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We found a new variant of human growth hormone (hGH) from the recombinant hGH expression process inSaccharomyces cerevisiae. The
ariant was identified asNα-acetyl methionyl hGH which may be formed byNα-acetylation of met-hGH during the intracellular express
f hGH in S. cerevisiae. The variant was isolated from manufacturing process of LG Life Sciences’ hGH product. The variant was s

o trypsin digestion and RP-HPLC analysis, resulting in a delayed retention time and an increased mass (173 Da) of T1 tryptic pe
mino acid composition and amino acid sequence of the peptide showed the same result with T1 peptide of met-hGH except the
odification on methionine in the variant peptide. With collision induced dissociation (CID) experiments of the variant T1 tryptic pe

ound the sequence and the a1 fragment of N-terminal residue matched with those of acetyl-methionyl hGH. Within our production p
e produce the methionyl hGH first and then use the aminopeptidase to cut the N-terminal methionine. So the acetylation may
minopeptidase to remove methionine and producesN�-acetyl methionyl hGH. And the biological activity of the variant was comparab
ne of the unmodified hGH when tested by rat weight gain bioassay.
2004 Elsevier B.V. All rights reserved.
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. Introduction

Commercial preparations of hGH are available from sev-
ral manufacturers. Variants of hGH can be divided into two
ategories depending on their origin: process-related variants
nd product-related variants. The product-related variants of
GH result from degradation of hGH product either during

ong-term storage or by stress conditions such as high tem-
erature, extreme pH and light. They include desamido forms

1,2], oxidized forms[3,4], clipped form, des-Phe-Pro-hGH
5], dimers[6], and aggregates[7] and are shown to also
ccur throughout the manufacturing process. However, the

∗ Corresponding author. Tel.: +82 42 865 3921; fax: +82 42 865 3419.
E-mail address:fticr@kbsi.re.kr (H.S. Kim).

process-related variants are specific for its production
cess. Trisulphide derivative[8], des-Phe variant[9,10], and
clipped forms[11,12]are examples found during express
of hGH inEscherichia coli. Methionyl hGH[13,14]is also a
type of process-dependent variants. Up to now most of
mercial hGH products are produced fromE. coli and accord
ingly its variants derived from recombinantE. colihave bee
extensively identified and elucidated well. However, a var
of hGH specific for expression in yeast has not been repo
LG Life Sciences produces hGH product through intrace
lar expression inSaccharomyces cerevisiae. Here, we repor
a new variant resulting from yeast expression.

Proteins synthesized in eukaryotic cells undergo two c
mon types of post-translational modifications at their
termini: initiator methionine cleavage andN�-acetylation

570-0232/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
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[15]. These reactions are catalyzed by two classes of en-
zymes, the methionine aminopeptidases (MetAP)[16] and
N�-acetyltransferases[17,18]. The initiator methionine can
usually be removed by MetAP if the penultimate amino acid
is small and uncharged[19]. However, it has been found that
incomplete processing of methionine could occur either when
the penultimate amino acid of proteins is too big or when the
proteins are expressed as insoluble inclusion bodies in the
production of recombinant proteins[20,21].

LG Life Sciences’ recombinant human growth hormone
(hGH) product is intracellularly expressed within yeast
S. cerevisiae. The recombinant human growth hormone
was synthesized as met-hGH forms because methionine
aminopeptidase of the yeast might not work due to either big
penultimate amino acid (phenylalanine) or insoluble expres-
sion. During purification process, N-terminal methionine is
processed by a specific aminopeptidase. However, some part
of met-hGH was found asN�-acetylated form and seemed to
be resistant to the aminopeptidase treatment. The variant was
identified asN�-acetyl methionyl hGH by extensive structural
studies and its physicochemical and biological properties are
provided in this publication.

2. Materials and methods
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2.3. Methods

2.3.1. Separation of N�-acetyl met-hGH
N�-Acetyl met-hGH was isolated from process sample in

commercial production. The process sample containingN�-
acetyl met-hGH variant was processed by small scale Macro-
Prep 25Q (Bio-Rad, Hercules) column chromatography. The
chromatography was performed by linear gradient of NaCl
(0–50 mM) under the buffer containing 10 mM histidine (pH
5.7) and 0.5 M urea. The latter peak behind hGH correspond-
ing toN�-acetyl met-hGH was pooled, lyophilized and stored
at−20◦C until use.

2.3.2. Physicochemical analysis of N�-acetyl met-hGH
In terms of physicochemical characterization,N�-acetyl

methionyl hGH showed no difference with hGH by SEC-
HPLC, and SDS-PAGE. It was found that the variant could
be distinguishable to hGH by IEF, RP-HPLC, and DEAE-
HPLC. The isoelectric focusing was performed using a pre-
cast IEF gel ranging pI 3–7 (Novex) andstained with a col-
loidal Coomassie blue according to the manufacturer’s in-
struction.

RP-HPLC analysis of hGH variants was performed
using Vydac C4 (4.6 mm× 250 mm, 214ATP54) at flow
0.5 mL/min and column temperature 45◦C. Mobile phase
was 50 mM Tris (pH 7.5)/N-propanol (71/29). DEAE-HPLC
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.1. Materials

Recombinant hGH (EutropinTM or ValtropinTM) was ob-
ained from LG Life Sciences Ltd. (Korea) andN�-acetyl
ethionyl hGH was derived from commercial process of
ife Sciences’ hGH production in which hGH is synthesi
s methionyl hGH form inS. cerevisiae. Desamido hGH
ere generated by storing an hGH solution at 37◦C for 21
ays.N�-Acetyl methionyl hGH form was isolated from
aste pool during purification process of LG Life Scienc
GH product. Anion exchange column of small particle

s applied to the isolation ofN�-acetyl methionyl hGH form
nder the same condition as in analytical DEAE-HPLC
eriment below. The isolated sample was lyophilized
tored at−20◦C until use.

.2. Equipment

The HPLC experiments were carried out using Agi
100 HPLC system (Waldbronn, Germany) consisting
inary pump G1312A, a diode array detector G1315

hermostated autosampler G1329A and a column therm
1316A. For peptide mass mappings and molecular w
easurements, mass spectra acquired with a Finnigan
CQ mass spectrometer (San Jose, CA, USA). A Microm
-TOF2 mass spectrometer (Manchester, UK) and a J
X110/110A tandem mass spectrometer (Jeol, Tokyo, Ja
ere used to perform the low and high-energy collision
uced dissociation (CID) experiments.
nalysis was conducted with TSK gel DEAE-5PW c
mn (10�m, 7.5 mm× 750 mm, TOSOH Corp, Japan). T
uffer consisting of 10 mM histidine (Sigma) and 0.5 M u
Sigma) at pH 5.7 was used as mobile phase. Elution wa
ied out by a linear gradient from 0 to 100% of 50 mM N
ith 1 mL/min flow rate and 280 nm UV detection wa

ength.

.3.3. Molecular weight measurement
Positive-ion mass spectra of whole proteins were obta

sing a Finnigan MAT LCQ mass spectrometer equip
ith the electrospray ionization source operated at flow
.1 mL/min, needle voltage 4.3 kV and capillary tempera
50◦C. Methanol/water/acetic acid (50:50:1, v/v/v) solut
as used to inject 5�L of hGH or N�-acetyl met-hGH sam
les (∼1 mg/mL).

.3.4. Peptide mapping of N�-acetyl met-hGH
For tryptic peptide mapping,N�-acetyl methionyl hGH

nd hGH were dissolved or diluted in 50 mM Tris (pH 7
eparately. Trypsin digestions were performed by add
rypsin of sequencing grade at 3:100 (w/w) of the enz
o hGH ratio for 4 h at 37◦C. The reaction was stopped
reezing. RP-HPLC analysis of tryptic peptide was perfor
sing Aquapore RP300 C8 (4.6 mm× 250 mm, 7�m, 300Å,
rownlee) at flow 1 mL/min and column temperature 30◦C.
he mobile phase was the acetonitrile gradient in the
nce of 0.1% (v/v) aqueous trifluoroacetic acid. The grad
sed to separate the hGH tryptic digests was linear fro

o 18% acetonitrile in 20 min, to 22.5% in 20 min, to 4
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in 25 min and 45% isocratic in 5 min. Tryptic peptides were
detected by UV detector with 214 nm or mass spectrome-
ter over 50–2000 in mass-to-charge ratio. Positive-ion mass
spectra of tryptic digested peptides were obtained using a
Finnigan MAT LCQ mass spectrometer equipped with elec-
trospray ionization source operated at flow rate 0.1 mL/min,
needle voltage 4.3 kV and capillary temperature 250◦C.

2.3.5. Amino acid composition analysis
N�-Acetyl methionyl T1 peptide (tryptic digested peptide

including N-terminal) as shown inFig. 5 was isolated dur-
ing the peptide mapping by injecting 200�L tryptic digest
of 2.3 mg/mLN�-acetyl met-hGH sample. The isolated sam-
ple was dried using Speed Vac (Savant) and then dissolved
in 200�L of 50% acetonitrile and its amino acid composi-
tion was analyzed using 5, 10, and 15�L of the dissolved
sample. The peptide samples were hydrolyzed by 6N HCl
at 115◦C for 22 h in triplicate. And then each hydrolysate
was analyzed using AccQ TagTM Method (Waters, MA,
USA).

2.3.6. MS/MS analysis
To identify the structure of hGH variant, collision induced

dissociation experiments were performed for the modified
N-terminal peptide,N�-acetyl methionyl T1. Low energy
CID experiments were performed on a Micromass Q-TOF2
m urce.
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computed using the completely randomized design analysis
of parallel-line assay.

3. Results

3.1. Physicochemical properties of N�-acetyl met-hGH

N�-Acetyl met-hGH was analyzed by DEAE-HPLC and
compared to normal hGH and desamido form. As shown in
Fig. 1, theN�-acetyl met-hGH form eluted latter than normal
hGH. N�-Acetyl met-hGH was clearly separated from the
normal hGH and located between the normal hGH and the
desamido form.

RP-HPLC is typically applied to separate hGH variants
such as desamido forms and sulfoxidized form of hGH
[2,4,22]. As shown inFig. 2, RP-HPLC was also selective to
separateN�-acetyl met-hGH. Desamido form, normal hGH
andN�-acetyl met-hGH were separately eluted at different
retention times of about 28, 33 and 38 min, respectively.

Isoelectric focusing (IEF) is a mode of electrophoresis in
which proteins are separated by their migration in an electric
field over a pH gradient.Fig. 3 shows the IEF pattern of
hGH and related variants. Bands of hGH, mono-desamido
form and di-desamido form appeared at pI 5.2, 5.0 and 4.9,
respectively. The band ofN�-acetyl met-hGH appeared at pI
4 rm.

3

a-
s ray
i C
w ple
w ctra
w s De-
c o-
F
m ass-
t ulti-
p ons.
W
w ight
m ce to
g w-
e d the
N ight
h

3

all
t H
w ere
s CQ
m

ass spectrometer equipped with a nanoflow-ESI so
he modified peptide was dissolved in 50% acetonitril
% aqueous acetic acid and sprayed at flow rate 0.5�L/min
ith NP 70-2208 Harvard syringe pump (Holliston, M
SA) and cone-voltage was 3.5 kV. MS/MS spectrum
btained using 10–15 psi argon gas and 30 eV collision
rgy. In high-energy CID experiments, protonated molec

ons were generated by the fast atom bombardment on
le, mixed with 3-nitrobenzyl alcohol (Sigma) matrix a
asted on the stainless steel probe, with 22 kV accele
e ions. MS/MS experiments with high energy CID w
erformed on the four-sector (E1B1E2B2) instrument. Pre
ursor ions were selected in MS1 (E1B1) and excited by co

ision with helium gas in collision cell, which is betwe
S1 and MS2 (E2B2) with maintaining the precursor ion i

ensity as 70% of unexcited one.12C monoisotopic precurs
eptide ions were excited and their fragments were det

n MS2.

.3.7. Biological activity of N�-acetyl met-hGH
N�-Acetyl met-hGH sample and hGH sample were

uted quantitatively with 0.1 M ammonium bicarbonate
.0 buffer solution to obtain two different concentrati
f each test solution, 20 and 80�g/mL. Ten female rats o
prague–Dawley hypophysectomized at 4 weeks old o

rom an animal supplier, Harlan Sprague Dawley Inc. (I
napolis, IN, USA) were tested with each dose to each
le. hGH andN�-acetyl met-hGH were injected each day
0 days subcutaneously. The body weight gain of each
al was recorded after 10 day treatment and the potenc
.95 between mono-desamido form and di-desamido fo

.2. Molecular weight measurement

The molecular weight ofN�-acetyl met-hGH was me
ured on a Finnigan MAT LCQ equipped with electrosp
onization. N�-Acetyl met-hGH isolated by DEAE-HPL
as dialyzed with 1% acetic acid. Five microliters of sam
as infused into LCQ ESI/MS with 0.1 mL/min. Mass spe
ere deconvoluted into mass domain using the Biomas
onvolution algorithm of Bioworks software from Therm
innigan.Fig. 4shows the mass spectra of hGH andN�-acetyl
et-hGH on the axis of mass rather than on the axis of m

o-charge ratio by deconvoluting the mass spectra of m
ly charged (+12 to +18) protonated protein molecular i
e found that the molecular weight ofN�-acetyl met-hGH
as 173 Da larger than that of hGH. After molecular we
easurements, we tried to determine N-terminal sequen
et the information around N-terminal of hGH variant, ho
ver, we only got noisy background. So we suspecte
-terminal site was blocked and some modification m
appen at the terminal amine group[23].

.3. Peptide mass mapping

To identify the modified site, the molecular weight of
he tryptic digest peptides fromN�-acetyl met-hGH and hG
ere analyzed with LC/MS. The tryptic digests of hGH w
eparated by RP-HPLC and then identified by on line L
ass spectrometer. The tryptic map ofN�-acetyl met-hGH
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Fig. 1. Separation ofNα-acetyl methionyl hGH by DEAE-HPLC analysis.

revealed the major difference in T1 peptide (the first tryptic
digest peptide from N-terminal of hGH) as shown inFig. 5,
while the other tryptic peptides showed the same retention
time with those of normal hGH. So N-terminal modified pep-
tide, as previously expect, ofN�-acetyl met-hGH eluted on
∼58 min and annotated as T1* peptide which was confirmed
by tandem mass spectrometry (MS/MS) later section. T1*
peptide ofN�-acetyl met-hGH [m/z1103.5] showed the mass
increment of T1 peptide by 173 Da compared to 930.5 Da
of the normal one. The same mass differences as in total
mass analysis proposed that whole modification took place
at only N-terminal site as an additional modification with

about one amino acid mass difference. Also the theoretically
expected isotope distribution of T1 peptide was calculated.
Due to the addition of a sulfur atom included in methionine,
the isotope distribution of T1 peptide of variant hGH showed
higher population at [M + 1], [M + 2], [M + 3] and [M + 4]
than peptides without any sulfur atoms. For example, a simi-
lar peptide, KFPTIPLSR, shows lower population at heavier
isotopic peaks. The population distribution of isotope peaks
of AcMFPTIPLSR versus AcKFPTIPLSR is 100:64:27:9:2
versus 100:62:21:5:1. So, we may narrow down the candi-
dates as cysteine and methionine, but both are not exactly
explain the mass difference. So, we tried to characterize them

ethion
Fig. 2. Analysis ofNα-acetyl m
 yl hGH by RP-HPLC analysis.
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Fig. 3. Isoelectric focusing ofNα-acetyl methionyl hGH. Lane M: protein
standards; Lane S: hGH; Lane Dl: mono-desamido form of hGH; Lane D2:
di-desamido form of hGH; Lane N:Nα-acetyl methionyl hGH.

at molecular level with amino acid composition analysis and
MS/MS experiments.

3.4. Amino acid composition analysis

By injecting tryptic digest above, T1* peptide ofN�-
acetyl met-hGH was isolated during peptide mapping as
shown inFig. 5. The isolated sample was dried using Speed

Fig. 4. Deconvoluted mass spectra of hGH andNα-acetyl methionyl hGH
were recorded on LCQ mass spectrometer with the electrospray ionization.

Vac and then dissolved in 200�L of 50% acetonitrile and
its amino acid composition was analyzed using 5, 10, and
15�L of the dissolved sample. The amino acid composi-
tion profile of T1* peptide derived fromN�-acetyl met-
hGH showed the major amino acid components, Ser, Arg,
Thr, Pro, Met, Ile, Leu, and Phe. The result clearly shows
that the T1* peptide ofN�-acetyl met-hGH had an ad-
ditional methionine residue compared to T1 (FPTIPLSR)
of normal hGH. Another clear evidence of the presence
of methionine was the mass shift (+16 Da) in the mass

F
C

ig. 5. RP/HPLC peptide map of tryptic digest peptides. The Ti peptide ofNα-acety
hromatograms 1, 2, and 3 represent peptide maps of normal hGH, met-hGN
l methionyl hGH was eluted after the Tl peptide of normal hGH or met-hGH.
H andα-acetyl met-hGH, respectively.
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Fig. 6. Low energy collision induced dissociation experiments of tryptic
digested T1* peptide of the variant hGH showed the partial sequence infor-
mation fromy-series (1, 4–8) which is consistent with the known sequence
of Tl peptide in hGH.

spectrum ofN�-acetyl met-hGH by rapid oxidation at room
temperature.

3.5. MS/MS analysis

Unsuccessful sequencing of the N-terminal site ofN�-
acetyl met-hGH provided the evidence of modification lo-
cation. We could assume that the T1 peptide moved to T1*
due to modification on the N-terminal of hGH. So, we chose
the mass spectrometric sequencing method to determine the
structure of theN�-acetyl met-hGH. From the low energy
collision induced dissociation experiments[24,25] of tryp-
tic digest peptide T1 ofN�-acetyl met-hGH, we found serial
fragments ofyi (i = 4–8) as shown inFig. 6. The analysis of
the mass difference between sequential mass decrement ofyi

fragment ions tell us the partial sequence of T1 peptides in
N�-acetyl met-hGH as F-T-P-L/I, which exactly matched to
the one in hGH. From the mass difference, elemental com-
position, methionine presence and N-terminal blocking, we
can suggest the acetylated methionine modification to the N-
terminal of normal hGH.

For more specific sequence information, we also per-
formed the high energy collision induced dissociation ex-
periment with double focusing sector mass spectrometer.
Due to various ions generated by high energy collisions, we
w
a and
i ues
f ion,
v tide,
p inine
a high
e , we
f 104
a can
i ad-

Fig. 7. With high energy collision induced dissociation experiments of tryp-
tic digested T1* peptide of the variant hGH, we found an exact sequence
which matched with Tl peptide in modified methionyl hGH.

ditional information of the partial sequence from low energy
CID experiments, immonium ions for residual composition
andwi , vi , xi , yi series fragment ions. In biological respect, we
found various papers to report the N-terminal acetylation by
N�-acetyltransferase especially dominant at the small amino
acid residues like glycine, serine, methionine and aspartic
acid.

3.6. Biological properties

By assuming a biological activity of hGH to be 3.0 IU/mg,
the relative activity ofN�-acetyl met-hGH was determined to
be 2.7 IU/mg. The biological activity ofN�-acetyl met-hGH
seems to be equivalent to that of normal hGH form.

4. Conclusion and discussion

We found a new variant of hGH protein from yeast expres-
sion system with detail structural characterization by liquid
chromatography and mass spectrometry and show the com-
parable biological activity of the variant. DEAE chromatog-
raphy isolated the variant protein very specifically and mass
spectrometric amino acid sequencing is a powerful tool to
investigate the N-terminal blocked protein and peptide. Es-
p cific
i f the
u and
s n
p can
e ele-
t with
a p-
t

ere able to observed the typical fragment ions, Wa5, Wb5
nd Wa3, which can distinguish the amino acid leucine

soleucine (Fig. 7) [26]. So the 5th and 7th amino acid resid
rom N-terminal may be isoleucine and leucine. In addit
arious immonium ions of amino acid composing T1 pep
roline, phenylalanine, serine, leucine/isoleucine, arg
nd methionine, were observed in the low mass region of
nergy collision dissociation mass spectrum. Especially

ound immonium ion of methionine and related peaks at
nd 61 Da. From the high energy CID experiments, we

nterpret the whole sequence, M-F-P-T-I-P-L-S-R, with
ecially high-energy CID experiments provide the spe
nformation of amino acid sequence and composition o
nknown peptides. So we could specify the sequence
tructure of variant asN�-acetyl met-hGH. The productio
rocess including the intermediate, methionyl hGH, also
xplain the existence of the variant. Probably during the d
ion process, acetyltransferase blocked the N-terminal
cetyl group and producedN�-acetyl met-hGH, so aminope

idase cannot delete the blocked methionyl terminus.
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