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We haw att<.:mpt<.:d to reproduce the 11.::FAG method speci
fied hy Wils()n cl al. (5) in our lahoratory (7) . Sinrc the resolu
tion nhtaincd with th<.:ir procedure appeared to he inadequate 
for identifying singk protein bands in the rckvant region. we 
haw incorp()ratcd several mcthodologic improvements into thc 
isodcctrk focusing tcdrniquc (4). These improvements haw 
signifi<.:antlv cnhanccd the resolution and haw thus cnablcd us to 
demonstrate a greater degree of hctcrogcncity of scrum y-globu
lins than is visibk in the papa of Wilson er al. (S). Figure I is a 
comparison of the alkaline IEF pattcrns nf scrum proteins ob
tained in our laboratorv bv the method of Wilson 1'/ al . ( .~) and 
hy one of our methods (3).· Despite the significant increase in the 
number of hands rcsolvcd by our method . a difference among 
CF. hctcrozygotc. and rnntrol scra in the pH 8.4-8.5 region 
could not he dctcctnl. In addition. the two-step ll'FAG/disc 
clcctrophorcsis technique of Altland 1'/ al. (I) has bccn tested in 
our lahoratory. We have also modified this analytic procedure. 
cnahling the fractionation of several small proteins from a por
tion of the lgG fraction . Again. despite an improvement in 
resolution which reveals more hctcrogcncitv . no unique protein 
has been observed consistently in the CF and hctcrozvgotL' scrn. 

The details of our analyscs and our conclusions relative to till' 
reports of Wilson 1'/ al. (5. ()) and Altlaml ct al. (I) will be 
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In a previous communication (7). written in response to a 
kttcr by Smith ct al. (3). wc suggested several possihk reasons 
for the inahility of Thomas et al. (4) and other investigators (3) 
to detect cystic fibrosis protcin (CFP) using ckctrofocusing tech
niques. Those investigators have reported that their techniques 
were analagous to those USL'd in our lahoratorv ( I I) lll' claimed 
them to he improvL·mcnts over our method (3. 4). Our explana
tion focused on the following three possihlc major differences 
he tween thL·ir techniques and ours: ( /) the apparatus used for 
dcctrofocusing. (2) slight differences in the rnllcction. process
ing . and storage of scrum samplcs. and (3) thL· exact methodol
ogy used for dcctrofocusing (7). Also. we provided additional 
details conL·crning our mcthodnlogy and the reagents employed 
(7). 

Before the prcscnt exchange of lcttcrs. Thomas and coworkers 
cnmmunicalc'd with us for the purpose nf ,ktcrmining pnssihk 
reasons for their inahility to detcd CFP by clcctrofocusing . Key 
points made during thesL' l'onversations arc reiterated hdow in 
detail in a firm attempt to a lleviate future prohlcms hy inexperi
enced investigators in their attempts to use analytic clcctrofocus
ing to detect CFP. 

SAMPLI ' COLLECTION 

Extreme care in samplc collection. processing. and storage 
must he exercised (7. I I). ( 'FP and other diagnostic markers 
used to dctcct the CF gene and to distinguish homozygotcs from 
heterozygotcs for CF (e.g ., bands B. C, and D , and a 2 Mf (9-12, 
14)) arc proteins whose hiologic activity. structure. funl'tion . 
and isoclcctric point (pl) depend on the manner of manipulating 
the blood hcforc separation of the scrum and subsequent scrum 

presented at a later time (3). 
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analysis. In the case of CFP. we rccommcnd the following 
procedures: ( /) after removal from the vein. the hll>od should 
immcdiatd~· be placed in glass tubes in an ice hath (if it must he 
transported from the clinic to the lahoratorv) or at 4° to clot 
( 11 ) . (.?) After retraction of the clot has ocrnrrcd. the hlood 
should be ccntrifugcd at 4° . (3) Suhscqucnt removal of the 
scrum should he performed employing plastic pipettes; aliquots 
should then be transferred to prcchillcd (in crushcd ice) plastic 
or polypropylcnc tuhcs. The scrum should then be stored at 
- 70°: the scrum should 1101 he left at 4° awaiting analysis. When 
analytic procedures arc performed. the scrum should be thawed 
just hcforc its application to the sampk pads. 

Failure to adhere to the ahovc protocol could result in struc
tural altcration of CFP (and also CF ciliary dyskincsia activitv 
( 13)) with a rnnrnmitant change in its pl. This structural altera
tion in ( 'FP may he due to enzymatic degradation either by 
L'ndogcnous cnzvmcs rclcascd from cells damaged during the 
process of clotting or by cxocnzymcs already present in the 
scrum (especially if CFP coexists in hound and frL'C forms at 
equilibrium in scrum (9)). Degradation of CFP might be a 
probkm. particularly in hctcrozygotc carriers, since any enzyme 
defect in CF homozygotcs appears to he only partly manifested 
in carriers. An example of a defect is the quantitative ahnormali
tics noted in the ahility of hcterozygotc carrier a,-macroglobulin 
( a"M) to regulate or modulate proteolytic enzymes as deter
mined hy thc production of dctcctahlc a"-macroglobulin suh
units hy clcctrofornsing or othcr assays ( I 0. 14). 

STANDARDIZATION OF ASSAY 

As originally reported ( I I). all scrum samples should he 
analyzed using a volume of scrum standardized to contain 300 
µg lgG. We have previously shown that CFP is a small molcculc 
(9) associated with the scrum lgG fraction ( 12). Based on the 
assumption that CFP has a stoichiometric relationship to lgG . 
we determined a level of IgG (the proposed carrier of CFP in 
scrum) which, if used for analysis. would result in dctcctahlc 
levels of CFP in the majority of homozygotcs and hetcrozygotcs 
for CF (9. I I). One cannot simply run any given lcvcl of scrum 
(e.g . . 50 µI) and expect to detect CFP reliably in all individuals 
who harhor the CF gene . Analysis of inadequate amounts of 
scrum will result in false negatives. Use of too much scrum will 
result in overloading the region between pH 8 and 9 and else-
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where. producing dark background staining and heavy hands near 
CFP. which will collectively obscure CFP and make its detection 
impossible . 

LOCALIZATION OF CFP ON (iEL 

In our 1973 report ( 12). we characterized CFP as a protein 
with a pl nf 8.41 :t: 0.10 . Later ('J. I I) . we gave. in addition to a 
rcvisctl pl of 8.46 :t: 0.05 . the localization of CFP on the gel in 
ccntimL·tcrs from the anode. This was done for a specific pur
pose - to allow other inwstigators to localize CFP on a gd \\ hen 
the apparatus of Awdch 1•1 al. (I. 6) is used. without hav ing to 
worry ahout individual variations in thL' measurement of pH 
values hy diffrrent lahoratories. We also provided a phntograph 
showing the entire stained scrum proh:in patterns for two normal 
subjects. two hctcrozygotc rarricrs. and one cystic sampk ( 11 ). 
to demonstrate clearly that the CFP hantl was located in th<' last 
c1'11li111£'ter of !Ill' sraincd serum pro/l'in pllltcms. 

In our communications with Thomas and coworkers we 
learned that. despite our suggestions. they had not analyzed the 
samples they screened hy either using ( /) the equipment of 
Awdch et al . (I. 6) or (]) cmploving our standardized procedure 
( I I). It is unknown whether or not they exercised the require
ments for scrum sample collection. processing. and storage. We 

feel the ahovc reasons arc sufficient to explain the reported 
failure of Thomas 1•/ al . (5) to rcprndUCL' our results and to detect 
consistently a ( "FP in sna from indi viduals with the CF gene. 
There is an atlditional reason for their failure which is clearly 
evident from the figure thcv prcscntctl . 

Figure IA of their communication (5) shows the results of 
analyzing one normal (N). one hctcrozygoh: carrier (H). and 
one cystic (C) sample hy our method of dcctrofornsing hut 
employing a Brinkman clectrnfornsing apparatus. A picture 
intlicating the total scrum protein pattern ohtaincd is not given. 
A graph depicting the pH gradient as a function of centimeters 
from the anode is not given. A scale in ccntimch:rs from the 
anode (useful for the localization of any particular hand) is not 
given. Therefore. Thomas er al. (5) do not present evidence that 
they reproduced either our pH 5- IO gradiL·nt. specificall y made 
to cnhan<.:e the detection of CFP. or our protein handing pat
terns . shown pn:viously ( I I). We assume the picture in Figure 
IA is provided as evidence that rw banding differences exist 
he tween the N. H. or C samples shown. However. it is clear 
from an inspection of the uppermost centimeter of the patterns 
shown in Figure IA that the cvstic sampk has ohvious cationic 
protein hands not fount! in the normal sample (near pH 8.79 and 
8.()); the H sample also sh,1ws these hands . although they a ppear 
fainter. The problem appears to he that Thomas er al. have hascd 
the evaluation of their results solely on attempts to loca te a band 
with a pl at pH 8 .41 (as stated in their ahstract) ( 4). It is ohvious 
from F igun.: IA that thi.: pll 8.41 band . as ri.:cordi.:d in thi.:ir lah. 
is not at all ni.:ar the top of the stained si.:rum protein patti.:rns. 
Figuri.: I B of their i.:ommunication epitomizes thi.: problems of 
making accurati.: gradii.:nts and mi.:asun.:mi.:nts. Wi.: and our col
leagues (2) know of no normal scrum protein focusing at pH 
lJ .82 or higher which is dctcctahlc when I 0-50 µI of scrum is 
analyzed (4) in thin layer polyacrylamidc gels by clectrofocusing. 

To summarize. in this communication and clscwhL·rc (7. I I) 
we have alleviated some of the problems encountered hy other 
investigators using clcctrofocusing to detect CFP by dcscrihing 
several guidelines to follow in collecting a nd analyzing scra. We 
feel that a major pmhlcm might have hccn the uniqueness of the 
apparatus of Awdch er al . used in obtaining our results (Y-13). 
The apparatus is a custom-huilt piece of equipment which re
quires a set of running conditions different from those noted by 
the manufacturers of commercially avai lahlc apparatuses (e.g., 
the LKB Multiphor and Brinkman clcctrofocusing apparatuses). 

Previously (7. Y), we indicated our exploration of the LKB 
Multiphor for use in the detection of CFP and comparison of the 
results with those obtained using the apparatus of Awdch er al. 
(I. 6) . We have rc<.:cntly completed this study and . in addition . 

utilize d the LKB Multiphor to follow the isolation of CFP (8. 
15) . Although the complete methodology anti results obtained 
arc the suh_jcct of another report (8). representative results arc 

provided in Figures I and 2. The following basic modifications 
were necessary: ( /) use of a pH 2 .5- 10 gradient instead of a pH 
5-10 gradient and(]) use of constant power (instead of constant 
vnltagc) for focusing the scrum proteins. Complete concordance 
was found he tween the results ohtaincd with the LKB Multiphor 
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Fig . l. Lkctrofocusing of whok s.:rum in a pH 2 .5-10 gradient using 

th.: I.KB Multiphm. N: normal rnntrol suhject; C: patient with cystic 
fihrosis; /( : ohligatc hct.:rnzygot.: carrier for t·ystic fihrosis . Srnlc on 

right indicates n:ntimcrers from the anodal strip. Th.: lin.:s indicate the 
location of a ham] douhkt found in cystic fihrosis protein-positive sam

ples . The lower hand is cystic fihrosis protein (pl ahout 8 .57). 
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Fig . 2 . Results of pH measurement at 4° from anode to cathode on the 
surface of a gel corresponding to the one shown in Figure I . 
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In a recent paper Richardson (3) reported a study of 6-10-
year-old Jamaican children who had been severely malnourished 
in the first 2 years of life, and compared them with contrast 
children from the same neighborhoods. He found that small 
stature, disadvantageous backgrounds. and early malnutrition 
were each associated with low IQ. Multiple correlation revealed 
that the smallest contributor to the variance was early severe 
malnutrition. We feel that this may mislead some readers into 
minimizing the relationship of severe malnutrition to intellectual 
development. 

The only information available about the nutritional status of 
the contrast group in early infancy was that they had not been 
hospitalized for severe malnutrition. Undernutrition by the Wel
come Classification (4) is common in Jamaica and longitudinal 
studies have shown a prevalence of 20% in the 1st year of life in 
urban children (2) and 30% in the first 2 years of life in rural 
children ( l). Experience has shown that infant malnutrition 
tends to occur in specific neighborhoods in Jamaica and the 
presence of known cases of severe malnutrition would indicate 
areas of higher prevalence. It is therefore probable that a signifi
cant number of the contrast children were underweight during 
the first 2 years of life. From the available evidence it would 
seem likely that even mild-moderate malnutrition in infancy is 
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associated with the level of children's intellectual development. 
Consequently, the inclusion of such children in Richardson's 
study would minimize the proportion of the variance found to be 
due to early malnutrition. 

At present we are studying young Jamaican children who are 
hospitalized with severe malnutrition and comparing them with 
well nourished children (over 80% expected weight for age) 
from similar socioeconomic backgrounds and hospitalized with 
other illnesses. We find that I month after discharge from 
hospitals there is an extremely large difference between the 
Developmental Quotients of the malnourished and the well 
nourished children. This difference is in the order of 25 points. 
From our work so far it would appear that at this age the relative 
importance of nutritional status in intellectual development is far 
greater than that found by Richardson. 
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