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JOURNAL OF IMMUNOASSAY, 7 ( 1 & 2 ) ,  5 7 - 7 2  (1986) 

JOG G i l b e r t o  H. V i e i r a ,  Marli A.D. O l i v e i r a ,  

Rui M.B. Maciel, Carlos H. Mesquita and Ekaldo M.K. -so. 

Division of hdocrinolcqy, 

Departmnt of Medicine , Escola Paulista de Medicina. 
Caixa Postal 20266 - CEP 04034 - 6 Paulo, S.P., B r a s i l .  

An hamlogous radioinmunoassay for  the synthetic 1-34 amino 
terminal fragment of h m  parathyroid homne (hETH) was devel- 
aped using antihodies obtained fran yolk of eggs layed by an 
imnunized chicken. The 1251 labelled 1-34 hPTH peptide was 
purified by cationexchange chnrnatography which provided a highly 
stable preparation. The specif ic i ty  of the. assay showed a cross- 
react ivi ty  of 50% w i t h  the  1-34 hPI'H (code 81/574) preparation and 
27% with the 1-84 hETH (cxzde 79/500) preparation, when canpared 
w i t h  the 1-34 hETH fran Bachen that w a s  used for imrmnization and 
labelling. The minimal detectable dose of the assay was 10 ml/l; 
in 69 healthy controls the values obtained ranged from <lo to 28 

5 7  

Copyright 0 1986 by Marcel Dekker, Inc. 0197-1522/86/0701-0057$3.50/0 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



58 V I E I R A  ET AL. 

pl/l and i n  14 patients with surgically proven mimary 
hyperparathpidisn f m  10 to 519 p~1/1. (Key wrds: Parathyroid 
homne  , Radioirnnumassay , Egg Yolk derived a n t W e s  , Amino 
tenninal specificity.) 

The ideal inmunmssay is the one that can measure the  biol- 

logically active mlecule ,  thereby obtaining a high correlation 
with the bioassay. Concerning h w  parathyroid b m n e  (hpTH) the  

s i tuat ion is particularly d i f f i cu l t  since mst of its circulating 
lm-1 forms are biologically Inactive mid ard carboxyl-terminal 
fragments ( 1 ) .  The active forms omprise the  intact mlecule and 
the anrim-terminal fragment; both are s b r t  lived (2) rendering 
the developnent of an irmruMMssay a d i f f i cu l t  task. The 

elucidation of the amim acid sequence of the hFTH mlecule  (3,4) 
provided a new tool for  the developnent of assays since synthetic 
peptides can be use for  the generation of specific antibodies, 
and also for  labelling and as standard. 

The limited nuhe r  of publications dealing with the 
developlwt of specific amino-tenninal hFTH assays (5,6,7,8,9) are 
m t m r t h y .  It denotes mt only the  d i f f icu l t ies  in producing high 
af f in i ty  antibodies against the 1-34 hFTH peptide, but also the 
technical problew i n  labelling that peptide, and the  low serum 
levels of biologically active hPTH (10). 

developlwt of radioimnunoassay methds for  hFTH (1 1,12,13) and we 

have recently reported the possibi l i ty  of extracting specific 
antibodies from t3-~ yolk of eggs layed by imunized chickens (14) . 

W e  report herein the results obtained in the developnent of a 
radiohnumassay (RIA) for  the hpTH 1-34 fragment using antibodies 
obtained f m  yolk of eggs layed by a chicken im~~unized with the  
synthetic peptide, and p r e l h b a x y  results with its application. 

Chickens have been used as a source of antibodies for  the 
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HOMOLOGOUS RADIOIMMUNOASSAY 59 

Reagents : 

Synthetic 1-34 hPl”H used for  inarmnization and i d i n a t i o n  was 

purchased f r o m  Bachem Inc., Tbrrance, California, U.S.A. Synthetic 
st 28-48 h€TH was also obtained from Bachem Inc., ard the 1- 

International Reference Preparation of Parathymid I-bnoone, human, 
for  imnunoassay (lSt IRP, established 1981) , code nmber 79/500, 
as we l l  as the  synthetic 1-34 hPTH, NIBSC reagent 81/574, were 
obtained fran the National Ins t i tu te  for Biological Standards arid 
Control (NIBSC) , m l l y  H i l l ,  €Impstead, London, U.K.. Sheep 
anti-chicken IgG was obtained i n  our laboratory using egg yolk 
DEAGcellulose purified chicken IgG as imnunogen. Unless otherwise 
stated, a l l  the other reagents were obtained fmn Merck I n d k t r i a s  

Quhicas, Rio de Janeim, B r a s i l .  

production of Antisera: 

Three chickens were inmunized by multiple intradennal 
injections with 5Opq of synthetic 1-34 hFTH emulsified i n  1 m l  of 
ccmplete Freund’s adjuvant. They were reimrmnized a t  monthly 
intervals, for  three months, w i t h  the s m  dose of 1-34 hpTH, and 

blood samples (from a wing vein) here obtained mnth ly  after the 
third injection. Eggs layed by these chickens were also collected 
during the period of irmunization and a f t e r  that for a period of 

18 mnths. The egg wrocessing for extraction of yolk IgG was 
performed according to our previously published metW ( 1 4 ) .  
Antibodies were produced by the three chickens although only one 
shed  suff ic ient  titer and a f f in i ty  to be used for  the 
developnent of the radioimnunoassay. It is mtewr thy  that this 
chicken maintained a stable titer during the wble study and 
curves obtained using serum or egg yolk 1q-G were a b s t  
superimpsable (14) . As we obtained much mre antibodies f m  the  

eggs, a l l  the assay standardization studies were done w i t h  a 
pool of egg yolk IgG. 
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60 VIEIRA ET AL. 

Iodination Procedure: 

The peptide was labelled by the chloramine T m e t b d  (15) 
used as follows: 50~11 of phosphate buffer, 500 m1/1, pH 7.4 

and N a  1251 (0.5 mCi ,  Amersham International, Buckinqhmshire, UK) 
were added to lop& of 100 ml/l acetic acid solution aontaining 
0.6pg of the peptide (1-34 hETH) . Chloraanine T (50pg) i n  101~11 
pbsphate buffer 50 ml/l, was  then a&ed follawed by an 
oxidation time of 30 secords at room tanperatwe. sodim 
metabisulphite (150pg) i n  5Opk of pbsphate buffer 50 ml/l was 
then used to stop the reaction. The f i n a l  reaction product was 
applied to a 0.9x30an cdunn of CM-Sephadex C-25 (Phannacia Fine 
chemicals, p a l a ,  Sweden) equilibrated with c i t r a t e  kuffer 10 

ml/l, pH 6.0, and eluted, at  room tenperatme, using a 
oontinuxs NaCl gradient to 250 ml/l. Fractions of 1.5 ml were 

oollected and the velocity of elution was calibrated to 0.125 ml 

per minute. The fractions aontaining t k  labelled inmwmrective 
peptide were pooled, and aliqmts of 200~11 were stored a t  -20Oc. 

Serm Samples: 

Serun was obtained f m n  69 m m l  volunteer out-patients and 
pmpera t ive ly  from 14 patients with surgically confinned primary 
hyperparathyroidian. Sem saanples were kept at - 2OoC un t i l  
assayed. 

Assay prooedure: 

The buffer used throughout (assay buffer) was phosphate 20 

ml/l, NaCl 140 ml/l, BSA 5g/l, m A  50 m1/1, Trasylol 
(Bayer do B r a s i l  S/A, S& Paulo) 500 I U / m l  and "3 lg/l, pH 7.4. 
Standard curves viere prepared by dilut ing the stock solution of 
the 1-34 hETH peptide i n  assay buffer, to obtain a solution of 
250 pnol/l that  was thereafter diluted up to 15 pml/l. 0.1 m l  

of the appropriate di lut ions of the peptide, or serun smnple, 

were incubated with 0.1 m l  of an a n t m y  solution calibrated 
to prudue 15-25 percent birding when rn unlabelled peptide was 

present. Following an incubation at  ~ O C  for  2 days, 0.1 m . ~  of the 
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HOMOLOGOUS RADIOIMMUNOASSAY 61 

labelled peptide (4000 to 6000 cpn, approximately 5 frrol) w a s  
added 

separation of 
addition of 0.1 m l  of sheep anti-chicken IgG serum (final dilution 
1/80). After a 60 minutes incubation at  4OC, 0.1 m l  of ETH-free 
sennn (charcoal treated outdated sennn) was added, follawed by 
innnediate addition of 1 m l  of a 64 g/1 solution of PM; 4000 ( A t l a s  

Ird. Quim. Ma&, & Paulo, B r a s i l )  , mixing ard centrifugation at  
2500 rpn for 30 min. at  4OC. After the reroval of the 
supernatants, the pellets e r e  counted i n  a scinti l lat ion 
s p x t q h t o m e t e r  and the results w e  calculated as described 
below. 

the incubation continued for  2 additional days at  4Oc. 
ati free 1 2 5 ~  peptides was  achieved by the 

Serum calcim was  determined routinely using an atcanic 

absortion spectrophotanetry method. 

Ria Calculations: 

~ l l  1-34 hpTH curve-fitting and dose-interpolation have used 
the mn-linear four-parameter logistic model (16) , accozding the 
quation 

B o - B N  
B =  + BN 

1 + 
m50 

where [W] is the standard or sample hFlW Concentration; B is 
the bound fraction radioactive count rate response; BO and BN are 
the responses when [hpTHI = 0 ard [hPTHl + 03 ("infinitive" dose) , 
respectively; b 

slope; and ED5o 
= ewonent parameter associated with the curve 
is the dose when % - BN = 50% 

B o - B N  

RESULTS 

Iodination: 

The elution profile of a (lul-sephadex C-25 chrcmtography of 
a typical idinat ion is shown i n  Figure 1. Three peaks of 
radioactivity are clearly distinguishable: the f i r s t  (peak 1) is 
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62 VIEIRA ET AL. 

COUNTS PER FRACTION 
(cparlb') 

I - B / T  = O K  
11 - B I T  =3% 
III- B/T =28% 

10 20 30 40 
FRACTK)N NUMBER 

Figure 1. Elution profile of a (xsephadex C-25 chramatography of 
the iodinated products obtained af ter  Chloraminte T radioiodw- 

tion of h€TH (1-34). B/T indicate the percent binding of the ig 
dinated product obtained urider mrmal assay andition. 

mrrposed by the unreadzed 1251, the seoond (peak 11) showed a low 
B/T (3%) ra t io  being probably ocmposed by damaged 1-34 hFlW 

peptides that had their structure mdified by oxidation and/or 
overicdination, thus explaining its low imumreactivity. The 
third peak (peak 111) amprises the 1-34 hWH with gwd 
inmumreactivity that shawed excellent s tabi l i ty  for at least 
4 weeks stored i n  s n a ~  aliquots a t  - 20Oc. 
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HOMOLOGOUS RADIOIMMUNOASSAY 6 3  

Assay Characteristics: 

The egg yolk-derived antibody was used in a final dilution of 
1 : 1800. The minimal detectable dose of the assay (table 1 ) , 
defined as the dose level which results in an expcted response 
which is statistically different f-mm the expected response for a 
zero dose tube, was 10 wl/l (41 pg/ml). The study of the 
specificity of the assay (Figure 2) ,  using the Bachan hpTH 1-34 

peptide as reference, shred a cross-reactivity of 50% for the 
1-34 WTH (code 81/574) , 27% for the 1-84 hPTH (code 79/500) and 
undetectable for the 28-48 hPTH. Figure 2 also shows a good 
parallelism between the different standards and aliqmts of serum 
from a patient with surgically proven primary hyperparathyroidism. 

The overall performance of the assay can be analysed by the 
data oontained in Table 1 and by the precision profile shown in 
Figure 3. We also studied the within-run and between-run 
precisions with serum pols with mean values of 57, 30 and 14 

pml/l. The within-run coefficients of variation were 8.3, 11.7 

and 11.7% and the between-run ooefficients of variation were 
12.2, 13.4 and 14.9% respectively. 

Clinical Use: 

The results obtained in the 69 healthy controls and 14 

patients with surgically pmven primary hyperparathyroidism are 
shown in Figure 4. In the healthy controls the senRn values 
ranged from <10 to 28 pl/ l ,  and in hyperparathyroid patients 
fran <10 to 519 pml/l. There was an overlap between t k  values 
of the t m  groups, since 4 of the 14 patients (29%) with primary 
hyperparathymidism had values of 1-34 hPTH within the normal 
range. This overlap can be completely eliminated if we consider 
the conamitant serum calcium levels, since all the 4 patients 
had hypercalcemia. Another remarkable pint was that the majority 
of the m m l  oontrols (75%) had undetectable levels of 1-34 hFTH 

with this assay. 
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HOMOLOGOUS RADIOIMMUNOASSAY 65 

%o 

\ 
\. 

t ‘A 

I 

I00 1000 
PEPTIDE pmol/l 

Figure 2. Dose response curves for hFTH 1-34 [Bachem (@I, hpTH 1- 

34 (code 81/574) (01,  28-48 ( A ) ,  WTH 1-84 (code 79/500) (A) 
and hyperparathyroid serum ( = I  1.  

% ERROR 

30 1 

15.6 31.2 62.5 125 250 
pmol/l hPTH (1-34) 

Figure 3. Precision profile obtained w i t h  a typical hFTH (1-34) as - 
say using standard assay mnditions. 
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66  VIEIRA ET AL. 

4 

a 

Figure 4.  Serum parathyroid h o m n e  measured with the hPTH 

assay system i n  69 healthy controls and 14 patients with 
a l l y  proven primary hyperparathyroid (HPT) . 

(1 -34) 

surgA 

DISCUSSION 

Based on the m r k  of Jensenius et a1 (17) we have recently 
reported on the possibi l i ty  of obtaining specif ic  anti-W Ig 

fran the yolk of eggs of chickens that were gmd responders ( 1 4 ) .  
In fact, the chosen chicken layed dozens of eggs during the 
period of study, enabling us to obtain almost 1 liter of I ~ G  
preparation with a titer equivalent to half of that obtained i n  
the serum of the same anjmal. In  sp i t e  of the relat ively law 
titer (1 :1800), the good v o l ~  of IgG preparatbn obtained 
prompted us t o  continue with the standardization of an assay 
using the mentioned a n t W y  source. 

The f i r s t  problem we faced during t k  developnent of a 1-34 

hrrm specific assay w a s  the  labelling of the 1-34 synthetic 
peptide. This peptide, besides having m tyrosine, has two 
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HOMOLOGOUS RADIOIMMUNOASSAY 67 

methyonine residues that are very prone to oxidation under 
standard 1251 labelling conditions. The transformation of 
methionines a t  positions 8 and 18 to methionine sulfoxide or  

sulfone results i n  loss of biologic activity (18,19) and possibly 
i n  its imnumreactivity. In fact, a simple gel f i l t ra t ion of the 

iodination reaction products i n  a Sephadex G15 colm (14) 
yielded only tho peaks of radioactivity; the f i r s t  one was the 
labelled peptide, which needed to be rechrcpnatographed weekly 
i n  order to obtain a labelled material of acceptable quality. 
A s s d n g  tha t  scnne changes i n  the peptide net charge could have 
been induced by the oxidation and/or iodination, we tr ied a 
cation-exchange c o l m  chromatography to purify the iodination 
products. The results obtained allcwed us to get r i d  of a 
significant m u n t  of labelled petide (peak I1 in Figure 1 )  with 
a h s t  m imnunoreactivity. The 1251-labelled 1-34 hpTH obtained 
(peak I11 i n  Figure 1 )  could be used during a t  least four weeks 

without needing any further purification. 
The specificity of the assay (Figure 2) showed interesting 

characteristics: 1 )  the cross-reactivity of only 50% for the 1-34 
hET3 (code 81/574) damnstrates that t h i s  preparation and the one 
f r m  Bachem are sonewhat different; t h i s  can be explained by a 
difference i n  purity of the preparations o r  that the Bachem 
preparation has, for some reason, a different conformational 
configuration, better recognized by the antibodies; 2 )  the low 
cross-reactivity (27%) observed for the 1-84 hET3 (mde 79/500) 
can be explained, a t  least i n  part, by the different spacial 
mnformat9n of the 1-34 hFTH peptide when it f o m  a part of the 
complete 1-84 hpTH peptide. This observation can explain the fact  
that 75% of the normal controls had undetectable hFTH levels. 

The presence of amino-terminal fragnents w i t h  biological 
activity i n  circulation, was dmnstrated by Goltzman et a1 (10) , 
using a very sensitive cytochemical bioassay. Nevertheless it 
accounted for only a mall percentage of hpTH bioactivity in 

normal circunstances, increasing to significant levels only in 

patients with uremia. 
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68 VIEIRA ET AL. 

The results obtained i n  the 14 patients with primary 
hyperparathyroidism are quite acceptable, especially i f  one 
consider tha t  these results were obtained in  single samples for 
a l l  the patients. Multiple sampling muld have improved the 
differentiation between the tw groups (20). The necessity of a 
ancornitant analyses of serum hFTH and calcium levels to optimize 
the diagmses of primary hyperparathymidim is arrmon to aMst  
a l l  the hPTH assays (21,22,23,24,25). 

The assay described, with its high specificity for the 1-34 
hPTI4 peptide, a u l d  be of interest  i n  sane especial situation, as 
the study of parathyroid function i n  patients with chronic renal 
failure, where amino-terminal fragments with biological activity 
are present i n  the circulation and where carhxyl-terminal assays 
are misleading because of the retention of carhxyl  fragments 
that occurs i n  these circunstances (2,26,27) . 

We thank D r .  Claudio E. Kater for h i s  help in  preparing 
this manuscript. We also thank the Laborat6rio Fleury, S& Paulo, 
Brazil, for the technical support. 
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