned f r om

D. mel anogast er embr yos . The ant i gen used t o sel ect t he

ant i bodi es of i nt er est was a t ot al embr yo ext r act pr epar ed by

Dounce homogeni zat i gn of dechor i onat ed whol e embr yos
di r ect l y i nt o boi l i ng SDS. Af t er el ect r ophor esi s on a pr epar a-



FI GURE 1

	

Recover y of r abbi t ant i goat I gG ant i body f r om ni t r ocel -

l ul ose- bound goat I gG heavy chai n . ( A) Pur i f i ed goat I gG was

el ect r ophor esed on an SI DS- 10% pol yacr yl ami de gel ; 2 . 5, 5, 10,

and 20 ug ( i . e . , 1 . 6, 3 . 3, 6 . 5, and 13 r +g of heavy chai n) wer e l oaded

i n l anes 1- 4, r espect i vel y, of each of t hr ee par al l el segment s . One

segment was st ai ned wi t h Coomassi e Bl ue ( gel ) ; t he pr ot ei n f r om

t he t wo par al l el segment s was bl ot t r ansf er r ed ont o ni t r ocel l ul ose .

The t wo r esul t ant bl ot s wer e each pr obed wi t h 30 ug of " C- l abel ed

r abbi t ant i goat I gG ant i body ( 42, 500 cpm/ l ag) f ol l owed af t er appr o-

pr i at e washi ng by st andar d i ncubat i on wi t h cal f al kal i ne phospha-

t ase- conj ugat ed goat ant i r abbi t I gG ant i body ( see Mat er i al s and

Met hods) . Af t er st ai ni ng f or phosphat ase act i vi t y ( 15 mi n, r oom

t emper at ur e) , heavy- chai n band r egi ons f r om one of t he t wo bl ot s

wer e i mmedi at el y exci sed and t he bound I gGwas el ut ed ; t he ot her

segment was dr i ed, i mpr egnat ed wi t h 2, 5- di phenyl oxazol e ( 2) , and

f l uor ogr aphed on Kodak XAR f i l m f or 18 h at - 70° C ( f l uor ogr aph) .

A phot ogr aph of t he bl ot st ai ned f or phosphat ase act i vi t y i s al so

shown ( bl ot ) . ( i 3) Equal ar eas of ni t r ocel l ul ose cont ai ni ng t he heavy-

chai n band r egi ons f r om each of l anes 1- 4 wer e exci sed af t er

pr obi ng and st ai ni ng as descr i bed i n A and wer e el ut ed wi t h 100-

Al al i quot s of t he appr opr i at e el ut i on sol ut i ons as descr i bed i n

Mat er i al s and Met hods . Al i quot s f r om each of t he t hr ee di f f er ent

el ut i on st eps wer e pool ed separ at el y, di l ut ed wi t h an equal vol ume

of wat er , and count ed di r ect l y i n a st andar d aqueous sci nt i l l at i on

cockt ai l . ( 0) , pH 2 . 3 el uat e ; ( A) TWEEN- PBS el uat e ; ( I M NH4SCN
el uat e . Amount s of I gG heavy- chai n ant i gen cor r espondi ng t o each

el uat e ar e as i ndi cat ed on t he absci ssa . ( C) Per cent r ecover y as a

f unct i on of t he amount of ant i gen was cal cul at ed by count i ng t he
r esi dual ni t r ocel l ul ose segment s af t er el ut i on, and summi ng t hat

wi t h t he t ot al amount r ecover ed i n t he el uat es . The cal cul at ed

r ecover i es t hus r epr esent t he t ot al amount el ut ed di vi ded by t he

t ot al of t he el uat es pl us t hat whi ch r emai ned on t he ni t r ocel l ul ose .

t i ve ( no i ndi vi dual wel l s) SDS pol yacr yl ami de gel , t he pol y-
pept i des wer e bl ot t r ansf er r ed t o a sheet of ni t r ocel l ul ose .
West er n bl ot anal ysi s usi ng pool ed ant i - nat i ve and ant i - SDS

denat ur ed NMPCL ant i ser a t o pr obe st r i ps f r om t hi s bl ot
r eveal ed sever al maj or i mmunor eact i ve speci es ( Fi g . 2, l ane
S) . Si x di f f er ent r eact i ve r egi ons of t hi s st r i p wer e exci sed and
el ut ed ; t he el uat es wer e t hen used t o r epr obe si mi l ar st r i ps
f r omt he same bl ot . Number s above each el uat e pr obed st r i p
cor r espond t o t he r egi ons i ndi cat ed t o t he l ef t of t he ser um
pr obed st r i p .

FI GURE 2

	

Af f i ni t y pur i f i cat i on of speci f i c ant i bodi es agai nst Dr o-
sophi l a embr yo pr ot ei ns . Equal vol umes of t wo separ at e r abbi t
ant i ser a r ai sed agai nst ei t her t he ent i r e nat i ve or SDS- denat ur ed
Dr osophi l a NMPCL f r act i on wer e pool ed, and 1251x1 of t he pool ed
ser a was used t o pr obe each of t wo 0. 75- cm ni t r ocel l ul ose st r i ps t o
whi ch pr ot ei ns of a Dr osophi l a embr yo l ysat e had been bl ot t r ans-
f er r ed af t er el ect r ophor esi s on an SDS- 7%pol yacr yl ami de gel . Af t er
st andar d second ant i body pr obi ng and phosphat ase st ai ni ng ( Ma-
t er i al s and Met hods, 10 mi n at r oom t emper at ur e) , si x r egi ons of
t he ni t r ocel l ul ose cont ai ni ng pr omi nent bands wer e exci sed f r om
one of t he st r i ps and separ at el y el ut ed usi ng t hr ee 100- ul al i quot s
of t he pH- 2 . 3 el ut i on sol ut i on ( Mat er i al s and Met hods) ; t he par al l el
st r i p was r i nsed wi t h wat er , dr i ed, and phot ogr aphed as shown i n
l ane 5. Label i ng t o t he l ef t of l ane S desi gnat es t hose r egi ons exci sed
and el ut ed f r om t he f i r st st r i p . The si x el uat es wer e t hen used t o
pr obe si x addi t i onal st r i ps f r omt he same bl ot , phosphat ase st ai ni ng
was f or 20- 40 mi n at r oom t emper at ur e; t he r esul t s ar e as i ndi cat ed
i n l anes desi gnat ed 1- 6 . Lane Mshows t he r esul t s of a st r i p al so
f r om t he same bl ot pr obed wi t h mouse monocl onal ant i body T40
( 8) ammoni um sul f at e pur i f i ed f r om 10 ul of asci t es f l ui d- phos-
phat ase st ai ni ng was f or 40 mi n at r oom t emper at ur e ; si mi l ar r esul t s
wer e obt ai ned wi t h t wo ot her monocl onal s, T50 and U25 ( 8) ( not
shown) .

SMI TH AND FI SHER Pol ypept i des of t he Dr osophi l a Nucl ear Envel ope
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I n addi t i on t o t he quest i ons of r ecover y and gener al speci -

f i ci t y of t he bl ot af f i ni t y- pur i f i ed I gGas demonst r at ed i n Fi gs.

1 and 2, one of our maj or concer ns i n usi ng t he bl ot - el ut i on

t echni que was t he r esol ut i on wi t h whi ch t wo cl osel y mi gr at i ng

but ant i geni cal l y di st i nct pol ypept i des coul d be i dent i f i ed.

Thi s pr obl em was el uci dat ed by exami nat i on of t he r esul t s

obt ai ned wi t h t he el uat es f r om r egi ons 2, 3, and 4 ( cor r espond-

i ng t o appar ent mol ecul ar wei ght s of 79, 000, 76, 000, and

74, 000, r espect i vel y) and of r egi ons 5 and 6 of t he bl ot shown

i n Fi g. 2, l ane S. When t he el uat e f r omr egi on 2 was compar ed

wi t h t hat f r om r egi on 3, i t was appar ent t hat t he speci es

mi gr at i ng i n t hese t wo cl osel y spaced r egi ons wer e i n f act

di st i ngui shabl e . El uat e 2 was st r ongl y r eact i ve onl y wi t h a

ver y shar pl y def i ned band exact l y coi nci dent wi t h t he posi t i on

on t he or i gi nal bl ot f r omwhi ch t he el uat e was der i ved. Nei t her

t he maj or speci es seen i n Fi g. 2, l ane S, i mmedi at el y bel ow

r egi on 2 or t he mi nor band seen i mmedi at el y above i t ( ap

par ent mol ecul ar wei ght of

	

80, 000) wer e obser ved t o any

si gni f i cant degr ee i n Fi g. 2, l ane 2 . I n cont r ast , el uat e 3,

al t hough unabl e t o r ecogni ze anyt hi ng at t he posi t i on of

r egi on 2, was appar ent l y speci f i c f or t wo speci es . One, as

expect ed, was coi nci dent wi t h r egi on 3 wher eas t he second

coi nci ded wi t h r egi on 4 . The el uat e f r om r egi on 4, i n t ur n,

showed a speci f i ci t y i dent i cal wi t h t hat f r om r egi on 3, i . e. ,

pol ypept i des at t he posi t i ons of bot h r egi ons 3 and 4 wer e

r ecogni zed . Li ke t he el uat e f r om r egi on 2 and i n cont r ast t o

t he cr oss- r eact i vi t y seen bet ween el uat es f r om r egi ons 3 and

4, el uat es f r omt he t wo adj acent r egi ons 5 and 6 showed l i t t l e

or no cr oss- r eact i vi t y .

As r egi on 4 was coi nci dent wi t h t he maj or 74- kD NMPCL

pol ypept i de pr evi ousl y i dent i f i ed ( 2) , we pr obed st r i ps f r om

t he same embr yo l ysat e bl ot shown i n Fi g . 2 wi t h a hi ghl y

speci f i c pol ycl onal ant i ser um r ai sed agai nst t he gel - pur i f i ed

74- kDNMPCL pol ypept i de . An i dent i cal pat t er n of r eact i vi t y

as i s shown i n Fi g. 2, l anes 3 and 4, was obser ved ( dat a not

shown) . Fur t her , t hr ee monocl onal ant i bodi es r ai sed agai nst

a nucl ear ext r act of Dr osophi l a Kc t i ssue cul t ur e cel l s and

shown t o st ai n sal i var y gl and nucl ei i n si t u ( 8) al l gave pat t er ns

of r eact i vi t y essent i al l y i dent i cal wi t h t he el uat es f r om bot h

r egi ons 3 and 4 ; one such r esul t i s shown ( Fi g . 2, l ane M) .

Compar i son of Bl ot Af f i ni t y- pur i f i ed I gG wi t h

Monocl onal Ant i bodi es by

i ndi r ect I mmunof l uor escence

One of t he goal s i n char act er i zi ng component s of t he Dr o-

sophi l a NMPCL f r act i on i s t o est abl i sh t hei r i n si t u l ocal i za-

t i on ; i ndi r ect i mmunof l uor escence anal ysi s pr ovi des a con-

veni ent f i r st - l evel appr oach t o t hi s pr obl em. The r esul t s of

i ndi r ect i mmunof l uor escence compar i ng unf r act i onat ed ant i -

ser a r ai sed agai nst t he ent i r e NMPCL f r act i on, bl ot af f i ni t y-

pur i f i ed ant i - 74- and 76- kDpol ypept i des I gGand monocl onal

ant i - 74 and 76- kD pol ypept i des I gGar e shown i n Fi g. 3 . Fi g .

3, A and B, shows phase- cont r ast and f l uor escence mi cr o-

gr aphs, r espect i vel y, obt ai ned af t er r eact i on of sal i var y gl and

t i ssue f r omt hi r d i nst ar l ar vae wi t h t he cr ude ant i ser a . Nucl ei

ar e bar el y di scer ni bl e over a hi gh backgr ound of di f f use

cyt opl asmi c st ai ni ng ; bot h nucl ear and cyt opl asmi c st ai ni ng

wer e speci f i c wi t h r espect t o noni mmune cont r ol s ( dat a not

shown) . React i vi t y of t he ant i - 74- and 76- kD pol ypept i des

I gG bl ot af f i ni t y- pur i f i ed f r omt hese ant i ser a i s shown al ong

wi t h t he compani on phase- cont r ast mi cr ogr aphs i n Fi g . 3, C-

F. The i mmunoel uat e f r om t he 74- kD r egi on of a t ot al
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embr yo l ysat e bl ot was used t o pr obe ei t her sal i var y gl and

t i ssue ( Fi g. 3, Cand D) or cr yosect i ons ( Fi g. 3, Eand F) f r om
Dr osophi l a t hi r d i nst ar l ar vae. Fr omt he sal i var y gl and squash
shown i n Fi g. 3, Cand D, i t can be seen t hat t he i mmunoel uat e

was hi ghl y speci f i c f or t he sal i var y gl and nucl ei ; t hi s i s si mi l ar

t o r esul t s obt ai ned wi t h ant i ser a pr epar ed agai nst t he gel -

pur i f i ed 74kDNMPCL pol ypept i de ( 2) . Nucl ear speci f i ci t y

was conf i r med by exami nat i on of cr yosect i ons whi ch dem-
onst r at ed t hat l ocal i zat i on was f ur t her r est r i ct ed t o t he nucl ear

per i pher y . Thi s l at t er st ai ni ng pat t er n was i dent i cal wi t h t hat

obt ai ned wi t h cr yosect i ons pr obed wi t h any of t he t hr ee

avai l abl e monocl onal ant i - 74- and 76- kD pol ypept i de ant i -

bodi es ; an exampl e of such st ai ni ng i s shown i n Fi g . 3, Gand
H. ( I t i s al so not ewor t hy t hat , f or t hese exper i ment s, el uat es
f r omei t her t he upper or t he l ower band of t he 74- and 76-
kD doubl et as shown i n Fi g. 2, l anes 3 and 4, coul d be used

i nt er changabl y . )

Rel at i ve St eady- St at e Level s of t he 74- and 76- kD

Nucl ear Envel ope Pol ypept i des

dur i ng Embr yogenesi s

I n an at t empt t o at t ach some bi ol ogi cal si gni f i cance t o t he

obser vat i on t hat t her e wer e appar ent l y t wo f or ms of a maj or

Dr osophi l a nucl ear envel ope pol ypept i de pr esent i n embr yo

l ysat es, we exami ned t he r el at i ve st eady- st at e l evel s of t hese

t wo pol ypept i des t hr ough t he cour se of embr yoni c devel op-

ment . Embr yos t hat wer e col l ect ed shor t l y af t er f er t i l i zat i on

and ovi posi t i on ( 11) wer e al l owed t o pr ogr ess t hr ough devel -

opment t o t he poi nt of hat chi ng; at var i ous t i me poi nt s,

al i quot s wer e f r ozen i n l i qui d NZ and t hen homogeni zed

di r ect l y i nt o boi l i ng SDS. The accumul at ed sampl es wer e
subj ect ed t o SDS PAGE f ol l owed by bl ot t r ansf er t o ni t r ocel -

l ul ose . The r esul t ant West er n bl ot s wer e pr obed ei t her wi t h

monocl onal ant i - 74- and 76- kD pol ypept i des ant i bodi es ( Fi g.

4A) or wi t h a pol ycl onal ant i body r ai sed agai nst t he gel -

pur i f i ed 74- kD speci es ( Fi g. 4B) . The r esul t s wi t h ei t her

monocl onal or pol ycl onal r eagent s wer e si mi l ar and, as
shown, demonst r at ed subst ant i al di f f er ences i n t he r el at i ve

st eady- st at e l evel s of t he t wo speci es of i nt er est . Ear l y i n

embr yogenesi s, t he 74- kD f or mseemed t o be pr esent near l y

excl usi vel y whi l e by t he t i me of l ar val hat chi ng, t he 76- kD

pol ypept i de was pr esent i n equi val ent or sl i ght l y gr eat er abun-

dance . Al so not ewor t hy i n t hi s exper i ment i s t he obser vat i on
t hat , dur i ng t he cour se of embr yogenesi s, t her e was at most ,

onl y a f our - t o f i vef ol d i ncr ease ( based on densi t omet r i c

eval uat i on) i n t he t ot al combi ned amount s of 74- and 76- kD

pr ot ei ns . Thi s i s despi t e t he f act t hat t her e i s an - 25- 50- f ol d

i ncr ease i n t he amount of t ot al embr yo DNA bet ween hour s

2 and 10 of embr yoni c devel opment and as much as a

100, 000- f ol d i ncr ease i n t he amount of embr yo DNA and t he

number of cel l nucl ei bet ween t he t i me of f er t i l i zat i on ( hour 0)

and hat chi ng of t he f i r st i nst ar l ar va ( hour 22) ( 21) .

Ef f ect of Heat Shock on t he St eady- St at e Level s of

t he 74- and 76- kD Dr osophi l a Nucl ear

Envel ope Pol ypept i des

The wel l - document ed ef f ect of heat shock on nucl ear f unc-

t i on and composi t i on ( see r ef er ence 22 f or a r evi ew; al so 23-

25) as wel l as t he f act t hat one of t he most abundant l i sp' s i n

Dr osophi l a, l i sp- 70, i s si mi l ar i n mol ecul ar wei ght , l ed us t o

exami ne t he ef f ect of heat shock on t he 74- and 76- kD



FI GURE 3

	

Char act er i zat i on of i mmunoaf f i ni t y- pur i f i ed ant i - 74- kD pol ypept i de I gG by i ndi r ect i mmunof l uor escence mi cr oscopy .

Sal i var y gl and squashes and 6- , um- t hi ck cr yosect i ons pr epar ed f r om Dr osophi l a t hi r d i nst ar l ar vae wer e used f or anal yses . The bar

shown i n panel H denot es 10 um. ( A and B) Phase- cont r ast and f l uor escence mi cr ogr aphs, r espect i vel y, showi ng sal i var y gl and

t i ssue pr obed wi t h a 1 : 200 di l ut i on of t he pool ed ant i ser a used t o pr obe t he st r i p shown i n Fi g. 2 l ane S . ( C and D) Phase- cont r ast

and f l uor escence mi cr ogr aphs of sal i var y gl and t i ssue pr obed wi t h a 1 : 4 di l ut i on of t he el uat e f r om r egi on 4 of t he st r i p shown i n

Fi g . 2 l ane S; i dent i cal r esul t s wer e obt ai ned wi t h t he el uat e f r om r egi on 3 ( not shown) . ( E and F) Phase- cont r ast and f l uor escence

mi cr ogr aphs of cr yosect i ons pr obed wi t h t he r egi on 4 el uat e exact l y as i n C and D; i dent i cal r esul t s wer e obt ai ned wi t h t he el uat e

f r om r egi on 3 ( not shown) . ( Gand H) Phase- cont r ast and f l uor escence mi cr ogr aphs of cr yosect i ons pr obed wi t h a 1 . ' 00 di l ut i on

of monocl onal ant i body T40 ( 8) ammoni umsul f at e pur i f i ed f r om an equal vol ume of asci t es f l ui d ; i dent i cal r esul t s wer e obt ai ned

wi t h monocl onal ant i bodi es T50 and U25 ( 8) ( not shown) . Al l panel s, x 600.

Dr osophi l a nucl ear envel ope pol ypept i des . A het er ogeneous

popul at i on of embr yos, 5- 20 h i n age was exposed t o heat

shock ( 36 . 5° C) , and at t he t i mes i ndi cat ed ( Fi g. 5) , al i quot s

wer e homogeni zed i n boi l i ng SDS. Af t er SDS PAGE and bl ot

t r ansf er t o ni t r ocel l ul ose, t he sampl es wer e pr obed wi t h ei t her

monocl onal ( Fi g. 5 A) or pol ycl onal ( Fi g. 5 B) ant i - 74- and 76-

kD pol ypept i de ant i bodi es. I n r esponse t o heat shock, t he 76-

kD f or mdecr eased dr amat i cal l y wi t h an appar ent l y compen-

sat or y i ncr ease i n t he abundance of t he 74- kD speci es . ( Thi s

i ncr ease i s mor e cl ear l y seen i n Fi g. 5A; t he i nt ensi t y of t he

r esponse wi t h t he pol ycl onal ant i ser umi s such t hat t he i nt en-

si t y of t he l ower band bef or e heat shock i s al r eady near

sat ur at i on f or t he assay syst em and t hus any i ncr eases i n t hi s

l ower band r esponse ar e di f f i cul t t o appr eci at e . Exper i ment s

per f or med wi t h l esser amount s of t he pol ycl onal ant i ser um

showed t he same compensat or y i ncr ease seen wi t h t he mon-

ocl onal ant i bodi es ( dat a not shown) . ) A bl ot made i n par al l el

t o t hose shown i n Fi g. 5 was pr obed wi t h monocl onal ant i -

bodi es di r ect ed agai nst hsp- 70 ( 26) . The r esul t s of t hi s exper -

i ment demonst r at ed t hat t he expect ed heat - shock r esponse

had occur r ed i n t he embr yos and t hat hsp- 70 was di st i nct

f r om bot h t he 74- and 76- kD nucl ear envel ope pol ypept i des

( dat a not shown) .

DI SCUSSI ON

The pr evi ous r epor t of Ol mst ed ( 1) descr i bi ng t he af f i ni t y
pur i f i cat i on of ant i bodi es usi ng ant i gens i mmobi l i zed on di a-
zot i zed paper bl ot s pr esent ed a qual i t at i ve char act er i zat i on of
t he af f i ni t y- pur i f i ed I gGt hat was obt ai ned. We have adapt ed
t hi s t echnol ogy f or ant i gens i mmobi l i zed on ni t r ocel l ul ose
and have f ur t her pr esent ed a quant i t at i ve assessment of t he
t echni que . I n usi ng ni t r ocel l ul ose as t he i ner t suppor t f or
i mmobi l i zat i on of ant i gen, t he pr obl em of essent i al l y i r r e-
ver si bl e bi ndi ng of t he speci f i c ant i body t o t he ni t r ocel l ul ose
was encount er ed . However , by usi ng TWEEN 20 as or i gi nal l y
i nt r oduced by Bl ake et al . ( 20) , t hi s pr obl emmay be avoi ded
ent i r el y . We have t her ef or e empl oyed t hi s det er gent i n al l t he
sol ut i ons used f or our pr ocedur e and, i n so doi ng, have

achi eved r epr oduci bl y hi gh yi el ds of af f i ni t y- pur i f i ed I gG.
Over al l , we have been abl e t o r ecover bet ween 80 and 90%

of as l i t t l e as 60 ng of speci f i c I gG i ni t i al l y bound t o an
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FI GURE 4

	

St eady- st at e l evel s of t he 74- and 76- kD nucl ear enve-

l ope ant i gen dur i ng Dr osophi l a embr yogenesi s . Dr osophi l a embr yos

wer e col l ect ed f or 2 h f r oma wel l - f ed popul at i on of adul t s, washed,

and a dechor i onat ed i mmedi at el y i n col d buf f er s and al l owed t o

age i n a wel l - humi di f i ed chamber mai nt ai ned at 25° C. At var i ous

t i me poi nt s, al i quot s of t he devel opi ng embr yos wer e r emoved and

f r ozen i n l i qui d Nz . The f r ozen sampl es wer e t hawed by homoge-

ni zat i on di r ect l y i nt o boi l i ng SI DS, and al i quot s f r om each sampl e

wer e r un on a st andar d SDS- 7% pol yacr yl ami de gel . Pr ot ei n de-

r i ved f r omt he equi val ent of 1 . 5 ul of set t l ed dechor i onat ed embr yos

was l oaded i n each l ane . Pol ypept i des wer e bl ot t r ansf er r ed f r om

t he gel s ont o ni t r ocel l ul ose . The number s above each l ane r ef er t o

t he mean age i n hour s, of t he embr yos f r om whi ch t he r espect i ve

pr ot ei n ext r act s wer e der i ved . The r ange about each mean i s ±1 h

r ef l ect i ng t he 2- h col l ect i on t i me . The posi t i ons of t he 74- and 76-

kD pol ypept i des ar e i ndi cat ed by ar r ows t o t he r i ght of each panel .

( A) The bl ot was pr obed wi t h t he pool ed monocl onal ant i bodi es

T40, T50, and U25 i n t he st andar d manner ; amount s of each

ant i body used wer e t hose ammoni umsul f at e pur i f i ed f r om 10, aI of

asci t es f l ui d ; phosphat ase st ai ni ng was f or 20 mi n at r oom t emper -

at ur e . ( B) A bl ot made i n par al l el t o t he one shown i n ( A) was

pr obed wi t h a r abbi t ant i ser um r ai sed agai nst t he gel pur i f i ed 74-

kD NMPCL pol ypept i de . The ser um was used at a 1 ; 1, 000 di l ut i on ;

phosphat ase st ai ni ng was f or 5 mi n at r oom t emper at ur e . Onl y t he
por t i on of t he bl ot cont ai ni ng t he 74- and 76- kD r egi on i s shown .

i mmobi l i zed ant i gen and have no r eason t o t hi nk t hat we ar e
near i ng a l ower l i mi t i n t hi s r egar d.

The st eps used t o el ut e ant i body f r om t he ni t r ocel l ul ose
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i mmobi l i zed ant i gen i ncl ude l owpH wash, r eequi l i br at i on t o
neut r al pH, and NH4SCN wash; when per f or med sequen-
t i al l y, >75%of t he t ot al I gG r ecover ed i s i n t he l owpHel uat e .
Fur t her mor e, i n usi ng a quant i t at i ve spot t i t r at i on assay ( 2) ,
we have been abl e t o show t hat t hi s I gG i s of si gni f i cant l y
hi gher speci f i c ant i body act i vi t y t han t hat whi ch i s pr esent i n
ei t her of t he ot her t wo washes ( dat a not shown) . However ,
t he obser vat i on has al so been made t hat f or cer t ai n ant i gens
and/ or cer t ai n ser a, t he l ow pH el ut i on and r eequi l i br at i on
have been i nef f ect i ve and t he NH4 SCN has been r equi r ed i n

FI GURE 5

	

Ef f ect of heat shock on t he st eady st at e l evel s of t he 74-
and 76- kD Dr osophi l a nucl ear envel ope ant i gen . A het er ogeneous

popul at i on of embr yos, 0- 15 h i n age, was washed and dechor i on-

at ed i n t he st andar d manner , al l owed t o age f or 5 h at 25° C, and
t hen subj ect ed t o heat shock by i ncubat i on i n a wel l - humi di f i ed

chamber at 36 . 5° C. At var i ous t i me poi nt s, al i quot s wer e r emoved

and homogeni zed di r ect l y i nt o boi l i ng SDS; sampl es wer e el ect r o-

phor esed and bl ot t r ansf er r ed t o ni t r ocel l ul ose essent i al l y as i n Fi g.
4. The number s above each l ane r ef er t o t he dur at i on of heat shock

i n mi nut es . The posi t i ons of t he 74- and 76- ki l odal t on pol ypept i des
ar e i ndi cat ed as i n Fi g. 4 . ( A) The bl ot shown was pr obed wi t h
monocl onal ant i bodi es exact l y as i n Fi g . 4A; phosphat ase st ai ni ng
was f or 40 mi n at r oom t emper at ur e. ( B) The bl ot shown was
pr obed wi t h pol ycl onal r abbi t ant i ser i um exact l y as i n Fi g. 4B;

phosphat ase st ai ni ng was f or 10 mi n at r oom t emper at ur e . Onl y a

por t i on of t he bl ot i s shown .



or der t o r ecover r easonabl e quant i t i es of act i ve ant i body ( dat a

not shown) . I n appl yi ng t hi s t echni que, t her ef or e, we woul d

r ecommend t hat al l t hr ee wash st eps be t r i ed and t hat t he

r espect i ve el uat es be char act er i zed i n t he cont ext of t he spe-

ci f i c ant i gen of i nt er est .

The use of an al kal i ne phosphat ase- conj ugat ed second an-

t i body det ect i on syst em i n our pr ocedur es of f er s sever al ad-

vant ages over r adi ol abel ed pr ot ei n A as descr i bed by Ol mst ed

( 1) . Asi de f r om t he obvi ous handl i ng pr obl ems of wor ki ng

wi t h r adi oact i ve mat er i al s, we have al so been abl e t o avoi d
t he del ay and t he expense i nher ent i n aut or adi ogr aphi c det ec-

t i on of t he f i r st ant i body . Fur t her mor e, and per haps most

i mpor t ant l y, t he abi l i t y t o di r ect l y vi sual i ze t he f i r st ant i body

bef or e exci si on f r om t he ni t r ocel l ul ose i nt r oduces a l evel of

r esol ut i on t hat woul d be di f f i cul t t o achi eve wi t h aut or adi -

ogr aphi c det ect i on . I t i s not ewor t hy t hat as a r esul t of t hi s

di r ect vi sual i zat i on of f i r st ant i body bef or e el ut i on, t her e i s

pr esumabl y a cer t ai n amount of CAP- conj ugat ed second an-

t i body pr esent i n t he i mmunoaf f i ni t y- pur i f i ed I gG. Al t hough

t hi s woul d not be a pr obl em i n exper i ment s i n whi ch t he

el ut ed ant i body was used f or r epr obe of ni t r ocel l ul ose bl ot s,

i t was of some concer n i n f l uor escence exper i ment s wher e t he

CAP- conj ugat ed goat ant i r abbi t I gG ant i body mi ght be ex-

pect ed t o compet e wi t h t he f l uor escei n i sot hi ocyanat e- l abel ed

goat ant i r abbi t I gGant i body f or bi ndi ng t o t he f i r st ant i body .

I n pr act i ce however , t hi s does not appear t o be a pr obl em, i n

al l pr obabi l i t y r ef l ect i ng t he ext r emel y smal l amount s of CAP-

conj ugat ed second ant i body t hat act ual l y cont ami nat e t he

i mmunoel uat es . ( I n t he event t hat any pr obl ems of t hi s sor t

ar e encount er ed, t he addi t i on of noni mmune r abbi t I gG t o

t he bl ot el ut i on buf f er s woul d be expect ed t o pr ovi de an

ef f ect i ve compet i t or f or any CAP- goat ant i r abbi t I gG ant i -

body conj ugat e t hat was pr esent . ) Fi nal l y, i t i s of i nt er est i n

t hi s cont ext t hat t he ant i gen r emai ns i r r ever si bl y bound t o

t he ni t r ocel l ul ose t hr oughout t he pr obi ng and el ut i on pr oce-

dur e and i s i n f act st abl e t o t r eat ment s as har sh as boi l i ng i n

SDS ( P. Fi sher , unpubl i shed obser vat i on) . Thus, cont ami na-

t i on of t he af f i ni t y- pur i f i ed I gGwi t h ant i gen i s not a pr obl em

and f ur t her , i t i s possi bl e t o r euse t he el ut ed ni t r ocel l ul ose f or

subsequent af f i ni t y pur i f i cat i ons .

The hi gh degr ee of r esol ut i on possi bl e i n our bl ot af f i ni t y-

pur i f i cat i on pr ocedur e has al l owed us t o di st i ngui sh t wo pol y-

pept i des mi gr at i ng wi t hi n 1- 2 mmof each ot her on a one-
di mensi onal SDS pol yacr yl ami de gel . The obvi ous appl i ca-

t i on of t hi s appr oach af t er t wo- di mensi onal separ at i ons r e-

qui r es no f ur t her di scussi on. I n addi t i on, t he f act t hat suf f i -

ci ent quant i t i es of ant i body ar e r ecover ed f or f l uor escence

anal yses, as wel l as r epr obi ng of ni t r ocel l ul ose bl ot s, makes

t hi s appr oach par t i cul ar l y usef ul i n cor r el at i ng i mmunocyt o-

chemi cal obser vat i ons wi t h pol ypept i de speci f i ci t y f or a gi ven

ant i body . I n our i ni t i al appl i cat i on of t hi s t echnol ogy t o

pr obl ems of NMPCL char act er i zat i on, we have been abl e t o

obt ai n hi ghl y speci f i c ant i bodi es t o a number of pr evi ousl y

unchar act er i zed ant i gens . Fur t her , i t has been possi bl e t o

demonst r at e t hat t wo cl osel y mi gr at i ng speci es t hat r eact wi t h

a hi ghl y speci f i c ant i ser um r ai sed agai nst t he maj or 74- kD

Dr osophi l a NMPCL pol ypept i de pur i f i ed by one- di mensi onal

SDS PAGE ar e ant i geni cal l y qui t e si mi l ar . Thi s ant i geni c

si mi l ar i t y has al so been est abl i shed usi ng t hr ee monocl onal

ant i bodi es and, i n f act , t he i mmunoel uat es obt ai ned usi ng t he

cr udest avai l abl e ser um and t ot al l y unf r act i onat ed ant i gen
( i . e . , t ot al embr yo l ysat e) behave i ndi st i ngui shabl y f r omt he

monocl onal ant i bodi es based bot h on West er n bl ot anal ysi s

and on i ndi r ect i mmunof l uor escence .

I t i s of some i nt er est t hat i n t hei r i ni t i al char act er i zat i on of

t he monocl onal ant i bodi es used i n t hi s st udy, Ri sau et al . ( 8)

f ound t hat t hese r eagent s r ecogni zed a si ngl e 80- kD band i n
Kc cel l ext r act s . I t r emai ns t o be det er mi ned whet her t he

appar ent di f f er ences i n si ze and i n t he number of speci es

r ecogni zed ar e due t o t echni cal f act or s i n t he condi t i ons of
SDS PAGE or r epr esent r eal di st i nct i ons bet ween Dr osophi l a

embr yos and t i ssue cul t ur e cel l s . Regar dl ess of t hi s however ,

t he i dent i f i cat i on of t hese ant i bodi es as bei ng speci f i c f or t he
maj or 74- kD pol ypept i de pr esent i n t he NMPCL f r act i on

pur i f i ed f r om Dr osophi l a embr yos suggest s t hat t hey wi l l be

i nval uabl e t ool s f or t he el uci dat i on of nucl ear st r uct ur e i n t hi s
or gani sm.

The r esul t s of t he i ndi r ect i mmunof l uor escence st udi es

pr esent ed i n t hi s paper demonst r at e t hat t he maj or 74- kD

pol ypept i des f ound i n t he Dr osophi l a NMPCL f r act i on ar e

l ocal i zed excl usi vel y t o t he nucl ear per i pher y i n i nt er phase

cel l s . Anal ogous exper i ment s usi ng f r ozen sect i ons of r at l i ver

have pr evi ousl y been used t o demonst r at e a si mi l ar l ocal i za-

t i on f or t he r at l i ver l ami ns ( 27) and r ecent r esul t s of i mmu-

noel ect r on mi cr oscopy have i ndi cat ed t hat t hi s l ocal i zat i on i s

i n f act r est r i ct ed t o t he nucl ear l ami na ( 3, 6, 28) . ( These l at t er

obser vat i ons ar e i n cont r ast t o ot her r esul t s suggest i ng t hat

t he ver t ebr at e l ami n B may i n f act be a component of t he

nucl ear por e compl ex as wel l [ 29] . ) Si mi l ar i mmunoel ect r on

mi cr oscopi c st udi es r emai n t o be per f or med wi t h t he Dr o-

sophi l a mat er i al , but based bot h on mol ecul ar wei ght and

nowupon i n si t u l ocal i zat i on at t he l i ght mi cr oscopi c l evel , i t

seems r easonabl e i n t he i nt er i mt o r egar d t hese maj or 74- and

76- kD Dr osophi l a pol ypept i des as anal ogs t o ver t ebr at e l am-

i ns . The avai l abi l i t y of ef f ect i vel y monospeci f i c pol ycl onal

I gGf r act i ons pr epar ed by af f i ni t y pur i f i cat i on usi ng ni t r ocel -

l ul ose bl ot i mmobi l i zed pol ypept i des shoul d gr eat l y f aci l i t at e

t he f ur t her el uci dat i on of t hi s pr obl em.

The exact bi ol ogi cal si gni f i cance of t he obser vat i on t hat

t wo f or ms of t he maj or 74- kD Dr osophi l a NMPCL ant i gen

ar e pr esent i n whol e embr yo l ysat es r emai ns t o be det er mi ned .

Bot h pol ypept i des ar e al so f ound i n t he NMPCL f r act i on and

subsequent l y co- pur i f y t hr ough di f f er ent i al ur ea ext r act i on

f r omt he NMPCL f ol l owed sequent i al l y by chr omat ogr aphy

on DEAE- cel l ul ose i n t he pr esence of 8 Mur ea, and Sephac-
r yl S- 300 and hydr oxyl apat i t e, bot h i n t he pr esence of 0 . 1
SDS ( P. Fi sher , manuscr i pt i n pr epar at i on) . Al t hough r esul t s
si mi l ar t o t hese have been obt ai ned i n compar at i ve st udi es of
ver t ebr at e l ami ns A and C ( 3- 7, 10) , t he r el at i ve bi ol ogi cal
si gni f i cance of l ami ns Aand C i s onl y poor l y under st ood and

i t i s t her ef or e di f f i cul t t o conf i dent l y dr aw di r ect anal ogi es

among speci es .

Addi t i onal exper i ment s wi t h Dr osophi l a have shown t he

st eady- st at e l evel s of t he t wo f or ms of t he 74- and 76- kD

ant i gen t o be di f f er ent i al l y r egul at ed bot h t hr ough embr yoni c

devel opment and dur i ng heat shock . These di f f er ences con-

st i t ut e st r ong evi dence of i n vi vo si gni f i cance and ar e consi st -

ent wi t h a pr ecur sor - pr oduct r el at i onshi p bet ween t he 76-

and 74- kD pol ypept i des, r espect i vel y . I mmunopr eci pi t at i on

anal yses of i n vi t r o t r ansl at i on pr oduct s of Dr osophi l a mRNA

obt ai ned at var i ous st ages of devel opment wi l l be necessar y
i n or der t o r i gor ousl y assess t hi s possi bi l i t y . Never t hel ess, t hi s

concl usi on seems par t i cul ar l y at t r act i ve i n l i ght of t he known

pat t er ns of t r anscr i pt i on and t r ansl at i on dur i ng Dr osophi l a

embr yogenesi s ( 21) , as wel l as t he f act t hat dur i ng heat shock,

t her e i s l i t t l e or no t r anscr i pt i on or t r ansl at i on ot her t han t hat

di r ect l y i nvol ved i n t he synt hesi s of t he heat shock pr ot ei ns
( 22) .

SMI TH AND FI SHER Pol ypept i des of t he Dr osophi l a Nucl ear Envel ope

	

2 7



The changes i n t he combi ned st eady- st at e l evel s of t he 74-

and 76- kD nucl ear envel ope pol ypept i des as wel l as t he di f -

f er ent i al r egul at i on of t hei r r el at i ve abundance dur i ng embr y-

ogenesi s r ai se sever al i mpor t ant bi ol ogi cal quest i ons . Based

on t he r esul t s shown i n Fi g. 4, i t appear s t hat t he f er t i l i zed

egg i s l ai d by t he f emal e wi t h as much as 25% of t he 74- and

76- kD pr ot ei n r equi r ed t o compl et e embr yogenesi s al r eady

pr esent i n some sor t of st or age f or m. Vel oci t y sedi ment at i on

anal yses i n l i near gl ycer ol gr adi ent s have demonst r at ed t hat

t he maj or i t y of t he 74- kD ant i gen f ound i n ear l y embr yos i s

sol ubl e ( i . e. , not associ at ed wi t h nucl ei ) and has a sedi men-

t at i on coef f i ci ent of about 6 S ( K. Doyl e and P. Fi sher , un-

publ i shed obser vat i ons) . ( Thi s i s appr oxi mat el y t he val ue t hat

woul d be expect ed f or a r easonabl y symmet r i cal homodi mer . )

Al t hough an exami nat i on of changes i n t he l evel s of t hese

speci es bef or e f er t i l i zat i on, i . e . , dur i ng oocyt e mat ur at i on, wi l l

be r equi r ed i n or der t o f ur t her el uci dat e t hi s obser vat i on,

r ecent st udi es on t he assembl y of nucl ei i n Xenopus eggs have

l ed t o t he suggest i on of a si mi l ar phenomenon i n t hat or ga-

ni sm( 30) . Wi t h r espect t o Dr osophi l a, t her e ar e at pr esent , at

l east t wo di f f er i ng hypot heses whi ch may be advanced t o

gui de f ur t her i nvest i gat i on . The f i r st i s t hat t he 74- kD f or m

r epr esent s t he pr oduct of a mat emal gene t hat i s di st i nct f r om

one codi ng f or t he 76- kD speci es t hat i s ul t i mat el y expr essed

i n t he embr yo. Al t er nat i vel y, i t may si mpl y be t hat t he 76-

kD f or m of t he pr ot ei n i s pr ocessed t o t he 74- kD f or mand

t hat t hi s pr ocessi ng event t akes pl ace shor t l y af t er synt hesi s

and pr i or t o t he ear l i est t i me poi nt i n our anal ysi s ( 1- 3 h) .

Gi ven t he appar ent conver si on of t he 76- kD speci es t o t he

74- kD f or m dur i ng heat shock, t he l at t er mechani sm seems

pl ausi bl e . However , t he st abi l i t y of t he 76- kDspeci es t hr ough

t he l at t er hal f of embr yogenesi s ( Fi g. 4) ar gues st r ongl y f or

some sor t of devel opment al r egul at i on as wel l . Fur t her exper -

i ment at i on and per haps cl oni ng of t he gene or genes codi ng

f or t hese pr ot ei ns wi l l be r equi r ed bef or e any def i ni t i ve con-

cl usi ons can be dr awn.

The appar ent pr ocessi ng of t he 76- kD nucl ear envel ope

pol ypept i de i nt o t he 74- kD f or mdur i ng heat shock i s l i kel y

of consi der abl e si gni f i cance . The heat shock r esponse i s gen-

er al l y t hought t o i nvol ve maj or changes i n nucl ear f unct i on

and composi t i on ( 22, 23, 25) , and t her e ar e i ndi cat i ons t hat

t he hsp' s t hemsel ves may i n f act be NMPCL component s

( 24) . At t he pr esent t i me, i t seems pr emat ur e t o specul at e as

t o t he speci f i c i mpor t ance of our cur r ent obser vat i on ; never -

t hel ess, exper i ment al el uci dat i on of t hi s phenomenon pr om-

i ses t o be par t i cul ar l y r el evant t o our over al l under st andi ng

of t he heat shock r esponse as wel l as t o our appr eci at i on of

nucl ear st r uct ur e i n gener al .

The pr el i mi nar y obser vat i ons t hat l ed t o t he exper i ment s pr esent ed
i n t hi s manuscr i pt wer e made i n col l abor at i on wi t h Dr . G. Bl obel i n

hi s l abor at or y at The Rockef el l er Uni ver si t y ; hi s numer ous sugges-
t i ons and gener ous encour agement have been i nval uabl e. I t i s si mi -

l ar l y a pl easur e t o acknowl edge t he advi ce and cr i t i cal r eadi ng of t hi s

manuscr i pt pr ovi ded by Dr . M. Ber r i os and Dr . D. Bogenhagen . We

woul d al so l i ke t o expr ess our appr eci at i on t o Dr . M. Bl ake f or hi s
suggest i ons concer ni ng t he use of TWEEN 20 and phosphat ase-
conj ugat ed second ant i bodi es and t o Dr . P. Symmons and Dr . S.
Li ndqui st f or pr ovi di ng t he monocl onal ant i bodi es used i n t hi s wor k .

These st udi es wer e suppor t ed by Resear ch Gr ant GM- 33132 f r om
t he Nat i onal I nst i t ut es of Heal t h ( NI H) . D. E. Smi t h i s a pr edoct or al
f el l ow of t he Phar macol ogi cal Sci ences Tr ai ni ng Pr ogr am suppor t ed
by Tr ai ni ng Gr ant GM- 07518 f r om t he NI H.
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The r ecent wor k of Lal i ber t é et al . ( 1984, J .
Cel l Bi ol . , 98: 980- 985) i ndi cat es t hat mammal i an l ami n A i s synt he-
si zed as a hi gher mol ecul ar wei ght pr ecur sor . Thi s i s consi st ent wi t h
si mi l ar r esul t s of Ger ace et al . ( J . Cel l Sci . , i n pr ess) and suppor t s t he

hypot hesi s t hat t he MAD Dr osophi l a nucl ear envel ope pol ypept i de
i s a pr ecur sor of t he 74- áK speci es .
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