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Anntii)oidy-producinug lynnpinoid cells inscubated in ri/mo ins tine iir��scnnc�’ oil [3H]lysergic acid

dietinvlamide secrete lai)eled proteins . Inscorporations of [3H]lyso’rgic acid diethylannide (or a
derivative) ole 11060 ‘svas indicated by precipitationi oif Imiheled j)eptido’s ‘s’s-itin tricinlormicetic
acid annd i)y tine retenutions of lmibel after dialysis againist dennaturing agents annd high concen-
trationns of a dissociatinug ligannd. hscorporation (if [3H]lysergic acid dictisylanmide by immune
lymphoid cells ‘s’s-as inhibited by PuronmYcin mmnnd ennhalnce(I by honsoloigous minstigen.

Previous studies inndicatcd tinat ‘svhen
D-lyserglC acid diethylamide was incubated

in vitro ‘svith rabbit aintibody-producnsg

cells, ann altered secreted proteins pattern ‘svas
Oi)serVed (1 , 2) . Results froim these previous
studies, siumnnarizcd belo’s’s-, ‘svere not readily
interpretable. %Vinercas anntibody-proclucing
cells not eXl)Osed to lysergic acid diethyl-

amide secreted 7 S proteini ‘svhicis ‘svas pre-
cipitable by anti-y-giobulinn anntiserunn and
react ed ‘s’s-ith isomologous anntigeln , material

secreted bY lysergic acid dietinylannide-ex-
posed, anitibody-producing cells lacked both

anntigeln-i)inndinng activity and ‘y-globulin
antigenicity ‘svisen tested ‘svith anti--y-globuliin
anntiscrunn . Radioactive amino acid inncor-
porationn studies indicated tinmut the drug

iinterfered ‘svitin trvptophan insertion into
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I)roteins but mnot to ti sigmsificant extemit ‘svith
total prot(’inn symntlnesis (1 , 2) or cell viability.

A l)ePtide t erminati(ils nnccisanism ‘s’s-as

proposed for tine nu(ide of mtcti(�ini (if lysergic

acid dietin�-lmnnside (2), i)ut the poissii)ilitv of a

coinscidenut anmino) acid mtnnalogue effect ‘svas
nsot dismissed. If tine hallucinogen fuinctioned

as tins incorporable tryptopinan analogue , tine
Inet result migint i)e eitlner pcptide ternnina-

twin after incorporation or uninnterrupted

synthesis tsfl(1 secretioin of complete but

nmodified antii)ody chainns. Inn eitiner case,

incorporationn of lysergic aci(l diethylannnide

or tu metabolic i)y-product oif it ‘svould be cons-

sistent ‘s’s-itin noted chminges inn the arstigenicity

of tine secreted product, and also its lack of

reactivity with homologous anntigen. Experi-

ments ‘svere therefore performed to test tine

hypothesis that lysergic mscid diethylanmide

(or a nuetabolic derivative) is incorpo)rat(-(1

directly insto secretmnble prot em fronn lvnnpln -

oid cells.
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l�mihliit lvnsnl)In( iid cells oi)tmiinne(1 frons
llvl)en-innnntmmmize(l tiniinntils \ven�c incubated

in ritmo ‘svith [3F1]lysergic acid (hietinylannide

(1 .�.) Ci/mnnmnnole, New Emsgland Nuclear

Corponatioins) in nninsinsal essenntimul medium
((�na msd I sland l3iolo igioai Corporat iomu) nunimnus

trvptopinmnn or lcuoitne (1). Rmsbhits ‘svere

imnsnuni i zed ‘svitii fluorescyl-connj isgated pro-

teinns (3), mind spleenu �ir mode cells ‘s’s-crc ob-
tainne(1 as previously described (1 , 4). The
radioieinemical purity of [3Hjlysergic acid

diet inyla nnside was determined by aseenuding

silica gel chromatography inn cinloroform-

ethano�-tteetic acid (18 : 10 : 2) . [‘4C]Tryp-

topiimtnn (specific activity, 29 mCi/mmole;
Scin’svarz/ Mannns) , unlabeled L-trypt ophan,

anud umnlabclcd u-lysergic acid diethylamide
(supplied as tine tartrate salt by the National

Innstitute of Menstal Health) ‘s’s-crc chromato-

graphed as innternnal stanndards. After chroma-
tography, the gels were air-dried and placed
inn contact ‘svitin X-ray film (Royal blue,
Eastman Kodak) for 1 week. Gels ‘s’s-crc
monitored for locatioin o)f unlabeled corn-

l)(iummds b.i ultraviolet aI)sorption. Both
‘H-labeled and unslmibelcd lysergic acid
dietinylamide showed RF values of 0.66,

‘s’s-bile [‘4(1jtrvptophmtmi annol unnlaiio-led I ryp-
tOJ)iiatn siuo’sve(l � vtihies of 0.29. The

radio ichenmical I iuI-it:’�- ( � [3Flljlysergic maid

dietisylannide ‘s’smisgreater than 9�i � , ‘svitii nso

detectmulile tr�-ptopinminn. Toi mi 0.1-mimI v(ilunnTlc

of packed cells were added I .0 ml of minnimal
essenitial nmediunn nsinius tryptopisann munsd

10 nnl (1.7 ,�g), 25 pl (4.3 /ng), 50 �l (5.6 pig),

or 75 ,.d (12.9 .sg) (if [:iH]l\.5(�rgjc acid dietinyl-

amide. Cell tsiiolu(its ‘s’s-crc mnlso inneubated
‘s’s-itls [i4(l�trypt(iphnanu tir [3H]leucimne as in-

corporatiotni coinitroils. After 4 hr of inscuha-

tioni at 37#{176}inn 7 �; C02, cells ‘sverc cenntrifuged

at 2500 rpm (refrigerat ed lint ernat iounai
PR-2 cenutrifuge) for 10 minu and extra-

cellular supernsat annt S ‘svcrc harvest (‘d . After
nncubat iou , Trvpain blue exclusioin viahilit y

studies insdicated equal cell viability (SO-

90 C/e) ill all cultures (i.e., witlu oir ‘s’s-itiiout
lysergic acid dietinylamide). As previously

sho’svnu (1, 2, 4), labeled extracellular super-
Iuatmints froirn cells not incubated ‘svith tine

haliucinogenn comutain 80-90 C/c 7 5 ‘y-globuiin.
The supernsatanst fractions ‘s’s-crc dialyzed
againnst 5-12 liters of 0.05 ‘sn potassium

phoispisate, pH 5.0, for 48 mr at 5�. Dialyzed
supernnataist s ‘svere analyzed foir incorporated

TABLE 1

Iiieorporalion iif label in m-itro bt, (zmitibody-prodncing cells ins-ubated with [‘H]lysergio- acid (liethylamide

Rabbit No. Cells Radioactive label Total radioactiv-

it)- after dialysis

cpm/.01 ,nl cells

22 Spleeni I’HlLysergic acid diethylamide (8.6 �ngnsI) 4.7 X l0�
�‘HlLysergic acid dietlsylanide (12.9 j.ig’nl) 6.9 X 10�

lm4ClTryptophan 1 . 2 X 10�
Node [‘IliLysergic acid dietinylanside (8.6 �g�insl) 3.4 X 10�

[‘II]Lysengic acid diethylamide (12.9 jig/mist) 5.0 X 10�

Spleen [3HlLysergic acid diethylamide (4.3 � ‘nsl)
[‘Ii]Lysergic acid diethylamide (4.3 �tg ml)’

[3HlLeucine

Node [‘HiLysergic acid diethylamide (4.3 �ig maP

[3lllLysergic acid diethylanside (4.3 �ng mat)

l1H]Leucine

30 Spleen [‘H Lysergic acid diethylansioile (1 .7 � ‘mini)
[‘H]Lysergic acid diethylamide (1.7 j.ig’ml)

+ Pinromycini (100 /4g/ml)

Normalt Spleen 3lllLysergic acid diethylanside (1.7 .ig ml) 0.01 X 1W

a Incubatioinis inseluded 25 jig of fitioremi-l-sinbstituted porcine -�-globuIini (anstigeni).
b Noniimnmiunnized rabbit.
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m’ti(lli)hui)el i)v liro’oil)ittiti�In with 5 (f� trieinio)-

roacetic acid, (litilysis migmtimist 1)0th (lO’Iittt or-

imng agennts amid disso(imntilig ligmLIs(l, muIi(1 Se(hi-

nnenstatioini inn a sucrose grmtdieist . Tmui)le 1
sino’s’s-s tine level of ilso(irpormntioins ‘svitin mi-

mimic rahi)it (annti-flutoresevl) splo-eni co’lls inn

t’sV(i 5(’l)min�m1t( experiments. (�‘lls obtainned

froins rai)hit 22 (spleeis aln(l nio(le) shoi’sved
signnifiommmnt inieoirl)orati(ili 0 )f tnitiunn coiunnts

insto secrete(I pro)teinn . (romiter insc irp irmitioin

‘s’s_mis evideint nit 12.9 j�g of [3Hllyso’rgic mscid

dietinviannide tinanu at 5.6 �g, minid signsificannt
[ ‘4C]tryptopinmtnu inico)rpoirmit 1(ili ‘svas

inn tine c(ilstrols. In sinmilar studies ‘svitin
rabbit 2�, tritium ‘svas imsc(irpormtted into

proiteimn secreted fronm ((‘1 is incul)ated ‘svitin
4.3 �.ig of [3H]lysergic mtci(I diethylami(le.

Spleenu ansd mode cell inneui)titio)nn nnixtures

shno’s’s-ed sinnilar levels oif innc(irpoirmitio)n.

Inncreascd inucoirpoirations of connnsts ‘s’s-mns (‘Vi-

dent ‘svhcnn imnnunne cells ‘svo’re inucubmited in
the presemnce O)f immumsogemn (i .e. , flu rescyl -

substituted po)rcinne y-glohulinn) . This sug-
gests a i)ooster effect in mi/mo by tine fluorescyl

group annd direct enshanncemenst oif tritiuni
incorpoirata)nn into an anntibody o)r biosyn-

thetic product of this stimulation. Puro-
rnvcinn inhibited [3H}lyscrgic acid dio’tinyl-

amide incorporation by 85 % (Table 1),
suggestinug ani active inncorporationn pro�e�s

de novo. Table 1 sho’s’s-s that inicubation o)f the

labeled drug ‘svith spleenn cells from nion-

immunnized rabbits yielded very lo’s’s- levels
of incorporationn. This is consistent ‘s’s-ith a
lo’sv rate of nonspecific -y-gl(ihuiiln syintinesis
relative to the roile of alstil)odv syntinesis,

characteristic of antigenu -stimulated cells.

Covalennt linnkage of tine rmidioactivitv

measured inn tine extraoellulmnr material ‘s’s-as
tested i)y ioinnic homnd denaturationn studies

(Table 2). Dialysis of trichloracetic acid-

precipitable lal)eled peptides againnst 1 m’si
lysergic acid, as a dissocimtting ligannd, re-

suited in tine rctenstionn of 75 annd 86 #{182}Z�of the
radiolabel . 1)ialvsis againnst tine denaturing
agemnts S ‘si urea, 6 ‘si guansidine HC1. and

dioxanse-acetic acid (10 � : 1 .0 N) resulted inn

similar retenutioni percenntages. After dialysis
against tine dennaturiing agennts. tine nmaterial
‘svas 100 % precipitable i)y trichloroacetic

micid. Cumulatively, tiuese (Iatms indicate that
tritium coumnts ‘svere inncoirp(irate(I covalently
into tint’ secreted nuaterial and ‘svere mnot

a After 48 tsr of dialysis at 5#{176}.

1 mM lysergic acid

6 ‘si guanii(line IlCl

10�( dioxanie-l .0 x

acetic acid

0.1 �n potmossiuna phos-

plsatc, 1)11 8.0

b(ilIIid by ionic inutermictioinis. Pronnaso’ tremtt-

ment oif tine labeled material resulted in lo’s’s-

molecular ‘sveigist , tritium-laheled products

‘s’s-hich ‘svero’ dialvzahlc ansd could not i)e

precipitmited ‘svitin tricinloroacet ic acid . Pro-
mnase susceptii)ility mind previ(ius obso’rvmi-

tionus (1, 2), revealinng competitions het’s’s-een

lysergic acid dietiny!amide amnd tryptoplians,
suggested thtut the extrmscellular material

‘svas proteins. To assess furtiner tine nonspe-
cific bindimug properties of [3H]lyscrgic acid

diethylannide, the ligand (30 � 3.3 X 1O�
cpm/msmole) ‘svtis dialyzed agtsinsst purified

rabbit serunn albuminn (0.93 mg/mI) and

muormal rtsi)hit -y-glohulins (1-2 mg/nml) inn
e(luilihriunn dialysis chambers (.i). No

i)insdilsg ‘s’s-as detected ‘svitln eitiser proteini.

In previous studies (1 , 2) it was sho’svn

tinat the extrmicelluimsr material secreted fn-onn

aintibody-producing cells incubated inn tine
presence of lysergic acid diethylamide so’di.

nsennted as signsificantly ligister materimui inn a

sucrose gradienut thani nnaterial froinn cells
not exposed to tine drug. To (leternmin(’

w-hether tine ext racellula r lai )o’led nmmst t mmI

from cells incubated ‘svitls [3H]lysergie acid

diethylannidc ‘s’s-misalso lo’s’s- m )lo’cuhsr ‘sveigiit,
tine mmiterial ‘sVmis exanninied oini a .i--3?i �
sucrose gradienst (2). Figure 1 sino’s’s-s that tine
nuaterial frons cells innoUiiate(i ‘s’sith [�lIj-
lysergic acid dietinylannide (rabbit 22 ) was

significamntlv lighten’ tismsn nmmttenial fn ni ocils
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FIG. 1. Sucrose density gradient profile of purified rabbit [‘251]anti-2,4-dinitrophenyl-JgG antibody

(o-o), bovine [uuuljserum albumin (- - -), and ‘H-labeled extracellular protein (-) derived front

anli-fluorescyl antibody-producing cells in the presence of [‘Hllysergic acid diethylamnide.

The experiment was performed on a 5-35% gradient in 0.05 M potassium phosphate buffer, pH 8.0.

Centrifugation was performed in a Beckman Spinco model L centrifuge with a SW-39 rotor at 35,000

rpm for 16 hr.

inucubatcd ‘s’s-ith [‘4C]tryptophann. Analysis of
extracehlular material from rabbit 25 yielded

similar results. Relative to the albumin
marker tine material from the drug-exposed
cells had a molecular ‘sveight of less than

67,000. The gradient gives innsufficient resolu-

tion to determine accurately the nnumber of
small molecular ‘s’s-eight components.

Preliminary studies ‘svere conducted to

identify tine incorporated lysergic acid
diethylamide molecules. Isolated extracellu-

lar protein labeled in the presence of [3H]-
lysergic acid diethylarnide ‘s’sTas hydrolyzed in
4.25 N NaOH by the method of Hugh and

\loore (6). Washed, partially hydrolyzed

potato starch ‘s’s-as used as ann amntioxidant to

ireserve the indole moiety. {3llhlysergic acid
diethylamide and [“C}tryptophan ‘svere also

subjected to alkaline hydrolysis as controls.
After hydrolysis at 1 100 for 16 hr, the

hydrolysates were neutralized and analyzed
by ascending silica gel chromatography,
using tine chloroform-ethanol-acetic acid
(18: 10:2) soivenut system. RF values for

[3H}lysergic acid diethylamide and [‘4C1-
tryptophamn renmaimned the same as reported
above. A sinnglc radioactive compouind ‘svith
ann I?� value oif 0.4-0.5 ‘s’sas OiI)taifle(l from the

hydrolyzed extracellular labeled protein.
labeled material correspolnding to lysergic

acid dietinylamide and tryptophan ‘s’s-as not
detected. The labeled derivative has snot
been isolated in enougin quantity to deter-

mime its structure.
These results indicate that a modified form

of lysergic acid diethylamide is incorporated

into protein. Previous results (1 , 2) suggested
that the modified drug molecule is in-
corporated competitively with tryptophan
molecules. This fact precludes a mechanism
of side group modification by lysergic acid
dietinylamide. Because (if the abseince of an

a-arninno or carboxyl group, it is improbable
that D-lysergic acid diethylamide can become

charged and directly incorporated innto

proteinu. Tinereforc ‘s’s-cpropose either that the
molecule is degraded (catabolic inter-
mediate) or that enzymes are available
‘svhich 1)\ appropriate side group modifica-
tions (anabolic intermediate) remnder tine
drug molecule ineorporable innto proteins.
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