
MOLECULAR PHARMACOLOOY_ 10, 767-775

Immunochemical Characterization of a Lysergyl Derivative

Incorporated into Protein

DENNIS E. LOPATIN, JEFFREY L. WINKELHAKE, AND EDWARD W. Voss, JR.

Departmenl of Microbiology, University of Illinois, Urbana, Illinois 61801

" (ReceivedMay 9, 1974)

SUMMARY

LOPATIN, DENNIS E., WINKELHAKE, JEFFREY L., AND VOSS, EDWARD W., JR.: Im"

munochemical characterization of a lysergyl derivative incorporated into protein. Mol.
Pharmacol. 10, 767-775 (1974).

A derivative of d-lysergic acid diethylamide (LSD), lysergyld_r, previously shown to be
covalently coupled to secreted low molecular weight peptides, was shown during incuba-
tion in vitro of immune lymphoid cells with LSD to possess structural features closely re-
sembling the parent molecule. Binding studies of LSD and lysergyld_r ligands with anti-
bodies directed against both lysergic acid and lysergylae, suggested that both antibodies
possessed similar specificity. [aH]LSD and [3H]lysergyld,, were bound by anti-lysergyl anti-
body with average intrinsic association constants (Ko) of 3.5 × 105 M-_ and 7.8 × 105
M-', respectively. Both ligands were bound by anti-lysergylde, antibody with K0 values of
1-2 × 106M-L Single-point equilibrium dialysis experiments indicated that both antibody
populations bound the derivative in preference to LSD. Mild alkaline hydrolysis of LSD
_as shown to generate a molecular species which was bound by anti-lysergyld_r antibody
with the same energy as lysergyla,,. Alkaline hydrolysis had no effect on lysergyld,r. These
data suggest generation of a demethylated derivative of LSD during incubation of LSD
in vitro.

INTRODUCTION have been attributed to interference with
["C]L-tryptophan incorporation by LSD.

Rabbit anti-fluorescyl antibody producing This change was accompanied by a concur-
lymphoid cells incubated in vitro with lyser- rent loss of measurable anti-fluorescyl anti-
gic acid diethylamide secreted peptides body activity and ammonium sulfate pre-
rather than the 7 S immunoglobulin mole- cipitability of labeled pcptides (1-3). Upon
cule (1). These low molecular weight pep- addition of excess L-tryptophan the "LSD
tides, intrinsically labeled with [14C]L-tryp- effect in vitro" was reversible. Studies re-
tophan and [SH]L-leucinein the presence of vealed tl_at LSD is incorporated in place of
LSD, ' exhibited a higher 3H:'*C ratio than tryptophan, resulting in termination of pep-
labeled 7 S molecules secreted by cells not tide synthesis (1, 4). Subsequent experiments
exposed to LSD (1). Increased ratio changes indicated that cells incubated in the presence

This work was supported by Grant DA 00308 of ['_H]LSD as the only radioactive source
from the United States Public Health Service. secreted intrinsically labeled peptides (4).

i The abbreviations used are: I_D, d-lysergie Covalent linkage of the derivative to newly
acid diethylamide; lysergyld,,, a derivative there- synthesized protein was demonstrated by
from. precipitability of labeled peptides with tri-
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immunochemical characterization of the de- labeled,
H_c/CH2"N/CH2"CH3 rivative. However, such all approach t'o the plementI H

0//C"_/:'-N/CII9 3 problem necessitated elimination of anti- (480
#m4

protein or anti-peptide immunologicalreac- Schwarz

tivity. It was determined that LSD also tryptop|
interferes with the synthesis of IgA mole- served
cules synthesiz(_d by MOPC-315 muriue Twenty-

H plasmacytoma cells. 2 The IgA molecule nor- _tmoles;

Fio. 1. Structural model of LSD wilh molecular mally secreted by the MO1'C-315 plasmacy- _ clear) w_
toma cells is homogeneous and possesses supplem

configuralion determined by Baker el al. (5)
anti-nitrophenyl activity. In the presence of _ mixture_,

chloracctic acid and the nondissociability of LSD MOPC-315 cells produce lysergyl pep- ;' 5% CO
radioactive label by dialysis against dena- tides which share only one common anti- reaction
turing agents or high concentrations of genic determinant, lysergyla,,, with rabbit [3H]amil
lysergyl ligand (4). This suggested incorpo- lysergyld,, peptides, permitting comparison and 10 t
ration de novo of [3H]LSD or a tritiated de- of the lysergyldo, portions without inter- under si
rivative (lysergyla¢,). ference by antibodies elicited to the peptide cells we

Since the hallucinogenicindole alkaloid carrier, pended
This study reports the employment of 16 hr.LSD lacks an a-amino or carboxyl group

(Fig. 1), considered necessary for charging antibodies elicited to the MOPC-315 lysergyl Anti-1
by the appropriate tRNA for addition to peptides to characterize the derivative of bodies _
growing polypeptide chains b.y peptidyl- LSD incorporated into rabbit peptides. (7). Ral
transferases,a dilemmawasevident.There- _ foot pa(
fore it was proposed that the LSD molecule MATERIALSANDMETHODS of 5 mg
undergoes structural modification prior to Antibody-producing cells. Albino rabbits ! . to 2 m

_ incorporation into protein (3). Preliminary were immunized with a fluorescein-conju- I hemocy_
" examination of the reactivity of lysergyl- gated porcine 3,-globulin as previously de- adjuvan

containing peptides with anti-lysergyl anti- scribed (6). After a blood sample had been equivalc
body (2) indicated that they contain a sig- obtained by cardiac puncture, rabbits were minister
nificant portion of the LSD moiety. Assure- killed by carbon dioxide asphyxiation. The stimulat

_" ing that the incorporated lysergyl moiety preparation of splenic and/or popliteal by cardi
(lysergyla_,) represents the modified deriva- lymph node cell cultures has been previously Anti-I
tive, attempts were made to isolate the in- reported (1). Briefly, organs surgically re- lular SUl
corporated product by alkalinc hydrolysis moved were immersed in minimum essential bations
of the peptides or by resolving intracellular medium (Grand Island Biological), and cells cells in
amino acid pools (4). While both api)roaches were teased free of tissue with a surgical two cha
indicated the presence of an LSD-related blade and forceps. Cells were passed through 8.0, at ,
molecule, neither method yieldecl adequate a fine-gauge, stainless-steel wire mesh and All pep
quantitics of the compound for direct chemi- washed sevcral times in minimal essential were pc
cal analysis, mcdium. MOPC-315murinc plasmacytoma tions su

_ An alternative approach to ascertaining cells were obtained surgically 3 weeks after were im
the degree of structural modification of the cell transfer in vivo and were treated in a intrasc;_
LSD moleculepreparatory to incorporation similar manner, superna
into protein was to elicit and determine the Incubation cultures in vitro. After washing, I"reund'
specificity of antibody to lysergyld_r-COn- 0.10-ml (packed volume) cell aliquots were lent am(
taining peptides. This approach utilized incubatcd in 1.0 ml (final volume) of minimal ings we_
isolated lysergyld_, peptides as hapten-car- essential medium (minus tryptophan and sera wet
rier immunogen. Antibody elicited by the leucine) as previously described (1). Experi- nium su
host upon immunization with the peptides ments utilized three reactions. The first lose an
would support previous evidence for the reaction served as a source of intrinsically Antilys(
covalent coupling of lysergyldCr to protein, ' J. L. Winkelhake, E. W. Voss, Jr., and.N.E, radioim
as well as provide a valuable reagent for Cobb, manuscript in preparation. As a

......... ........... , _ _ _: _. ,',, _ , )_._.v,m,_r_. ...... _ _,¢,¢_;.,_.
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:_de- labeled, secreted, unaltered protein. To sup- the requirement for immunngenicity of co-
) the plement the medium, 50 ul of [3H]leucine valent linkage of LSD or lysergyld_r to pro-
anti- (480 umoles; specific activity, 52 Ci/mmole; rein was examined. It had previously been
reac- Schwarz/Mann) and 10 ug of unlabeled demonstrated that, a non-immunoglobulin
also tryptophan were added. The second reaction protein in normal serum interacts ionically

sole- served to generate lysergylder peptides, with LSD at high affinity (2). [3H]LSD was
n'ine Twenty-five microliters of [3HII_D (0.013 bound (to this protein) by incubating 1.0
nor- • _moles; 1.9 Ci/mmole; New England Nu- ml of normal mouse serum with 0.013 _mole

_acy- i_ clear) were added to the reaction, which was of ['_H]LSD (equivalent to cell incorporation
_sscs ;_ supplemented with 50 ug of L-leucine. These experiments) for 4 hr at 37°. The incubation
".eof _ mixtures were incubated for 4 hr at 37 ° under supernatant fraction was dialyzed against
pep- _i 5% CO2, 98% relative humidity. A third phosphate buffer as described previously.

_nti- i: reaction, containing 50 ul of reconstituted Immunization and bleedings were coordi-
_bbit _ [3H]amino acid mixture (Schwarz/Mann) nated as outlined.
:ison ,: and 10 ug of LSD (Sandoz), was incubated Protease digestion. To 1.0 ml of labeled
lter- under similar conditions, but after 1 hr the lysergyld_ peptides was added 0.1-0.2 ml of
)tide cells were pelleted by centrifugation, sus- Enzite-Agarose-protease (hliles-Seravac) in

pended in fresh medium and incubated for 0.2 ml of Tris buffer, pH 8.0, and 0.02 ml of
t of 16 hr. 0.02MCaCl2and the peptidesweredigested
_rgyl !_ Anti-lysergyl antisera. Anti-lysergyl anti- for 2 hr at room temperature.
e of bodies were prepared as previously described Alkaline hydrolysis. Labeled lysergyla_,

(7). Rabbits were inmmnized in the hind peptides and [3H]LSD were hydrolyzed in
foot pads and iutrascapularly with a total 4.25 i NaOH by the method of Hugli and

} of 5 mg of lysergyl-poly-L-lysine complexed Moore (8). Washed, partially hydrolyzed
)bits to 2 mg of succinylated keyhole limpet potato starch was used as an antioxidant to
.nju- hemocyanin emulsified in complete Freund's preserve the indolc moiety. After hydrolysis

de- adjuvant. Booster doses, containing an at 110 ° for 16 hr the hydrotysate was neu-
_een equivalent amount of immunogen, were ad- tralized and analyzed by ascending silica, gel
were ministered 35 days following the primary chromatography using chloroform-ethanol-
The stimulation. Bleedings were obtained weekly glacial acetic acid (18:10:2 by volume).
item "- by cardiac puncture. Equilibrium dialysis. Seventy-microliter
usly Anti-lysergylo_r peptide anlisera. Extracel- samples of IgG fractions of antisera were

re- lular supernatant fluids from LSD cell incu- dialyzed against 70 ul of various concentra-

ltial _ bations of rabbit or murine plasmacytoma tions of [3H]d-LSD, using Lucite chambers,
cells cells in vitro (1.0 ml) were dialyzed against as previously described (6). Each measure-

,deal _ two changes of 0.05 M phosphate buffer, pH ment was made in duplicate, and two corn-
,ugh 8.0, at 4° over 24 hr to remove free LSD. plete determinations were made for each
and All peptide preparations within a species antibody fraction. Samples were analyzed
_tial were pooled to provide protein concentra- in a Beckman LS-133 liquid scintillation
_ma tions sufficient for immunization. Rabbits spectrometer. Average intrinsic association
ffter were immunized in the hind foot pads and constants (K0) were determined from a
in - intrascapularly with 1.0 ml of the dialyzed Scatchard plot of the data (9). Antibody

supernatant fraction emulsified in complete concentrations were determined by extrapo-
ing, Freund's adjuvant. After 35 days an equiva- lation to ligand bound at saturating ligand

vere _ lent amount of immuuogen was given. Bleed- concentrations (6). Heterogeneity indices
real ings were taken weekly thereafter. All anti- (a) were derived from Sips plots (10).
and scra were resolved to IgG fractions by ammo- Comparative binding radioimmunoassay.
)eri- nium sulfate precipitation and DEAE-cellu- The relative affinities of lysergyld,, derived
first lose anion exchange chromatography (7). from protease-digested peptides and [_H]-
ally Antilysergyl reactivity was monitored by LSD for anti-lysergyl and anti-lysergylo_,
I.E. radioimmunoassay as described below, peptide antibody were determined by a

i As a control, in a companion experiment, modification of the technique of Stupp el al.
i

i
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(11). To a series of tubes containing 0.9 ml prepared against lysergyld,r peptides se- (a) of 0
(0.5 %) of bovine serum albumin were added ereted from incubations of rabbit spleen and antibod5
1.0 mg of an IgG fraction of either anti- MOPC-315 cells with LSD in vitro. Anti- 9-10 X
lysergyl, anti-lysergyld,r, or normal rabbit lysergyl activity was monitored with the both mu
serum (100 ml) and increasing concentra- radioimmunoassay described in MATERIALS elicited

tions of either [3H]lysergyl_,r (protease-di- ANDI_IETHODS.Relative to other time points, _ [3H]LSD
gested) or [3H]LSD (specific activity, 1.0 the bleedings taken 21 days after the booster Immu
Ci/mmole). Following incubation at 4° for immunization yielded maximum ligand bind- bound l
16 hr, an equal volume of cold (4°) saturated ing and were utilized throughout these weight r
ammonium sulfate was added to each tube studies. As previously shown, unfractionated anti-lys(
to precipitate immunoglobulins. After 30 normal serum contains a non-immunoglobu- concept
min at 4° the precipitate was pelleted by lin constituent which binds LSD ligand with immuno
centrifugation at 12,000 X g for 10 min. high affinity (2). To eliminate this compo- With
Pellets, washed twice in 50 % saturated am- nent, all sera were resolved to IgG fractions for the
monium sulfate, were solubilized in 0.4 ml prior to binding studies, antibodi
of H20, followed by the addition of 0.4 ml of Equilibrium dialysis measurements of mine th
Protosol (Beckman Instrument Company) [3H]LSD binding by both anti-lysergylde_- antisera
and 5.0 ml of Aquasol (Beckman) and radio- MOPC-315 peptide antibody and anti- were ra

label analyses, lysergylde,-rabbit peptide antibody are tides, el
shown in Fig. 2. Anti-lysergyld,,-MOPC-315 ficity di

RESULTS peptide antibody bound [3H]LSD with an potentk
To characterize the incorporated lysergyl average intrinsic association constant (K0) t_ existed.

derivative, anti-lysergyld,, antiserum was of 8-10 X 105 M-1 and a heterogeneity index do not

rabbit,
1o ......... _o ......... crate ar

o5 05 lysergyl

9 [ .._... 9 o rabbit_'

peptide
multiril

6 -t5-a5 0.5t.5 "v 6 .1.5-a5 0.51.5 reeogni"
"7

Lo9C(_,M} _ Lo9C(_,M_ Since
i tq"_ 5 b 5 cen 1b

- _ cellular
_1_4 qo4 binding

isolatec°
and cr

_. -, z z peptide
- Enzite-

o o experin

0 '] o gyldo_ v
] oz 0.6 Io 1.4 _.s o z 06 _o 1.4 is activit_
1 r r 1.9 Oi;

FIO. 2. Equilibrium dialysis measurements of IgG fractions of hyperimmune rabbit anli-lysergyld,_- peptid(
MOPC-M5 peptide (A ) and rabbit anti-lysergyla._ rabbit peptide anlisera (B) againsl [:H]LSD antibot

:l The binding of [SH]LSD (specific activity, 85,700 cpm/nmole) was extrapolated to the maximum signific
counts bound by the antibody at saturating levels of ligand, when r = 2. Insets are Sips plots of data and I_

,| derived from equilibrium dialysis. The'protein concentration was 8 mg/ml in 0.05 Mphosphate buffer, b re
pH 8.0. Equilibrium dialysis was conducted at 4° for 24 hr. Binding parameters are: r - moles of ligand Y p

i_ bound per mole of antibody; c -- fr_e ligand concentration (moles per liter) after equilibrium was at- : E _
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_" (a) of 0.74. Anti-lysergyld,r-iabbit peptide body will react only with closely related
d antibody bound [3II]LSD with a K0 of analogues ofthehomologousligand (13, 14).
i- 9-10 X 104 M-1 and an a value of 0.68. Thus As previously shown in our laboratory (7)
m both murine and rabbit lysergylder peptides and by Van Vunakis _t al. (10), recognition
,s elicited antibodies with specificity for the of the lysergyl moiety by anti-lysergyl anti-
s, [3H]LSDligand, bodyis quite specific.
_r Immunization of rabbits with [aH]LSD Saturating levels of lysergyld,, ligand
1- bound noncovalently to a high molecular could not be obtained for direct measure-
_e weight normal serum protein failed to elicit ment of Ko for the derivative. (Ko is deter-
:d anti-lysergyl activity. This reinforced the mined at the point where a given free ligand
1- concept that covalent linkage is required for concentration causes half-saturation of the :
h immunogenicity (12). antibody-active sites.) Since the Ko valucs of
_" With knowledge of the binding constant both anti-lysergylde_ and anti-lysergyl anti-
is for the interaction between anti-tysergylaCr body were determined for LSD, a compara-

antibodies and LSD, it was possible to deter- rive binding study was possible. The radio-
)f mine the relative binding properties of the immunoassay was used to measure the bind-

r_-_ weraentiSCrraaisefOdr lysergyldebr.yinjectionBecaUSoef lysergyldtheantiSerpaep" antiboidyngof anti-lysergyla_r-MOPC-31a5nd anti-lysergyl antibo_yeptidfoer
:e tides, elicited antibodies may possess speci- [aH]lysergylde, ligand (Fig. 3). Binding data
5 ficity directed to the peptide portion; thus a are displayed in the form of Sips plots as
n potential problem of anti-carrier antibody log r/(n - r) vs. log c. The relative hori-
0) existed. Since murine (MOPC-315) proteins zontal displacement of the plot describing
_x do not cross-react immunologically with the reaction of antibody with the lysergyldor

rabbit, murine peptides were utilized to gem ligand relative to LSD ligand revealed differ-
crate anti-lysergyld_r antibody, while labeled ences in Ko for the two llgands. Figure 3A
lysergyl derivative was prepared in the compares binding of [3H]LSD and [3H]lyser-
rabbit system for all binding studies. Thus gyld_ rabbit p(ptides (protease-digested) by _
the experimental design tended to negate anti-lysergyl antibody. As previously re-
peptide carrier effects. In addition, large ported (6), anti-lysergyl antibody possessed
multiring aromatic haptens elicit antibodies a K0 of 3.5 X 10bM-_ for [3H]LSD. As shown
"Specific for the haptenic group with minimal in Fig. 3A, 2.25 times more lysergyld_r than
recognition of side group effects. 3 LSD was bound by the antibody. Anti-lyser-

Since it was not possible to harvest suffi- gyl antibody bound the derivative with a K0
cient quantities of free lysergyld,_ from intra- of approximately 7.8 X 10_ M-_. Figure 3B
cellular pools to perform equilibrium dialysis represents binding of the same two ligands
binding studies, it was necessary to utilize by anti-lyscrgylde_-MOPC-315 peptide anti-
isolated lysergyld,_ peptides as a ligand. To body. A 1.7-fold increase in binding of lyser-
reduce peptide components to a minimum gyld,_ over that of LSD is evident. This re-
and create a freely diffusible ligand, the sult permits the determination of a K0 of
peptides were digested with unsolubilized approximately 1.6 X 105 _t-_ for the anti-
Enzite-Agarose-protease. Implicit in these lysergylde_ antibody population.

--" experiments is the assumption that lyser- Comparisons of ligand binding were car-
gyld¢, was of approximately the same specific ried out in single-point equilibrium dialysis
activity as lhe original LSD molecule (i.e., studies. Tritium-labeled, digested lysergyla¢,
1.9 Ci/mmole). The finding that lysergyld¢, rabbit peptides were allowed to react with

,- peptides were reactive with antilysergyl IgG fractions of anti-lysergyl and anti-lyser-
antibody in the radioimmunoassay suggested gyldCr-MOPC-315 peptide antibody in equi-

m significant homology between lysergyld,, librium dialysis experiments. Binding of
ta and LSD. This assumption was supported [3H]lysergyla,, by these two antibody popu-

;('d by previous findings that anti-hapten anti- lations was compared with binding of [3H]-

_t- * E. W. Voss, Jr., and Z. L Gass, manuscript in LSD at equal molar ligand concentrations
preparation. (based on equal counts per minute). Table 1
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FxG. 3. Ligand binding measurements of IgG fraclions of hyperimmune rabbit anti-lysergyl-poly-L-

lysine (A ) and rabbit anli-lysergylder-MOPC-315 peplide anlisera (B) determined in a modified radio-

immunoassay using saturated ammonium sulfate to precipitate immunoglobulin fraction

Increasing concentrations of ['_H]LS1) (0 O) and [_H]lysergyld_ (@ @) (specific activity, _:
1.9 Ci/mmole) were added to 100 t_l aliquots of antiserum IgG fractions at concentrations of 8 mg/ml o

in 0.05 M phosphate buffer, pH 8.0. r, c, and n are defined in the legend to Fig. 2.

FIG

shows that rabbit anti-lysergyld,r-MOPC- TABLE 1 [3H]L2
315 peptide antibody bound protease-di- Comparison of [_H]LSD and [aH]lysergyl,lo, binding Q-

gested lysergyl,l,, peptides significantly bet- by rabbil IgG fractions of hyperimmune anti- lyzed

ter than [3H]LSD. Both reactions were lysergyl and anti-lysergyld,r MOPC-315 antisera line-h:

inhibitable by unlabeled LSD. Quantitative in single-point equilibrium dialysis experiments droly2
graph:

differences in binding between the two IgGfracfion_andligand b Radioactivity in chl.
- - ligandsshowthat anti-lyscrgyl_,antibody b°und* ume).

is very specific for thc lyscrgyla,, homologous ues of
system. Anti-lysergyl antibody also bound cpm digest
the derivative better than LSD; however, Anti-lysergyldo,-MOPC hydro

_, the difference was not as great as with anti- ['_H]Lysergyldo,peptides d 2,578 4- 52 hydro
lysergyla,,. [3H]LSD 717 4- 21

In an attempt to obtain lysergytd,, ligand Anti-lysergyl
[aH]Lysergyla,, peptides _ 12,678 4- 98 LSD

free of protein, [3H]lysergyld_, pcptides were [_H]LSD 11,006 4- 86 After
subjected to mild alkaline hydrolysis. This Normal IgG tides
procedure was originally dcvelopeql for high [3H]Lysergyld_ peptides a 0 4- 14 by al
recovery of tryptophan prior to amino acid [aH]LSD 0 4- 16 label

analysis (8). Thin-layer chromatograms of " At a concentration of 8 mg/ml in 0.05 M phos- t lion,
the products of alkaline hydrolysis are shown phate buffer, pH 8.0. gyld_,
in :Fig. 4. b Tested at the highest concentrations "avail- other

After both [3H]LSD and [3H]lysergyld_r able. tigris
- peptides had been subjected to alkaline , Mean of three experiments 4- standard devia- move

hydrolysis, the products were compared with tion. RF d
unhydrolyzed reactants in single-point equi- d Protease-digested. rate.
librium dialysis experiments against anti-
lysergyld,:MOPC-315 peptide antibody. A1- lysergyld,, had already undergone modifica-

though there was no change in antibody lion during incorporation into protein). Re- To
binding of lysergyld_, after hydrolysis (Table sults further suggest that the hydrolytic struc
2), there was a 35% increase in binding of product of LSD closely resembles lysergyld_, teins
hydrolyzed [3H]LSD, to within 5 % of Since it was possible that amino acid residues char_
lysergyld,,. These data suggest that whercas remained bound to lysergyld_, after hydroly- were
lysergyld,, is unaffected, LSD is subject to sis, cells were incubated with a mixture of tive
modification by alkaline hydrolysis (i.e., labeled essential amino acids and unlabeled

L
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............ • TxBm,_2

\ Comparison of ligand binding by rabbil log frac-

\ lions of hyperimmune anli-lysergyld,r-MOPC-815

antisera: • single-point equilibrium dialysis ex-

perimenls afler alkaline hydrolysis of [*H]LSD

and [*H]lysergyla_r ligands

_i Ligand b Radioactivity

bound a

cpm

[_H]LSD 956 4- 23
[*H]LSD, alkaline hydrolysis 1296 4- 38

[SH]Lysergyla_, peptides, pro-

(_____ _.*_ tease-digested 1375 :t= 36

L- [3H]Lysergyld,. peptides, pro-
tease-digested, alkaline hy-

_"_V'*'_Wl-- drolysis 1348 4- 41

nl o t a 3 4 s 6 _ _ At a concentration of 8 mg/ml in 0.05 i
Micro!ion {cml phosphate buffer, pH 8.0.

b All ligands were adjusted to equal counts per
FlC,. 4. Silica gel thin-layer chromatography of minute after hydrolysis.

[3H]LSD and [3H]lysergyld_, peplide hydrolysale _ Mean of three experiments _ standard devia-
'_9 • •, [*H]LSD; + +, protease-hydro- tion.
!i- lyzed [3H]lysergylo_, peptides; [] [], alka-
ra line-hydrolyzed [3H]LSD; 0 O, alkaline-hy-
.ls drolyzed [*lt]lysergyld_r peptides. Chromato- against, both LSD and lysergyl_r. The latter

graphy was performed in the ascending fashion were produced by injection of lysergyld,,
in chloroform-ethanol-acetic acid (18:10:2 by vol- peptides. Elicitation of antibodies by injec-
ume). Origin, 0 em; solvent front, 7 cm. RF val- tion of a monosubstituted protein (LSD
ues of the major peaks: [3H]LSD, 0.66; protease- peptide) was puzzling, since hapten immuno-
digested [_H]lysergyld._ peptides, 0.60; alkaline- genicity correlates directly with the density
hydrolyzed [_H]lysergyld,,peptides, 0.50; alkaline- of covalently conjugated groups to the

\ hydrolyzed [3H]LSD,0.50. carrier. However, lysergyla_ peptides have
been observed to aggregate readily. 4 For

LSD to generate uniformly labeled peptides, example, dissociating agents are required to
After alkaline hydrolysis of the labeled pep- resolve the monomeric form on molecular
tides the products were subjected to binding sieve chromatography. This tendency to
by antibody in equilibrium dialysis. No aH aggregate possibly confers the polyvalency
label (i.e., amino acids) was bound. In addi- required for immunogenicity of the lyscr-

s- tion, thin-layer chromatography of [3H]lyser- gyld_ peptides.
gylo,, pcptidcs did not reveal labeled species Antibodies of both specificities (i.e., anti-

1- other than free amino acids. Both observa- LSD anti-lysergyld_,) were allowed to react :
tions indicated that alkaline hydrolysis re- with lysergyle_,, which was derived by

a- moved all amino acid residues and that the hydrolysis of pcptides produced by incuba-
RF determined for the derivative was accu- tion in vitro of LSD with antibody-producing
rate. cells. However, measurement of the average

intrinsic association constant (K0) of an
_- DISCUSSION antibody for a ligand requires ligand concen-
e- To show that a derivative of LSD is the trations sufficient to saturate 50 % of the

ic structural analogue incorporated into pro- antibody sites (100-200 VM). Inability to
teins synthesized de novo, immunochemical harvest such concentrations of lysergyld,,

_s characterization was undcrtal_en. Studies required an alternative method of comparing
_¢_" were based on the premise that the deriva- antisera based on characteristics of ligand

_(_ tive would be bound by antibodies directed , Unpublished observations.
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binding plots. The Sips plot displays anti- were based on the assumption that the h:
body binding data as log r/(n -- r) vs log c. [3H]LSD molecule is not extensively modified at
Since the K0 of the antibody may be com- prior to incorporation. Specificity of hapten- g:
puted on the horizontal axis of the plot at antibody interactions has been carefully at
the point where log r/(n -- r) = 0 (r = documented (13). Minor modifications of al
_n), the horizontal displacement of a second haptenic structure, such as alteration of side vi
parallel line on such a plot correlates with groups or changes from ortho to par.a link- fu
the difference in K0. Thus it was reasoned ages, may result in a decrease in Ko of 1000-
that if the K0 of an antibody preparation fold or more (14). Since lysergyld_i peptides el
could be accurately measured with the were reactive with anti-lysergyl antibody c(
reference ligand [_H]LSD, the Ko of lyscr- and the original LSD molecule possessed a li:
gylde, could be estimated even though suffi- general tritium label, it was reasoned that sc
cient concentrations were not available. The the specific activities of the derivative and m
K0 of antibody for lysergylder would be re- LSD were the same. r_
flected in the displacement of the binding Ligand binding measurements were per- _
curve on the abscissa relative to the refer- formed with protease-digested [SH]lysergyldor e)
ence ligand. Inherent in these assumptions rabbit pcptides, assigning a specific activity (l
was the fact that the heterogeneity index of 1.9 Ci/mmole to the derivative molecule, pl
(derived from the slope) must be approxi- These experiments (Fig. 3) revealed that tt
mately equal to yield valid comparisons, anti-lysergyl antibody bound the derivative uq
Figures 2 and 3 show the results of experi- better than LSD by a factor of 2.25. A factor fc
ments which relate to these concepts, of 2 is the generally accepted value for w

The average intrinsic association constants experimental variation in Ko measurements (1
(K0) of two antibody preparations for LSD by equilibrium dialysis. Measurement of at
were independently measured. Anti-lysergyl binding by anti-lysergyld,r antibody also s¢
antibody possessed a Ko of 3.5 X 105 M-1 revealed greater binding of the derivative, pJ
and a = 0.70, and anti-lysergyld_,-MOPC- but within the 2-fold error limit. Accuracy se
315 peptide antibody, a K0 of 8-10 X 105 of these measurements was substantiated by at
M-_ and a = 0.74 (Fig. 2). similarities in slopes of the binding data. in

The experimental design for assessing Subsequent experiments utilized single- p,
"x lysergyld_ characteristics employed rabbit point equilibrium dialysis measurements to g_

anti-lysergyldor-MOPC-315 peptide anti- compare relative binding of LSD and lyser- g_
body with rabbit [_H]lysergylde,. This system gyld,_ by both antibody preparations. Table c(

• - : -eliminated potential carrier (peptide) cross- 1 indicates that anti-lysergyld_-MOPC-315 te
reactivity and permitted direct measurement peptide antibody bound the lysergyld,_ SI
of antibody-lysergyld,_ interaction. These hydrolysate 3.6-fold better than LSD. The e_
measurements provided the standard ligand derivative was bound 1.15-fold better by
curves plotted in Fig. 3. Reactivity of anti- the anti-lysergyl antibody. Thus the con- ra
lysergyl antibody with lysergyld_r peptides sistent difference cited in these experiments tc
suggests that the aromatic skeleton of the suggested a significantly higher K0. ql
LSD molecule remained largely intact after Lysergyld_r was subjected to alkaline
incorporation into protein. Anti-indoleacetic hydrolysis to free the lysergyl derivative of a

acid antibody does not bind tryptophyl resi- all protein (or amino acids). Comparison of al
dues in native protein, but reacts with lyser- the binding of alkaline-hydrolyzed deriva- ly
gyld_ peptides, suggesting that the indole rive with that derived from protease diges- fie
portion (rings A and B) of the molecule is tion revealed no change in binding proper- to
intact and is accessible to the antibody by ties. Binding of alkaline-hydrolyzed LSD,
projection from the protein backbone (16). however, was increased by 35% over unhy-
These observations preclude incorporation drolyzed LSD (Table 2). The binding data
of only portions of the LSD molecule in the suggest that alkaline hydrolysis of the LSD
form of tryptophan or other amino acids, molecule generates a relatively more homolo-

Lysergylde_ ligand binding experiments gous ligand. The major product from alkaline

_ _.... _'L-" _V¸¸ • TM _ ,_ .° _ ,_,_E ?._r._ _, _....... _ ,_ _ r _ _ _ _, .... _,-_-'_ "_" _P-r' _ • .. _ -_,_r,v¢_:_ _? s_. _,mS_,_i_ _
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Lat the hydrolysis of LSD is 6-nor-LSD (dcmethyl- are at present unobtainable from cell experi-
lodified ated form) (17). Since hydrolysis of lyscr- merits in vitro.
mpten- gyld_r resulted in no change in binding, it
_refully appears also that similar modification had REFERENCES
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