glycopeptides. Analysis of glycopeptides is not yet widely implemented outside specialist
glycobiology laboratories, but it is clear from both the present study and the increasing
volume of publication in this area that glycoproteomic strategies are now sufficiently mature
to allow practical site-specific characterization of the oligosaccharide profiles of even highly
heterogeneous glycoproteins (Harazono et al., 2005; Imre ef al., 2005; Tajiri et al., 2005;
Chalabi et al., 2006). Our present results justify the use of MS for relative quantitation of
oligosaccharides, and highlight the fact that glycopeptide MS will be a key interfacing

technique in proteomics and functional glycomics in the future.

METHODS

Glycoprotein samples. The blood samples were obtained from three healthy Japanese donors
(A, B and C) with the permission from the Medical Ethics Committee of Osaka University
Graduate School of Medicine. Transferrin and IgG were purified from individual serum by
immunoaffinity with rabbit polyclonal antibody against human transferrin, and by protein G
affinity chromatography, respectively, and then lyophilized. The purity of distributed
samples was validated by SDS polyacrylamide gel electrophoresis under reducing conditions.
Each 1 mg sample from six specimens (A, B and C for transferrin and IgG) in total was
delivered to 26 laboratories at ambient temperature. Twenty of these laboratories submitted
results. The stability of these materials during transport was guaranteed by a test incubation,
during which neither degradation nor modification of protein and glycan moieties was
observed after one week of storage at 37 °C.  In most laboratories, a 100 pg sample was used
for each analysis.

Release of oligosaccharides. A majority of laboratories employed the method of
oligosaccharide release from enzymatic digests of glycoproteins, typically as follows.
Proteins (0.5 mg of transferrin or IgG) were dissolved in 0.5 mL of 6 M guanidium
hydrochloride, 0.25 M Tris-HCl, pH 8.5 and reduced with 5 mg of dithiothreitol under N, at
room temperature for 3 h. Then, 9 mg of jodoacetamide were added to the solution,
followed by incubation in the dark at room temperature for 30 min for
carboxyamidomethylation. The reagents were removed by a gel fitration column, NAP-5
(GE Healthcare, Piscataway, NJ), equilibrated with 0.05 N HCI, and the recovered proteins
were lyophilized. The alkylated proteins were dissolved in 50 mM ammonium hydrogen
carbonate, pH 8.0, and digested with 10 pg of trypsin at 37 °C for 3 h. Subsequently, 20 U
of PNGase F (N-glycanase F) (Roche, Mannheim, Germany) were added to the solution,
followed by incubation at 37 °C for 12 h to release N-linked oligosaccharides from
glycopeptides. The solution was then passed through a solid phase extraction Sep-Pak Light
C18 cartridge (Waters, Millford, MA), and the oligosaccharides in the pass-through fraction
were recovered and lyophilized.

When oligosaccharides were released directly from glycoproteins, the in-solution or



in-gel release method was used. For in-solution release, the 0.5 mg protein samples were
dissolved in 400 pL of water and 40 uL of 10x denaturing solution (5% SDS and 10%
B-mercaptoethanol). The sample was then denatured at 100 °C for 5 min. ~ After cooling, a
40 pL of reaction buffer (0.5 M sodium phosphate, pH 7.5) containing 10% Nonidet P-40
were added. The sample was mixed and incubated with PNGase F at 37 °C for 12 h. The
digested sample solution was run through a C18 cartridge to remove the detergent, and then
lyophilized (Sheeley and Reinhold, 1998). The sample was desalted on a graphitized carbon
column or by the normal phase extraction method (Wada et al., 2004).

For in-gel release (Royl et al, 2006), 80pg samples were reduced with 0.5M
dithiothreitol for 10 min at 70 °C, alkylated with 100mM iodacetamide for 30 min at room
temperature, then run over three lanes on 10% SDS-PAGE gels and visualised with
Coomassie blue. Protein bands were excised, cut into ~1mm> , frozen for 2h at -20 °C, then
washed with alternating 1mL acetonitrile and 1mL 20mM NaHCOs pH 7 (5 washes, 30min
each) and the gel pieces lyophilized. N-linked glycans were released in situ with 100U/mL
peptide-N-glycanase F with overnight incubation. Glycans were extracted by washing with
3 x 0.2mL water, 1 x 0.2mL acetonitrile, 1x 0.2mL water, 1 x 0.2mL acetonitrile. (30min
each). Samples were lyophilized ready for MS or fluorescent labeling.

Fluorescence labeling and chromatography of oligosaccharides. For fluorescence
detection, the oligosaccharides were subjected to reductive amination at the reducing end with
2-aminopyridine (Natsuka and Hase, 1998), 2-aminobenzamide (Bigge et al, 1995) or
2-aminobenzoate (anumula and Dhume, 1998). The typical procedure using
2-aminobenzoate was as follows. To the lyophilized oligosaccharides, a solution (200 pL)
of 2-aminobenzoate and sodium cyanoborohydride, freshly prepared by dissolution of both
reagents (30 mg each) in methanol (1 mL) containing sodium acetate and 2% boric acid, was
added. The mixture was kept at 80 °C for 1 h. After cooling, the solution was applied to a
column of Sephadex LH-20 (1 x 30 cm) equilibrated with 50% methanol. Earlier eluted
fractions showing fluorescence at 410 nm with 335 nm-wavelength irradiation were collected
and evaporated to dryness. The residue was dissolved in water (100 pL), and a portion (10
puL) was analyzed by HPLC. Separation was done at 50°C with a polymer-based Asahi
Shodex NH2P-50 4E column (Showa Denko, Tokyo; 4.6 x 250 mm) using a linear gradient
formed by 2% acetic acid in acetonitrile (solvent A)and 5% acetic acid in water containing
3% triethylamine (solvent B). The column was initially equilibrated and eluted with 70%
solvent A for 2 min, at which point solvent B was increasedto 95% over 80 min and kept at
this composition for a further 100 min. The flow rate was 1.0 ml/min throughout the
analysis. Detection was performed by fluorometry with Aex = 350 nm and Aep = 425 nm.

The oligosaccharides derivatized with 2-aminopyridine were analyzed by
multidimensional chromatography (Takahashi, 1996). In some laboratories, the separated
oligosaccharide were analyzed by MALDI TOF MS for structure verification.



MALDI MS of permethylated oligosaccharides. Permethylation was performed by the solid
sodium hydroxide technique (Dell et al., 1993; Lemoine et al., 1996; Ciucanu and Costello,
2003). Briefly five pellets (approximately 1g) of NaOH were ground in a dry mortar to
obtain a fine powder. This should be done as quickly as possible to minimize absorption of
moisture from the atmosphere. The NaOH powder was mixed with 4 mL of anhydrous
dimethyl sulfoxide (DMSO). The oligosaccharide sample released from glycoproteins was
dried in a glass tube. Approximately 1 mL of the slurry was added to the sample followed
by 0.5 mL of iodomethane. The sample was agitated at room temperature for 10 minutes. The
reaction was then terminated by addition of 2 reaction volumes of water. Subsequently, ImL
of chloroform was added, and the mixture was vortexed for 30 sec and centrifuged at 3000 x g
to facilitate partitioning. The top aqueous layer was removed and the chloroform layer was
then washed 3 additional times with 4 mL of water. The chloroform was evaporated to obtain
a dried permethylated sample. One laboratory used the capillary permethylation method as
described previously (Kang et al., 2005).

For MALDI MS, the dried permethylated sample was resuspended in 10 ul of pure
methanol The sample was mixed with an equal volume of DHB matrix solution at 20 mg/mL
in 80% methanol and then spotted onto the MALDI plate. To attain good ion statistics the
spectra presented were generated from several sub-spectra of 100 laser shots. The peak height
of the [M+Na]" monoisotopic ions or the integrated peak area for their entire isotopic cluster
was measured for relative quantitation.

Reproducibility of the quantitation was examined in one laboratory (lab-17) as follows.
Sample B IgG (0.3 mg) was divided into three portions, and each sample was separately
subjected to permethylation according to the procedures described above. The MALDI
spectrum was acquired with a Voyager DE Pro mass spectrometer (Applied Biosystems,
Foster City, CA) in reflectron mode. The signals from a total of 500 shots-at 10 different
laser irradiation spots were averaged, and the measurement was repeated five times.

The oligosaccharides derivatized at the reducing end or those with intact non-reducing
hydroxyls were analyzed by MALDI MS in a few laboratories, among which a simple
on-target derivatization with phenylhydrazine was carried out in lab-10 (Lattova et al., 2006).

Analysis of ohgosacchandes by LC/ESI MS or LC/ESI MS/MS. The alditol forms of
ohgosaccharldes -were analyzed by LC/ESI MS (Karlsson ef al., 2004). Typically, the
enzymatically released oligosaccharides were converted into alditols by incubation in 20 pL
of 0.5 M sodium borohydride/20 mM potassium hydroxide solution at 50 °C for two hours.
The resulting solutions were neutralized by addition of 1 mL of glacial acetic acid, desalted
and dried. Borate was removed by repeated addition and evaporation of 50 pL of 1% acetic
acid in methanol. Oligosaccharide samples were dissolved in water and subjected to

negative ion LC/MS employing a graphitized carbon column (Hypercarb, Thermo Electron;



0.2 x 150 mm) using a linear gradient formed by 5 mM ammonium acetate / 2% acetonitrile
(solvent A) and SmM ammonium acetate / 80% acetonitrile (solvent B) (Kawasaki, 1999).
The deprotonated [M-H] ions were measured and the peak areas of the multiply charged ions
corresponding to one specific component were summed up manually for relative quantitation
data.

MS of glycopeptides. Glycoproteins were reduced and alkylated, and then digested with
trypsin as described above. Resulting peptide/glycopeptide mixtures were analyzed with
LC/MS(/MS) or MALDI MS (Huddleston ef al., 1993; Wada et al., 2004; Harazono ef al.,
2005). In either case, protonated peptides were monitored for detection. In LC/MS,
glycopeptide profiles can be inferred from a low CID energy MS survey while the molecular
weight contribution of the core peptide can usually be inferred from the MS/MS data.
Relative quantitation was carried out in the same way as LC/MS of oligosaccharides. For
MALDI MS, glycopeptides were enriched from an enzymatic digest and the resulting
glycopeptide mixture was mixed with DHB matrix solution at 10 mg/mL in 0.1%
trifluoroacetic acid/50% acetonitrile and analyzed in linear mode (Wada et al., 2004).
Relative quantitation was based on the intensities (heights) of the signals.

Data presentation. The relative abundances of the glycoforms identified were reported by
each participating laboratory.
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Figure caption

Figure 1

Relative quantities of transferrin oligosaccharides from sample A.

The amounts of all glycoforms in total oligosaccharides are presented. ~Abbreviations are
those presented in Table 1. (a) The laboratory numbers for the data are not the same as the
numbers given to the authors. (*) The error bars representing standard deviation (SD) from
repeated measurements by lab-12 (n=7) and lab-16 (n=2) show intra-assay variance. The
SDs of lab-12 were quite small. (b) Comparison of the quantitation by different methods.
The data from different laboratories were averaged: chromatography (n=4), a combination of
permethylation and MALDI MS (n=7), and LC/ESI MS (n=2). Lab-5 was excluded from
the calculation (see text). The error bars representing SD indicate inter-laboratory, or

inter-assay, variance.

Figure 2

Relative quantities of IgG oligosaccharides from sample B.

Three bars on the left, for each laboratory, show the relative abundance of differently
galactosylated species as a percentage of the total. That for monogalactosylated biantennary
oligosaccharide bearing bisecting GIcNAc represents the content of total oligosaccharides
identified. (a) The laboratory numbers for the data are not the same as the numbers given to
the authors. (*) The error bars representing standard deviation (SD) from repeated
measurements by lab-12 (n=7) and lab-16 (n=2) show intra-assay variance. The SDs of
lab-12 were quite small. (b) Comparison of the quantitation by different methods. The
data from different laboratories were averaged: chromatography (n=4), a combination of
permethylation and MALDI MS (n=5), and LC/ESI MS (n=2). Lab-4 was excluded from
the calculation. The error bars representing SD indicate inter-laboratory, or inter-assay,

variance.

Figure 3

MALDI mass spectrum of permethylated oligosaccharides from sample A transferrin.
Oligosaccharides released by PNGase F were permethylated, and analyzed by MALDI TOF
MS in positive ion and reflectron mode. The signals from polyhexose as an internal
calibrant are indicated by asterisks. The mass spectrum was provided by lab-7.

Figure 4
MALDI mass spectra of permethylated oligosaccharides from sample B IgG.
The mass spectrum was provided by lab-8.

Figure 5
Mass spectrometric analysis of glycopeptides for site-specific glycan profiling of sample A



transferrin.

(a) Relative abundances of the oligosaccharides at each N-glycosylation site measured by
RP-LC/ESI MS/MS (lab-15) or MALDI linear TOF MS of tryptic glycopeptides (lab-17).
(*) The error bars representing standard deviation (SD) from repeated measurements by
lab-17 (n=5) show intra-assay variance. (b, ¢) MALDI mass spectra of tryptic glycopeptides.
The glycopeptides containing Asn-432 (b) or Asn-630 (c) were isolated by reversed phase
chromatography and analyzed by MALDI linear TOF MS (lab-17). The ions indicated by

asterisks are derived from the glycosidic cleavage during measurements.
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AP SOELRGIE AT LOPRR LIz, —7, #F1
VR LA v A YRR A vy — 7 =0 VR ST A
5 Lt <, FAAME R U Tinsulind, [interferon
MEBCHVWENT WS, AL — Vi3-S Tw
T b & A AT, Al Tid, Tinsulinl % [inter-
feron] bAF L L LTS T EITT 5,

B GHDSHE & BI/NGHIC T 2 LED D DY E

*1 EMEHOELRREL 17-!_\0)@]

‘R 7 LD % B0 (Groups with respective s

1% 4% 5 V& i (growth hormones) som-

ROV E VOB AL PP T T S
(hormone-release stimulating/inhibiting peptides)

BAMHA Y /A5 —T14F i

(cytokines/interleukins)
a1 = — il i# K -4 (colony stimulating factors) | -stim
I 213 KL F 24 (erythropoietin type blood

—poetin
factors)
£/ 78— V{48 (monoclonal antibodies) -mab
A% [H -3 (growth factors) -ermin
fi¥ %35 (enzymes) -ase
1§72 85% 8 7 7451 (blood coagulation factors) -cog
MifE&EE A A 4 — LA e
(blood coagulation cascade inhibitors) 9
ATF R, HWART T N S
(peptides and glycopeptides)
SEA T ~cept
(receptor molecules, native or modified) (pre-stem)*!
LV Y v ik iAR4E (hirudin derivatives) ~irudin

—parin

A 2 A1) % (insulins) i insulin

4 v % —7 = 1 V¥ (interferons) interferon
k1 WIEAT A

13, AT LD bIRE L 72H T X5 L(sub-stem) & IV
Bo 212, AV —uAFEAOH TAT LOFER
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27 LEGNEEDDDS
( 3]

L7te

FE—DATAIBTHRTF KDy 82 Bk
EHETT I/ BRECHIH R0 b 2 L 2 m T HEITIE, A
T LAIEEGE S B VIR L T T 3 BRI o
MEWERXBILTWS, fxIE, 1y —ma4Xxr-20
W&, A7 a1d [-leukin) Td % %%, Celmoleukin (1
WVELA X)L Teceleukin (7O A F 20) 1%, NE
DRAFF =V RIEDFIMHP R Do Tz, 41 XA VHH
D&, T I R osit v % 2 §EF (two-word
name) Ny &% L TXHMLTWA
Aspart(€ > AU > 7290 M)iZ, Insulin(A > XU )
DT I EIRIE 1 AFTHT AT F AR L7z ifa g
THbo

Wiy Xy HRPATF FERKT, 73 /RSN
[6l—T & % P ER 3 DAEASGE S T & R RTHE I,
¥U>vi$%%éfﬂ%%bt7w77 NR—%, 7
< (alfa, beta, gamma)& % Vv 7z 2 g Tl
FE OV EXB LT 5b, Bl 21, F—poetinJ Ve
VATRIT VIHD AT LA TH B, PHORE Db D
i, Epoetin Alfa, Epoetin Beta, Epoetin Gamma%¥,
mHEENT VD,

La»L, Pistnyadgav—Lve LT, f ¥y -7z
>mvmmw@mwcm&<,4/5—7lm/@mﬁ
AR T H 720K ) ¥ v LEFFLENLTWE, 4
VE =T 1 a Y DEBIFIIDOVTIE, AT A3l (47—
Zxa ]| OETHLHNAY 5,

%43, JANTIE, SMRTFMIR M2 v T & h
72 WA 0 TE WX INN O 22 F 5 & T GRS T-H1
%), 34 Tld (Genetical Recombination) & filk L,
MR TFHARZ Td D Z L 2 BRT 528, Ak Tld 4
R RRIN A AN L7z,

o Bl 2 ¥, Insulin

M-stiml :J0=—%I#E 58

[-stim| 1%, =79 =—#l#EF (colony stimulating
factor, CSF) D AT A Tdr b T H = —Hili#§ A
Fed, EHHARICER LT, AEIES T i o
awa = — gl RS BN EF OB TH Y, A N
AL VDLIHTH D, BREND T30 =—DOHIHIZ & -
TELIZHTAT A/ EN S,
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x2 'f‘//;“! D‘fﬁf‘/ﬁﬂ)ﬁjli.&
1Y 50 ki) | i
AV 5 —OA %Y 1 (IL-1)  |-nakin i
 AY5-84%Y 14(IL-1a) [-onakin |Pifonakin (€ #F % >)
v =14 %2 -1p(L-17) |-benakin ’(‘4%"5’3";:”/)
7 T Adargileukin Alfa
Aldesleukin
Celmoleukin
(Lreoq¥xr)
Denileukin Diftitox
Pegaldesleukin
Teceleukin
(FEaq%>)
Tucotuzumab Cel-

A& —aA4%x,-2(IL-2) ~leukin

EAe S e et Eoleukin__w_
AV H— D4 3( Ve 3(IL 3) —plestim Danlple§tlm
& _ |Muplestim i
1~ ¥ — —H A / —4(IL-4) _|-trakin  |Binetrakin
Aq / y—uAfF-6(IL-6) |-exakin Atexakin Alfa
{ /ﬂ 5f 7_r:{ A&~ -8(IL- ) | -octakin Emoctakin
A7 —BA % -100L-10) |-decakin _|llodecakin
SR iz : Oprelvekin
el riiivel ) N e )
{74 -u4%>-12(IL-12) |-dodekin |Edodekin Alfa
£ —0A %Y-13(IL-13) |-tredekin |Cintredekin Besu-
Za-ahaey ([ vy -uq %, -8 ; : :
; : : —-neurin Abrineurin
Brain derived neurotropic factor)
{vy-nfty 13477/ 3=2} |-nakinta  |Anakina
Ay -nf%7 1% kT 79 T=4F |~Kinra Pitrakinra

(1)[-grastim] : $ERI OO = —RIMEAFIE

[-grastim] (&, JAEk 2 o = —i# A F (granuro-
cyte-colony stimulating factor, G-CSF) $fi % /R4 7" A
T LT Do G-CSFIE Ptk (UF i 5k) o 1 R HINE 12 45
FEGZ/ER LT 2o, aba ik L <o e = - gk
RN TAEH RN T A, RO FG-CSFIE 1741
T X PRI S ), Thri133iZ0-f54a TN 4 454
253 FHk#920,00004 & V82 W TH B,

A7 & [-grastim] #$5b, BE, BATRBENRT
WA EHEIZIE, Lenograstim(lL /) 95 XF L),
Filgrastim (7 4 W& 5 XF L), Nartograstim(J v |
TJIAFL)DIHENHE(E1), N bDEHEFIZ
F T AALERIE R OIF P ERIRAMEIGHRIE L L THV S
TV 2132, HMLEEHINL o RS M~ o W) 1 R0 1 i
MM ARG DIF FRERE DI IIEE I S V5N B, 444,
HRE~OIUEASTFESN TV BERKTH %,

Lenograstim( L / '3 X2 F L) (ZCHOMIE THLiE & 1
7oMARFAHIE X ¢ FG-CSFT, RAD D O L [FEHI2174
o7 I/ EEREI S 2 Y, O-FEEIMM %A 5
§ T TH B, Filgrastim(7 4 VW F 5 XF L) ITK



Thr-Pro-Leu—Gly-Pro-Ata—Ser-Ser—-Leu-Pro—Gl n-Ser—Phe-Leu-Leu-Lys-Cys-Leu-Glu-GTn-

Val-Arg-Lys—tle-Gin-Gly-Asp-Gly-Ala-Ala-Leu-GIn-G| u-Lys—Leu-Cys—Ala-Thr-Tyr-Lys-
1

r -
Leu—Cys—His—Pro-GIu-GIu—Leu—Val—Leu-Leu—GIy—His-Ser—Leu—GIy—l le-Pro~Trp-Ala-Pro-

Leu-Ser-Ser—Cys-Pro-Ser-Gin-Ala-Leu-GIn-Leu-Ala-Gly-Cys—Leu-Ser-Gl n-Leu-His-Ser-
L J

Gly-Leu-Phe-Leu-Tyr—GIn-61y-Leu-Leu-Gin-Al a-Leu-Glu-Gly-1le-Ser-Pro-Glu-Leu-Gly-
Pro-Thr—Leu-Asp-Thr—Leu-G1n-Leu-Asp-Val-Al a-Asp-Phe-Ala-Thr-Thr-11 e-Trp-Gin-Gin-
Het-Glu-Glu-Leu-Gly-Met-Ala-Pro-Ala-Leu-Gl n-Pro—T;rGI n-Gly-Ala-Het-Pro-Ala-Phe-
Ala-Ser—Ala-Phe-GIn-Arg-Arg-Ala-G1y-Gly-Val-Leu-Va}-Ala-Ser-His-Leu-G in-Ser—Phe~

Leu-Glu-Val-Ser-Tyr-Arg-Val-Leu-Arg-His-Leu-Ala—GIn-Pro
O-HEEEBSEE A ME

Lenograstim (Genetical Recombination)
V295 2F b GRIZTFHEER)

Het-Thr-Pro-Leu-Gly-Pro-Ala-Ser-Ser-Leu-Pro-Gi n-Ser~Phe-Leu-Leu-Lys-Cys-Leu-Glu-

GIn-Val-Arg-Lys-1le-GIn-Gly-Asp-Gly-Ala-Al a-Leu-61n-Giu-Lys-Leu-Cys-Ala-Thr-Tyr-
]

f
Lys-Leu-Cys-His—Pro—Glu-Glu-Leu-Val-Leu-Leu-Gly-Hi s-Ser-Leu-Gly-1le-Pro-Trp-Ala-

PrwLeu—Ser-Ser—C;{s-Pro—Ser-Gln—Al a-Leu-Glin~Leu-A! a-G!y—(Lys—Leu—Ser—Gln—Leu-Hi s~

Ser-G1y-Leu-Phe-Leu-Tyr-GIn-Gly-Leu-Leu-Gln-Ala-Leu-6 {u-Gly-!le-Ser-Pro~Glu-Leu-
Gly-Pro-Thr-L.eu-Asp-Thr-Leu-GIn-Leu-Asp-Val-Al a-Asp-Phe-Ala~Thr-Thr—|le-Trp-Gin-
Gln-Het-Glu-Glu-Leu-Gly-Het-Ala-Pro-Ala-Leu-Gln-Pro-Thr—Gin—Gly-Al a-Het-Pro-Ala-
Phe-Ala~Ser-Ala-Phe-Glin-Arg-Arg-Ala-Gly-Gly-Val-Leu-Val-Ala-Ser-His-Leu-GIn-Ser-

Phe-Leu-Glu-Val-Ser—Tyr-Arg-Val-Leu-Arg-His-Leu-Ala-Gin-Pro

Filgrastim (Genetical Recombination)
TANGSAF L EETFHRIRR)

Met-Aia-Pro-Thr-Tyr-Arg-Ala-Ser-Ser-Leu-Pro-G!n-Ser-Phe-Leu-Leu-Lys-Ser-Leu-6 fu-

Gln-Val-Arg-Lys—11e~Gin-Gly-Asp-Gly-Ala-Ala-Leu-Gln-Gl u-Lys-Leu-Cys—Ala-Thr-Tyr-
i

r
Lys-Leu-Cys-His-Pro-G1u-Glu-Leu-Val-Leu-Leu-G1 y-His-Ser-Leu-Gly~1le-Pro-Trp-Ala-

Pro—Leu—Sar—Ser—Gys—Pra-Ser~G In-Afa-l.eu-Gin-Leu-Ata-G} y—Cys—Leu—Ser—G fn-Leu-His~

Ser—Gly—Leu—Phe-Leu—Tyr—GIn—Gly—Leu-Leu—Gln—AIa—Leu—GIu—GIy—I {e-Ser—Pro-Glu-Leu-
6ly-Pro-Thr-teu-Asp-Thr-Leu-GIn-Leu-Asp-Va |~Ala—Asp-Phe-Ala-Thr-Thr-1le~Trp-Gin-
Gln-Het~G1u-6iu-Leu-Gly-Met-Ala-Pro-Ala-Leu-GIn-Pro-Thr-GIn-Gly-A! a-Met-Pro-Ala~
Phe-Al a-Ser-Ala-Phe-G1 n-Arg-Arg-Ata-Gly-Giy-Val-Leu-Val-Ala-Ser-His-Leu-G {n-Ser~

Phe-Leu~Glu-Val-Ser-Tyr-Arg-Val-Leu~Arg-His—Leu-Ala—Gin-Pro

Nartograstim (Genetical Recombination)

FMNTTRF L GRRTFHEEER)

®1 BEHEBOO--HREFEERTXF L [-grastim] &5
DIEER

I B T S N ARfEFHER 2 ¢ PG-CSFT, NA#HIC
AFFo U1 BERNNLZT I VELITMEN O RS Y
VNG HTH B, F7, Nartograstim(F WV F IS XF
I FKREBETHEs /e FG-CSFHERFT, N2 i

e AF A YA LRI LTS, TS BRI

5EHFRABIBENTWAE T I JEBITErERE S N
SERTH Do RLBG-CSFLIRTHWVILFEEZRT
d, MIICERBMERL LT 3/ BBRETHRIFT
R L7z

RS OMICINNIEEH SN TWwBHERMIIILUTO
bDWH B,

Pegfilgrastim

Pegnartograstim

IRk, R ENFilgrastim(7 4 VIS AF L),
Nartograstim{(F v b T T RAFL)IK) = F L 7 a
— L ERBEA LG Y 2 TH B, [Peg-] 134K
IF Ly ) a—L(PEG) AL TWAI & 2 EKRY
LIEHETH B, PEGIZ & B 154 (PEGAL) 13DDS
(Drug delivery system) DFHEDVE DT, ¥ ¥ /7 H
HESER ORI TOREWLOME F, 79wl o it
EXHEHEOETEEME LTITbhS, BRKTIEYT
I % B © 7-PegfilgrastimATREE X LTV 575, H
AT FZERLENR TRV,

(2)[-gramostim] : BRI~/ O77—> a0 —
FIBEHETE

[-gramostim] &, Mk~ rn 77—y au=—j
# A F (granurocyte macrophage colony stimulating
factor, GM-CSF)§ % RTH 7 A7 L TH %o GM-CSF
i, BERERGFRED), vsn Ty =Y, FEBERIEC
NLOREIT S —BREFET BEATED ¢ b
GM-CSFIF127 07 3 / BEEIr O 2 50 FRH
18,000~24,0000% % ¥ /N7 HTH b0

AF 24 [-gramostim] #IFOINNIZUT Db DV H 5.

Molgramostim

Ecogramostim

Regramostim

Sargramostim (Vv T E X F L)

Molgramostim iZ KM Tl L 7z TR 2 ¢ PGM-

CSF, EcogramostimidKIGH c#iE L7z PGM-CSFT
N 2 T = CERIEHMAIIN L 72 % 0, Regramostimid
CHOMNE THE L7z PGM-CSFCHIEAH & L T
5HDTH B, Sargramostim(F VT TERF L) E
FGM-CSFOBFERO 7TV F=vhkaf ¥ @il
7:GM-CSFis#i kT, METMRRIICL ) EETRE
L7ty Sy BTh Bo KETIHLEERERO B MK
wENME & LA ENTVW S, JANICES S, 70—
VIRBEDOEFE L L THEMETTH 5.

(3)[-mostim] : v/ 0O 77— a0 = —Fl#
K F5

[-mostim]| ¥, w7 w7 7—You=—l#KEF"
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