Robert Cohen
560 Oradell Ave.

Oradell, NJ 07649
Tel: (201) 599-0325
Fax: (201) 599-0338

January 10, 2000

Dockets Management Branch

Food and Drug Administration
Department of Health and Human Services
Room 1-23 4

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.

I respectfully request that FDA not approve Upjohn’s épplication for approval of rbGH.
1. Upjohn has submitted an application for approval of rbGH.

2. In 1990, FDA detcrmined that Upjohri’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 “SUBSTANTIAL 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.
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Genetic engineering has provided surprises. In 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 undcrsigned 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

unfavorable to the petition.

Signature f/41:22;;§;7”£srﬁ*‘““*\\~
Name of Petitionerj@ﬁd_’_ﬂ(_hfﬁ
Mailing Address_",0 Orzdel] Ave . Omdell AT oG

Telephone oD)~-59G - 0325
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Robert Cohen
560 Oradell Ave.

Oradell, NJ 07649
Tel: 201-599-0325
Fax: 201-599-0338

January 10, 2000

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 subs’tantilal
equivalence should not be applied to Upjohn’s application. To not do so
would jeopardize the health and safety of American dairy consumers.

Sincerely,

e

Robert Coheﬁ
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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 1-23

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. .
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jsolation of Escherichia coli synthesized recombinant
eukaryotic proteins that contain e-N-acetyllysine
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Abstract :
Recombinant porcine (rpST) and bovine somatotropins (rbST) synthesized in Escherichia coli contain the amino
acid, e-N-acetyllysine. This amino acid was initially discovered in place of the normal lysine'* in a modified
reversed-phase HPLC (RP-HPLC) species of rpST. Mass spectrometry and amino acid sequencing of a tryptic
peptide isolated from this RP-HPLC purified protein were used to identify this altered residue as e-N-acetyllysine.
fon-exchange chromatography was utilized to prepare low isoelectric point (pl) forms of rpST and rbST, which
are enriched in e-N-acetyllysine. Electrospray mass spectrometry demonstrated that the majority of the protein
in these low pI fractions contained species 42 Da larger than normal. Immobilized pH gradient electrophoresis
(IPG) of the ion-exchange purified low pl proteins was used to isolate several monoacetylated species of rpST and
bST. The location of the acetylated lysine in each IPG-purified protein was determined by tryptic peptide map-
~ng and amino acid sequencing of the altered tryptic peptides. Amino acid analyses of enzymatic digests of rpST
and rbST were also used to confirm the presence of e-N-acetyllysine in these recombinant proteins. These data
Jemonstrate that a significant portion of rpST and rbST produced in E. coli contain this unusual amino acid.

Keywords: e-N-acetyllysine; isoelectric focusing; mass spectrometry; peptide mappmg. recombinant proteins;

%

reversed-phase HPLC; somatotropins

The acetylation of the side-chain amino 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
acid has also been detected in other histones (Ruiz-Carrillo et al.,
1976; Nelson, 1982). The acetyl donor group that is transferred
to the e-nitrogen of lysine by an acetyltransferase is acetyl-CoA
tAllfrey et al., 1964; Nohara et al., 1966). This acetylation is a
postsyrithetic reaction that is not affected by inhibitors of pro-
tein synthesis (Allfrey et al., 1964, 1984).

The formation of e-N-acetyllysine has been most thoroughly
studied in Listones and another class of DNA-binding proteins
known as the high-mobility group (HMG) proteins (Sterner
etal., 1979, 1981). Amino acid sequencing has shown that a spe-
cific set of lysines in the highly basic amino-terminal domains of
these proteins is subjected to acetylation. The amount of e-N-
acetyllysine present in each protein is dynamic because deacetyl-

Repnntraqneststo Bernard N. Violand, Animat Sciences Division,
Monsanto Corporation, 700 Chesterfield Village Parkway, St. Louis,
Missouri 63198; e-mail: bnviol@ccmail. monsanto.com.

ating enzymes are also present in the cell nuclei. The function
of acetylation-deacetylation is not completely understood, but
this modification of histones and HMG proteins appears to be
involved in the regulation of the interactions of these proteins
with the negatively charged DNA molecules (Csordas, 1999).

Only a limited number of proteins besides histones mad
high-mobility proteins have been identified as containing ¢-N-
acetyllysine. These are a ferredoxin from Halobacterium halo-
Bium (3232 - ¢ al., 1978), a-tubulin from the unicellular green
alga Cniamydomonas reinhardtii (L'Hernault & Rosenbaum,
1985), a-tubulin from 3T3 and HeLa cells (Pipermno 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 body form to the axonemal form. Monoclonal antil:od-
ies specific for e-N-acetyllysine in a-tubulins have been used to
study the appearance and disappearance of this amino acid in
3T3 and HeLa cells in culture (Piperno et al., 1987). The iden-
tification of this amino acid cannot be determined by simple
amino acid analysis because the acetyl group is labile to the
acidic or basic conditions normally used for hydrolysis. Instead,
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complete enzymatic digestion to the component amino acids
must be performed to identify e-N-acetyllysine residues by amino
acid analyses. Alternatively, e-N-acetyllysine may be identified
by amino acid sequencing using a phenylthiohydantoin (PTH)-
&-N-acetyllysine standard for comparison.

This amino acid has not been detected in either natural or re-
combinant proteins expressed in Escherichia coli except for I re-
cent report (Harbour et al., 1992) describing its presence in a low
pl fraction of recombinant bovine somatotropin (rbST). This
work described the presence of e-N-acetyllysine in several pep-
tides isolated from a tryptic digest of this low pI rbST. Our work
reports the identification of this amino acid in both rbST and
recombinant porcine somatotropin (rpST), quantifies its level
through amino acid analyses, and describes the isolation of sev-
eral monoacetylated species of each of these proteins.

Results

rpST purified by salt-gradient elution on an ion-exchange resin
can be resolved on reversed-phase HPLC (RP-HPLC) into at
least 5 separate components (Fig. 1B). The first species has pre-
viously been identified as rpST containing a peptide bond chem-
ically cleaved between Asn® and Ser'®, and the second one has
been shown to contain rpST with isoaspartate® (Violand et al.,
1990). The last cluting component (peak $5), which accounted
for 5~10% of the total protein, was isolated by RP-HPLC
(Fig. 1A) and analyzed by tryptic peptide mapping along with
standard rpST (Fig. 2). All of the major peptides in the stan-
dard chromatogram have been previously sequenced and account
for the entire sequence of this protein. These chromatograms
show that the major difference between the modified protein and
the standard rpST was the presence of a new peptide that eluted
at 34.7 min (Fig. 2A, peak 2). The intensity of the normal pep-
tide in this modified protein (peak 1, 29.7 min) was decreased
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Fig. 1. Reversed-phase (RP)-HPLC analysis of {A) a purified late-
eluting component and (B) recombinant porcine somatotropin (rpSTF).
pST purified from E. coli inclusion bodies by refolding and subsequent
Phoenix ion-exchange chromatography was analyzed on a V- C-18
resin. Peak 1 contains rpST cleaved between Asn® and Ser'®, peak 2
contains rpST with isoaspartate™, and the major component in peak
$ is rpST containing e-N-acetyllysine'*. Peak § isolated by this HPLC
method is shown in the upper chromatogram.
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Fig. 2. RP-HPLC separation of the tryptic peptides of (A) peak $ from
Figure ! and (B) normal rpST. Normal rpST and component § of rpST
from Figure | were digested with trypsin and analyzed by RP-HPLC on
a Nucleosil C-18 column. The peptide labeled ! in both chromatograms
contains the normal rpST residues 140150, whereas the peptide labeled
with a 2 in the upper chromatogram contains residues 140-150 with
e-N-acetyllysine substituted for lysine'4,

compared to the normal protein. The unidentified peptide and
the normal peptide were isolated and subjected to amino acid
sequencing. The results of these analyses demonstrated that pep-
tide numnber 1 contains the normal rpST residues 140--150, which
are Gin-Thr-Tyr-Asp-Lys-Phe-Asp-Thr-Asn-Leu-Arg. The Lys
at residue 144 is not readily cleaved by trypsin probably because
of the neighboring Asp residues. The fact that this Lys is not eas-
ily susceptible to trypsin cleavage has also been observed pre-
viously (Violand et al., 1990). Sequencing of the modified
peptide yielded an identical sequence to the normal peptide of
residues 140-150, except residue 144 was not a lysine and was
also not identifiable as one of the normal PTH amino acid stan-
dards. Amino acid analyses of the normal and modified pep-
tides yielded identical values for the 2 peptides. This information
suggested that residue 144 in the modified peptide was proba-
bly a lysine that was altered by addition of a chemical group v
stable to the acid conditions used for the amino acid hydroly§l&

Mass spectrometry analyses yielded a positive molecular 109
of 1,442.8 for the modified peptide compared to 1,400.8 for the
normal peptide of residues 140-150. This difference of 42 D2
and the sequencing and amino scid analyses data suggested that
the modified peptide may contain a Jvsine that was acetylated
because 42 Da is the increase in niae - ¢-N-acetyllysine com
pared to lysine. This modified amino «..1d was confirmed to &
e-N-acetyllysine because the retention time of its PTH derivativ
was identical to that of authentic PTH-¢-N-acetyllysine (Fig. 3
The above combination of techniques was used to demonstrat®

- that the modified late-eluting rpST protein contained -

acetyllysine’*. It can be observed, however, that there is & co”
siderable amount of normal peptide of residues 140-150 prese™t
in the peptide map of the HPLC-purified late-¢luting proteit:
From the peptide maps it was calculated that approximat
40% of the altered HPLC-purified protein contains /"
acetyllysine*.

Because acetylation of a lysine should lower the pl of a pro”
tein, the HPLC-isolated modified protein was analyzed by 1%

e
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Fig. 3 RP-HPLC chromatograms of phenylthiohydantoin (PTH) stan-
Jasds and the PTH-amino acid from residue 144 in the modified rpST
peptide from Figure 2. The lower HPLC chromatogram shows the nor-
mal PTH-amino acid standards to which PTH-¢-N-acetyllysine has been
added, and the upper chromatogram shows the PTH-derivative obtained
for the fifth residue (position 144) in the modified peptide obtained from
«he tryptic map in Figure 2A (peptide 2). This analysis shows that this
gnknown PTH-amino acid elutes at the same retention time as PTH-¢-

v-acetyllysine.

electric focusing (IEF) and does have a lower pl as expected.
_ Because e-N-acetyllysine was present in this low pI component
of rpST, the identity of the other low pI components that are
present in this protein was investigated, The low pl species of
rpST were separated from the majority of the standard pl pro-
win by ion-exchange chromatography on DE-$2 resin using a
pH gradient (Wood et al., 1989). IEF analyses (Fig. 4) show the
_pST applied to the DE-52 resin (Phoenix resin purified, lane

fied using DE-52 resin. This IEF gel shows that there are sev-
eral low pl species of rpST, and ion-exchange chromatography
on DE-52 was effective in separating these components from the
majority of the normal pl rpST. These low pl forms have pls

forms in this protein (Bogosian et al., 1989).

In order to determine the chemical identity of these different
IEF bands, preparative immobilized pH gradient electrophore-
sis (IPG) was used to isolate sufficient quantities of several of
these low pi bands for peptide mapping analyses. Figure S shows
an IPG gel of the purified low pI rpST (same sample as in lane
4, Fig. 4) isolated by DE-52 chromatography and several of the
bands purified using this technique. Each of these isolated bands

al in the range of 6.1-6.4 compared to 7.4 for normal rpST. Sim-
"4 hydrolys ilar IEF analysis of rbST has also shown the presence of low pI

of standard rpST and the rpST from lane 4 in Figure § show sev-
eral differences. Two of the normal peptides (labeled 1 and 2
i Fig. 6B) are reduced in intensity in the map of this IPG-
purified rpST. These peptides correspond to atmino acid residues
168-171 and 172-177, respectively. A novel peptide is present
in Figure 6A (peak 3). This peptide was sequenced and contains
residues 168-177 with residue 171 containing e-N-acetyllysine in
place of lysine. These data show that this low pI form of rpST
contains e-N-acetyllysine'”* and explains why the normal pep-
tides of residues 168-171 and 172-177 are absent in this peptide
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1), the normal pl rpST (lane 3), and low pl rpST (lane 4) puri- -

was subjected to tryptic peptide mapping. Peptide maps (Fig. 6)
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Fig. 4. Analytical isoelectric focusing of normal and low pl rpST pu-
rified using DE-52 chromatography. The rpST shown in lane 2 was sep-
arated by DE-S2 chromatography into the normal (50 pg, lane 3) and
low pl protein (50 ug, lane 4). Lane 1 contains Pharmacia pI standards.

map because trypsin cannot cleave the peptide bond between
e-N-acetyllysine'”’ and Ala'™. Similar peptide mapping was
performed on the 2 other isolated IPG rpST bands shown in Fig-
ure 5. These results demonstrated that the rpST in lane 3 con-
tains e-N-acetyllysine''?, and the band in lane 2 is rpST, which
has the peptide bond between Asn® and Ser!® cleaved. This
cleaved product has been previously isolated by RP-HPLC and
chemically characterized (Violand et al., 1990). Characterization
of the RP-HPLC- and IPG-separated species shows that there
are at least 3 acetylated species of rpST (e-N-acetyllysine 144,
112, and 171), which are formed in E. cofi. Similar analyses of
rbST have shown that e-N-acetyllysine exists at residues 144, 157,
and 167. Harbour et al. (1992) have identified e-N-acetylation
as being present at residues 157, 167, 171, and 180 in rbST from
the tryptic digest of their low pl rbST.

IPG was useful for separating several monoacetylated forms
of rpST, but this method is not readily amenable for quantita-
tion of e-N-acetyllysine in rpST. The total amount of N-
acetyllysine was determined using total enzymatic digestion of
the protein followed by amino acid analysis. For the low pl rpST
(Fig. 4, lanc 4), 0.42 mol e-N-acetyilysine per mol of protein was

obtained, whereas the normal pl rpST (Fig. 4, lane 3) prepared



T RS i W e e o e

1092

o—— o e et g —— - ———— PRI

1 2 3 4

Fig. 5. Immobilized pH gradient electrophoresis (IPG) analyses of rpST
(20 pg each lane). IPG of the low pl rpST shown in lane ! was used
to isolate several different low pl bands in a homogeneous form as
judged by this technique. Lane 4 coritains rpST, which contains an
e-N-acetyllysine!”"; lanc 3 contains rpST, which contains an e-N-

acetyllysine'’?; lane 2 contains rpST, which has the peptide bond be-

tween Asn® and Ser'® cleaved.

by DE-52 chromatography yielded nondetectable levels (<0.05
mol/mol) of this amino acid. As expected, these data show that
e-N-acetyllysine is present only in the low pi components of rpST
and not in the normal pl rpST. Assuming that each molecule
contains only 1 e-N-acetyllysine, then about 40% of the low pl
proteins are acetylated. The remainder of the low pl species are
mostly deamidated forms of rpST, such as the aspartate® and
isoaspartate®® species, which have been previously described
{Violand et al., 1990).

It was also desirable to measure the amount of eN-
acetyllysine in rpST and rbST isolated directly from inclusion
bodies without going through the refold, Phoenix, and DE-52
ion-exchange steps. This was accomplished by reducing and car-
boxymethylating the free sulfhydryl groups in the proteins from
inclusion bodies and subsequently purifying the desired soma-
totropin away from the E. coli proteins by RP-HPLC. The en-
zyme digestion procedure was then performed on this protein
to determine the amount of e-N-acetyllysine. These results
yielded 0.22 and 0.27 mol of e-N-acetyllysine per mol of rpST
and rbST, respectively. A value of 0.23 mol of e-N-acetyllysine
per mol of protein was obtained for rpST (Fig. 4, lane 2) puri-
fied from the refolded protein isolated by the Phoenix ion-
exchange chromatography. This value would be expected to be

B.N. Violand e; g

—————

A
W
g 1 1 | 1
< B

W

i 1 ] i 1 i !

10.00 20.00 30.00 40.00 50.00 60.00
Time (min)

Fig. 6. RP-HPLC separation of the tryptic peptides for (A) rpST con-
taining e-N-acetyllysine'”* and (B) normal rpST. The peptides labeled i
the normal rpST chromatogram are peptide 1 containing residues 168-
171 and peptide 2 containing residues 172-177. The chromatogram of
rpSTisohtedbylPGslmanabnormalpepﬁde(numberJ),whichoan
tains residues 168-177 with ¢-N-acetyllysine substituted for lysine'”.
Notice the reduction of the normal peptides 1 and 2 in the upper
chromatogram.

lower than those obtained for the low pl protein, which should
be enriched in this amino acid.

Electrospray mass spectrometry (ESMS) was also used to sub-
stantiate the presence of e-N-acetyHysine in rbST and rpST.
ESMS analyses (Fig. 7) of normal pl and low pl rpST yielded
the expected mass of 21,798 Da for normal rbST, whereas the

low pl rpST contains a majority of rpST, which is 42 Da higher

in mass. Similar analyses (Fig. 8) of normal pi (8.3), low pI (7.3
and a very low pl (6.3-7.3) form of rbST yielded similar resuits.
The very low pl rbST was obtained by pooling the last part of
rbST eluting from the ion-exchange column. These data show
the presence of monoacetylated rbST (42 Da above normal) in
low pl 1bST and both mono- and diacetylated species in the very
low pl species. These ESMS data confirm the amino acid data
and demonstrate that diacetylations can also occur in rbST.

Discussion

This work describes the identification of e-N-acetyllysine in rpST
and rbST, eukaryotic proteins expressed in a prokaryotic sy5
tem. Initial work from our laboratory has also demonstrated the
presence of this modified amino acid in 2 other recombinant v
karyotic proteins expressed in E. cofi, bovine placental lactoge?

‘and human tissue factor pathway inhibitor (TFP1). ESMS and

amino acid analyses have been used to demonstrate the presenc
of e-N-acetyllysine in these 2 recombinant proteins. Approsi-
mately 40% of the recombinant bovine placental lactogen mol-
ecules contain e-N-acetyllysine as analyzed by ESMS. Analyses
of TFPI for e-N-acetyllysine has been reported in a recent pre-
sentation (Leimgruber et al., 1993), which described separatio?
of acetylated TFPI species by IPG. These results demonstrat®
that this modification is present in several diverse recombinast
eukaryotic proteins expressed in E. coli. The internal locatio?
of e-N-acetyllysine in proteins may explain why its identificd"
tion has not been commonplace in recombinant proteins €
pressed in E. coli.
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RP-HPLC separation of rpST containing e-N-acetyllysine’**  isolated a low pl fraction of rbST using chromatofocusing and
vielded the first evidence that this amino acid was present in then performed trypsin digestion on the entire low pl fraction
;pSTmswastheonlyaaetyhtedspeuathatwassepambleby without any further purification. Analyses of modified peptides
RP-HPLC, indicating that this region of rpST must be involved  from this tryptic digest yielded several peptides that were acet-
in binding to this resin. Ion-exchange chromatography and IPG ylated. The acetylation sites found in rbST in our work yielded
purification were used to demonstrate that this amino acidis also  this unusual amino acid at residues 144, 157, and 167. The dif-
present at residues 112 and 171 in rpST. Harbour et al. (1992)  ferences in sites of acetylation in rbST between this work and
previously demonstrated that e-N-acetyllysine was present at res-  previous data (Harbour et al., 1992) are probably due to the
idues 157, 167, 171, and 180 in their preparation of roST. They  different isolation and analytical methods, different expression -
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levels, and differences in fermentation conditions. The effect
of fermentation conditions on formation of e-N-acetyllysine
in recombinant E. coli 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-
gestion were utilized to illustrate the presence of e-N-acetyllysine
in rpST and rbST. The ESMS data (Figs. 7, 8) demonsirated
that approximately half of the low pl protein is monoacetylated.
For rbST, diacetylated species were also observed for the low-
est pl protein analyzed. Enzymatic digestions yielded compara-
ble data to that from ESMS with values of 0.42 and 0.54 mol
of e-N-acetyllysine per mol of rpST and rbST, respectively.

IPG has not been extensively utilized as a preparative tech-
nique for isolating modified proteins even though this technique
has tremendous resolving power and can resolve proteins that
differ by as little as 0.001 pI unit (Righetti & Gianazza, 1987;
Gorg et al., 1988). IPG has resolved neutral hemoglobin vari-
ants, which differ by a Phe (o Val substitution (Castagnola et al.,
1988). Shallow pH gradients using this technique have enabled
the separation of several monoacetylated species of rpST and
rbST. Other techniques were unsuccessful at separating these
species. Because these different monoacetylated forms have

slightly dissimilar pIs (Fig. S, lanes 3 and 4), then the microenvi- .

ronment around these lysines must be sufficiently distinct to
cause a difference in the pl of the proteins. Examination of the
3-dimensional 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 I region on the molecule but are dispersed
over the outside of the protein.

The manner in which rpST and rbST are acetylated has not
been elucidated but is being actively investigated in our labora-
tory. The mechanism for formation of e-N-acetyllysine in eu-
karyotic systems involves a posttransiational mechanism in
which the acetyltransferase uses acetyl-CoA as the source of the
acetyl group (Alifrey et al., 1984). Our attempts to demounstrate
an e-N-acetyltransferase activity in E. coli have been performed
using a crude lysate of E. coli with [C'*}acetyl-CoA and non-
acetylated 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 19 incorporation of the C'4-acetyl group into rpST
was found after 1-8 h of incubation at 37 °C. These experiments
were performed both in the presence and absence of an E., coli
lysate. The incubations were pesformed in the absence of the E.
coli lysate in order to determine if the acetylation might occur
by a nonenzymatic reaction. It is possible that acetylation of the
lysines in rpST and rbST occurs by a chemical mechanism with
acetyl-CoA or another metabolic intermediate providing the
source of the acetyl group. It has been demonstrated that the
acetyl group from aspirin can readily be transferred to lens pro-
tein to form e-N-acetyllysine (Rao et al., 1985). This demon-
strates the possibility that there may be a chemical intermediate
at elevated concentrations (e.8., acetyl CoA) in the cell, which
could chemically acetylate rpST and rbST. It has previously been
shown that the metabolism of E. coli is altered during the ex-
pression of rbST and rpST because the unusual amino acid, por-
leucine, was synthesized and incorporated into these proteins
during their expression (Bogosian et al., 1989; Violand et al.,
1989a). Examination of the effect of different fermentation con-
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ditions on the level of acetyl-CoA and e-N-acetyllysine in E. coy;
is being used to determine if the metabolic state of the cell af.
fects the level of these components.

This acetylation may be a type of signaling mechanism in £,
coli either to direct the degradation of foreign proteins or as 3
signal to place proteins into inclusion bodies. 1t is well known
that some covalent modification reactions signal a protein for
degradation (Holzer & Heinrich, 1980; Levine et al., 1981; Stad:-
man, 1990). If formation of e-N-acetyllysine is a signal for di-
recting proteins into inclusion bodies, then further examination
of proteins that can be expressed both in a soluble form and in
inclusion bodies in E. coli can be used to address this importan:
question. The mechanism by which proteins are directed into in-
clusion bodies has been extensively investigated, but no central
theory has arisen (Kane & Hartley, 1988; Schein, 1989) although
1 publication concludes that most inclusion bodies are formed
from protein-folding intermediates and not from the native or
fully unfolded protein (Mitraki & King, 1989).

Four E. coli-derived recombinant proteins have been found
to be partially o-N-acetylated (Grutter et al., 1985; Takao et al..

1987; Honda et al., 1989; Lischwe et al., 1993), which demon- ‘

strates that eukaryotic proteins can be a-N-acetylated when ex-
pressed in E. coli. Three pative ribosomal proteins in E. coli are
also a-N-acetylated and are modified by 3 different enzymes
(Isono et al., 1978). The enzymes responsible for N-terminal
acetylations are most likely not responsible for the side-chain
acetylations found in this work because separate enzymes have
been shown to be responsible for these reactions in eukaryotic
systems.

It has been shown that e-N-acetyllysine-tRNA can be used 10
incorporate ¢-N-acetyllysine into proteins by chemically adding
an acetyl group from acetoxysuccinimide to the Lys-tRNA mol-
ecule (Johnson et al., 1976). e-N-acetyllysine was incorporated
at 82% efficiency into hemoglobin from e-N-acetyllysine-tRNA
in a rabbit reticulocyte cell-free protein-synthesizing system when
compared to lysine incorporation from Lys-tRNA (Johns'oﬂ
et al., 1976). Thus, it would be possible for this modified amino
acid to be incorporated into protein in E. coli if this tRNA de-
rivative could be synthesized in E. coli. -

The formation of e-N-acetyllysine in recombinant proteins ¢%-
pressed in E. coli may limit the amount of protein that can b¢
recovered if an ion-exchange step is used in the purification pro-
cess because this process may separate these altered species. This
report shows that e-N-acetyllysine species present in rpST .aﬂd
rbST can be separated from the normal pl protein by 107
exchange chromatography on DE-52 resin. This chemical mod:
ification may also explain some of the heterogeneity that ¥
generally observed in recombinant proteins. In conclusion, thi*
research has demonstrated that acetylation of lysines is an i@
portant alteration that can occur during the expression of recom”
binant proteins expressed in E. cofi.

Materials and methods

Proteins

1pST and rbST were refolded and oxidized from E. coli incl¥”
sion bodies as previously described (Bogosian et al., 1989). Mo
nomeric rpST and rbST were purified from the refold/oxidatio®
mixture using ion-exchange chromatography on a Phoenix HA”




e N-dcelyllysine in recombinant proteins

16 Grade 3 anion exchange resin (Advanced Separation Tech-
gologies, Whippany, New Jersey). All steps were performed at
4°C. The refolded protein (20 g) was deionized (<100 micro-
’Iemens) using 500 g of Dowex MR3 resin, adjusted to pH 10.8
with 2.5 N NaOH, and applied to the column (25 X 5 cm) equil-
jprated in 4.5 M urea, 0.05 M Tris-HCl, pH 10.8. The desired
protein was eluted with a linear 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 NaCl, pH 10.8. Fractions were
sssaved for monomeric somatotropin (ST) using RP-HPLC and
Jize-exclusion HPLC, which separate monomeric from dimeric
proteiﬂ (Violand et al., 1989b). The fractions containing less
than 4% dimeric ST were pooled, extensively diafiltered against
10.5 H,O (NaOH) using an Amicon Pellicon unit with a
10,000 molecular weight membrane, and lyophilized.

purification of low pl forms of rpST and rbST

samples enriched in the low pi forms of rpST and rbST were
prepared by chromatography of the product from the Phoenix
m-etchange column on 2 Whatman DE-52 resin. The sample
was dissolved at 10 mg/mL in 4.5 M urea, 0.05 M Tris-HC!,
pH 10.7, and chromarographed as described previously (Wood
et al., 1989). Fractions of the low pl ST were pooled based
on analyses of fractions by IEF. The pooled sample was diafil-
wered extensively against pH 10.5 H,O (NaOH) with an Amicon
peflicon unit with a 10,000 molecular weight membrane and

tyophﬂil&d.

Reversed-phase HPLC separation of rpST
comlaining e-N-acetyilysine'*

A Perkin-Elmer Series 4 HPLC was used for this separation on
a Vydac C-18 column (218TP510) at a flow rate of 5§ mL/min.
The protein (500 ug) was applied at 40 mM trifluoroacetic acid
{TFA), 55% acetonitrile, and eluted with a linear gradient from

5§ 10 61% acetonitrile over 24 min at constant 40 mM TFA. Pro-

wein in the eluate was monitored at 278 nm. Data were collected
and stored using a Nelson 4400 chromatography data system.

Amino acid analysis
" Amino acid analyses were performed as previously described
{Violand et al., 1990).

Amino acid sequencing

Automated amino acid sequencing was performed as previously
described (Violand et al., 1990).

Preparation of PTH-e-N-acetyllysine

An aqueous solution of e-N-acetyllysine was prepared and ap-
. plied to an underivatized TFA-etched, GF/C filter disc (Applied
Biosystems, Inc., Foster City, California). It was then deriva-
tized with phenylisothiocyanate (PITC) reagent in a model 470A
vas-phase sequencer (Applied Biosystems, Inc.) and converted
ito the stable PTH form using the standard sequencing pro-
tol. The derivative was delivered in an on-line fashion to 2
model 120A PTH-Analyzer (Applied 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 spectrometry (FAB-MS)

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

Compilete enzymatic digém‘on and amino acid analyses
Jor quantitation of -N-acetyllysine

The method used for determining the amount of e-N-acetyllysine
in somatotropins was essentially identical 10 a method previously
published for this determination in histones with I modification
being that norleucine was included as an internal standard (All-
frey et al., 1984).

Carboxymethylation and RP-HPLC purification of rpST
and rbST from E. coli inclusion bodies

Inclusion bodies of rpST or rbST were prepared as previously
described (Bogosian et al., 1989). The inclusion bodies were sol-
ubilized at 30 mg/mL of total protein in 5% lithium dodecyl sul-
fate, 0.1 M Tris-HCI, 0.05 M ethylenediamine tetraacetate,
pH 8.6. An aliquot of 3-mercaptoethanol was added to a final
concentration of 0.27 M, and the sample was incubated for
15 min at 37 °C. After reduction, iodoacetate was added so that
it was 0.05 M excess over the amount of 8-mercaptoethanol, and
the pH was maintained at 8.6 for 15 min at room temperature
with addition of 2.5 N NaOH. The reaction was stopped by ad-
dition of 0.1 M 8-mercaptoethanol. The reduced, carboxymeth-
ylated rpST or rbST was then purified by RP-HPLC. The
protein {I mg) was applied 10 a Synchrom RP-8§ column (250 x
10 mm) equilibrated in 48% acetonitrile, 20 mM TFA. The de-
sired protein was then eluted by holding at 48% acetonitrile for
S min, ramped using a linear gradient to 75% acetonitrile over
1 min, and held at 75% acetonitrile for 4 min. The flow rate was
6 mL/min, and the column eluate was monitored for protein at
278 nm.

Isoelectric focusing

Isoelectric focusing was performed as previously described
{Violand et al., 1992).

Immoabilized pH gradient electrophoresis

IPG of rpST was performed using a pH 6-10 gradient in 3 M
urea according to published procedures (Righetti & Gianazza,
1987). For analytical purposes, approximately 100 ug of sample
was analyzed. For preparative purposes, a sample application
trough was made in the gel by applying 2 layers of cellophane
tape approximately 2 cm from the bottom of the U-frame plate.
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A sharp knife was used to remove strips from the top and bot-
tom edges of the tape such that the tape was 5 cm wide and
1.8 cm from the edge of the gasket and was 5 mm wide. The gel
was poured in the normal fashion, and the tape made a trough
in the gel where volumes of up to 500 L (10-20 mg of protein)
of sample were applied. A single gel was run at 3,000 V (max),
5.0 mA (max), and 5.0 W (max) at 10 °C. The focusing time was
approximately 15 h. Protein bands were cut out of the gel by
visual inspection. The protein was extracted from the gel using
1-2 mL of 2% lithium dodecyl sulfate, 0.2 M Tris-HCl, 0.0! M
EDTA, pH 8.6. This mixture was stirred overnight at 4 °C, and
the protein was isolated by centrifuging the sample and perform-
ing RP-HPLC as described above for purification of reduced-
carboxymethylated rpST from inclusion bodies.

Assay for acetylation of pST using C'*acetyi-CoA

A crude lysate of E. coli cells was made by using 3 passes
through an APV Gaulin homogenizer. Nonacetylated rpST (as
analyzed by ESMS) was purified using the same DE-52 column
procedure utilized for purifying the low pl forms of rpST. This
pST was dissolved at 3 mg/mL in 0.1 M Tris-HCI, 0.005 M
EDTA, 0.01 M KCli, 20% glycerol, 0.005 M 8-mercaptoethanol,
pH 8.0. This pST (0.10 mL) was added t0 0.10 mL of the crude
E. coli extract, and the reaction was initiated by adding 0.10 mL
of CM-acetyl CoA (0.60 mM) purchased from NEN. At the de-
sired time points, 120 xL was removed and placed onto a Syn-
chrom C-8 column equilibrated in 43% acetonitrile, 20 mM
TFA. The rpST was eluted using a linear acetonitrile gradient
from 43 to 53% over 10 min at constant 20 mM TFA. The flow
rate was 2 mL/min and the column eluate was monitored at
280 nm. The collected pST was then counted using a liquid scin-
tillation counter. For experiments without the crude E. coli ly-
sate, 0.05 M Tris-HCI, 0.1 M NaCl, pH 7.4, was substituted for

the crude lysate.

ESMS

These analyses were performed as previously described (Violand
et al., 1992).
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