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Summar) 

We have developed an improved method for the detection of 
cystic fibrosis protein (CFP). The method employs the LKB 
Multiphor to electrofocus whole serum, instead of the apparatus 
used in previous studies. Two basic modifications were neces
sary: (]) a pH 2.5-10.0 gradient instead of a pH 5-10 gradient, 
and (2) constant power for focusing the serum proteins instead 
of constant voltage. The first modification ensured adequate 
dissolution of the CFP-lgG complexes (or other precursor com
plexes which may liberate CFP). The second modification en
sured a linear gradient (between pH 3.8 and pH 9.2), excellent 
resolution in the pH 8-9 region, and the separation of CFP 
within 2 hr without overheating of the gel. 

Electrofocusing with the LKB Multiphor permits the detection 
of CFP in as many as 24 serum samples per gel. Results obtained 
from the analysis of 31 c,·stic fibrosis, 28 obligate heterozygote 
carrier, and 28 normal control sera indicate that CFP can be 
reproducibly and accurately detected in sera using the LKB 
Multiphor. 

Speculation 

Strict adherence to our methods of serum sample collection, 
processing, storage, and the methods described for the detection 
of CFP using the LKB Multiphor electrofocusing apparatus may 
ensure the successful use of our technique to detect CFP and to 
determine individuals with the CF gene. 
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Prev ious cep:>rts tran our l alor a t o c y have sho W'"I that a cyst i c tibros1s pr o tein 
(O'P) can tJe dc t cc t ea in scr a lean mos t CF patient s ( hanozyqo t es to e CF) ard 
teterozyqotcs fo r CF oy anal ytical iooeJectric locusi ~ (11 , 12). A stana ru d
i zed a s say tor the de tect ion o t o ·p ha s been repntea ard t he spE:ci t1city o f 
ll-'P foe t.h? CF g ene has been estatdished i n two separate s tud ies (9 ,11 ). 
Pr ev io usJ.y 1o1e charac-terized a • p as a C.ltton 1c pro t e in wit h an iooelectr 1c 
p:, int (pl) ne ar pH 8.5 ird a molec ul ar -eig ht o t 3,~>t'0-10,tH'.H::l wtu ch can be 
i sol atOO coocanitant.ly with serun l gG (l r} -1 2 ,l ~ ) Tl"£.- µ1y s 1cochanical 
~ opert 1es o t Cl-'P resemble ttose estaoli shed for t he ·· cF factors" de sc n bca by 
r eSt>archers utlltzin:.J bi.olcy1cal assays tor t he ir dt.> ttx.:twn (4). ln t a:t , WI.: 

have r ecen tly sho~ that a,·p 1s fo und only i n tOOse serun tractions wh ich 
ha r bor a CF- spec 1flc cil 1ary ays k.1nc::.1a t. actor (CDF), thereby suppx ti n;J o ur 
fX Op:,saJ (14 ) that GP may be s,m,l ar t o a CJ,'- CDF wt11c h we have ,so!a ted (15) . 

The stun.iardizt..j as sa y t o r O P dete<:t lon pc1..vious.ly p roµiso ..i .:is a u9:· tul 
meu-.:x.J to r t he routine deter m uiatwr. o t h<.•tecozy'-jot.cs t o r cyst tc t 1bro ra£ 
(11 ) , wa s d('Vcl opcd to r use i,n th the e l cct ro l ocus i nj eqm µn en t dt:.·oc r itJ1..u Uy 
Pi,,,deh e t al . ( 3,7). 1he e l ec tr o focus1~ aH)clratus U1 fo rt W1u t e l y 1s not 
r e a:H l y ava il abl e si rce tt i s ro t c01rnccc 1al l y p r cd uced (t3, 13) . 1"t1ct c lo r e , \,,,(,> 

lMtcateo (X C.'Viousl y (H, lH , 13) tha t \oE we r e cx pl o c u ~ t he use o l tht.: l..KU 
Mul t t ph,) r e l t.>c tro t oc us ifl.,I aµparatus to r t ht' detect ton o t Ct-'P <lnJ cur.par l ll-J tht .. .
r esults wi t h o ur r esults obta i ned u.si.n:;1 th.: appar atus ot. A~ eh et al . ( ). 7 ) 

In the pr esc..'flt r ep.n t t he canp1ete met hOO ol ~y to r the d~ tt ... :c tion ot UP u s t nJ 
t rc> UW Mult t[:tlor i s dexribcd. A col or j.;f'lO t lJI.J t ilp-l i s pruvidu..l t o clc.tr it y Ult.· 
r csul t s oot.J ino:I wt t h o ur mE.· t ho::1. 
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venous Ol ood tran oormal trdiv id wl s , pilt i c nt control s with bronctn a l a s thm.J, 
Cf harozyyotes, an:J ool tyatc ht.:·tt.>Co zyyutc s toe CF were collected .J OO proce sst:.'U 
as aescri.Ded pr ev io usly (8 ,11, 13) . 'Itlt:' pat i e n t s wi th b r u oc hi al .JsthmJ S(: rvt:•d 
as con trols to recht.'Ck. t he spt."">C i t 1c 1ty o t en-· t o r the CF ,jc·ne Al l SC> r un 
sampl es we r e stand tr o 21..•n .:it -? ti t\.: until c:11al yzed Dy e l ec tro tocusi~. 
I n to rmEc-d consen t wa.s O.>t.:i inco Lran a..1 1 SubJt.-ct s (o r in t h(.• cast-' o l miror s fr u n 
tt·-..~tr p-3r cnt s ) µi or t o uh tain t r)..J a tJllXd sampl e. 

Q~tl_nt 1 ta t 10 n o t _Jy_G 

The- ~or.:cn trati o n ot l yG in each St>r u,r. samµle was determined by S trlJ l ~ r .. 'a..Jt.ll 
urmuno:h ttus to n as Lleocr l.DE.'U prcv ious.ly (l lJ 

l w.e 1ec_tr_1_~ _L_~u~1ng 

lsoel t<: t rk tocus1ry in unn-l aye r r:oly.x-ry 14'Tl i<Je y, . .: l ~ utll1z1~ u,.-, c.tpp,::u.:itu.:; 
of A~.h:,•h ct al . (3,7) was p:rtorn100 in a t...H 5-111 yra:ii(·nt ,:x .rtly as 
(XC.'Y lOUR l y uesc ribt.o (11). hJdt t i onal d e t.a il s u t the tt.·chniqut.· an.i pt t.·
ca ution !::i coocE:rn1nJ tht: mcthoJ .:i.rd 5.::JTlpl ~ coll ('(..,· tion am pro...· v!'; farlJ havL· 
rocently b~n r eµJrted (8,13). 

Isuclectnc tocus tfl.j i.n ttn n- luye r µ.>ly;:>cry l an10t ! yd u.s iny the I.Kb Mu l t.iµ1 u r 
(Mood .!117- 411 , U<b f-'rcd uk t e r , b r oan.:i, !:; '-t:d£:-n) w.JS pntorn11._-....1 t.Jy mu:J1t 1LJtwn 
at tre i:roced lL es desc r ioOO prev ious!-/ t tl ,11) r.or use at t he.· a~r at us ot 
Awcleh e t al. (3,7) . 1he e l e..:t roJI;:,' sol ut ion s ana ycl ccmp_Jst tlo n ..-e r \~ 
ident ic al to Uose d(·a: ri.nffl (8 ) except that a ,:,ra.hent or. pi! 2.~-HL H w.J s 
US(>(J (L.l1% 'n/V l'(nphol ine calf h .: C anphol yt c.s, p ll L . ~- 4.H illX1 3 . 5 -Hl .ll ; Ll\U 
E-'co::i Uktt: c ) lJ)Sl e .:rl ol JJH ~ lt, ( ll J. Pr e liminar y exrx:-r1men t s \ooer e r un to 
c anpare t he: results oc. wi.nea us inJ tne LK l:i Mul t iphJr '-lt h pH 'j - h:l .1r¥J L . 5- hl . l:l 
y ra:t ien ts. 'lhe use o f a more ac idic ptt near t he ano..1e t avorru t t-..· <.1 crnon s tr.i
t1on o t ll .. f-'. 1-'rol o nJ od e.x µ:,s ur e oi t he 5€.'CUTI s .:inples t o an ac iulc pH .irLl 4 M 
iieu 1s als., t.toug ht t o lavor tff2 demonuratlOn of. ch -:i (ti) , p:i ss ibly LlLr t o 
the dissolut i.on o t IyG-l.l-"f' c anplexes u r th€' a.lter c1 t1 on o t sane otht:·r µ t.,c ur: su r 
that may lWt.: riltt? U ' l--'. The .:JHUr.:itus o t Awd c.:h e t ..ll. (J , 7 ) n ... ·quU t·c. l b-~4 t1r 
to foc us (11,L:J, whereus tr£! Ll\ B Mu lliph:lr r e qu i res o nly L hr (set..· b£:- l o w), 
Since the sam pl es are exp:>sed t o a~ idic cordit i ons t o r unly 1. hr, J mur t:
ac idic pH may enh<lfCc l1berat10n ot Ll-'P ( t:,, 1 3, 15). 

1tle gel was µ- e tocused at 35'1 V (ronstant v o l ta.J €:' } to r J~ mm Sam pl t:s wt:r e 
awl i.ed onto 6X8 mm pajs ot Whatman ) MM chranutl.J..jr.J µ-Jy µaper l--'la..:C'd w1 U-1 th~ 
l o w::-r ec>.Je o t t ti:: p,c-d ll1Tl t r om t~ unodal s tr ip. 'lhe y el was toe llSt:-od .:i.t 35 .,., 
( constant µ;w,ie r J to r 1..5 h r by usi ry .:in LKb MOOel 21 ~3 p:iwL·r SU!Jply 'l'h,:: 
sample dfPl lcatton p:x1 s ~re not rar,o.rtd until c unpletion o t U-.:- r lTl. 

A constan t µ>w.:.: r 9.)Urce wus t fJ unJ l o De.· nto,:.- :::;sol[y, S lJICt· t u o:1t .:l tr1 ah..·l.Ju.ll1.. 
cesol ut 1o n o l th.: protein bands a t pl-i b - 9 , voltayes i n e xcess o l hH1'1 V m1£t 
be us,eo. Cons t an t ro~r con tr ol hc·l ps prE-V(:nt lucal t zc<l avf•rt..·.J tl n.J d ur i ll.J 
U ie Cl.Fl . In a.Jd ltio n , i so~l ectclc tocus i r,,.; ._as ~ rto rmw <l t 4ut_· us i n.J .i L..'.l lX..l.l 

K2k con tro ll oo tanp;:.-r a tur: e c i. rcul a ta rl.j water UH t ( l:u tnkm.-in Ins tr unen t s ) 

All ser un s.:impl es wer e an alyzeu us 1n.J a vo l unc o t ~erl.lll wh ich cont...:lint .. "(J 30ll }J--J 
IgG , 1n accoraaoce w1tr1 o ur s t an.iardtzed protocol to r en, 0 1..' t 1::.--c t1 0n d 1.:9....·r 1u(:d 
P< ""iousl y (11). 

1-e!Xl i ~ ot t l"X: pr! gra:hent, t1 x 10:,, staininy , an::I dts tuintl),.j ot th(, <.31:.- l we r e 
perto rm E.d as descrl.ba.1 µr(:"lltuu.s.ly ( 11 ) w1th t t-,__. tollowiny mo::J1ticat ion. 
Inst ead of. a µtot overnight t1x at i on w1 tn 12% tr 1c h..luruacl·tlc <lCtd ('IC/\) and 
Si s ul t os<l.l ic ylic .-::..:10 (SS/\), ttw .Jf· l wa:; t i.x ed un.1 s tc11n,-,n :,1multanc.., rn,.ly ,lt 
00\...\." tur b"-1 mm. 'lh .. · !jl..Jllllr'Jj :.,;ul ut1un 1 .. :um.,; 1:.; tt..'O u t lJ:J '-J ';i:;:i/\, 4'.A1 <J 'll.:A, .:i nd 
4 .. 5 C<XJnass i e l:ilue H.L)tl in 27':i~ ml water r,lus USU ml methunol 'i'n i s 
procOO !Z t was l.l.5C'd only t u r y el s ubtainoJ trc.rn tlie U ti Multq.t"iur. 

Typi c al rcsu lt.s obta ined to r the f.,COte tn band in.J pa tte rns o t CF homo Z)"'-;I O~ , 
hc t e co zyyu~, rv nn al ht-a.l thy con trol, ard ronn .:11 pa tie nt control (µatien t s 
wi th b corchi al asthma) ser a ar e shOW'l tn f tg. L 1he µH g rahe n t as esti mated 
with a s 1...:face p H e lectroc:ie at 40(: 1s sno w, in Fi~. 2 . Analys i. so t 61 sampl es 
p,s1t1ve to r Ll-"Y sto'-01 t hat thi s p rote in hao a p l o f 8 .57 -+ i'-" 2 ('fabl e 1) . 
'!his v al t.E agr ees c l osel y w'l. th the pl o f t:l. 4b -+ 0 .0 5 prE.'V" ioUSl y r e pH t OO usiny 
the apparat us o f Aw.Jeh et al. {3 , 7). Ll-P Ciln (}e ident it ie<l a s t he lower Oand 
o t a Ocnj ctouble t focuStrlj w'i. thi n ttc, most cath..dal centimeter o f. the sta i ned 
ser lltl prote i n pa ttern ( ~ut 7 .8 an t. ran the bot t an o f the S<ITlpl e appl 1ca tiun 
µ:id, o r 8. 3 an tram tre tDp of tti? anod al strip) (Fig . 1). f"lgure 3 sho wS an 
e n.lacyt;!Tlent o t the area contarn1rJ3 a ·p t o c l early d emo ns trate 1ts locat w n . 

I n dct.cc t i rJ3 CFP, contusion bCtW(.•(:n d i s ti nct bandiry and dittut..e b ac kl.Jro un:l 
s t.ainll"r:I mus t oe iNOlded .. 'l'he ronn al contr ol sm._n in ftq. 3 (tht on e.· o n t ne 
l ef t ) d(:pearcd to contain a t a in t CfP bar)j , o ut c anpa.r1.son ot the sampl e with 
othe r Q "P- pJs it1ve sanples a..llo 1wed us to d1 tte r en t ia t e t h is normal con t r o l a s 
t>eiO:j O'P--001 a t1ve ( f"l o.J S . l ard JJ. In cdclltion, whe n a v olunt- o t s e rLJTl 
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cont.a tn i rg 400 µJ o t IgG wa s r U), t h i s contr ol r ena ined n01ative, con ti rm in3 
that it wa s o ·p,-nt..~ a tl vt:' a t .ll:J l:J }J-] . 

l-"t-Jlr(' 4 show.; .i col or µiot~ r <11.::h o t pH 2 .~-HL 0 gel s con t..l: i.n irq 2 CF , L 
hetero zyyo te ill"'li J no (Tilal <.:On t r o l s~pl cs. The baOO double t i m ic at l f\l CFP is 
marked by l inl:'s . A mult i tuJt.: o t pro te in t,clros aOO. excell en t reso l ut 1on i n the 
pH 8-'1 rO:Jion w~U:..' ob t .J ined lJy e l ec tro t ocus i ~ wi t h our me t hcxJ. CFP t s t ai n t 
canrorL>d w1 t h mmy o ther x r um µr o t e tn bands o n the yd. Attempts t o µrw tde 
aJe qua t e bla..:k aw wtn te p~t0t0-jr<1f.:tl s o t ge l sec t ions containtrlj u·p oormally 
r ~sult in r:urt1ul loss a t µ- ote 1n pat t er ns e lse-..tlere (ct. fiy s . l arXJ 4) -
The r e f o r e t~· present col o r phJtO,J r a ph i s also pronded 

The results ot f·lectrotoc us u1.3 2t:, mcmal control &•ca, .t!H r..:.,te r u zyJote scra , 
J l CF tiarozyyotL' t..cra, ar.:1 t, seru f.ran µa ttent .s with bronchi al ast hl1 <.1 u.s i n:i 
tre LK!1 MultiµKJr ard o ur St.ll)(lard assa y con::litlons are sho wi in Tabl e 1.. 
Three a t t ne J6 con t r ol s (ronnal µ l us pat i ent contr ol s , Tab l e l J we r e 
CFP-µ:is 1t1 ve , a lr eq.Jency that aoes not dtf.te r s 1g m t icantl y tr an the ~xp...-c ted 
vu.luE.' ot l. tn 4 '1, s uo,n• '. Stlrlj .:i s in ptevio us stud u.·s t hut ll-'P 1s spcc ltic al l y 
d i~ros uc tor a met.aLolic Lie feet un ique l y os.5DC ia t cd 1w 1 th the CF g ene . 
Ccrnµl e t c 3j f £.-{fllUlt wus tu l.10:l Dctween tht· n.:sult s in Table l anJ tto sc ci.)t.J tnE.d 
US lrl-:J th:.· <J~r .JllJ!j o l Awd€:h e t al. (), 7 ). 1"ht: r do r t"c-, we.- t h-1 that tt.2 LKB 
Mul t i plvr can be usc.d t o scr 1..-en x r a fo r (.}"P, an:i t h.lt t hL' t.Ja n..1 s t-o wn i n figs . 
1, J, .lfl.".I 4 l s an.:ilo.J OUS t o tht• pc u U.- l n lJand dcsc r lbc:d a~ u ·p rn pr ev lOu.5 
pubJ1~..1 tions . In J.1<..ll llon, fl.JV t"c- r ecently t s tabl tshed the mol ecular \oE tg ht 
[<lll<J L· ul Ll-"P uet.ec tL'(J Liy t h .• urn Mu l tq., wr a~ 1 , 10"1 -l J , (15). 

S i.nc L' t la:.: p .. .Lt.Jl1cut1 o n u t o ur u riyinal rq ... u r t (11) dl·SC[ltJl~ t h:.· mc th'Jd OlO:JY 
tor u ne w Uiu-,Joo.stlc t e s t l o dL·lect i.rd i. vta uals who hurbor tht-• Cf-' y enL' by 
an.:Uyz tr)J \<iKlk 3..:,rum t£ tn,~ .::inalyt. Lc .il di:.-c t..rohx.::usirq, thr d.' .lltt:•mpt s t u 
r e µraJ oc c u ur tinJu1.J s h..ut..• t.ie~n t1ub l i. ~ht:-d U , 5 ,6). 

!:roLth ct ul . { 5 ) un: i 'ltKln.J:.; et .:1 1. (6) cl a im to hav e an..J..l yzc.>d CF t1ano r ;gote 
a n.J rYJnn.:d con tr ul u• r .:i usi nJ dE-..:"tCOtt.X.'US l n.J me tt1cdt.. exa:tl y ana1 ()1 0 US to 
uur s (11,U); tlO ',,,(.'VL'f , nu ttw.' r y ro l{> U!jf_O the appar a tu:., ot A\fod c.>h e t al. (3 ,7J 
to ~ r lorm UL' tt stud it>s . ·1ne Lnvest 1yator.s could ru t LIC't.1...-.c t ll' I-' o r 
o t ~tlry ul .st1 Ot't WL·en Ct htITa.n y--:1o t t> ill'kJ control ser u . 

ln (X CV wus lJUb l 1c.J t ions ( 8 .1 3) w:- 11.JVt· t rd ic a teo ttu (•t.· µroba)l e r eason:.; to r 
th? tr 1.x- k 01 success : (.l) t he apparatus used, {L) i.mprope r ~oll ect ton , 
µoct- ss i f).}, aro st..o r a.J f' ot $.lffll-'l es , ard ( c ) U a! me t hodol o:JY uSt-<J. Neither 
~ 1tt1 t: t al . (5) ru r Thffilas ct al .. {6J present1:..d ph J tO,:Jr aph t L· tv iaencc that 
th.:> y ever r epr OO u:00 tre protc tn pclt l e rn::; sho 11111 prev io usl y (11 ) , yet both 
yruups wt!Ot on t o mu.1 1t y Ult:' l .... ---c hn 1qUt.~ extensively in a ttm µt s t o lrK.: r l.'.)5t? tt'e 
rd:n luttun . 'lhL·H illt(_•rwttvns , ~ltho u,.Jtl tcsul ttr,..J in sc- rl.lll r r ot(: i n l4ltter ns 
with t}(:tte r re.c-nl utlu n outsi.Llc· the µH ~- IJ CEY ton, ta ilru t o s OO w ut,,, ious 
Ui ltt: ffinc tJ; t.J t.·tWL'\..' n u · 1"'1( .111u zy,J Ut(: rJf"ll no rm.:i...l contr o l s.cra. It i s imr:oss i bl e 
t or us to SU<.J<Jest exa::-tly why the se ir-Nestlya t ors wnc unat>le t o r 1:~prcduc1..· our 
, ._.:_; ult t.. , !.i incP Ua:tr CUT111L11i..c at1on s 1.:-.: k. sutrtc wnt Jl:'t.Jil to p. ·[ mit u (..: att.: l u1 
CtlT',µart oon ot th.:• d.:1l.:l.. 

A l L' W !_xHnts ~::.hu uld l>l..· ma10 1..'iX'l1. 'l• rnul,j th:· dett·c ti o n o t CF~. 1-'ir ::;t, l u:u l i w
tLUn ot ll· 1, i.n .:i. -]L'l t ,.JL.UJ sold y or: Cl.-COrclt.::d µ I v ..J..lu=> s s h.J uld tJ(.> avo lJcd. 
Mt.~.J.sureri1t.:nts ot ph c.:ui d t t t d t.;(-tW<.:c.-n 1 ci.>orato r 10s. 1tien,to r e , t o dt·tt.·~t en, 
an lnv t..' ~tlt:J.:ltDr smul d e-1.:iluate tt'll' 1..•n ttrL" uppermost c£.•n tirr,e t e t o t the sta ined 
!I.'rum µ:ittt •r n!'". r cttncr t han JLt..:t thl.- rcy10n a t pH H.5. Si:.-con.J, $tan..l.lfJ t zat i o n 
u t ltic .)SS.:lY usi ~ our procui urt.: l s cf ... !.;(.'ntl a.l to e the.· Ot.' lt::-c tto n o t o ·y 1n mos t 
o-· liumo z; ,1vte .ind t~ter oz-19o te ::.;.:imµl (:S (H,lJ; Tat,lt.· l ) . Final l y, t'Xtrt3TlC. c .:i.r c 
ln S.J11plt.· col lL>c t ton , procc~s 1~ , a ru s t o r 31e mus t be exe rc i sed (8, ll,1 3,1 4). 

'Jhc, 5lffij.J.t:·!'i sl1Uul ll Lie· prucc-SSL>d a t 4<\.: tron t he t t me o t rC'fflwa..l o t t he- Ll oc:d 
tut~ timt: o: &··r u11 s t t)r<.I.JL' at - 700( , ,lNJ ~ r u n 5.:ITl pl es sh:>u l ,j r.H t) t: h:tt at 
4L\_· uµ.m th:i wi.nJ to r .)flaly .. Hs Lut :::i10uJJ only he t h.J ""'-"\J i!TllloJ1 a t el•t 01:.' to r c 
t..:lt..-c truto....· us tr1J . 

111 a.kli ttu r. t u Sm1U1 t.' t .:i l . ( 5 ) ar'kJ ·rn001as l' t a l. (6), Altlar-..l cir,:.i co- wu r k.c r s 
ti) h.JV,: u tlffi1fJtt....J tu LJt: t 1.....:t ll-1.:.. Altl .:i r,,.1 t..' l al. (L) uttl1z t'Ll (HJr ,~ .• uli c r 

JT\L·tlWul uJy (lL) (1.t..·., t""f tur to st.;ux.l~t J 1zu twn ard aevelopnen t ul impt't:N'-d 
m,_·tho..l s t u r t1x1n1 un:l s t.:i1n1nJ tu [ o..Jucc b.r ½rourd). AlttXJUJ ll tht:: 1n t t::nse 
1...:c k--Jro L0..1 s t.Jtn cJLL: t u h1,:3ri variati 1ll ty wtthln ttl(.' I•JG r e:J i i.:i n (2) maie i t 
iltl l--lJS 5 1UL' t o cJctt...'Ct U 'P, t he!:A. . .- invcsti~ .:i t o r s were ublt:' t o d emon :::: tratci u lo...,... 
mulc-cul.:ic- \oot: l--Jtit c u11µ:ment to LnJ unly 1n Ct h011o zyJ o te and h2tt:!rozyy ote ~ cu 
by µ .-rturn, try .:i. st:.-cu r"K..l .step ot t:.' l ec trnµt1Jresi~ ut il1zinJ u.._~ ~ t'UT1 pro t e in 
trcs.:tton toc~ tny at pH b-9 (1,L). Whethe r th-= ca t ion i c pro tein Llt'sc r it.ied by 
Altl .JJ'(J £.· t ~- ( 1 ,2 ) 1::; o ur ll· Y i !:. unkrown .Jl present ; tJJwt'Ver , thc.- i r f t n..iln.J ~ 
a :IJ s t..11.:u n t u our du t ms that a µco t c 1n Wl th a moh .:c ular ~t~ ht o t J,5',i~
HLkfkt'1 ,:.inJ u p l nt:, a r pH 1:1 .. S 1::; to un:J a t a corK:entr .J t wn h iq h £>ro U,.J ti t o r 
Octec u o n tn mk t u l 1t e r 4u.int t ltes o l St.: r a Le an mos t hono zyyote s and he t ~r o 
zyqott:~ to r CF ( h !, 11,15). 

l t 1s µ..i s..s tbl e t h.=:il no rmal contr u l St.: r <.l al f".O contain small ~ omts \l t C.FP; 
t"U'-L"'-'U , mm~t rl)rmal contrul &:C J J.nJ.lyzr<l wer l· CFP-ne:Jati ve when a v o l un c- o f 
a; r um LU nt.J.tn trlJ JUU J.11 of IyG [o c more (11) I ',,r,Q S l.lSed. I n .-rld t t1 o n, t he: 
numi.>t.' r ot O "P-µi s 1t1ve cuntr o l fA..' f d toLJIX.l '-..l S oot s ign1ticu11tl y d i ~fort~nt tr <.n1 
J'I exp::-c t ed carrtt:r trt.·quency ot 1 in W (re t. 16) in the Cauc as i J n p:ipul a t ion 
!Y ou t o f lh:l .:in.i 2 out ot ( r efs . 10,11; Table 1)). If no nr.al ser a do 
con ta in 101w levdt.a ot LFP, tt~ n t oo OL'V eloµnent ot .:i r.:..Jtourrnl.lloassay (k!AJ to 
d e tec t U 'P may allo1w us to ~uantl taw i t am e staLlish cutott lev e l s dc ti.ni ~ 
n>r m .:tl .ik.J Q' •Jt•nulYi-"-·:;. I'll..· ..ut.· WI Hk ll>J t1.i ll: 11ne .:ill HIA tor U11 i-; p u r pi :;.• 

~UMMAl<_Y 

Tu all t.--...... 1atl· 3...fllc o l t ht· µ-OO JEffls erK:oL11t.e r t...<1 by o uier uives ti.qato c~ 1n 
d e tec t l rlj ll' P ard t o p rcw 1de a more r apid assay toe it s de t ect ion, cl.lapted 
o ur f.,C e.J 10 1..bl y llt.·a::- r ihed t.ect.nique ( 11 } tu r USt:- w1 t h t he LKH Mu l t 1phor . Uur 
r esults Su.Jyest that tt-e I.Kb Mu l t i pto e can be- usro to de t ec t Cfl-' ard tncce fo r e 
ocreen ~ r a. to r the U yene s cap tct l y ln a Stn.Jle s t ep. l-"1l t y-e 1q ht o t 59 
h01"lJZY"JOtc a rd ht...·t~ruzygo t e SE- r .l we r e Ct"P- µ>sit i. ve a~ canpar ed wi th 2 o t 28 
rorm al contr o l sec a . 01..l y 1 o t 1:1 patien ts wi th b ronchi al asthma inc l u:ie:t as 
patl~nt contr ol s Wd S G"P--µos 1t1ve , SUy<-JCStt n:,, a s in o t her stud ie s that Cfl·' is 
a s i-ec ui c mark.er to r Cf ('1 , 11 ) . 

'J'\.() mcx.l ttl c ations ... r e Cl<JUit' cd l o r detection o f CFP usin,; t~ U<8 Mul t i P,or: 
(a) a IJH L.:>-hL~ yra:.ltt.'nt in s t e ad ot a p li :> -10 yra::11~nt, and (li) the use o t 
const an t µJ....er tor tocusi f).J to en s ur e tha t clllequate reool utton ao::i a linear pH 
~r.x.l ien t (~tW(:cn pll J.8-9. ~J .lf ~ wt.:i i nl:;.'t..J in o nly :.:'. ht witl"'ou t cwer~ut inJ a t. 
th:! y,d . '!he cunµ1£·te me t h.xl OlO:J y ot the t echn 1que 1s d e scr Lbc.-0. f:)(tren e 
carE.: in sanple collectlon, pr ocessirg , anj sto r3=1 L· stould be exe rc i seJ, an.J 
th..· mt..-t:.h.xl shoula tollo...ed exacU y as sta t.tu t o ass ur e .rc urat.£> anti 
cepra:loctt>lt- rt.:sult s . 
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t.ypo 
No. Donor 
t4l'&tad ogc tyr) 

Mean !. S. D. Ranql!' 

Nor~l cont.ro.1 28 29 .!c 8 12 -4 8 

C1' he tero:1:yqotl! 28 34 .'.. 0 20-57 

cr homo.:Eygo t e JI 12 .'.. • 2. 5-25 

Asthma. c:ont.rol b 22 .!c • 10- 32 

. .. CFP band p resent; . ' CFP band present but fa in t1 
Analy!ji s of serUll'I 5.,_mP le containing JOO uq tqG. 

b Norm.al pa.ti@"nts wit h bz-onchio1 l asthma.. 

l/ 

I gG level 
lm<J/IOOml I 

M.ean _! 5.D . Ran~e 
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962 .!c 145 600 -2000 

1290 :. Sta 550 - ]600 

981 .!c 282 660- l'iOO 

-, CFP band absent • 
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crP 
present" 

0 2o 

25 
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Fly. l. l-C'sults ot lSJE-'lectr1c tocu.str).J at w:,oll.' serun tn u. pH L.5-HLk1 
gra::.nent. N, oorn1.il control; c, er h(JfOZyYotc; A, putlt.·nt with bronchial 
asttunu; H, obl l':late heterozyyote. All serun samples contuined J(l\'.l PJ IgG. 
1~ scalL· on ttle Cl',Jht 1rdtcdtes U1E· ,.llstance in centuneters trCl11 the bottan 
ot the .s.::unple c1wl 1c.Jt1on (.1. S an trom tl1€' top ot the unocL:U strip) . The 
arrows trdicute the µ:isttion ot cJ oard doublt:>t tourd tn CFP-rositivc Silllples. 
'lhe lO'M:'C Land 1s Cl- P. 'it1(' cuclc .Jt tlx- bottom ot the tour th sample trom the 
h·tt is an urttt<JC:t. 'l'tK..' ill.Jure shJwn 15 u canµJsite ot one gel wiU-1 seven 
samples and another (t.::ir right) with two samples. 
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Fty. L. fu:-sult:-o ot fjH mL·asuumenL; .:1t 4°c trun ,:maJf· to cu.tho::.lt' on th2 
.surt,JC1c ut .J. rxily.J.L~ryl.:.1niu,_ -~·~·! :_;1m1lar to tl"ll: tinL· snuw-1 1n r1,.p1r(· l. 
Avsc1s@: ccntuneters trUTI tnc ,:moot_·. 

N C H' N 
Ftq. J. 1:nlar,JC1T1f_•nt {_)1 p::irt (11 ttlf.· mu,;t L·ath.x.1c..l tl.'-Jion ot tli( · rolF1cryl.:1nich· 
gel sh::iwn rn 1-tgure 1. Sanplt:.>s shJwn (N,C,H,N) art: the tust three aoo the 
tltth t .. ,a.rnplctc; in f1,Jure l (lett to r19ht). Arrows clf'Otly d( .. p1ct two distinct 
bc:uds iourd 1n U liaruzyyutes u.nJ neterozyJote:..; liut not in thL· normal 
controls. 'ltk: low...•r tJdf-.d is CFP. A.l..thou.Jh tt1t two N sillTlples c:i~clt l iqhter, 
tht:.· utht:r N anJ /\ sanples stuwn 1n r·1g ure l art.' as aar k cis the C .Jn.:J l1 
~.amµlt:s, yet tall to show U 1-'. 
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Fly. 4. wlor [-llut~r.:iµ1 lJt •Jcls shO'Ni~ the ccrnplete serun protein patterns 
ot1t.:i111t: .. 1 tor L G r1rn1UZYJutk, !. ht:·tt.'rozyJote, am J oormcil control sc1T1ples 
.:ittL·r c,Jeetrotl.x.:u.su).J tn .:i tA--i L.S-hl.r:J qr.::d1cnt. r-.k;tc, tt-ut u distinct doublet 
(l ln('S) ts ctJservu..1 1n ill! lilIDJZ'Y,JOtl.· anJ ht..'tt:rozyJote sanples (U•P is the 
low__.r ! me). lnL' normill £.1fflples UCJ not ri.Jvc· u distinct bo.nd doublet but ao 
h.JVe a11tu~-;~ ricick,:1ruun:.J bc.ird1ry. All sanples cont.:nned Jt'.H:l ot IyG. 'l'hE· 
low...·r uracK.L't encluSt..·~ J L-ctnos. '1't1ese Cill1 ue u5E'(J to i.Jc1litute cCITip:3rison ot 
t!1E..· culur t)tlnt w1tr1 trI1..· t,l..JCK c.in .. 1 wtntt ·--Jt:l 1n F1yur(' l unJ to canpare th? 
uitter!:..'nt &::11r1plcs run. Arrow .::it bottan 1ndicutes the toµ ot the tndentat1on 
lett by the san[-)10 .J.t-4,-l 1c..:,,twn 1)..:......1. 
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