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SUMMARY 

Protein carboxymthylase frcm bwine anterior pituitary is found to be 
capable of carlmxymthylatinq proteins in an in vitro protein synthesizing 
system which includes S-adenosyl-L-n&hionine-hionine-14C methyl], wheat qexm ri?m- 
across audoviductmRNA. Optimalcarkxymethylationis inhibitedbypurcanycin 
indicating the requirement for de novc protein synthesis. Ultracentrifuqal 
profiles shcw that carboxymethylated proteins are associated with rilmscxnal 
absorption peaks. This is consistent with the carb~thylation of proteins 
occurrinq on nascent peptide chains. 

'Ihe initial discovery of the carboxymethylation of proteins in normal and 

turmr tissue by protein carboxymethylase, PCM (1, 21, an enzyme capable of 

rmathylatinq side chain carkoxylqroups in proteins in the presenceof S-adenosyl- 

L-rrethionine (SARI), was followed by the recognition that it coincided with the 

mathanol forminq enzyme described bv Axelrod and Daley (1965), Wn?n and Liss, 

1973). The formation of carboxymethyl esters as a result of mthylation is a 

transitory modification of protein molecules, which readily hydrolyzed under 

mild alkaline conditions to liberate methanol (l-3). 

Protein carboxymethylase frcxn whole bovine pituitaries has been shown to 

methylate several pclypeptide kmmnes (5). Adiverse nmberof secretedpro- 

teins andpeptides havebeen found to be substrates of PCMfrcmcalf spleen 

(2, 5), bovine pituitaries and eqq laying hen oviducts (our unpublished data). 

It has been suggested that KM may play a role in adrenal medullary secretion 

(f-5) . Recent evidence suggests it plays a role in the human mnocyte chemtactic 

mxhanism (7). In bacteria, the mzthylation and demethylation of a cytcplasmic 

masbzneproteinmre found to be involved in the chemtactic responses (8). 

In this paper we wish to report the n-ethylation of nascent peptide chains by 
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bovine anterior pituitary .pcM in an in vitro protein translation system using 

hen oviduct messenger ribonucleic acid as massage, and discuss the possible 

roleof PCMinprotein secretion. 

Fgg laying hen oviducts ware purchased fm Pel-F'reez Biologicals Inc. and 
stored at-2ooC. Hovine pituitaries were freshly obtained frcm a local slaughter- 
house andwheatgemwas fmnGenera1 Mills W.nueapolis,Mi.nnesota). S-Adenosyl- 
L-methionine-[14C methyl] (58.3 mZi/m&We) was a prcduct of the New England 
Nuclear. Oligothymidilic acid-cellulose was fran Collaborative Research, Inc. 
Creatine phosphate, creatine phosphokinase, ATP, GTP, spermine, and amino acids 
were products of Sigm Chemical Cmpany. 

Pituitary PCMwas partiallypurifiedusing aDEAE-A50 Sephadex column 
(1.5 x 30 cm) whichhadbeen equilibratedwith 2 ~sodiumbicarlmnatebuffer 
(pH 8.0) containing 1 r&l MT. The column was eluted with a linear NaCl gradient 
(O-0.3 M). Fractions wntainingthehighestenzymaticactivitywerepooledand 
concentrated by ultrafiltration using Amiwn PM 10 nrmbrane. 

Preparation of hen oviduct total RNA was as described by O'Malley et al. 
(9) - Purification of Poly(A) containing oviduct mFWA using Oligo(dT)-Cellulose 
affinity chrcmntography was performed by the m&hod of Aviv and Ieder (10) with 
the mission of the 0.1 M KC1 salt wash. Isolation of oviduct polyscm~s was by 
the method of Schimke et al. (11). 

The wheat germ 30,000 xg supematant (S-3O)fracticm was prepared by the 
procedure of Roberts and Paterson (121, but 12 grams of wheat germ were used 
instead of 6, and the pooled fraction of S-30 frcan Sephah G-25 wlumn was centri- 
fuged at 30,000 xg and 2OC for 10 minutes. !lhisr&iucedtheproteinwncentraticm 
of the S-30 without reducing its translation activity. 

The rmathylation of the nascent peptide chains was performed in au in vitro 
protein synthesizing system as follms. Thesystmwntainedinavolmsof 
0.215 ml: 20 ~1 of wheat gem S-30, 20 nM of N-2-hydroxyethypiperazine-N'-2- 
ethanesulfonic acid (HEPKS) (pH 7.0), 2~MT,1rrMATP,2OO@lGl'P,8~g 
creatiue phosphokinase, 40 UM spezmine, 8 I-IN creatine phosphate, 2.15 moles of 
radioactive SAM, 84 n@l KCl, 3.5 mM magnesium acetate, 20 W each of 20 amino 
acids, and when included, 20 ug of oviductmHN& 0.25 A260 units of oviduct 
polysmss, 27 ug of methylase protein, and 1 ml of pumnycin. !I% incubation 
was for 1 hour at ram temperature. Afterincubation,then&turewasdiluted 
with 1 ml of a buffer wntaining 25 mM Tris-HCl (pH 7.6), 25 m KCl, 5 mM M$Zl2 
and 140 nM sucrose. l'he mixture was then layered over 10.8 ml of a wntinuous 
sucrose gradient (1.5-0.5 M) and centrifuged at 2-4* and 283,000 xg for 96 
mimes in a SB-283 rotor (International Fqui&znent). Attheendof centrifu- 
gati~,thetubewaspuncturedfromthebottcmwithaneedle~~toa 
wmfdbrandmt~~A260 readingsmrwm&d. 'ItJelve ld fractions 
werewllected,andeachfractionwasth~subjected~~ assay for 
carbxqmrathylated protein. lheassaywasbasedon thedetfzminationofradio- 
activemethanolafterhydmlysisofproteinmsthylestersmder alkaline wndi- 
tions as follows. 'R~eachlml fraction, 0.2mlof2NNaOHwasaddedtownvert 
the [14Cl Ethyl esters to [14C1 raethanol. The qle was allom?d to stat-id at 
roan temperature for 15 minutes to fom the hydrolysis product [14Cl mathauol, 
whichwas thenextractedbythe additionof 6mlofiscpentylalwhol. After 
centrifugationtobreak theemlsion, two separate 2ml aliquotsmremoved. 
To one aliquot, the %et" san@e, 2 ml of ethanol was added foll& by 10 ml 
of LiguiflWr. 'Ihe sewmlaliguotwasevaporatedat60~underawateraspiza~r 
vacuum. To this "dry,, saqle, 2 ml ofisqentylalwhol, 2 mlof ethanolaud 
10 ml of Liquifluor ware added. Theradioactivityineachsanplewasdetemined 
in a liguid scintillation cmnter. [14C] Methanol was calculated by the numerical 
difference in the Y&z" and "dry', (13). 
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Table 1. PCM activity of cellular fractions frcm oviduct tissue of egg-laying 
hE!I-lS. 

Cell fraction assayed 

Whole hcmgmate 

800 Supernatant xg 

8,700 xg Supernatant 

198,000 xg Supernatant 

800 Pellet xg 

8,700 xg Pellet 

198,000 xg Pellet 

[14CI@thaml formed (pmles) 

Minus exogenous substrate Plus Acm 

62 72 

51 70 

40 70 

50 77 

13 33 

2 3 

4 12 

F'reshoviducttissue (3 grams) was hcmgenized in 3 volmes of cold 
buffer containing 50 n@l triethanolamiue HCl, pH 7.4, 50 mEI KCl, 5 mM MgC12, 
and 0.25 M sucrose. PCM activity was determined in the whole hcmogmate 
and the various subcellular fractions. The various pellets were resuspended 
to their original pre-centrifugal volume using the sane buffer. Assays con- 
tained 0.1 ml of either the supematant fraction or the resuspended pellet, 
0.1 ml of buffer ( 5 z-&l sodim phosphate, pH 7.4) or 
0.42 moles of [14C-mthyl] SAM. Sqles were incuba cd 

C!Q-39 (0.5 mg/ml) and 
at 37ac for 1 hour. 

After incubation, 0.6 ml of 0.5 M sodium borate buffer (pH 10) was used to 
hydrolyze protein [14C] methyl esters. I1kl methyl groups incorporated into 
proteinwerecalculated frcmthenmericaldifference in 'ket"and Vry' 
samples as described in Materials and Methods. 

RESULTS 

Innosttissuesmis foundprimarily in thecytosol,butinoxbraina 

soluble andtirane formof the enzym has been reported (14). 

Tablelshms thatakmst908 of the p(pIactivityis found in the cytosol 

fractionof oviduct tissue frcmegglayinghens. Of the secretedproteins 

fouud ineggwhite,ovalbumin,conalimnin,ovmmcoid,avidin,andlysozyma, 

onlylysozyme and avidincannotserve as a substrate invitm (our unpublished 

data) . Althoughcarboxymethylatedproteinshaveneverbeenisolated fmovi- 

duct tissue, suggesting a transitory type of mthylation in vivo, it was deter- 
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Table 2. Carboxymzthylation of de novo synthesized proteins. 

Additions [‘VI Pk&hanol 
Expdment !fOlSlEd 

wheat gain Oviduct m PuranJlch (pies) 
s-30 

1 + + + 106 

2 + + 26 - - 

3 + + 40 

4 + + + + 41 

Ttkal protein carboxymsthyl esters were measured as methanol after 
alkaline hydrolysis. 

3 
Fraction nun&r fram botttm 

Fig. 1. Distribution of [14C] carboxymthylated protein 
inthe ribos.cawlarKI cytosolfractims determined 
after sucrose density gradient centrifugation as 
deSCdbE'd inb&teriClk andMethodS. m26O,&id 
line: CPM, broken line. 
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Table 3. Fequirements for optimal carboxyrffsthylaticm of proteins in an 
in vitro translation system. 

Additions [~~clwhanol 
wheat 

Expertit geEeEl germ 
Oviduct Oviduct formed 

ribosanas mRNA Pm @soles) 
ribosaws 

1 + + + + + 126 

2 + + + + 149 

3 + + + + 176 

4 + + + 67 

5 + + + 57 

6 + + 51 

7 + 39 

8 + 6 

Thesumtotdlamountof~~~thylatedproteinswasdetermined. Awheat 
germ S-30 fraction was centrifuged at 105,000 xg for 2 hours to obtain a 105,000 
xg supernatant (S-105) fraction and the riboscural ,@let. When necessary, wheat 
germ S-30 ems reconstituted frcm the wheat germ S-105 and wheat germ ribom1 
fractions to their original proportions. 

mined~~PCMcauldnrethylatenascentpolypeptide chains during translation 

in vitro. 

Thedata in Table 2 reveal that optimal carboxyrsathylationofproteins 

bybovine anteriorljituitaryPCMinan invitroproteintranslation system 

is dependent on wheat germ S-30 fraction and oviduct ml?N~, and it is inhibited 

bypuraqdn suggestingdenovo synthesisofproteinsisnecessaryforoptimal 

levels of carboxymathylation. 

Further analysis indicated that optimal carboxymathylation of such 

proteins in the translation systemusedwas dependentonthepresenceof 

wheatgermribosaws andoviductmW. The data in Table 3 showthatthe 

anissionofwheatgermribosCmEs frcanthe systemresults inadropof 

[14C] nrathanol frun 176 prples to 67 pnoles, while emission of oviduct mRNA 
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Froctim nun& from bottk 

Fig. 2. Distribution of [14C] carkcxymathylated protein 
in the absence of addedwheatqermrilxxwnes. 
Incubation at-d density gradient centrifugation 
otherwise the sam as in Fig. 1. 

results in a drop to 57 pies. When both wheat qerm ribosmes and oviduct 

mIWA are anitted, the [14C] methanol formed is only 51 pnoles. In order tc 

determinetiether the carkxxynrathylationof the proteins synthesizedde nom 

canoccurwhiletheyarenascentchainsonribosarres,~iments~ecarried 

out in an attea@ to detect such ribscuw associated carboxymthylated nascent 

chains. Figure 1 shcws that carkoxymethylated proteins are associated with 

ribosamlabsorptionpeaks ina translation systemincludinqwheatqenn 

riboxaws andoviductmRNA. When wheat germ riboscms (Fig. 2) or oviduct 

~W?J (Fig. 3) is not added, the association of ~imxymthylated proteins 

withriboscmalpeaks disappeared. 

DISCUsSION 

Of the secretedproteins found ineqgwhite-ovalbmin,cmalbmin, 

ovcmcoid, avidin and lysozym, those that can be carkoxymethylated by PCN 
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Fig. 3. Distribution of [‘?I car~thylated protein 
in the absence of added kFAA. Incubation and 
density gradient centrifugation otherwise the 
same as in Fig. 1. 

invitroare ovalbumin,conalbmin and-mid. PCMisacytosolenqm 

inoviduct tissue, and if these proteins are carboxymthylated invivo, this 

would be -ted tooccurwhile they are king synthesizedon rikosanes, 

before they are sequestered within intracellular membraned vacuoles where 

they muld not be accessible to the enzyma. 

Evidence has been presented that indicates that carhxymethylation of 

proteins canoccurwhile they are at the stage ofnascentchains attached 

toriboscms. 'Ibrough charge neutralization this could facilitate the trans- 

portofandsquestration of secretoryproteinswithin intracellularmepnbraned 

organelles . 
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