
The variability encountered in the plasma level profiles of any 
one individual was not an artifact due to changes in protein binding 
since, unlike mcrobiological assay techniques, the present fluoro- 
metric method measures total oxytetracycline. Neither was the 
variation between subjects caused by weight differences in the s u b  
jects, since none of the analyses was improved by taking the weight 
of the subjects into account. It is possible that plasma level profiles 
could be made more reproducible by stabilizing physiological con- 
ditions, e.g., transit times (8). However, such changes could only 
be of use in bioavailability studies and not in general clinical prac- 
tice; even then, attempts at such stabilization could be beneficial 
to one formulation and detrimental to another. 

In the present studies the mean peak plasma levels of oxytetra- 
cycline (2.14 mcg./ml.) attained after oral administration of a solu- 
tion of 500 mg. of the hydrochloride are only 40% higher than the 
serum levels of the reference oxytetracycline (1.55 mcg./ml.) used 
in the study of Blair et al. (9), in which the dose of 250 mg. of the 
hydrochloride was administered in a capsule. This difference could 
be unreal, caused by the relatively few subjects used in the present 
study, but it could equally be the result of different physiological 
conditions of the GI tract. 

The present results illustrate the difficulty in obtaining reproduc- 
ible plasma level profiles of oxytetracycline, even under fairly care- 
fully controlled conditions. The variability could be much greater 
after the oral administration of more complicated formulations 
than that used here. One way around the problem is to study plasma 
levels achieved after multiple doses, as in normal clinical practice, 
and the results of such studies will be the basis of further reports. 
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Specificity of Antibodies Produced by Linear Antigenic 
Polypeptides of a Known Primary Structure: 
Synthesis and Use of Poly( L-tyrosyl-r-glycyl-L- 
glu tamy 1-L-alany lglycy 1) gl ycine Methyl Ester 

BRIAN J. JOHNSON. and CHARLES CHENG 

AbstractOThe specificity of antibodies formed in rabbits in 
response to the antigenic challenge of poly(L-tyrosyl-L-glutamy1-L- 
alany1glycyl)glycine-lJ4C ethyl ester (1) was studied with respect 
to the role of the glutamyl residue. For this purpose the polypeptide 
poly(~-tyrosyl-y-glycyl-~-glutamyl-~-alany~glycy~)glycine methyl 
ester (11) was prepared. When using this material, it was found by 
cross-reaction and absorption studies that the antibodies to the 
antigen I possess a high affinity for the ycarboxyl groups of the 
glutamyl residue. 

Keyplpases 0 Polypeptides, linear-synthesis, immunochemical 
properties IJ Antibodies, polypeptide produced-specificity 0 
Poly(L-tyrosyl-y-glycyl-L-glutamyl-~a~yl~ycyl)glycine methyl 
ester-synthesis, used to study antibody specificity 

It has previously been reported that the antibodies 
produced by rabbits against the polypeptide poly(L- 
tyrosyl-~-glutamyl-~-alanylglycyl)glycine-l-~*C ethyl 
ester (I) (1-3) are most probably dependent upon the 
conformation of the antigen (4-7). These antibodies also 
have been shown to possess a specificity for the phenolic 
hydroxyl groups and the aromatic moiety of the tyrosyl 

residue (8). However, no such specificity has been 
shown for the alanyl residue (9). The next phase of this 
work has been to study the specificity of these antibodies 
pertaining to the role of the glutamyl residue. This paper 
reports the characterization of the specificity of anti- 
serum produced by rabbits against the antigen I as 
studied by cross-reactions and absorption studies. For 
this purpose the following polymer was synthesized and 
used :poly(L-tyrosyl-yglycyl-L-glutamyl-L-alanylglycyl)- 
glycine methyl ester (11). 

DISCUSSION1 

The polypeptide I1 was prepared from the polymerizing unit, L- 
tyrosyly-(tert-butyl - glycyl) - L - glutamyl - L - alanylglycine penta- 
chlorophenyl ester hydrochloride (IX), which was synthesized as 
outlined in Scheme I and as detailed in the Experimental section. 
The polymerization of IX was performed by the procedure that has 
been shown to produce linear high molecular weight polypeptides 
(1, 2, 4-8). After removal of the protecting tert-butyl groups, the 

~~~ ~ 

1 All amino acids are of the L-variety. 
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Scheme I-TFA = rrifluoroacetic acid, DCC = dicyclohexyl- 
carbodiimide, PCP = pentachlorophenyl, CDI = I-cyclohexyl-f(Z- 
morphdinoethyl)carbodiimide metho-proluenesulfonate, and TEA = 

trierhy lamine 

crude polypeptide I1 was purified by dialysis and then fractionated 
by successive diaiiltrations through membranes (Dido)  into four 
different molecular weight fractions: > 5  X lo4, 2-5 X lo4, 1-2 X 
104, and <1 X lo4. 

Eight rabbits were immunized against I using the previously re- 
ported protocol (3). It was found that each serum gave a positive 
precipitin reaction with the homologous polymer I. The serum from 
each animal was pooled, because it was assumed that each rabbit 
had responded to the same antigenic determinants in this time 
interval (10). Incremental amounts of the polypeptide I1 were added 
to 1-ml. aliquots of this pooled antiserum and a cross-reaction 
occurred. The relative precipitin curves for the polypeptides I and I1 
are shown in Fig. 1. To quantitate the amount of antibody not 
precipitated by polymer 11, a separate experiment was performed. 
A quantity equal to the equivalence point amount of the heter- 
ologous polypeptide I1 was reacted with the pooled serum. After 
removal of the precipitate, 30 mcg. of the homologous polypeptide I 
was added to the resulting supernatant liquid. Further precipitation 
was obtained and quantitated by analysis for nitrogen (Kjeldahl) as 
shown in Table I. 

It has been found that the heterologous polypeptide I1 cross- 
reacts with anti-I-serum; however, it precipitates less antibody than 
the homologous antigen I. The amount of the heterologous polymer 
I1 required to attain the equivalence point is slightly larger than that 
necessary for the homologous material. It would appear from these 
cross-reactions that the conformation of polymer 11 is similar to 
that of the homologous antigen I. The lower precipitating ability of 
polymer I1 indicates a decreased affinity of the antibodycombining 
site for this material. By using the rationale that the determinants 
of the heterologous polypeptide 11 are in the same orientation as 
those of the antigen I, it is suggested that the ohserved differences 
in the binding ability of the heterologous polypeptide 11 is due only 
to the modification of the glutamyl residue. Thus, it would appear 
that changes in the distance of the side-chain carboxyl group from 
the backbone polypeptide cause a large decrease in precipitating 
ability. It was, therefore, concluded that the antibody-combining 
sites have a high affinity for the ycarboxyl groups of the glutamyl 
residue. 

EXPERIMENTAL' 

N-Benz~lo~~csrboa~l-Lglutam~l-~9lan~lgly Methyl Epter 
(V)-To 20 g. (0.0417 mole) of N-benzyloxycarbonyl-y-te~-butyl- 

~~ ~ 

* Melting points were taken with a Mel-Temp apparatus and are un- 
corrected. 
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mcg. POLY PEPT I DE/ml. 

Figure I-Precipitin curaes. Key: 0, Poly(Tyr-Glu-AIa-Gly)nGIy; 
and X , Poly(Tyr-Glu-Ala-Gly).Gly. 

ANTI-POLY(TY R-GLU.ALA-GLY)GLY-l-I'C ETHYL ESTER-SERUM 

I 
G ~ Y  

L-glutamyl-L-alanylgycine methyl ester (1) was added 90 ml. of 90% 
trifluoroacetic acid. The solution was stirred at room temperature 
for 50 min. and then concentrated under reduced pressure to yield a 
solid. This material was crystallized from ethyl acetate to yield 14.5 g. 
(82%) of the product, m.p. 178-180"; [a]:: -7.2" (c 4.2 in di- 
methyl formamide.). 

Anal.-Calc. for ClpHnsN308: C, 53.90; H, 5.95; N, 9.93. Found: 
C, 53.75; H, 5.94; N, 9.70. 

N-Benzyloxycarbonyl-yd ter t-butyl-glycyl)-L- glutamyl- L - planyl- 
glydne Methyl Ester (V1)-To a cooled solution of 14.5 g. (0.0343 
mole) of N-benzyloxycarboxyl-L-glutamyl-L-alanylglycine methyl 
ester (V) and 5.0 g. (0.038 mole) of glycine rerr-butyl ester in 200 ml. 
of methylene chloride was added 7.8 g. (0.0378 mole) of dicyclo- 
hexylcarbodiimide. This mixture was stirred overnight at room 
temperature and then concentrated under reduced pressure to 
yield a solid. This material was taken up in ethyl acetate, and the 
insoluble urea filtered off. The filtrate was washed successively 
with 1 N HCI, water, 10% sodium bicarbonate solution, and water 
and then dried (sodium sulfate). This solution was concentrated 
under reduced pressure to yield a solid, which was chromatographed 
on a column of Silicar CC-7 using chloroform-thy1 acetate ( I  :1) 
as the eluent to give 7.2 g. (4Oz) of the tetrapeptide, m.p. 141"; 
[a]: -8.6" (c 3.2 in dimethylformamide). 

AnaL-Calc. for GaHlsN40p: C, 55.95; H, 6.76; N, 10.44. 
Found: C, 55.91 ; H, 6.65; N, 10.37. 
N-BenzyIoxycarbonyI-0-ter t&utyI-~-tymyI-y-( tert-butyl-glycyl)- 

Lglutamyl-L-alanylglydne Methyl Ester (VII)-A fine suspension of 
7.2 g. (0.0135 mole) of VI and 0.6 g. of 10% palladium-oncharcoal 
in 100 mI. of methanol was treated with 0.492 g. (0.0135 mole) of 
dry hydrochloric acid in methanol, and the suspension was hydro- 
genated for 2 hr. The reaction mixture was filtered and the filtrate 
was concentrated under reduced pressure to give an oil. TO this 
material, dissolved in 200 ml. of methylene chloride and 1.36 g. 
(0.00135 mole) of triethylamine, was added 9.2 g. (0.00148 mole) of 
N-benzyloxycarbonyl-0-tert-butyl-L-tyrosine pentachlorophenyl 
ester (1). This mixture was stirred overnight at room temperature 
and then concentrated under reduced pressure to give a solid; the 
solid was suspended in ethyl acetate, washed successively with 1 N 
HCI and water, and dried (sodium sulfate). Concentration of this 
solution produced a solid, which was chromatographed on a column 
of Silicar CC-7 using chloroform-ethyl acetate (1: l )  as eluent. 
The major fraction obtained was crystallized from ethyl acetate- 
hexane to yield 5.8 g. (59z)  of the heptapeptide, m.p. 2 0 4 . 5 - 2 0 6 O ;  
[a]:: - 15.1 O (c 4.3 in dimethylformamide). 
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Table I-Absorption Data 
~~~ 

Protein Protein Protein 
Nitrogen Nitrogen Nitrogen 
(Kjeldahl) (Kjeldahl) (Kjeldahl) 
Precipitated Precipitated Precipitated 

Equivalence Absorption", Polypep- 
at by I after by 

Polypeptide Point", mcg. mcg. ti*, z 
(Tyr-Glu-Ala4ly).GIy (I) 106 0 ' 100 
(Tyr-Glu-Ala-Gly),GIy (11) 33 71 32 

G Y  / 
0 Per milliliter of anti-poly(Tyr-Glu-AG1y)Gly-1-"C ethyl ester- 

serum. 

AnaL-Calc. for C&S:N~O~I: C, 60.40; H, 7.06; N, 9.26. 
Found: C. 60.18; H, 6.99; N, 9.16. 
N-Benzyloxyearbonyl-0-ter t.butyl+tyrosyl-y-( tar t-butyl-gJycy1)- 

LgluCamyl-L-alaaylglydne Pentachlorophenyl Ester (VIII)-To a 
solution of 7.4 g. (0.0098 mole) of VII in 350 ml. of methanol was 
added 9.8 ml. of 1 N KOH. The solution was stirred for 1 hr. at 
room temperature and then concentrated under reduced pressure. 
The residue was flooded with water, acidified with 10% citric acid 
solution, and extracted into ethyl acetate. This solution was dried 
(sodium sulfate) and concentrated under reduced pressure to give a 
solid. T6 this material dissolved in 150 ml. of methylene chloride 
were added 2.88 g. (0.0108 mole) of pentachlorophenol and 4.6 g. 
(0.0108 mole) of l-cyclohexyl-3-(2-morpholin0ethyl)~arb0diimide 
metho-p-toluenesulate. The mixture was shaken at  room tem- 
perature for 2 days and then concentrated under reduced pressure to 
give a solid, which was washed with water and crystallized from 
methanol to yield 5.2 g. (4973 of the activated ester, m.p. 203.5- 
205.5'; [a]: -15.0" (c 2.66 in dimethylformamide). 

AnaL-Calc. for CI~HLOCl~N6011: C, 52.15; H, 5.09; N, 7.08. 
Found: C, 51.90; H, 5.00; N, 6.94. 

O-tertButyl-L-tyrosyI-y-(tert-butyl)-Lgl -alanyJglydne 
Pentachlorophenyl Ester Hydrochloride (-A suspension of 5.1 
g. (0.00515 mole) of the pentapeptide activated ester VIII and 0.7 g. 
of 10% palladium-ontharcoal in 300 ml. of methanol was treated 
with 0.188 g. (0.005l5 mole) of dry hydrochloric acid in methanol, 
and the suspension was hydrogenated for 2 hr. The mixture was 
filtered and the filtrate was concentrated under reduced pressure to 
give a solid, which was c r y s d z e d  from methanokther to yield 
2.3 g. (50%) of the polymerizing unit IX, m.p. 186"; [a]: -4" 
(c 2.50 in dimethylformamide). 

Anal.-Cak. for ClditsClsNaOe: C, 47.10; H, 5.08; N, 7.85. 
Found: C, 46.85; H, 5.07; N, 8.12. 

P d y - ( ~ - t y ~ y l - ~ - g l y ~ y l - L g l u t a m y l - ~ - ~ ~ ~ l ~ ~ ~ ~ l ~ ~ ~  Methyl 
Ester -To a solution of 0.82 g. (0.00815 mole) of triethylamine 
and 0.585 mg. of glycine methyl ester hydrochloride in 5 ml. of 
dimethyl sulfoxide was added a solution of 2.1 g. (0.00233 mole) of 
the polymerizing unit IX in 18 ml. of dimethyl sulfoxide. The mix- 
ture was shaken for 1 week and then centrifuged to yield the fully 
protected polymer. This polymer was washed with three 35-ml. 
portions of water, three 35-ml. portions of methanol, and three 35- 
ml. portions of ether and dried to give the fully blocked polymer. 
This material was treated with 30 ml. of 90% trifluoroacetic acid, 
stirred for 50 min. at room temperature, and then concentrated 
under reduced pressure to yield the crude polypeptide 11. This 
material was suspended in 20 ml. of water and dissolved by the 
addition of 1 N NaOH to pH 7.5. The solution was filtered and the 
filtrate was dialyzed against distilled water overnight, acidified 
with 6 N HCl to pH 2.5, and dialyzed against distilled water for a 
day. The precipitated polypeptide 11 was collected by centrifugation 
and then lyophilized to yield 0.3 g. (27%); the amino acid ratio of 
an acid hydrolysate was: Tyro o G1ul.o A h . 0  G1yi.i. 

Mdeeular Weigbt Determination-The polypeptide 11 (0.3 g.) was 
dissolved in 50 ml. of water by the addition of 1 N NaOH to pH 7.4. 

This solution was separated into four Merent molecular wi&t 
ranges by successive diafiltrations through membranes:. Each 
fraction was acidified with 6 N HCI. dialyzed, and lyophilized to 
yield 0.10 g. mol. wt. >50,ooO, 0.02 g. mol. wt. 2Q,m50,ooO, 
0.03 g. mol. wt. 10,~20,ooO,  and 0.14 g. mol. wt. <IO.OOO. 

Immwochemical Rocedures-Eight rabbits were treated with I 
at weekly intervals, using the immunization schedule previously 
desaibed (3); 25 days after the last injection, all rabbits were bled 
using the standard heart puncture technique. Serum from each 
rabbit was tested for the precipitin reaction with the homologous 
antigen I, and Serum from each animal gave a positive precipitin 
reaction. The serum from each animal was pooled, and this com- 
bined serum was used for the following experiments. It was assumed 
that the antibodies produced by each rabbit after the same time 
interval was directed against the same antigenic determinants of 
the antigen I. 

Quantitative F'redpith Reacths-To 1-ml. aliquots of the 
pooled rabbit serum were added incremental amounts of the poly- 
peptide 11. Each tube was ma& up to a total of 2 ml. with buffes 
(0.1 M NaCl-0.05 M NaHCO,), incubated for 1 hr. at 37". and 
then kept at 4" for 48 hr. The tubes were centrifuged in the cold 
and the precipitates were washed twice with 1 ml. of buffer (0.05 M 
K2HPOrNaOH), pH 7.0. The total amount of protein that pre- 
cipitated was estimated by analysis for nitrogen (Kjeldahl). An 
identical procedure was used for the homologous polymer I, 
which was run simultaneously with that used for the polypeptide 11. 
The comparative precipitin curves are shown in Fig. 1. 

Absorption Studies-The pooled rabbit serum was treated with 
the equivalence point amount of the heterologous polypeptide I1 
as already described. The precipitate was centrifuged out and the 
supernatant liquor was poured off into a separate tube. To this was 
added 30 mcg. of the homologous antigen I. The mixture was 
incubated at  37" for 1 hr. and then stored at 4" for 48 hr. The 
precipitate was collected by centrifugation and washed twice with 
1 ml. of buffer solution (0.05 M K&PO,-NaOH), pH 7.0. The 
amount of precipitate obtained using this procedure is shown in 
Table I. A control in which the Serum was first absorbed with the 
homologous antigen I ascertained that the homologous antigen 
precipitated all of the antibody, since the supernatant liquor gave 
no further precipitiri reaction when 30 mcg. of I was added. 
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