
Vol. 44, No. 2, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

SIzFi HJ3lm3m OFlMf@JNOREACl'IVEHUMANAC'fTIINPLASMAANDINEX!FRACESOF 

PITNITARYGLANIEANDACTH-mCING= 

Rcealyn S. Yalow and Solomon A. Berson 

Radiolsotope service, Veterans Administration Hospttal, Rrcnx, N. Y. 10468 and 
IhqmtnmtofWche,m. Sti SchoolofMedicine ofThe City University of 

New York, N. Y. 10029 

Received May 27, 19’71 

SUMMY: Imnmma&lveACIHinplassaaandlnextracts ofpitultargglandsmd 
ACM-producing~wasdewnstratedusingSephabex.~lfiltratl~and separa- 
toryultmcentzWugationtobs canposedofatleasttwomajorcaapcnsnts,one 
ACRE-llke~~otherofc~lderablygreatermolecular size. ThereLative 
di8tributionbetweenthetWomijorCanpment8 Varied@'eatly8mCmgpla~~M. It 
is concludedthatthe lar@rmleculeruelgWfYactlm originate8 lnthe pituitary 
8rd x%preent8 ACTl'% band 3x1 covalent linkage to a larger peptlde. 

Helxrogmelty ofimmmoc~calreactivltyhas beenmpor%ed far plasm 

arxi glandular paratlqroid homme (1). She hetercgeneity has been reported for 

pancreatic lnsulln (2), plasma insulin (31, pancreatic glucagm (4) and plasm 

growth homaw (5), and size and charge heterogeneity has been repwted for 

pla8mandti88uega8tr3.n8 (6,7,8). Inthepresent study,wepresentevI.dence 

for the existence, In plasma and in extract8 of pltultary glands 8M an ACTS-pro- 

ducing t&mana, of i3unmoreactive ACEI @aqmentS of larger molecular s&e than 

ACJIi l-39, as well as of CCnpCtleIltS re8erobling ACI'H. 

Ph88E!~le8 fkWfl~t&?~t8tith~lS~'S 8~,Addi8CBI'8diEUXW, 

an8 cushingls syndrcme due to ectcpic ACTH productim and frcm a nomml 8ubJect 

stinulatedwithmetympom, purlfledhmmAClWandextracts ofhmanpitultsry 

glands 8ndmACi’¶l+ra’oducing~we~ 8UbjeCtXdtog'Zl filtrationon 

zkph%dex050,m,c01wm8,1cmx50cm. Co&mm were equIlIbratedwIth 

honncne-mplaama (~~atedbloodbankplaaaawithotrtdetectable iamnxrreactlve 

ACTW diluted 1:lO in ved buffer 0.02 M, pH 8.4, conts&lng 0.5% mercapto- 
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ethanol. One half or one ml of plasma or of ho zmone-freeplasmatowfiichhad 

been added a few microliters of purified hormone or extract was added to the 

column and eNted with the ssme plasma-buffer mixture used to equilibrate the 

colunn. All saqles contained also 13110dide 125 , I-hmanACl'Handbrcqhenol 

blue msrker for albmin or 13?Mmmsn serumalbumln. Oheml eluates were 

collected and counted for radioactivity and their AC?3 contents detennimd by 

radlolnmmclassay (9) using 12511abeledUpton-LernerhumsnACTH8J3whichwas 

alsoemployedasstandaxd. All standards, plasmas, extracts and eluates were 

assayedinhommme- free plasma diluted 1:lO In the veronal-mercaptoethanol 

buffer. 

Saseplaamasamples ~withorwithoutadditians)~~dilutedwlthequal 

parts of normal saline solution containing 0.5% mercaptoethsnol and subjected to 

ultracentrifugation for 17 hours at 4OC and 37000 rpm In a Splnco Model L fitted 

with a bucket rotor (SW50.1) containing 6 tubes. After the centrifuge cams to 

rest wlthout braking, portions were removed fman different levels of each tube 

forcouutlngandradlolnmnoasssy ofAClH. 'Ihe principles andmethods are those 

described previously for insulin (10) except for the substitution of tubes of 

0.5 ml capacity and the removal of four successive 100 mlcroliter portions fYan 

thetopdown. 

Cn gel filtration recoveries ranged fYan 70 to 100% of -reactive 

ACIHplacedmcoluun. Upt~~~rA(TRIemergedasasinglecanpcxlentlnan 

elution volume consistent with its molecular weight of 4500 but a standard 

acetone pmder of pooled humsn pituitary glands and acetom-acetic acid extracts 

ofanACM-prPducing~andofas~~pituitargobtainedpoet-medem 

copltainealarger molecular~ueightcarpcnentsemergingprincipallgnearsenrm 

albumin (Fig, 1). Cmrefractionation,the AClFI-Ukepeakrantrue (although 

therewas sane zone spreading) andtheblgrnoleculsrweightca~ponents~ 

only slight c- ion m.g. 2). 

440 



Vol. 44, No. 2, 1971 BlOCHEMlCAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

SEPHADEX G 50 
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PURIFIED HUMAN ACTH THYMOMA EXTRACT (ECTOPIC 
UPTON-LERNER 88 ADRENOCORTICOTROPINISM) 

PERCENT OF ELUTION VOLUME BETWEEN 13’ I- ALBUMIN AND 13’ I- 

IQ. 1. Bphadex G50 gel fractionation of immmoreactive ACTH in tissue extracts. 
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pig.2. RefractlcmatlononSephadexG5O ofboth ~reactiveconponents In 
acetone par&r extracts of hmsn pituitaries. 
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SMlm caqments of endogenous plasm hormone were also observed but 

the= was great variation In the relative distribution between the two coqments, 

amarently unrelated to the AC!L’H ConcentratTon (PQ. 3). Each of the pm 

IMMUNOREACTIVE PLASMA ACTH 
SEPHADEX G 50 

PERCENT OF ELUTION VOLUME BETWEEN ALBUMIN AND “‘I- 

Fig. 3. Sephadex 050 gel fractionation of Wmxnoreactive plasma ACJX 

caqxnents ran true m refkactlcnation @lg. 4). Iumnoreactive cmts 

emerging later than Upton-Lem?r Ami were never observed. 

Results of ultracentrifiqatfon mm fn god apeement with those of 

gel filtration regadlni3 the relative dlstr$bution of the two pl3tlcipal nx&cular 

ORiefit ccaporrents of plasma ACTIi (Table I). Both labeled snd unlabeled purified 

Uptcn-krner ACEi showed a nuch 1-r sedinmtaticn velocity then albwdn con- 

sistent with the ccmldersbly smaller molecular weI@ of ACIH. !Che sedinrntation 

velocities of lnmunomactlve ACM In the plasmas of patients St and Ru, whose gel 

Mltratlcn p8ttems shcmd the ACXLllke cuapaxmt to p redadnate, were solar 

to that of Uptmderner ACIH but nmh greater sedimentatlcn velocities were shown 
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SEPHADEX G 50 
Ber. 

NELSON’S SYNDROME 
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PERCENT OF ELUTION VOLUME 
BETWEEN ALBUMIN AND 13’1- 

pig. 4. New fractionation on Sephadex 050 of sems sample of plasma fIunpatlent 
&r shown in pig. 3 and ref'ractionation of both jmRmomact1ve canponsnts . 

TABLE 1 

CONCENTRATION OF RADiOACTIVITY OR IMMUNOREACTIVE ACTH 
AT VARIOUS LEVELS IN TUBE AFTER ULTRACENTRIFUGATION EXPRESSED 

AS PERCENT OF CONCENTRATION IN UNCENTRIFUGED MIXTURE 

131, l25l 
L&b&d PLASMA ACTH 

Alb. ACTH ACTH Ru St a/l5 Ma Ph 

Top 0.1 ml 3 51 m m 75 I7 30 

2nd 0.1 ml 25 77 70 80 95 58 60 

3rd 0.1 ml 86 92 85 80 95 58 &I 

4th 0.1 ml 92 99 85 90 95 83 80 

by the baunoreactlve ACEI In the plasm of patient Ma, in uhlch only the big 

nlolecularccaparentuas evidentongelfiltraticm,end Inthep1eamof-patient 

Fh,inuhkhbothca&xnentswererepreanted. 
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DZXUSSION 

All result6 lndtcatethatthe largermolecularwelghtconpmentof 

iiumnoreactive ACIHis notfomdbythe binding, invltro or lnvlvo, of the 

A'lJlX-like caqxxlenttoap~~ein;nosuchbiKtingisobserPed~the 

additicmofunlabeledor labeled ACIHtoplammandtherelsnoevldent re-equili- 

bratlonoftheendogenous plammccmponents mredlstrlbution. For these reason8 

and also becartse of the independence of the relative distrlbutlon of the two 

ccmponents of concentratim, tt, is also very unlikely that the big molecular 

weightccqmentis anartifactofthe procedwm especially since plasma samples 

f'ran normal subjects show no detectable Wmnoreactlvity in any of the eluates 

and,asalrearbrnoted,no"bigA~"~a~scn~oftheACM-~peaks. Al- 

thoughthe Mividualpeaks have notbeensubjectedtobioassaytherela Tuttle 

doubtthatthebigntolecular~ightcaqmentisbiologLcally active since it 

ccuprlsed the only detectable fraction in patient Ma who 9988 suffering Fran a well 

6Stab~6h6dSeW3'@eCtC@c&6~'s syndr?cW (brcnchogetic carCinana)a?Xiin 

IlO& 6Ubj6Ct~~6ft~i66t~O?E,WhOt3hCW6d6IlO~ increase inkll'hWy 

excretion of 17 ketosteroids. Thepresence of similar caiponents inplasmaand 

inplttitarg andti.66creXtra~tS SUggeStSthat theho.mxXie is produced at and 

semted fmnits site of origin inat least two form,thelargerprcbably 

representing ACCM covalently linked to another peptide originating at or near 

the site of ACTH Synthe6iS. 

We 6re Indebted to Drs. A. Lemer, V. Upton, T. Lee, B. pfmstone, D. 
Krleger,L. Gabrllove,J. F. GarciaandJ.M.Earll forprovkkl%hm, tissue 
extracts or plasm samples used in these studies. 
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