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Summary

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: (1) 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-IgG 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 cystic 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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INTRIDUCTION

Previous reports ftrom owr laboratory have shown that a cystic tibrosis protein
(FP) can be detected in sera tram most CF patients (hanozygotes for CF) ard
heterozygotes for CF by analytical isoelectric focusing (11,12). A stanaard-
ized assay tor the detection of (P has been reported and the speciticity of
P for the (F gene has been established in two separate studies (9,11).
Previously we characterized (FP as a cationic protein with an isocelectric
point (pI) near pH 8.5 and a molecular weight ot 3,508-10,9¢9 which can be
1solated concanitantly with serum IgG  (18-12,15) . The  physicochanical
properties ot (FpP resemble those estapblished for the “(F factors" describea by
researchers utilizing bioloyical assays for their detection (4) . In tact, w
have recently shown that (P 1s found only in those serum tractions which
harbor a (F-specitfic ciliary ayskinesia tactor (CDF), thereby supporting our
poposal (14) that CFP may pe similar to a (F-CDF which we have isolated (15).

The standardized assay for P detection previously proposed as use tul
method tor the routine determination ot heterozygotes tor cystic tibrosis
(11) , was developed tor use with the electrotocusing equipment described by

a

Awdeh et al. (3,7). The electrofocusing apparatus unfortunately 1s not
readily availaple since 1t 1s not comnercially produced (8,13) . Theretore, we
indilcated previously (8,1¢9,13) that we were exploring the use of the LKY

Multiphor electrotocusing apparatus tor the detection ot CFP and camparing the
results with our results obtained using the apparatus of Awdeh et al. (3,7).

In the present report the camplete methodology tor the detection ot (P using
the LKB Multiphor 1is described. A color photograph is provided to clarity the
results avtained with our method.

MATERIALS AND_ METHODS
Collection_and processing ot samples

Venous blood tram normal individuals, patient controls with bronchial asthma,
CF hamozyyotes, and obligate heterozygotes tor CF were collected and processed
as described previously (8,11,13). The patients with bronchial asthma served
as controls to recheck the specificity ot CFP tor the Ct gene All serum
samples were stored trozn at -7¢9C until analyzed by electrotocusing.
Intormed consent was ootaincg tram all subjects (or in the case ot minors fran
thelr parents) prior to obtaining a blood sample.

Quantitation ot IgG

The concentration ot I4G in each serur sample was determined by single radial
umunodittusion as descrived previously (11) .

Isoelectric _tocusing

Isoelectric tocusing 1n thin-layer polyacrylamwde gele utilizing the apparatus
of Awdeh et al (3,7) was pertomea in a pH S-1¥ gradient exactly as
previously describea  (11) . Akditional details ot the technique and pre-
cautions concerning the method and sample collection anu processing  have
recently been reportea (8,13).

Isvelectric tocusing 1n thin-layer polyacrylamide gel using the Kb Multiphor
(Mogel 2117-411, [Kb pradukter, broana, Sweden) was pertormed by moditication
ot the procedures descriwed previousiy (8,11) tor use ot the apparatus ot

Awdeh et al. (3,7). The electrade solutions ana gel camposition were
identical to those described (8) except that a gradient ot pd 2.5-16.9 was
used (2.¥% W/V Ampholine carrive ampholytes, ph 2.5-4.8 and 3.5-10.9; Lkis
Produkter) instead ot pH 51w (11). Preliminary experiments were run to

campare the results actained using the LKB Multiphor with pH 5-1¢ and 2.5-14.¢
gradients. ‘lhe use of a more acidic pH near the anode favored the demonstra-
tion ot P. Prolomyed exposure of the serum samples to an acidic pH and 4 M
wea 15 also thought to tavor the demonstration of (FP (8), possibly due to
the dissalution ot IyG-(FP camplexes or the alteration ot same other precur sor
that may lwerate (Frb. The apparatus ot Awdeh et al. (3,7) reguites 18-24 tr
to focus (11,l¢), whereas the LKB Multiphor requires only ¢ hrt (sec below) .

Since the samples are exposed to acidic conditions tor only ¢ hr, a more
acidic pH may enhance liberation ot (Fp (8,13,15) .
The gel was pretocused at 3% V (constant voltaje) tor 38 min. Samplec were

applied onto 6X8 mm pads ot whatman 3MM chramatugraphy paper placed with the
lower eaye of the pad S mm trom the anodal strip. ‘1he gel was tocused at 35 w

(constant power) tor 1.5 hr by usiny an LK& Model 2143 power supply. The:
sample application paos were not removed untii campletion ot the run.
A constant power source was tound to be necessary, SUKe tu cotaln  aeyguate

resolution ot the protein bands at ph 8-9, voltages in excess of 18¢¢ V must
be used. Constant jower control helps prevent localized overheating during
the run. In aidition, 1soelectric tocusing was pertormed at 49C using a Lauga
K2k controlled temperature circulatiny water unit (Brinkman Instruments) .

All serum samples were analyzed using a volune ot serum which containea 3¢ L]
IgG, 1n accordance witn our standardized protocol tor CFP dgetection descr lwed
previously (11).

Reading of the pn gradient, tixing, staining, and destaining ot the gel were
pertomed as described previously (11) with the tollowing moditication.
Instead ot a prior overnight tixation with 128 trichloroacetic acwd (1CA) and
5% sultosalicylic acia (SSA), the jel was tixed anu stainea simultancously at
BOUC tor 64 man.  Clhe stuining wlution consisted ot 139 g SSA, 4% g IUA, and
4.5 g Coamassle Blue R2% 1n 2799 mi water plus 135 ml methanol. ™mis
procedue was used only tot Jgels obtained trom the LKy Multiphor .

KESULTS

Typical resuits obtained tor the protein banding patterns ot CF homozyjote,
heterozyyote, nomnal tealthy control, and noonal patient control (patients
with bronchial asthma) sera are shown i1n Fig. 1. The pH gradient as estimated
with a surface pH electrode at 4% 1s snown 1n Fig. 2. Analysis ot 61 samples
positive for (FP stowed that this protein hao a pl of 8.57 + ¢.42 (Table 1).
This value agrees closely with the pl of 8.46 + 0.05 previously reported using
the apparatus of Awdeh et al. (3,7). (&P can be identitied as the lower band
ot a band doublet focusing within the most cathudal centimeter ot the stained
serun protein pattern (about 7.8 an tram the bottam of the sample application
pad, or 8.3 an trom the top of the anodal strip) (Fig. 1). Figure 3 shows an
enlargement ot the area containing (FP to clearly demonstrate 1ts location.

In detecting CFP, confusion between distinct banding and ditfuse backjround
staining must be avolded. The normal control shown in Fig. 3 (the one on tne
left) appeared to contain a taint CFP pband, but camparison ot the sample with
other (FP-positive samples allowed us to differentiate this normal control as
beiny (FPnegative (Figs. 1 and 3). In addition, when a volume ot serum
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containing 489 py ot I9G was run, this control remained neyative, confimming
that it was (FP-negative at 366 3.

Figuwe 4 shows a color photograph ot pH 2.5-10.4 gels containing 2 CF, 2
heterozygote and 3 nommal control samples. The band doublet inaicatiny CFP is
marked by lines. A multitude ot protein bands and excellent resolution in the
pH 8-9 reyion were obtained Ly electrotocusing with our method. CFP 1s taint
canpared with many other serum protein bands on the gel. Attempts to provide
adequate black ana white photographs ot gel sections containing (FP normally
result in partial loss of protein patterns clsewhere (ct. Figs. 1 and 4).
Theretfore the present color photoyraph is also provided

The results ot electrotocusing 28 nomal control sera, 28 heterozyjote sera,
31 CF hamzygote sera, and 8 sera tranm patlents with bronchial asthma using
the LKB Multiphor and ow standard assay conditions are shown in Table 1.
Three ot tne 36 controls (noonal plus patient controls, Table 1) were
CEFP~positive, a trequency that aoes not ditfer signiticantly from the expected
value ot 2 1n 48, suyyesting as in previous studiles that (FP 1s specitically
diagnostlc tor a metabolic defect uniquely associated with the Ct gene.
Canplete ajreement was touna petween the results in Table 1 and those obtained
using  the apparatus ot Awdeh et al. (3,7). Therefore, we tecl that the LKB
Multiphor can be used to screen sera for (FP, and that the banu shown in Figs.
1, 3, and 4 1s analogous to the proteiln band described as (FP in previous
publications. In aduition, we have recently established the molecular weight

range ot (PP detected Ly the LKB Multiphor as 1,100-13,788 (15) .

DISCUSSION

since the publication of our orginal report (11) describing the methodology
tor a new diajnostic test to detect indiviguals who harbor the CF ygene by
anal yzing  whiole  gerum using  analytical electrotocusing, three attempts to

reproduce our tintinys have been published (2,9,6) .

snith et al. (S) axi Thomas ¢t al. (6) claim to have analyzed CF homozygote
and normal control sera using clectrotocusing methods exactly analogous to
ouwrs (11,12); nowver, neither growp used the apparatus ot Awdeh et al. (3,7)
to  pertorm  thelr  studles. ‘‘ne  nwvestlgators could not detect P or

ailstinguish between CB banozygote and control sera.

In previous publications (8,13)
thelr lack ot success: (a)

we have 1ndicatead three probable reasons tor
the apparatus used, (b) LUmproper collection,
processing, ana  storaje of samples, and (<) tie methodology used.  Neither
snith ¢t al. (5) nor Thamas et al. (6) presented photographic eviagence that
they ever reproduced the protein patterns shown previously (11), yet both
Yroups went on to madity the technigue extensively in attempts to increase the
resolution. Therr alterations, although resulting 1n serum protein patterns
with obetter resolution outside the pH 8-9 region, tatled to show owious
ditterences between (F homozygote and normal control sera. It is impossible
tor us to suyyest exactly why these 1rwestigators were unable to reproduce our
results, since their camunications loack sutticient detail to permit a caretul
camparison ot the data.

A tew polnts should be maoe concerning the detection ot CPE. Fiest, localiza-
twon ot 'F in a Jel bases solely on recorded pl values should be avolded.
Measurenents ot ph can ditter between laboratories.  Therefore, to detect CEP
an 1nvestigator smould evaluate the entire uppermost centimeter ot the stained
serum patterns rather than just the region at pH 8.5. Second, standardization
ot the assay using ow procadure 1s essential tor the detection ot CFF oin most
&' homozyjote and heterozygote samples (8,13; Table 1) . Finally, extreme care
in sample collectton, processing, and storaje must be exercised (8,11,13,14).
The samples shoula be processed at 49C trom the time ot removal of the blood
to the time of serun storaje at -799C, and serun samples should not be left at
49C upon  thowing  tor analysis but should only be thawed Lmmaliately betore
cvlectrotacusing .

In aduition to smith et al. (5) and ‘lhomas et al. (6), Altland ami co-workers

(¢2) have attanpted to dctect (b, Altlana et al. (2) utilized vur earlier
methodology (12) (1.e., prior to standardization and aevelopment ot improved
methads tor tixing and staining to reduce background) . Although the 1ntense
packground staln dwe to high variabillity within the I4G region (2) made it

Wpossible to Jdetect (PP, these investigators were able to demonstrate a low-
molecular-weight cauponent touna only 1n Ck hamozyjote and heterozpjote sera
by pertuoning a second step of electrophoresis utilizing the serum protein
traction tocusing at pH 8-9 (1,2). whether the cationic protein described by
Altlam et al. (1,2) 15 our (P 1s unknown at present; however , thelr findings
aki sypport to our clailms that a protein with a molecular weight ot 3,500~
l¢,400 and o pl near pH 8.5 1s tound at a concentration high emowgh tor
detection 1n microliter quantities ol sera trom most hamozygotes and hetero-
zygotes for Cb (14,11,15) .

It 1s possible that normal control sera also contain small anmounts ot CRp;
lowever , most nommal control sera analyzed were (FpP-negative when a volume ot
gerum containing 308y of I9G [or more (11)] was used. In addition, the
nunber ot (Fi-positive control scra tound was not signiticantly diiterent tram
an expected carrier frequency ot 1 in 20 (ret. 16) in the Caucasian population
{9 out of 114 and 2 out of 28 (refs. 18,11; Table 1)}. I1f normmal sera do
contain low levels ot (PP, then tne aevelopment of a radioimmunoassay (KIA) to
detect ('P may allow us to guantitate it and establish cutott levels detining
rornal e (F genotypes. we e working to retine an RIA tor this purpose .

SUMMARY

Tu alleviate sume ot the problems encounterea by other 1nvestigators in
detectiny (FP and tu provide a more rapid assay for its detection, we asapted
owr previousiy described technigue (11) tur use with the [KB Multiphor. Our
results suyyest that the LKb Multiphor can be used to detect (FP ami therefore
axreen sera for the Ck genes rapidly in a single step. Fitty-eight ot SY
hanozygote and heterozygote sera were (CFP-positive as canpared with 2 ot 28
normal control sera. Only 1 ot 8 patients with bronchial asthma included as
patient controls was (FP-positive, suggesting as 1n other studies that CFP 1is
a specitic marker tor CF (9,11) .

Two maditications were required tor detection of CFP using the LKB Multiphor:
(a) a pH 2.5-1¢.¥ gradient instead ot a pH 5-1¢ ygrauient, and (L) the use ot
constant power ftor focusing to ensure that adeguate resolution and a linear pH
gradient (petween pl 3.8-9.2) are ovtailned 1nonly ¢ ht without overheatimng ot
the gel. lhe canplete methodolayy of the technique 1s described. EXtreme
care 1n sanpie collection, processing, and storaje stwuld be exercised, and
the method shoula be followed exactly as stated to assure accurate and
reproducible results.
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Serum Positivity for Cystic Fibrosis Protein (CFP) as Determined by Electrofocusing with the LKB Multiphor

Serum No. Donor IgG level CFP
type tested age (yr) (mg/100m1 ) . Sex present?

Mean + 5.0, Range Mean + S.D.  Range M F + & =
Normal control 8 29 + 8 12-48 1034 + 269  6€01-1650 11 17 2 o 26
CF heterozygote 28 M+ 6 20-57 962 + 145  600-2000 9 19 25 2 1
CF homozygote 3L 12 + 4 2.5-25 1298 + 518 550~ 1600 19 12 9 2 1]
Asthma controt? & 2248 10-32 961 + 282 660-1500 &5 3 1 o 7

4 +, CFP band present; +, CFP band present but faint: -, CFP band absent.
Analysis of serum sample containing 300 ug IgG.

b Normal patients with bronchial asthma.
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Fug. 1. Results of 1soelectric tocusing of whole serum in a pH 2.5-18.¢
gragient, N, nomal control; ¢, Cb hanozyjote; A, patient with bronchial

astnma; H, oblijate heterozygote. All serum samples contained 36¢ pg I9G.
The scale on the right indicates the distance in centuneters tram the bottam
ot the sample application pad (¥.5 an trom the top ot the anodal strip) . The
arrows 1ndicate the posttion ot a vand doublet tound 1n (FP-positive sanples.
The lower band 1s (FP. lhe circle at the bottom ot tne tourth sample trom the
lett is an artitact.  The tiyure shown is a canposite ot one gel with seven
samples and another (tar right) with two samples.

pH 4C
o
1

T
4 5 6 7
Centimeters

T T
8 9 10N

Fu. 2. kesultsz ot pH measurement: at 49C tran ancue to cathoae on the
Surtace ot o polyacrylamwe gel similar to  the one snown  1n Figure 1.
ALSCLSSa: centimeters tram the anode .,

——
—

N C H N

Fry. 3.  bnlargement of part of the most cathooal region ot the polyacrylamide
gel shown 1n Figure 1. Samples shown (N,C,H,N) are the tirst three ana the
titth sanples in Fagure 1 (lett to right) . Arrows clearly depict two distinct
bands tound n (P hamzyjotes ana  neterozyjotes but not  in the normal
controls. ‘Ihe lowr band is CFP.  Although the two N samples appear lighter,
the other N and A samples shown in Figure 1 are as gark as the ¢ and h
samples, yet tail to show Cb.

Copyrisht () 1977 International Pediatric Research Foundation,Inc.
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Fig. 4. wlor photograpn ot yels showing the camplete serum protein patterns
obtanes tor ¢ Ck namzygote, 2 heterozpwjote, and 3 normal control samples
atter electrotocusing 1in a pH «.5-1d.¥ gradient . Note that a distinct doublet
(lines) 1s wserved 1n all harozygote and heterozyote samples ((FP 1s the
lower line) . lhe normal samples do not have a distinct band doublet but Qo
have dguttuse packjround banding. ALl sanples contalned 30¢ gy ot IgG. The
lower vracket encloses J bLanas. these can ve used to tacllitate camparison ot
the color print witn tne tlack ana white gel 1n Figure 1 and to canpare the
ditterent samples run. Arrow at pottom inaicates the top ot the indentation
lett by the sanple application pad .
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