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ABSTRACT 

In investigations of radiolabeling substance (SP) with '"I 
isotope, its [Tyr*]-derivative was subjected to the lactoperoxidase 
&PO) technique, whereas the native substance P undecapeptide 
was coupled with '2sI-tyrosin-N-hydroxy-succinimidyl ester to the 
corresponding '251-Bolton-Hunter SP derivative. For separation 
of the desired components from their by-products, labeled ["yr*] - 
SP was pre-purified by ion-exchange chromatography (IEC) on 
carboxymethyl cellulose and subsequently investigated by 
gradient h g h  performance reversed-phase liquid chromato- 
graphy (gRP-HPLC) with 0.1 M triethyl-ammonium phosphate 
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1908 RISSLER ET AL. 

in acetonitrile (PH 2.5) on an octadecylsilyl silica gel (RP-18) 
stationary phase. When the total amount of labeled peptide 
affording a specific activity of approx. 2 x lo6 CUM was checked 
by gRP-HPLC, the LPO technique yields about an equimolar 
mixture of 1251-[Tyr8]-(Met")-SP and 1251-[Tyr8]-(Met1'+O)-SP. 
However, in contrast, substantial enrichment of '251-[Tyr8]- 
(Met")-SP was observed when more retained IEC fractions were 
analyzed. 

The 1251-Bolton-Hunter reagent was coupled in about 54 % 
yield to the SP undecapeptide at slightly alkaline conditions and 
separated from by-products only by gRP-HPLC yielding a 
specific activity of approx. 2 x lo6 CiM. Both radiolabeled 
derivatives of SP are further characterized by their binding 
properties to a specific antibody raised in rabbits against 
synthetic SPI-II. When individual fractions of either 
radioiodinated [Tyr8]-SP or the corresponding '251-Bolton-Hunter 
derivative were investigated with respect to their binding 
properties to the antibody, only those fractions coincidmg with 
the maximum amount of radioactivity showed a satisfactov ratio 
of specific vs. non-specific antibody-binding, especially in the 
case of the '"I-Bolton-Hunter derivative. Therefore, the 
observed results are in good accordance with the existence of the 
desired target components. 

INTRODUCTION 

The undecapeptide substance P (Arg-Pro-Lys-Pro-Gln-Gln-Phe-Phe-Gly- 
Leu-Met-NHz = SP) is a member of a family of structurally related peptides, 
called the tachykinins, with the common C-terminal sequence -Phe-Xaa-Gly- 
Leu-Met-NHz, Xaa being the only variable amino acid. SP was first discovered 
in 193 1 by von Euler and Gaddum' in alcoholic extracts of equine brain and 
synthesized in 1971 using the solid-phase strategy.'" The peptide is released 
from a 110 amino acid precursor protein4 by tryptic cleavage and further 
processed in vivo to smaller fragments exerting various biological and 
pharmacological actions by a multitude of 

Due to the widespread spectrum of biological and pharmacological 
activities of SP, a neurotransmitter role for the peptide was already proposed in 
1953 by Lembeck.'' 
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SUBSTANCE P DERIVATIVES 1909 

Some of the most salient pharmacologcal properties of SP include the 
action on blood vessels (vasodilatation, lowering of blood pressure, 
extravasation), bradycardia, salivation,’ ‘,12 bronchoconstriction and mucus 
hyper~ecretion,’~-’~ regulation of extrapyramidal and cognitive functions, pain 
percepti~n’~”~”~ and its role as an important factor in the modulation of 
neuroimmunological responses.20 

Radiolabeled derivatives of substance P are widely used in receptor- 
binding experiments and radioimmunoassay (RIA). Preparation and 
purification of ‘251-[TyrB]-substance P obtained by the chloramine-T technique 
for application in RIA and receptor-binding experiments was reported 
pre~iously.~’-~~ Two alternative procedures generally yielding tracer peptides 
with comparable high specific activities, such as radioiodination of [Tyr’I-SP 
by use of lactoperoxidase and traces of hydrogen peroxide as well as reaction of 
SP undecapeptide with ’ 251-Bolton-Hunter reagent are reported and compared 
with the chloramine-T procedure. In particular, the question arises if the 
lactoperoxidase technique could overcome the problems associated with the 
chloramine-T procedure, i-e., complete oxidation of Met’’ to the corresponding 
sulfoxide, because of the more gentle reaction conditions, while still yielding 
sufficiently high specific activities of labeled SP. 

EXPERIMENTAL 

Materials 

Acetonitrile of HPLC grade was purchased from Rathburn (Walkerburn, 
UK) and water for use in HPLC was prepared with a Milli Q reagent water 
systemTM from Millipore-Waters @Word, MA, USA). Triethylamine, 
phosphoric acid, mercaptoethanol, hydrogen peroxide (30 %), sod~um hydrogen 
phosphate, potassium hydrogen phosphate, sodium acetate, ammonium acetate, 
sodium tetraborate (Nm4O7), acetic acid, and trifluoroacetic acid (TFA), all of 
analytical grade, were obtained from Merck (Darmstadt, Germany). Substance 
P1-l’ (SP1-ll), lactoperoxidase (LPO), and bovine serum albumin (BSA) were 
products from Sigma (Deisenhofen, Germany) and [TyrB]-SPl.ll was from 
Peninsula Laboratories (Belmont, CA, USA). Either sodium ’”iodide, 
pychased as a 0.1 M sodium hydroxide solution (1 pCi/pl, Code IMS 30), or 

I-Bolton-Hunter reagent, i.e., mono- ‘25iodo-tyrosin-N-hydroxy-succinimidyl 
ester (500 pCi) dissolved in benzene, were obtained from Amersham-Buchler 
(Braunschweig, Germany). 
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1910 RISSLER ET AL. 

Preparation of '251-[Tyr8]-SP by the Lactoperoxidase/Hydrogen Peroxide 
Technique and Pre-Purification by Ion-Exchange Chromatography 

To a solution of (i) 5 pl [Tyr*]-SP (Img/mL in 0.1 M acetic acid), (ii) 10 
pL of 60 mM potassium phosphate buffer (PH 7.0) and (iii) 5 pL of Na "'1 
(500 pCi), was added 5 pL of 0.8 mM hydrogen peroxide in 60 mM potassium 
phosphate buffer (PH 7.0). After gentle mixing, the labeling reaction was 
started by addition of 5 pL lactoperoxidase solution, 0.125 IU (1 U of LPO is 
defined as the amount of enzyme which will form 1 .O mg of purpurogallin from 
pyrogallol in 20 s at pH 6.0 at 2OOC.) in 60 mM potassium phosphate buffer 
@H 7.0). After 30 min, the reaction was stopped by addtion of 10 pL "FA in 
water (1 %, v/v) and the product subjected to ion-exchange chromatography 
(IEC) on a 60 x 10 mm carboxymethyl cellulose CM-52 column (Whatman, 
Springfield, UK). Step-wise elution was performed with 10 mL of 2 mM 
ammonium acetate followed by 0.2 M ammonium acetate. Fractions (2 mL) 
were collected in polystyrene tubes (containing 20 pL of 70 mg/mL BSA for 
minimization of surface adsorption) with a Frac 200 sample collector 
(Pharmacia, Freiburg, Germany). 

For monitoring the elution profile, aliquots (20 pL) were withdrawn from 
each fraction and measured with a type LB 2104 multi-channel radioactivity 
detector (Berthold, Wildbad, Germany). Furthermore, individual fractions 
(diluted to about 10,000 cpm) were characterized by their binding to the 
specific antiserum SP 9-3a raised in rabbits against synthetic SPl.ll at an 
antibody dilution of 1:50,000 corresponding to a final dilution of 1:350,000 in 
the assay system. Non-specific binding was determined in the presence of 5 pg 
non-radioactive SPI.lI. Details of the procedures were given in Ref. 22. 
Selected fractions were either directly subjected to gRP-HPLC or treated with 
mercaptoethanol prior to injection as described in Refs. 21 and 23. Pooled 
aliquots (20 pL) of IEC fractions (see Figure l), as well as pooled fractions 22- 
24, 25-28 and 29-30 (10-20 pL, depending on the radioactivity measured), 
were analysed by gRP-HPLC for purity testing of '*'I-[Tyr8]-SP. 

Preparation and Purification of '251-Bolton-Hunter-SP 

The 1251-Bolton-Hunter reagent (500 pCi) was quantitatively transferred 
into a 1.5 mL polypropylene tube (1.5 mL) using a 100 pL rinse of benzene for 
complete recovery of radioactivity. After evaporation of the organic solvent by 
a gentle stream of nitrogen, 20 pL SPl-lI (250 pg/mL) in 0.1 M sodium 
tetraborate buffer, adjusted to pH 8.5 with acetic acid, was added to the residue. 
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Fractions (2ml)  

1911 

80 

Figure 1. Ion-exchange chromatography of crude '251-[Tyr8]-SP prepared with the 
lactoperoxidase method on a 60 x 10 mm CM-52 column (solid line). Aliquots (20 pl) 
of each fraction containing 2 mL. of eluate were withdrawn and radioactivity measured. 
Specific (total binding - non-specific binding) as well as non-specific binding to the 
specific antibody SP 9-3a (scale on the right) were indicated by broken (upper curve) 
and dotted (lower curve) lines, respectively. 

The mixture was gently vortexed from time to time in order to afford 
complete reaction of the peptide, because the reagent is only sparingly soluble 
in the slightly alkaline medium (the reaction proceeds preponderantly at an 
heterogenous interface with only slow velocity). After 1 h of incubation, the 
reaction mixture was injected onto the HPLC column and eluted as described 
below. Fractions (1 mL) were collected with a Frac 200 sample collector and 
evaporated to dryness in a Speed Vac ConcentratorTM (Savant, Hicksville, NY, 
USA). 

Prior to evaporation, aliquots (10 pL) of each HPLC fraction were 
withdrawn for monitoring of the elution profile. Binding of selected fractions 
(diluted to about 10,000 cpm) to the specific antiserum SP 9-3a was performed 
at an antibody dilution of 1:100,000 corresponding to a final dilution of 
1:700,000 in the assay system. Non-specific binding was measured after 
addition of 5 pg of unlabeled SPl -1 1 .  The experimental details are referred in 
Ref. 22. 
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Chromatographic Separation by gRP-HPLC 

Chromatography was performed on a Spherisorb ODS I1 column (125 x 
4.6 mm I.D., 5 pm particle size) obtained from Bischoff Analysentechnik 
(Leonberg, Germany) at a flow-rate of 1 .O mL/min using two pulse-dampened 
LC 410 pumps controlled by a Model 200 gradient controller (both from 
Kontron Analysentechnik, Munich, Germany). An injection valve equipped 
with a 100 pL sample loop (Valco Instruments, Schenkon, Switzerland) was 
used for sample injection. Selected fractions of 1251-[Tyr*]l-SP from the IEC 
pre-purification step as well as the crude reaction mixture of 1251-Bolton-Hunter 
S P I - ~ ~  were subjected to gRP-HPLC with solvent A [80:20 mixture of 0.1 M 
triethyl-ammonium phosphate (TEAP) - acetonitrile (v/v; apparent pH 2.5)] 
(the term “apparent” means that pH adjustment is done with the final aqueous- 
organic solution and not with the TEAP aqueous phase prior to addition of the 
organic modifier) and solvent B [50:50 mixture of 0.1 M TEAP - acetonitrile 
(v/v; apparent pH 2.5)]. The following gradient profile was applied: 0 % B to 
50 % B in 30 min, 50 % B for 10 min followed by a drop to the starting 
conditions (0 % B) in 5 min and re-equilibration at these conditions for another 
15 min until a new sample was injected. Aliquots (10 pL) of the column 
effluent were withdrawn and the elution profile measured with a type LB 2 104 
multi-channel radioactivity detector. Before separation of the I2’I-labeled 
peptides, two injections each of 5 pg of S P I . ~ ~  dissolved in 100 pL of 0.1 M 
acetic acid followed by a blank run with 0.1 M acetic acid were made in order 
to minimise “silanophilic interactions”. 

RESULTS 

The elution profile obtained from IEC of the crude 1251-[Tyr*]-SP prepared 
by the lactoperoxidase technique is shown in Figure 1. A specific activity of 
about 2 x lo6 Ci/M was evaluated for the radiolabeled SP derivative. When 
fractions exhibiting the highest amount of radioactivity (i.e., IEC fractions 21- 
32), were combined and subjected to RP-HPLC, 1251-[Tyr8]-(Met’1)-SP and ‘*’I- 
[Tyr*]-(Met”+O)-SP were formed in 51 and 49 % yield, respectively, as 
calculated from the corresponding elution profile depicted in Figure 2. 
Nevertheless, a more close inspection of the data obtained from the binding 
experiments of individual IEC fractions to the specific antibody SP 9-3a 
revealed that the higher the fraction number, the better the Hinity to the 
antibody, while non-speclfic binding remained approximately constant (see 
Figure 1). As reported elsewhere,21 antibody-binding of 1251-[Tyr8]-SP prepared 
by the chloramine-T method and subsequently treated with mercaptoethanol 
increased compared with the untreated (native) radiopeptide. This observation 
is consistent with the presence of substantial amounts of ’251-[Tyr8]-SP 
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SUBSTANCE P DERIVATIVES 1913 

retention time (mln) 

F'igure 2. HPLC profile of pooled IEC fractions 21-32 (see figure 1) on a Spherisorb 
ODS II column (125 x 4.6 mm I.D., 5 pm particles). Aliquots (20 pl) of each fkaction 
containing 1 mL of eluate were withdrawn and radioactivity measured; for 
chromatographic conditions see Experimental. 

possessing an intact Met'' moiety and thus can be ascribed to a substantial 
enrichment of 1251-[Tyr8]-(Met")-SP at the trailing end of the IEC peak. This 
assumption was confirmed by gRp-IiPLC. The ratio of 12sI-[Tyr8]-(Met1')-SP 
to 1251-[~8]-(Met"~O)-SP in pooled fractions 22-24, 25-28, and 29-30 was 
26/74, 58/42 and 73/27, respectively (Figure 3). 

The peak exhibiting lower retention co-eluted with 1251-[Tyr8]-SP prepared 
by the chloramine-T method without mercaptoethanol treatment, whereas that 
showing higher retention co-eluted with a corresponding mercaptoethanol- 
treated sample. After treatment of fractions 22-24, 25-28, and 29-30 with 
mercaptoethanol (for experimental conditions see Refs. 21-23), the less retained 
peak completely disappeared and only the more retained peptide species was 
observed in the radiochromatogram (results not shown). 

These results are in agreement with those from previous investigations," 
providing proof that the more retained component formed during LPO- 
catalysed labeling consisted of the "true" 1251-[Tyr8]-(Met")-SP derivative. 
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1 6 8 10 Ii I 4  I6 $ 8  I0 22 24 

retention time (min)  

Figure 3. HPLC profile of pooled IEC fractions 22-24 (solid line), 25-28 (broken line) 
and 29-30 (dotted line) on a Spherisorb ODS II column (125 x 4.6 mm I.D., 5 pn 
particles). Aliquots (10-20 pl, depending on the radioactivity) of each fraction 
containing 1 mL of eluate were withdrawn and radioactivity measured; for 
chromatographic conditions see Experimental. 

Coupling between SPl.ll and 1251-Bolton-Hunter reagent (i.e., mono- 
iodo-tyrosin-N-hydroxy-succinimidyl ester) aEorded the corresponding 251- 

Bolton-Hunter-SP with a specific activity of about 2 x lo6 CUg, corresponding 
to the value obtained with the LPO technique. Two main components in the 
ratio of approx. 3:l and some peaks of minor intensity were observed in the 
radiochromatogram depicted in Figure 4. As calculated from the gW-HPLC 
elution profile, about 54% of the radioactivity is recovered in the main 
component. Both major peaks of radioactivity exhibit significantly higher 
retention compared with 1251-[Tyr8]-(Met")-SP, whch is in accordance with 
incorporation of a more hydrophobic amino acid moiety and a concomitant 
decrease of the peptide's polarity. It is conspicuous that only fractions 
attributable to the main peak of radioactivity reveal an acceptable ratio of 
specific (i.e., total binding - non-specific binding) vs. non-specific binding, 
whereas in contrast, non-specific binding dramatically increases on either the 
leading or trailing end of the main peak. High values for specific binding of 
about 21, 24, and 18%, respectively were observed in fractions 26, 27, and 28. 
Comparable antibody-binding was also observed in fractions 29 and 30, but the 
unacceptable high non-specific binding precludes their use in RIA as well as 
receptor-binding experiments. 

125. 
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SUBSTANCE P DERIVATIVES 1915 

' I \  A 

retention time (mln)  

Figure 4. HPLC profile (solid line) of the crude reaction mixture obtained from 
coupling '251-Bolton-Hunter reagent to SP1.11 on a Spherisorb ODS II column (125 x 
4.6 mm I.D., 5 pm particles) Aliquots (10 pl) of each fraction containing 1 mL. of eluate 
were withdrawn and radioactivity measured; for chromatographic conditions see 
Experimental. Specific (total binding - non-specific binding) as well as non-specific 
binding to the specific antibody SP 9-3a (scale on the right) were indicated by broken 
and dotted lines, respectively. 

DISCUSSION 

There still exists a lack of structural information of radiolabeled 
compounds, which may be responsible for the widely differing biological and 
immunological properties of the tracer molecules prepared in different 
laboratories and supplied from different manufacturers. Furthermore, in most 
cases only very moderate information with concern to this aspect is available 
from producers of radiolabeled substances. In contrast to the purity assignment 
of unlabeled commercially available peptides on the basis of HPLC 
chromatograms, delivered by the manufacturers, radiochromatograms of the 
radiolabeled compounds are almost never available. However, in future 
investigations the modem chromatographic separation technology should be 
increasingly exploited for identification of by-products as well as structural 
characterization of radiolabeled compounds. In this paper, we report on the 
labeling of substance P derivatives using gentle labeling conditions, because 
this model substrate is highly susceptible to oxidation at its Met'' residue. 
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It is a well-known phenomenon that oxidation of Met residues under the 
conditions of radiolabeling takes place and the poor biological 
activity of chloramine-T prepared '251-[Tyr8]-SP was ascribed to formation of 
Met"+O by Michelot et al.3' It is noteworthy that generation of the unwanted 
1251-[Tyr8]-(Met' '-+O)-SP species seems to be extensively independent on the 
reaction time applied for labeling, because, as evidenced in our laboratory in a 
multitude of experiments, only the oxidised peptide was observed in the range 
of labeling times of 15 s up to 60 s. This finding raises the question, if 
sulfoxide generation and substitution of a proton in the aromatic ring of the 
Tyr' moiety by 1251 takes place at the same time (i.e., in a so-called concertated 
reaction) or, as will be more probable, precedes the labeling reaction when 
chloramine-T was selected as the oxidizing agent. 

As previously radiolabeling of [Tyr8]-SP with12'I by use of 
the chloramine-T procedure affords quantitative conversion of the Met' ' residue 
to the corresponding sulfoxide. This observation is in accordance with the 
findings of Floor and lee ma^^.^^ The latter authors effected oxidation of non- 
radioactive SP undecapeptide to the corresponding sulfoxide, from which, after 
treatment with dithiothreitol, the starting material was quantitatively recovered. 
As evidenced by either Michelot et aL3' or Liang and Ca~cieri,~' marked 
reduction of biological activity is to be expected with chloramine-T as the 
oxidizing agent. Indeed, we have shown that the product of the chloramine-T 
method did not bind to rat brain membrane proteins,23 although it still 
possessed sufficient immunoreactivity for the use in RIA experiments. 
However, when subjected to reductive treatment with mercaptoethanol, 
reconstitution of its biological activity took place and satisfactory receptor- 
binding was now achieved. 

These findings are in agreement with reports that the ~hloramine-T/'~~I 
system provides rather harsh labeling conditions presumably also being 
responsible for structural modifications of Cys, Qs-S-S-Cys, and Trp residues. 
As shown in the case of ring opening of the indole moiety of Trp-containing 
pep tide^,^^ iodine exerts a catalytic effect. This assumption is corroborated by 
the observation that chloramine-T alone, although being a rather strong 
oxidant, did not contribute to oxidative ring opening of the indole moiety.39340 
The detrimental effect of the system ~hloramine-T/'~~I plays an essential role 
during radioiodination of [Tyro]-somatostatin-14 (SST-14), where binding to a 
specific antibody substantially decreased when the peptide was subjected to the 
labeling conditions for more than 30 s. 

However, in contrast to oxidation of the Met I' moiety during labeling of 
[Tyr8]-SP, incorporation of Iz5I into Tyro-SST-14 seems to take place at 
significantly higher velocity than Trp' oxidation. This assumption is 
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SUBSTANCE P DERIVATIVES 1917 

substantiated by the observation that within a time interval of about 15-20 s, the 
target peptide was obtained in about 87% yield as evidenced by I-PLC. 
Furthermore, it showed good binding to a specific antibody raised in rabbits 
against synthetic SST-14 (K. Rissler and H. Cramer, manuscript in 
preparation). 

Despite being easily converted to the corresponding sulfoxide derivative 
by the chloramine-T technique, 12sI-[Tyr8]-SP prepared by this latter procedure 
bound to receptors on dispersed pancreatic acinar cells from the guinea pig and 
on synaptic vesicles of rat brain, as reported by Sjodin et aL4' and Mayer et 
al.,42 respectively. In contrast, Michelot et al.36 preferred the use of 1251- 
Bolton-Hunter-SP (see below) compared with chloramine-T-prepared "'I- 
[Tyr8]-SP due to the unsatisfactory biological activity of the latter derivative, as 
also reported by Liang and Ca~cieri.~' 

Although interference of the lactoperoxidase procedure with Met and Cys 
moieties had been discussed,43 we nevertheless attempted to overcome the 
complete oxidation of Met'' by selecting this more gentle alternative. In this 
respect, we were encouraged by the results obtained from LPO labeling of 
porcine insulin, affording a biologically active hormone. 44 Insulin does not 
contain any Met residues, but instead possesses three easily oxidisable disulfide 
linkages. However, these have apparently not been oxidized, since this would 
result in a complete loss of receptor-binding activity. 

Despite the use of only traces of hydrogen peroxide (0.8 mM), substantial 
oxidation took place during the LPO procedure yielding an approximately 
equimolar ratio of [Tyr8]-(Met"+0)-SP and [Tyr'l-(Met")-SP. However, the 
IEC pre-purification step afforded at least substantial enrichment of the target 
compound in the more retained fractions. Although 1251-[Tyr']-(Met' ')-SP was 
enriched to about 75 % in fractions 29-30 (figure l), the radioactive material 
has to be subjected to reductive treatment with mercaptoethanol in order to 
obtain sufficient receptor affinity. Further attempts to achieve labeling of 
[Tyr'l-SP with 12'1 via the LPO technique, to produce the desired radiopeptide 
without contaminants attributable to sulfoxide formation by application of 
different reaction conditions (i.e., concentration of substrate, catalyst, oxidising 
agent, buffer salt, pH), were not carried out. We believed that adjustment of 
"ideal" labeling conditions would be a rather laborious and time-consuming 
task primarily due to the multitude of variables influencing method 
development. This view is further supported by the observations of Greenwood 
et al.,24 who hypothesized 'hoxious" influences of catalytically active iodide 
ions not only under the conditions of the chloramine-T but also of the LPO 
reaction. Nevertheless, 1251-[Tyr8]-(Met")-SP prepared by the chloramine-T 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1918 RISSLER ET AL. 

procedure and subsequent reduction of the sulfoxide derivative with 
mercaptoethanol represents an attractive alternative pathway. Additionally, the 
radiolabel can be easily purified from contaminants by gRP-HPLC and affords 
an overall yield of approx. 73 % as reported in Refs. 21 and 23. 

For evaluating the potential advantages of '251-Bolton-Hunter SP1 with 
respect to the two-step procedure ~hloramine-T/'~~I labeling - reductive 
treatment with mercaptoethanol, we decided to label SPI., with '251-Bolton- 
Hunter reagent. 

Both, the profiles of specific and non-specific binding to the specific 
antibody SP 9-3a, as depicted in figure 4, revealed that radioactive material 
attributable to the main peak represents the target compound. However, 
compared with preparation of 1251-[Tyr8] -(Met")-SP affording an overall yield 
of about 73 %,21,23 formation of the '251-Bolton-Hunter SP1.ll yielded a 
substantially lower amount of radiolabeled peptide. Nevertheless, the yield of 
54 % obtained in our laboratow is in satisfactory agreement with the findings 
of Liang and C a ~ c i e r i , ~ ~  who reported reproducible yields of about 60 %. 
However in contrast, Laufer et al.46 obtained a yield of only 44 % of 12?- 

Bolton-Hunter derivative by coupling of '251-Bolton-Hunter reagent to SP6-1 
which unlike the undecapeptide, contains only one free (N-terminal) amino 
group. 

Michelot et al.36 reported that coupling of 1251-Bolton-Hunter reagent 
preponderantly takes place at the &-amino group of Lys3 and only to a minor 
extent at both, the Lys3 residue and the guanidine moiety of Arg', as was 
concluded from either dansylation or Edman degradation experiments. In 
contrast, as also shown by dansylation, Liang and C a ~ c i e r i ~ ~  provided evidence 
that only the N-terminal Arg' moiety is involved and no peptide reacted at the E 

-amino group of Lys3 was formed. The observation of dfierent coupling 
positions of '251-Bolton-Hunter reagent by Michelot et al.36 and Liang and 
C a ~ c i e r i ~ ~  can possibly be attributed to the use of different reaction conditions. 
This view is supported by the fact that Michelot et al.36 have performed 
sequencing of non-radioactive '271-Bolton-Hunter SP, which was reacted with 
the peptide substrate in dimethylformide/aqueous borate buffer solution, 
whereas preparation of the ' 251-derivative was done in slightly alkaline aqueous 
borate buffer alone. 

The authors discussed a substantial change in basicity of the N-terminal 
Arg' vs. the &-amino group of Lys3 by addition of the polar organic solvent. 
Obviously, despite the substantially higher basicity of Arg' (PKb = 8.99) vs. the 
E-amino group of Lys3 (pKb = 10.79), in buffered solutions containing 
dimethylformamide, coupling preferentially takes place at the Lys3 position, 
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which was attributed to a substantial enhancement of the basicity of the 
reaction medium by the polar organic solvent. Liang and C a ~ c i e r i ~ ~  also used 
non-radioactive Bolton-Hunter SP for sequencing, but unfortunately no 
coupling conditions were given in their report. Nevertheless, it is assumed that 
the sites of SP's biological activity reside at the C-terminus, i.e., at amino acid 
positions 5-11 and thus, coupling of the reagent to either the N-terminal Arg' 
or the side-chain amino group of Lys3 should be of only minor importance, 
because in both cases a radiolabel exhibiting sufficient immunoreactivity as 
well as receptor-binding activity may be generated. 

With concern to specific activity, both 1251-[Tyr8]-SP prepared by the LPO 
technique and '251-Bolton-Hunter SP afford values of about 2 x lo6 C i N  and 
thus are in good agreement with the result obtained by use of the chloramine-T 
procedure of approximately 1.9 x lo6 Ci/M.'l Nevertheless, the LPO techque  
should be omitted due to either substantially longer reaction times and 
formation of marked amounts of 1251-[Tyr8]-(Met"-+O)-SP requiring 
subsequent treatment with a reducing agent, such as mercaptoethanol or 
dithiothreitol. When preparation of '251-Bolton-Hunter SP was compared with 
the two-step synthesis (chloramine-T/mercaptoethanol) affording 1251-[Tyr8]- 
(Met")-SP, in our opinion the latter should be preferred, because each step runs 
in high individual yield and the final product is obtained in either high overall 
yield of about 73 % or sufficient purity. In addition, complete separation of by- 
products by gRP-HPLC possibly interfering with RIA as well as receptor- 
binding is unproblematic even in large scale preparations. However in 
contrast, the '251-Bolton-Hunter derivative is obtained in substantially lower 
yield (54 vs. 73 %, respectively) and, as shown in figure 4, separation of 
contaminants is much more di%cult. For this reason, more than one 
chromatographc run may be required in order to obtain a tracer molecule with 
acceptable immuno- as well as biological activity, especially in large scale 
preparations. 

CONCLUSIONS 

During the search for alternative procedures for the preparation of 
radiolabeled substance P derivatives, we have applied the lactoperoxidase 
method for either direct introduction of lZ5I into [Tyr8J-SP or coupling of lZ5I- 
Bolton-Hunter reagent to SPl-Il. Despite being described in the literature as a 
more gentle labeling technique compared with chloramine-T method, extensive 
conversion of the Met" moiety to the corresponding sulfoxide took place when 
the system LPO/hydrogen peroxide is used for oxidation of iodine and reductive 
treatment with mercaptoethanol is required. Both, oxidised species and target 
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compound were obtained in approximately equimolar amounts. Generation of 
I-[Tyr8]-(Met"+O)-SP may be ascribed to the additional detrimental 

(catalytx) effect of the iodide ions. Although specific activity of the lZ5I- 
Bolton-Hunter derivative was comparable with 1251-[Tyr8]-SP prepared by the 
chloramine-T technique, it suffers from either lower yields or formation of 
substantial amounts of by-products. In contrast to those formed by the two-step 
procedure with chloramine-T/mercaptoethanol they cannot be easily separated 
in large scale preparations and thus an additional chromatographic separation 
step may be required. Furthermore, '251-Bolton-Hunter reagent is much more 
expensive compared with Nalz5I due to its preparation and purification. 

125 

In conclusion, the LPO technique is completely unsuited for generating 
I-[Tyr8]-(Met")-SP, whereas in contrast, the '251-Bolton-Hunter derivative 

can be used as a more attractive alternative. Nevertheless, the two-step 
procedure for preparation '251-[Tyr8]-(Met' ')-SP offers some strong advantages 
primarily due to either high yields or ease of purification. 
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