
Robert Cohen 
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Dockets Management Branch 
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Rockville, MD 20857 

CITIZEN PETITION 

The undersigned submits this petition under the Federal Food, Drug, and Cosmetic Act to 
request the Commissioner of Food and Drugs to challenge FDA’s concept of substantial 
equivalence as it may apply to genetically engineered foods. 

I respectfully request that FDA not approve Upjohn’s application for approval of rbGH. 

1. Upjohn has submitted an application for approval of rbGH. 

2. In 1990, FDA determined that Upjohn’s version of the genetically engineered 
bovine growth hormone was identical to the naturally occurring pituitary extract 
(Juskevich & Guyer, SCIENCE, Aug. 24, 1990). In fact, that is not the case. 

3. FDA has developed a policy of ‘rSUBSTA.NTIAL EQUIVALENCE”, which 
eases the burden upon applicants for genetically modified organisms so that they 
need not perform substantial research. That policy should not apply to Upjohn’s 
application. 

4. New evidence suggests that “freak amino acids” are produced when the bovine 
growth hormone is re-combined with E-coli bacteria (Bernard Violand, Protein 

Science, July 3, 1994). 

CONCLUSION 

In 1990, FDA reviewers concluded that Upjohn’s version of the bovine growth hormone 
was identical to the naturally occurring bovine pituitary extract. While this conclusion 
was correct based upon 1990’s technology, it is no longer correct based upon new tools 
and assays. 



2 
Genetic engineering has provided surprises. Iu 1990, FDA gave the opinion that an 
amino acid difference in the middle of a protein chain could have dire consequences. 
That is in fact what happened. 

After Monsanto learned that they had created freak amino acids, in transcribing rbGH 
they developed a technique by which they filtered out any and all proteins containing the 
freak amino acid. In doing so, they fixed the error but changed the formula. In fact, the 
actual hormone (Posilac) that is now on the market is a completely different formula than 
the one that FDA reviewed and approved. 

Upjohn has the burden to conduct the same testing and research that was required of 
Monsanto. 

The undersigned certifies, that, to the best knowledge and belief of the undersigned, this 
petition includes all information and views on which the petition relies, and that it 
includes representative data and information known to the petitioner which are 
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Robert Cohen 
560 Oradell Ave. 

Oradell, NJ 07649 
Tel: 201-599-032.5 

Fax: 201-599-0338 

January 10,200O 

ENVIRONMENTAL IMPACT STATEMENT 

I, Robert Cohen, respectfUlly request that my Citizen’s Petition (Docket NO. 

- ) be placed on an accelerated review process. 

Milk is a hormonal delivery system. Invitro and invivo studies of milk 
proteins cannot adequately demonstrate their effects unless they are 
delivered in aqueous solutions containing the same buffering mechanisms 
contained in milk. 

One milk hormone, IGF-I has been identified as a key factor in the growth 
and proliferation of breast cancer, prostate cancer and lung cancer. It is now 
known that IGF-I levels in humans increases by a factor of 10% after milk 
consumption, 

Based upon the research submitted, it is clear that the concept of substantial 
equivalence should not be applied to Upjohn’s application. To not do so 
would jeopardize the health and safety of American dairy consumers, 

Sincerely, 

Robert Cohen 

““Id dq+:t.n nn TT uer 



Robert Cohen 
560 Oradell Ave. 

Oradell, NJ 07649 
Tel:(201)599-0325 

Fax:(201)599-0338 -. : 

December 30, 1999 

Dockets Management Branch 
Food and Drug Administration 
Department of Health and Human Services 
Room l-23 
12420 Parklawn Dr. 
Rockville, MD 20857 

CITIZEN PETITION 

The undersigned submits this petition under the Federal Food, Drug, and Cosmetic Act to 
request the Commissioner of Food and Drugs to challenge FDA’s concept of substantial 
equivalence as it may apply to genetically engineered foods. 

Upjohn has submitted an application for approval of rbGH. 

In 1990, FDA determined that Upjohn’s version of the genetically engineered bovine 
growth hormone was identical to the naturally occurring pituitary extract (Juskevich & 
Guyer, SCIENCE, Aug. 24, 1990). In fact, that is not the case. 

In 1992, FDA developed a policy of “SUBSTANTIAL EQUIVALENCE”, which eases 
the burden upon applicants for genetically modified organisms so that they need not 
perform substantial research. 

New evidence suggests that “freak amino acids” are produced when the bovine growth 
hormone is re-combined with E-coli bacteria. 

While Upjohn’s application is considered to be “TOP SECRET”, this petition must be 
applied to the review process for that application which officially “does not exist”, but in 
reality does exist. Such approval for substantial equivalence cannot be given. 

Attached to this petition is evidence that Monsanto’s genetically engineered bovine 
growth hormone produced five freak amino acids and suggests that Upjohn’s did the 
same. 

Signature 

Name of Petitioner \ ,, i x -8 1 I :‘ i ‘!:‘.-I -I 
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Isolation of Ekh~ichia di synthesized recombinant 
,ukaryotic proteins that contain dV&etyllysine 
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Recombinant porcine (rpST) and bovine somatotropins (rbST) synthesized in Er&efic&r co/i contain the amino 
J&I, c-N-acetyllysine. This amino acid was initially discovered in place of the normal lysirtetu in a modified 
.reversed-phase HPLC (RP-HPLC) species of rpST. Mass spectrometry and amino acid sequencing of a try&c 
peptide isokted from this RP-HPLC purified protein were used to identify this altered residue as t-N-acetyllysine. 
lost-exchange chromatography was utilized to prepare low isoelectric point (pl) forms of rpST and rbST, which 
UC enriched in c-N-acetyllysine. Ekctrospray mass spectrometry demonstrated that the majority of the protein 
in the bw PI fractionS ~nteined species 42 Da kg= than n~td. lmmobilii pH gradient ekctrophoresis 
(IPCi) of the ion-exchange purifKd low pi proteins was used to isohtte several monoacetykted specks of rpST and 
&ST. The b&on of the acctyhtcd &she in each lPG-purifkd protein was determined by tryptic peptide map- 
.?mg and amino acid sequencing of the altered tryptic peptides. Amino acid analyms of enzymatic digests of rpST 
ml &ST were also used to confirm the presence of e-N-acetyllysine in these recombinant proteins. These data 
demonstrate that a significant portion of rpST and &ST produced in E;‘“cdh’ contain this unusual amino acid. 

Keyword% e-N-acetyllysine; koekcWic focusing; mass spectrometry; peptide mapping; recombinant proteins: 
reversed-phase HPLC, somatotropins 

sting enzymes are also present in the cell nuclei. The function 
of acetylation-deacetylation is not compktely understood, but 
this modification of histones and HMG proteins appears to bc 
involved in the reguhxtion of the interactions of these proteins 
with the negatively charged DNA mokcuks (Csordas, 1999). 

Only a limited number of proteins besides histones Rad 
high-mobility proteins have been identifii as containing e -.V- 
acetyllycine. These are a ferredoxin from Hidobacterium /uz&- 
5iwz t::s: . r: al., 197%), a-tubulin from the unicellular green 
alga C&m~ydomonas reinhardtii (L’liemault & Rosenbaum, 
1985). a-tubdin from 313 and HeLa cells (Pipano et al., 1987), 
and mouse neuronal a-tubulin (Edde et al., 1991). The func- 
tional role of e-N-acetyllysine in ferredoxin is not understood, 
but this modification in a-tubulins converts this protein from 
the cell tiody form to the sixonemal form. Mono&ml antibsd- 
ks specific for e-N-acetyllysine in a-tubulins have been used to 
study the appearance and disappearance of this amino acid in 
373 and H&a cells in culture (Piperno et al., 1987). The i&n- 
tification of this amino acid cannot be determmed by simpk 
amino acid analysis because the acetyl group is labile to the 
acidic or ha& couditions normauy used for hydrolysis. instead. 

The acetyktion of the &-chain an&o group of lysine residues 
in a polypeptide to form e-N-acetyllysine was initially detected 
in calf thymus histones H3 and H4 (Allfrey et al., 1964, 1984; 
Gershey et al., 1968; Delange et al., 1969). This modified amino 
acidhasalsobeendetectedinotherh&ones(Ruiz-Carriltoetal., 
197% Nelson, 198t). The acctyl donor group that is transferred 
to the cnitrogen of lysine by an acetyhransferase is acetyl-CoA 
f.%iIfrfl et al.. 1964; Nohara et al., 1966). This acetyiation is a 
postsynthetic reaction that is not affected by inhibitors of pro- 
&in amthesis (Allfrey et al., 1964,19@ 

The formation of &&cetyllysine has been most thoroughly 
studied in histones and another class of DNA-binding proteins 
known as the high-mobility group (HMG) proteins (Sterner 
aal.,1979,1981).Amino~tequcndnghssshawnthataspc- 
cifH:setoflysinesinthehig&basicamino-taminal:domainsof 
these proteins is subjected to acetylation. The amount of e-N- 
=etyUysine present in each protein is dynamic because deacetyl- 

Reprint rcqwsts to: Bernard N. Vi, Attim&- Division. 
~hsanto corporation, 700 chuterfiehJ village Parkway, St. Louis, 
~kcuui 631% e-mak hnviol@email.momaato.com. 
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complete enzymatic digestion to the component amino acids 
must be paformed toidesnify t-N-acetygysineresidues by amino 
acid analyses. Alternatively, c-N-acetyllysine may be identified 
by amino acid sequencing using a phenyhhiohydantoin (PTH) 
e-Ndcetyllysine standard for comparison. 

TJtisaminoacidhasnotbeendetecmdineithernaturaJorre- 
combhant proteins expressed in E&ericKu cdi encept for 1 re- 
centtcpon (Harbatr et a!., 1992) describing its presence in a Jaw 
pl fraction of recombinant bovine somatotropin (rbST). This 
work described the presence of e-N-acetyUysine in severaJ pep- 
tidesisolatedfromauypaicdigestofthis~pIrbST.work 
reports the identifkation of this ammo acid in both rbST and 
recombinant porcine somatotropin (rpST), quantifies its Jevel 
through amino acid anaJyses, and descrJbes the isolation of sev- 
eral monoacetyiated specks of each of these proteins. 

rpST purified by salt-gradient elution on an ion-exchange resin 
can be resofved on reversed-phase HPLC (RP-HPLC) into at 
Jeast 5 separate components (Fig. 1B). The fW specks has pre- 
viously been Jdentifed as rpSTcormtining a peptide bond chem- 
icaJJy deaved between Amas and Sersoo, and the sea&d one has 
heen shown to contain rpST with isoaspartate9p (Void et al., 
1990). The kst ehning component (peaJt 5). which accounted 
for S-10% of the total protem. was isokted by RP-HPLC 
(Fig. 1A) and aualyzcd by tryptic peptide tnapping along with 
standard rpST (Pig. 2). AJJ of the major peptides in the stan- 
dardcJnomatogramJtavebeenpreviousJysequencedandaccount 
for tJte entire sequence of this protein. These chromatograms 
show that the major difference between the modJf& proteJn and 
the standard rpST was the presence of a new peptide that eluted 
at 34.7 min (Fig. 2A. peaJr 2). The intensity of the normaJ pep- 
tide in &is modified protein (peat’ 1,29-7 min) was dccreaJed 
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Fig. 1. Rcwrsed-phase (RPbHPLC analysis of (A) a putificd late- 
clwiog component and (B) recombinant porcine somatotropk (rpSF). 
rpsrPurifudfrom&.doli~oltbodicJbynf~*rrdsu~ 
Plloawo~chromotoLrophywas~onaV~C-Ill 
rcsin.PakIcontainsrpSTclciwedbctwecnAsn~andSer’ ,pcak2 
amtains rpST with iwaqwta@‘. and the major componau in peak 
5 Js @T eoatakkg E-WaeetyJJysiae’“. Peak 5 JsoJated by this HPLC 
mahod is shown in the upper chromtogram. 

B. N. b%‘and et at. 

, 

Fig. 2. RP-HPLCscpa&on 0fthetrypticpcptidcs0f0pcak5froln 
Figure 1 and (B) normal rpST. Normal rpST ad comnonent S of rt6T 
from FW 1 were digest@ .tib uypsinond a&&-by RP-HPLC aa 
8 Nuded C-18 cohtnui The peptide IabeJed I in both chromatogtum 
camia3thenormalrpSTrrzidues140-1~whrnastbePeWidelabckd 
with a 2 ln the upper cbromatogmm contains r&&j& ~-&IS@ with 
f-MWcIyIQsine wbstituted for lysind”. 

compared to tie normal protein. The unidentified pcptide aad 
the normal peptide were isolated and subjected to amino acid 
sequencing.TJreresuJtsoftbeseanaJysmd emwstmtedthatpeP 
tide number 1 contains the normaJ rpST &dues 140-150, wJticJi 
are G. The Lys 
at residue 144 is not readily cleaved by trypsin probabJy because 
ofthendgbborinsAspresidues.ThefPathatthisLysisnot~ 
UY wsceptiile~~ trypsin deavage has also been observed prc 
viously (VioJand et aJ., 1990). Sequencing of the modified 
peptide yielded an identicaJ sequence to the normal peptide Of 
residues MO-150, except residue 144 was not a Jysine and wsr 
alsonotidcatif~ieasoneofthenomtalPmaminoatid~ 
dards. Ammo acid an&es of the normaJ and modifkd pep 
tides yJeMe4l identical dues for the 2 peptides. This informados 
suggested that residue 144 in the modif& p&tide was pro&- 
bIyalysimethMwasaltaodbyadditionofa~~groupun’ 
stabk to the acid conditions used for the amino add hydroJ@ 

Mass spectrometry anaJyses yielded a positive mole&u iOn 
of 1.442.8 for the modif& peptide compamd to 1,400.g for tbc 
normaJ peptide of residues 14&150. This difference of 42 f)s 
and the sequencmg and amino a&J analyses data suggested that 
the modifti peptide may contain a Jvsine that was acetyktee 
because 42.Da is the increase in ~a= e-N-acetyllysine Cam- 
pared to IysJne. TJris modifkd amino ti-~-lri was confumed to k 
eN-aeetyUy&e because the retent$n time of its PTH derivad* 
was identicaJ to that of authentic PTH-e-N-am (Pig- 3). 
The above combination of tedmiques was used to dentotWate 
that the modified Jate-ehtting rpST protein contained e-b’ 
acetyJJy&net”- It can be observed, however, &at tJtere is a c@ 
side&k amount of normaJ peptide of residues 140-150 pre@ 
in the pepdide map of tJte HPLCpurified late-duting protek 
From the ~xptide maps it was calcuJated that apprordtnately 
40% of the altered HPLC-purified protein contains & 
acetylJysiner”- 

Because acetyktion of a Jysine should lower the pl of a Prc- 
tdn, the HPLC-isokted modifted protein was analyzed by Jsp 
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&trii focusing (IEF) and does have a 1dwCrpI as expected. 
gecausc +kcetylly5he was present in this Iow pl component 
of rpST, the identity of the other loti pi components that are 
weseat in this protein was investigated. The low pi specks of 
@T were separated from the majority of the staadard pl pro- 
tein by ion-exchange chromatography on DE-52 resin using a 
~gradiencoIvoodet~,lps9).Iw:analyses(Fie.9)showthe 
@T applied to the DE-52 resin @%oenix resio purified. lane 
2). the normal PI rpsT (km: 3). and low pl rpsr (laae 4) puri- - 
fKd asing DE-52 resin. This IEF gel shows that there are sev- 
eral low pl specks of rpST, and iott-exchange chrom&tography 
aaDE-52waseffectiwinsepanrtinethesecomponentsfromthe 
a&ity of the normal pl rpST. These few pi forms have pIs 
in the range of 6. I-6.4 compared to 7.4 for normal rp5T. Sii- 
itar!EFanalysisofr~hasalsoshownthepresenccoflowpl 
forms in this protein (Bogasian et al., 1989). 

in order to determine the chemkai identity of these different 
IEF bands, preparative immobilized pH gradkat ekctrophore- 
45 (IPG) was used to isolate sttffiit quatttitics of severai of 
rhKelowplbandsforpeptidemappiagaMIyses.Fii5show!j 
ao LPG gel of the &rifled low pl rpST (same sample as ia lane 
1, Fig. 4) isofated by DE-52 chromatography and several of the 
bandspurif&usingthiste&nique.EWofthcaeisolatedbands 
crassubj~edtotrypticpep&kmapping.Peptidetnaps(Fii.6) ’ 
ofsra&aKir$Ta&herpSTfromiane4inPii5showsev- 
crd differences. Two of the normai peptides (labekd 1 and 2 
in Fii. 6B) are reduced ia intensity in the map of this IPG 
Puif~rjsT.-Tllescpeptide3corrapondtoaminodresiducs 
W-171 and 172-177,rcqectivciy.Anovelpcptidcis present 
inQurc6A(pcak3).ThkpcpLidcwzrrandco~~ 
miducs W-177 with residue Ii1 contahdng &vaceryllyaae 
phceof~.~aedatasbowthatthislowpIformofrpST 
Contains E-N-acetyitysine “I andcx@ainswhytl.tcnormalpcp 
tides of residues 13-171 aad 172-177 are absent in this peptide 

-- 
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FJg. 4. Ar&ticaI isoelectric focusing of aormai and low p1 rpSr pu- 
rif-“‘singDE-52cillwmograpby.Ttterpsfsbowniukoc2rvrsscp 
mated by DE-S2 chromatography iato the norm9 (50 e. laae 3) and 
lowpIprotdn~5o~,lam4~.Lanc1eontaias~pIstandards, 

map because trypsin cannot cleave the peptide bond between 
c-N-acetyllysiw171 and AkIn. Siilar peptide mapping was 
performed on the 2 other isolated IPG rpST bands shown in Pii- 
WC 5. These CM&S demonstrated that the rpST in hne 3 toll- 
tains c-N-acetyliysinel” , and the band in kne 2 is rpST’, which 
has the peptide bond between A.@’ and Ser’O” ckaved. This 
ckaved product has betn previously isolated by RP-HPLC and 
chanidy characterized (vii et al.. 19!m). cheractginuion 
of the RP-HPLC- and IPGseparated specks shows that there 
are at kast 3 acetylated specks of rpST (r-N-acetyllysine 144, 
112. aad 171). which are formed in E. COIL similar analyses of 
r#g- have shown that c-wacetynysine exist!3 at residues 144,157, 
and 167. Ha&our et al. (1992) have identified c-N-acetyIation 
askingprrsentatresidua157,167,171,and180ia~froln 
the tryptic digest of their Iow p1 MT’. 

IFG was useful for separating several monoacetylated forms 
of rpST, but this method is not readily amenabk for quaatita- 
tiott of e-N-pmyllysine in rpST. The totai amount of e-M 
acctynysiac was dctaminai using total auymatic diga5tion of 
theproteinfollowedbyaminoacidaaalysk.FortltebwplrpST 
(Fii. 4, hue 4),0.42 mol e&-acayU~ per mol of proteia was 
obtained, whereas the aormai PI rpST (Pig. 4, lane 3) prepared 
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Q-5. ImmobilhdpHgodiartdccvophoresis(IPG)~ofrpsT 
(20peerchlane).fPGofthelowpl~shominlolKlwasuscd 
toisotatesererordiftaeatlowpI~&iarhom~fonaps 
judged by this technique. Lane 4 coritrins rpST* which contains an 
c-N-acetyll~sinc~~‘; lane 3 contains rpST, w&h contains an *N- 
acctyUysiw’lz; bat 2 con&m rpST, which lms the peptide bond be 
twcen Asn- sad Sa’O” cicaved . 

by DE-52 chromatography ykidai nondctectabk kvds (co.05 
moi/moi) of this ammo acid. As expected, these data show that 
~N9cctynrsineisprcscntoniyintheiowpiWmponcntsoftpST 
and not ln the normai pI rpST. Assuming that each mokcuk 
contains only 1 &VacuyUysine, then about 40% of the iow p1 
protcinsarcace@Wd.The~ofthelowpIspscksare 
mostly dcamidatal forms of rpST, such as the asparm@ and 
isoespartate’Jp specks, which have been prevlousiy dcscr&d 
(Vioknd et ai., 1990). 

it was aiso desirable to measure the amount of s-N- 
acctyiiysine in rpST and rbST Mated directly from inciuslon 
bodies without going through the refold, Phoenix, and DE-52 
ion+x&angcstcps.lEiswasPccompIidrsdbyrcdt&ngandcar- 
boxBymethylati5gthefreesuifhydryigroupJi5thcprotdnsfrom 
inciusion bodks and subsequently purifying the desjrrd soma- 
totropin away from the E. cofi proteins by RP-HPLC. The en- 
zyme digestion procedure was then parformed on this protein 
to dctermlnc the amount of c-Macetyltysim. These resuits 
ykkkd 0.22 and 0.27 mol of a-N-acctyiI-yante per mol of rpST 
and MT, respactivdy. A vahac of 0.23 mof of c-N-acetyiiysine 
per moi of protein was obtained for rpST (Fig. 4, iane 2) puri- 
fied from the refolded protain lsoiatai by the Phoatix ion- 
exchange chromatography. This value would be expected to be 

l-ii (Inin) 

Ng. 6. RP-HPLC scparatioa of the try@ic p@ies for (A) rpST con- 
taining t-N-acayllysinc”* and 0 normal r&T. ‘Ih ti hbdtd in 
the normal &T chromate ire pepoidi 1 contai& r&dues MS- 
171 and peptide 2 containing residues 172-177. ‘i’iu duomatograra of 
rpsrisAtcdbYxPeshowsmabaormslpeptidc(numbcr3),~eac 
tabas residues MS-177 with c-Abcctyllysjnc s&titutai for iysh@. 
Noticctherrductionofthcnormalpeptidchluld2intheuppa 
chromatogram. 

lower than those obtained for the low pi protcln, which shouid 
bccmichcdinthisamlnoacid. 

EkarospraynosJ specvomevy(ESMS)wasaisousedtosub 
sta5tiate the presence of e-N9cttyiiysine in &ST and rpST. 
ESMS anaiyses (Q. 7) of normai pi and tow pi rpST yicidcd 
the expected mass of 21,798 Da for normai rbST, whereas the 
low pl rpST contains a majority of qST, which is 42 Da higha 
in mass. Simikr analp @ii 8) of normai pi (g.3), low pi (7.% 
and a varylow pi (6.3i7.3) form of &ST yielded shnliar rest&S. 
Tbevaylowpirbslwasobtainedbygoolingthelastpart0f 
rb!ST eiutiag from the ion-exchange column. These data sbo* 
the presence of monoacetyIa&d rbST (42 Da above normal) b 
iowpirbSTandbothmono-anddiacctyiatedspazksinthevCI?’ 
low p1 specks. These ESMS data confirm the amino acid dats 
and demonstrate that dhetylations can also oaw in rbST. 

Thisworkdcscribcsthe~of~N~in~ 
and MT, eukaryotic proteins expressed in a pmkazyotic SYr- 
talLi5itiaiworkfronlourlabomayhas*~edthc 
prcscnccofthismodifkdamlnoacidin2otherrt!combinant~ 
~protcmsexpnsKdinE.c&,bovineplacemaiiacnW’ 
and human tissue factor pathway inhibitor (TFP~). ELMS aad 
856508CidanalyseshWCtKC5USCdtO dcmo5amethcp 
of s-N-aatyliysine in these 2 recombinant pro&s. Approrl- 
matciY4O%ofthercaunblnantbovlncpiacentaikct~~ 
ecukscontaina-N-acw~ysineas~yxedbyESMS.Aoalyscs 
of TFPI for E-N-acetyllysine has been nportcd ln a mxnt p@ 
scntation (Mngrubcr et ai., 1993), which dcacrii scparati@ 
of acctylated TFPI specks by IPG. These resuits dcmoasuatC 
that this modifHgtion is presc5t in several divene rcambi@ 

ettkaryotic proteins eaprcssed in E. co/i. The internal location’ 
Of e-NaWygysinC in proteins may expiain why its idetttiftca’ 
tion has not been commonpiacc in recombinant proteins &- 
pressed in E. co& 

. 
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RP-HPLC separation of rpST containing E-nr-acctynysineiu 
+&dthcf.itevidcncethattidsruainoacidwasptaentin 
rpsT.~w=~eonIyetyhtcdqxciesthatwasseparablcby 
gP-HPLC, indicat@ that this &on of rpST must be invohed 
~biudingtotbisrcsin.Ion~chn#a;uolpaphyandIpG 
plrrificationwercusaltodemomtratctbat~uniaoaddisaiso 
present at residues sr2 and 171 in IpsT. Ha&our et at. (1992) 
pnviouslYdanonstratedtbrtte-N-acctynysiaeW8S~atr& 
idues157,167;171,amd180intheirprepantionofr~T.’They 
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isolated a sow PI fraction of &ST u&q cbromatofocl&g az$d 
then performed trypsh digestion on tbc entire low pI fraction 
witboutanyfurdurpuriflcation.~ofmodifi~geptides 
from this tryptic digest yit&kd SevcraJ pep&&$ that were w* 
Hated. Tbc acetyhion sites found in rbST in our work yielded 
this unusual amino acid at residues 144.157, and 167. The&f- , 
f~insitesofacetylationin~ktwetnthisworkaad 
prcvioludata(Harbouretal., 1992)areprobabsyduetotbc 
differcut i&&on and analytic4 methods, different cxpresh 

Ftg. 8. Dcconvolutai ESMS spasa of 
(A~llonnalPlrbsT,~)lowPirbsT~sad 
(C)avccylowplrbST.Thecalcdad 
mokd8rweigbtofrbSTis2t,872amo. 
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kvcis, and differences in fermentation conditions. The effect 
of fermentation conditions on formation of GWacetyllysine 
in recombinant E. cofi proteins is currently being investigated 
in our laboratory and may help to explain the extent of this 
modification. 

Amino acid sequencing. ESMS, and complete enzymatic di- 
g&on were utilized to illustrate the presence of c&acctyllysine 
in rpsT and rbST. The ESMS data (Figs. 7.8) demotied 
that approximately half of the low pr protein is monoacetytated. 
For rbST, diacetylated specks were also observed for the low- 
est p1 protein analyzed. Enzymatk digtstions yklded compara- 
bk data to that from ESMS with values of 0.42 and 0.54 mol 
of r&acetyllysine per mol of rpST and &ST, respectively. 

IPG has not been extensively utilized as a preparative tech- 
nique for isolating niodifkd proteins even though this technique 
has trcmcndous resolving Power and cau resolve proteins that 
differ by as little as 0.001 pl unit (Righetti dt Gianazza, 1987; 
Gorg et al., 1988). IPG has resolved neutral hemoglobin vari- 
ants, which differ by a Phe to Val substitution (Gstagnola et al., 
1988). ShaIbw pH gradknts using this technique have enabkd 
the separation of several monoacetylated specks of rpST and 
rbST. other techniques were unsuccessful at separating these 
specks. Be&use these different monoacctylatcd forms have 
slightlydissinribrpIs~~.S,~~3pnd4),thenthtmiuanvi- 
fomnent around these lysines must be sufficiently distinct to 
cause a difference in the pI of the proteins. Exam&&on of the 
3-dimcGonal structure of rpST (Abdel-Meguid et al., 1987) has 
shown that the modified lysines that have thus far been identi- 
fied do not exist in 1 region on the mokcuk but arc dispersed 
ova the outside of the protein. 

The manner in which rpST and rbST arc acetylated has not 
been elucidated but is being actively investi8atcd in our labora- 
tory. The mechauism for formation of e-A%cetyUysine in eu- 
karyotic systems invotves a posttranslational mechanism in 
which the acetyltransferase uses acctyLCoA as the source of the 
acctyi group (Allfrey et al., 1984). Our attempts to demonstrate 
an &-acetyltransferase activity in E. co& have been performed 
using a crude lysate of E. coli with [C’*laceryl-coA and non- 
8cetylacd rpST as a substrate. Thus far no significant incorpo- 
ration of the acetyl group into rpST has been found. Utilizing 
the conditions described in the Materials and methods section. 
less than 1% incorporation of the C”-acetyl group into rpST 
was found after 1-8 b of incubation at 37 “C. These arpaimenu 
were performed both in the presence and absence of an E. coli 
lysate.ThelncubationswercperformedintheabsenceoftheE. 
edi lysatc in order to determine if the acetylation might occur 
by a n-tic reaction. It is possii that acetylation of the 
lysines in rpST and rbST occurs by a chemical mechanism with 
ace@-CoA or another metabolic intermediate providing the 
source of the acetyl group. It has been demonstrated ihat the 
aatyl group from aspirin can readily be transferred to leas pro- 
win to form e&acetyllysinc (Rae et al., 1985). This dcmon- 
stmcs the pcssim that there may be a chemical intcrmediatc 
at elevated concentrations (e.g., acctyl CoAj in the cell, which 
couldchemi&lyacetyla~ezpSTandrbST.Ithasp&ouslybeen 
shown that the metabolism of E. cdi is altered during the cx- 
pr&onofrhSTandrpSTbecausetheunusualaminoacid,nor- 
kucine, was synthesized and incorpor@d into these proteins 
duritg their expression (Bogosian et al., 1989, Violand et al., 
19E9a). Examin&on of the effect Of different fermentation con- 
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ditious on the kvel of ace@bCoA and &V&etyllysinc in &. mj 
is being used to determine if the metabolic state of the cell af. 
fects the level of these components. 

This acetylatioa may be a type of signaling mechanism in E. 
cofi either to direct the degradation of foreign proteins or BS a 
signal to place proteins into inch&m both. It is well known 
that some covalent modification reactions signal a protein fn 
deoradationfHdrn&Heinrich,198o;Levinedal..lw(i;stadt- 
man, 1990). If formation of c-N-aoayllysine is a signal for di. 
r&g proteins into inclusion bodks, then further examination 
of Proteins that can be expressed both in a soluble form and in 
inclusion bodks in E. coli can be used to address this important 
question. The mechanism by which Proteins are directed into in- 
chtsion bodies has been extensively investigated, but no central 
theory has 8riscn (Kant 4% Hartley, I= schcin, 1989) although 
1 publication concludes that most inclusion bodks are formed 
from protein-folding intermediates and not from the native or 
fully unfolded protein (Mitralti 8 King, 1989). 

Four E. coh’-duived recombinant proteins have been found 
to k partidy a-N-acctyhtcd (titter et al., 1985. Takao et al.. 
987; Honda et al., 1989; Liscbwe et al., f993), which demoa- 
strates that eukaryotic proteins am be a-N-acetylated when ex- 
pressed in E. co&. 7lwec native &osomA proteins in &. colian 
also a-Wacctylated and are modifkd by 3 different enz.ymti 
(Isono et al., 1978). The enzymes responsibk for N-terminal 
acetylations are most likely not responsible for the sidc-chak 
acetylations found in this work because separate enzyme We 
been shown to be responsible for these reactions in culc;uyotic 
systems. 

It has ban shown that t-fV-acetyllysine-tRNA can be used 10 
incorporate &%zetyllysine into proteins by dmnically add@ 
art aatyI group from aatoxysuc&imide to the Lys-tRNA md- 
wuk (Johnson et al., 1976). c-iv-acetyllysine was incorporated 
at 82% cffickncy into hemoglobm from cAr-acctyllysine-tm 
in a rabbit rctku@te cell-free ~rotein-synthe&ing system wWI 
compared to lysine incorporation from Lys-tRNA (JohaJo” 
ct al., 1976). Thus, it would be possibk for this modif& amino 
acid to be incorporated into protein in E. coii if this tRNA dc- 
rivative could be synthe&ui in E. a%. 

The formation of &v-acetyllysine in recombinant proteins *r-. 
pressed in E. co/i may limit the amount of protein that can k 
rccovcrcd if an ion-exchange step is iwd in the purifiitiOn Pm 
cesshccauscthisprocessm8ysepar8tcthucaltcred~speci~.~ 
report shows that e&-acctyllysine specks present in IPST and 
rbST can be separated from the normal p1 protein by ifl 
cxchangc chromatography on DE-52 resin. This chcmkal mod- 
if&on may also explain some of the heterogeneity that ic 
gcncdly observed in recombinant proteins. In conclusion, thi+ 
research has demonstrated that acetylation of Iysines is an * 
portantaltc&onthatcanoccurduringthecxPressionof~ 
binant proteins expressed in E. coli. 

M8ttd&uldmctLods 

@T and &ST were refolded and oxidized from E. cdi i&u- 
sion bodks as previously described @ogosian et al., 19891. MO- 
nomeric rpST and rbST were purifti from the &Woxidati@ 
mixture using ioncxchangt chromatography on a Phoenix HA- 
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16 C&e 3 anion exchange resin (Advanced Separation Tech- 
co)ogies. Whippany, New jersey). All steps were performed at 
, oc. The refolded protein (20 g) was deionized (< 100 micro- 
icmens) using 500 g of Dowex MR3 resin, adjusted to pH 10.8 
with 2.5 N NaQH, and applied to the column (25 x 5 cm) quil- 
;&at& in 4.5 M urea. 0.05 M Tris-HCI, pH 10.8. The desired 
f&n was eluted with a finear salt gradient consisting of 3.5 
L of the equilibrating buffer and 3.5 L of a limit buffer of 4.5 M 
urea. 0.05 M Tris-HCI, 0.10 M NaCI, pH 10.8. Fractions were 
*yed for monomeric somatotropin (ST) using BP-HPLC and 
de-exchrsion HPLC, which separate monomeric from dimeric 
protein (Violand et al., 1989b). The fractions containing fess 
lbn 9% dimeric ST were pooled, extensively diafii against 
+t 10.5 H&I (NaOH) using an Amicon Peliicon unit with a 
t6.600 molecular weight membrane, and IyophiJized. 

p&icadOn of low pI forms of rpST and t&ST 

ynples enriched in the low pf forms of rpST and rbST were 
prepared by chromatography of the product from the Phoenix 
ioJI.exchange column on 8 Whatman DE-52 resin. The sample 
tn’as dissolved at 10 mg/mL in 4.5 M urea, 0.05 M Tris-HCI, 
,+I 10.7, and chromatographed as described previousfy (Wood 
‘q at., 1989). Fractions of the low pl ST were poded bztscd 
,,” analyses of fractions by IEF. The pooled sample was diafd- 
l&extensively against pH 10.5 H@ (NaQH) with an Amicon 
p&con unit with a )0,008 molecular weight membrane and 
iyophihxed. 

geversed-phase HPLC sepcration of r-ST 
,~ntainittg c-N-ucety~lysine’” 

.-\ Ferkin-Elmcr Series 4 HPLC was used for this separation on 
3 vydac C-18 column (218TPSlO) at a flow rate of 5 n&/ruin. 
fhe protein (500 #g) was applied at 40 mM trifluoroaceGc acid 
(TFA), 55% acetonitrile, and Juted with a linear gradient from 
55 to 61% acetonitrik over 24 min at constant 40 mM TFA. Pro- * 
uin in the eluate was monitored at 278 nm. Data were cohected 
;md stored using a Nelson 4400 chromatography data system. 

Amino acid anaIyst3 

.&mino acid analyses were performed as previously described 
rVioland et al., 1990). 

:lmino acid sequenciing 

4utomated amino acid sequencing was performed as previously 
Jcscribed (Violand et al., 1990). 

Preparation of PTH-E-N-acetyllysine 

:\a aqueous solution of ~Nacetyllysine was prepard and ap 
&d to an underivatized TFA-ctcbed. GF/C filter disc (Applied 
kysfems, tqc., Foster City, Cafifortda). It was then detiva- 
tired with phenve (PlTC) reagent in a model 470A 
*phase sequencer (Applied B&stems, inc.) and converted 
ml0 the stable PTH form using the standard sequmcing pro- 
twoI. The derivative was delivered in an on-line fashion to a 
model 12OA PTH-Analyxer (Appiied Biosystems, Inc.) in order 
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to establish its retention time relative to the other PTH-amino 
acid derivatives. 

Tryptic peptide mapping 

Tryptic peptide mapping was performed as previously described 
(Violand et al., 1990). 

Fast-atom bombardment mass spetromerty (FAB-MS) 

Positive FAB-MS was’performed using FAB-MS on a Finnigan 
TSQ mass spectrometer quipped with an Iontech FAB source 
as previously described (Violand et al., 1990). 

Complete envmatic digestion and irrnino acid analyses 
for quuntitation of e-N-acety&sine 

The method used for determining the amount of e-N-acetyllysine 
in somatottwpins was essentially identical to a method previously 
published for this determination in histones with 1 modifcation 
being that norleucine was inch&d as an internal standard (AlI- 
frey et at., 1984). 

Carbo~methyhztion and RP-HPLC purifkztion of rpST 
and rbST from E. coii ineiusion bodies 

lnchrsion bodies of rpST or rbST were prepared as previously 
described (Bogosian et al., 1989). The inclusion bodies were soi- 
ubilii at 30 mg/mL of total protein in 5% lithium dodecy! sul- 
fate, 0.) M Tris-HCI, 0.05 M etbylenediamine tetraacetate, 
pH 8.6. An aliquot of &mercaptoethanol was added to a final 
concentration of 0.27 M, and the sampfe was incubated for 
I5 mitt at 37 “C. After reduction, &foacemte was added so that 
ifwasO.#Mexcemovertheamountof&mer~,and 
the pH was maintained at 8.6 for IS mitt at room temperature 
with addition of 2.5 N NaOH. The reaction was stopped by ad- 
dition of 0.1 M @ercaptoethanol. The reduced, carboxymeth- 
ylated rpST or rbST was then purified by RP-HPLC. The 
protein ( f mg) was apptied to a Synchrom RP-8 cotumn’(250 x 
IO mm) quilibrated in 48% acetonitrile. 20 mM TFA. The de- 
sired protein was then eluted by holding at 489b acetonitrile for 
5 min. ramped using a linear gradient to 759* acetonitrile over 
1 min. and held at 75% acetonitrile for 4 min. The ffow rate was 
6 ml/mitt, and the column &ate was monitored for protein at 
278 nm. 

fsOeectric focusing 

isoelectric focusing was performed as previously described 
(Violand et al., 1992). 

Immobilited pH gmdient ekctrophore& 

IPG of rpST was performed using a pH 6-10 gradient in 3 M 
urea according to published procedures (Righetti t Gianazza, 
1987). For analytical purposes, approxbnately IoOlrg of sampk 
was amdyzed. For preparative purposes, a sample application 
trough was made in the gel by applying 2 iayers of cellophane 
tape approximately 2 cm from the bottom of the U-frame pIate. 
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