24 ER (g

Gi, tetmcene e LT, L.
()
Methyl (1R.2R,4S)~4~ |2, 6-dideoxy—4-O-[ (2R, 6S)-6-
methyl~5-0x0-3, 4, 5, 6-tetrahydro-2H-pyran-2-v|]~
a~L-fyo-hexopyrangsyl-(1 — 4)-2, 3, 6~trideoxy-3-
dimethylamino- o ~L-lyro—hexopyranosyloxvl -2-ethyl~2,5,7-
trihydroxy-6, 11-dioxo—1, 2, 3, 4~tetrahydrotetracene—

1-carboxylate monohydrochloride (72 3 WV 3 R
(25, 48)-2~Acetyl-4- (3-amino-2, 3, 6-trideoxy~cr-1L~mo—
hexopyranosyloxy)-2, 5, 12-trihydroxy—

1,2, 3, 4-tetrahydrotetracene—6, 11-dione monohydrochloride
(4 7N i)

A3, von Baeyer IEE IR L CH&a
5.
(1)
(28.5R . 6R )~6~[ (2R )2~ Amino~2-(4-hydroxyphenyl)-
acetylamino]~3, 3-dimethyl-7-oxo~4—thia—1~

azabicyclo[3.2.0] heptane-2-carboxylic acid trihydrate
(TEF YT vk '
Tricyclo[3.3.1.1%"]dec~1-ylamine monohydrochloride
(7= % T o

A OB, B spiro 2L THET 5
)
(25.6" R)-7-Chloro-2’, 4, 6~trimethoxy-
6" —methylspiro[benzo[b]furan-2 (3H) . 1" - (cyclohex~
2" —ene)1-3,4 ~dione (VL7 LE )

WMESEMELWMEBSOMEEE LTHET 2
B, #ABOHENESTSH 5 VI EE 1,
[ ] CHATERTS.
(#)
1H~Pyrazolo[3, 4—d] pyrimidin-4-ol (7271 / —)
8~Chloro-6-phenyl-4H -
(1,2, 4)triazolo[d. 3~al [1, 4] benzodiazepine (A % '35 4)

MESRMEICAMENEEL TN 2 XYL Thr
HTHLENDBEEIE, BRAE WNEE A
TR H) &5 WIENARHE UGS AN 65
Iz H) 2o CHET 5.

UERAKREE 7280
6-(1-Methyl-4-nitro-1H~imidazol-5—ylithio) purine
(THFATY )

1H -Pyrazolo[3, 4-d]pyrimidin—4-ol (70 7Y 7 — )
8—Chloro~6-phenyl-4_H_~

{1, 2, 4]triazolo[4, 3-2]1[1, 4]benzodiazepine (XA ¥ V'35 4)

3-(10, 11-Dihydro-5H-dibenzola, d lJeyclohepten-5-
ylidene)-N, N-dimethylpropylamine monohydrochloride
(7 3 b FFY R
7-Chloro—i-methyl-5-phenyl-1, 3~dihydro-2H-1, 4~
benzodiazepin—2-one (¥ 7 ¥/34)
N.N,2-Trimethyl-3-(10H -phenothiazin—10-

yl) propylamine hemitartrate {7V 2% 2 ¥ WARGE)
10-{2-[ (2RS)-1-Methylpiperidin-2-y!]ethyl }-2-
methylsulfanyl-10H -phenothiazine monohydrochloride
(F 10 72 1)

Az v em)

5-Ethyl-5—(3-methylbutyD) pyrimidine-

2,4,6(1H,3H,5H ) ~trione (7 £V ¥ 7 — L)
5-[(2RS)~3~(1. 1-Dimethylethyl) amino-
2-hydroxypropyloxy]-3, 4-dihydroquinolin—-2{1H ) -one
monohydrochloride (# V74 o — L IgEHEEIE)

(35, 3aS. 5a5, 9bS)—3. 54, 9-Trimethyl~3a, 5, 5a, 9b—
tetrahydronaphtho[1, 2-bJfuran—2, 8(3H , 4H )—dione

(> tr=)

i £ 2 TR o O AR FE AT IR % 7R 3 BETH RS hydro i,
SRERTRERIEFE & LTIl

)

Methyl (1R.2R,4S)~4- |2, 6-dideoxy-4-O—[ (2R, 65)—6~

methyl-5~0x0-3, 4, 5, 6-tetrahydro2H-pyran-2-yl]-

a—L-lyxro~hexopyranosyl-(1 — 4)-2, 3, 6-trideoxy—-3—
dimethylamino-a-L-Bre-hexopyranosyloxy ~2~ethyl-2, 5, 7-
trihydroxy—6, 11-dioxo—1, 2, 3, 4-tetrahydrotetracene~

I-carboxylate monohydrochloride (7 2 5 0 ¥ 3 k)
Dihydroxo(5-oxo~4-ureido—4, 5-dihydro—1H -imidazol-
2-yD oxoaluminium (7 v ¥ 3 % )

RIRRTF F Tl eyclo 2 HOCTBIREE S &4

T 5.
(B1)
cyela(-[(2S, 3R, 4R, 6E ) -3-Hydroxy—4-methyl-2~
methylaminooct-6-enoyl}-L.-2-aminobutanoyl~
N-methylglycyl-N-methyl-L-leucyl-L-valyl~N-methyl-
L-leucyl-t—alanyl-D-alanyl-N-methyl-L-leucyl-N -methyl-
L-leucy-N-methyl-L-valyl< (¥ 2 m X FE1) >)

(6) A—EFLEEHD
[m]— O E AL A ﬁ@?%?ﬁﬁfﬁtﬂfﬁ EDILE OBA
2, BMASAETRECR-EEEASROGRE
KEov@mands.
(g1
3, 5-Bis (acetylamino) =2, 4, 6-triiodobenzoic acid
(73 FM)VED



2,2"~Succinyldioxybis (N, N, N —trimethylethylaminium)
dichloride dihydrate (R %4 % b= AR HY)
Disodium 3,8’ ~dioxo~[4%* -biindoline]-5, 5’ ~disulfonate
Aryaganszy)

2,2"~(Ethylenediimino) bis[ (25)~butan—-1-ol] dihydrochloride
(2% 27 b —LiEReH)

2,2,2"",2""" ~ |[4, 8-Di(piperidin-

1=yl pyrimido[5, 4-d I pyrimidine-

2, 6-diylldinitrilo}tetraethanol (¥ ¥ %€ —)

2,2'-[(1, 2-Dioxoethane-1, 2-diyl) diimina] bis{N~
(2-chlorobenzyl)-N, N-diethylethylaminiam] dichloride
(T o7 = 38100

N, N-Bis(2—chloroethyl)~3, 4, 5, 6-tetrahydro-2H-1, 3, 2
oxazaphosphorin—2-amine 2-oxide monohydrate

(Y2 akR7 7 3 FRAL)

N,N’-Ethylenebis (N —“butylmorpholine-4-carboxamide)
(VELFRT I V)

3,3 ~[Hexamethylenebis {methyliminocarbonyloxy) ] bis (1-
methylpyridinium) dibromide (¥ A5 2 3 544kiy)
Tris(aziridin-1-yl) phosphine sulfate (F 5%}

(2-Hydroxycyclohexane-1, 1, 3, 3~tetrayl) tetramethyl

tetranicotinate (= €— )

BEEMfE, BAREEIICANR, 208 REs I
912 poly # %89 5.
(#9)
Poly[ (2-oxopyrrolidin-1-v1) ethylene] iodine
(KEFra—F)
Poly (oxymethylene) (/SFHhNL AT A FE F)

(7) MfFEEDER
CEHEDYV R, bT AR KT 2410
B, E, Z2RWTHET A, cis, trans 2R L 7%
V., RAEIE LCE, Z OBl HEE+ 4135,
(#)
(38,52, 7E, 22E )-9, 10-Secoergosta—5. 7, 10(19) , 22-
tetraen=3—ol (ZAVITHN T 7 20— L)
(2E,4E,6E.8E)-3, 7-Dimethyl-9-(2, 6, 6-trimethylcyclohex~
I-en—1-yl)nona-2, 4, 6, 8-tetraen—1-yl acetate
(LF 7 — VBB T 25 L)
(82)-7-{ (1R, 2R, 3R, 55)-3, 5-Dihydroxy-2-[ (1£,38)-3~
hydroxyoct-1-en-1-ylleyclopentyl)~hept—5-enoic acid
(V) 7aak)

AFETF OARBE AR 2 B IR, S R4
RWTHAEEBELZFERL, KA E LTR,S ORIICi
BWEFT T 5.

(#0)
(1R)-1~(3, 4-Dihydroxyphenyl)-2- (methylamino) ethanol
(FFLFY )

W b3 25

(IR, 28 )—Z'Methylamino—l*phenylpropan- 1-ol

monohydrochloride (7 x 1) »fEgik)
29)~1--[(28)~2-M ethyl-3-sulfanylpropanoy!] pyrrolidine~2-
carboxylic acid (7 7Y 1) ’

TEIROEE L, RSEFREBOTHLT 5.

BRIE LT RS OBl ES 241 5.
(1)
{2RS) ~2-{4~(2-Methylpropyl) phenyi] propanoic acid
4 7707=2)
{2RS )-2-Carbamoyloxy-N, N, N~
trimethylpropylaminium chioride (X% % = — L3{E1)
(1RS,4RS)-1, 7, 7-Trimethylbicyclo [2.2.17heptan-2-of
(dl~Hh > 7n)
(1RS, ZSR)—2~Dimethylamino*l-~phenylpropan-l~oi
monohydrochloride (di~*F L X7 x 1Y 5N
(2RS . 6RS, 11RS)~6, 11-Dimethyl-
3-(3-methylbut-2-en-1-yl)~1, 2, 3, 4, 5. 6-hexahydro—
2, 6-methano-3-benzoazocin—8-ol (X % ' 3 )
(1RS.25R)~4-[2~ {4-Benzylpiperidin-l-y1) -1~
hydroxypropy!] phenol hemi- (2R, 3R) tartrate
(47 2270 ¥ NFEE

BUARHK T, r,s TLET 5.
()
(1R, 3r,55)~8-Methyl-8-azabicyclo [3.2.1Joct-3-y! [(2RS)-
3—hydroxy-2-phenyl] propancate hemisulfate hemihydrate
(7 b o ¥ mmioRfl)
(1R, 3r,58) ~8-Methyl-§-azabicyclo (3.2 1Joct-3-yl [(2RS)~
Z2-hydroxy-2-phenyl]acetate monochydrobromide
Gk ba ¥ » R bk
(1R, 3r,58)~3~[ (2RS) ~3-Hydroxy-2-phenylpropanoyloxy]-
S-methyl-8-(I-methylethyl) 8 azoniabicyclo {3.21]octane
bromide monohydrate(4 73 k¥ LR A )
(15,25,4R,5R, 75)-9-Methyl-3-oxa—
9-azatricyclo[3.3.1.0* Inon-7-y1 (25) ~3-hydroxy~
Z-phenylpropanoate monohydrobromide trihydrate
(RART I ¥ BALKHREE KA

HBRALE % Wik o HISH0 37 4 3 i, cis—,
trans—% [V CH%$ 5.
()
trans—4— (Aminomethyl)cyclohexanecarboxylic acid
(M5 324 A8
3 W4~ [trans—4~ ( Aminomethyl) cyclohexylcarbonyloxy]~
phenyll propanoic acid monchydrochloride (£ b5 34— } 35

meso i3, meso—% VT4 5 .




26 WERX gL

()
meso—Xylitol (¥ b—)

(8) 142, BRUEELIEEHOES
HRRUVEBROBG A4 L84 4 21, JUPAC &
HHE - THET S,
ARG A A 213, 4 F 8% mono, di, i &
THVWTERETS.
()
Monosodium benzoate (LBFFRET 1) v L)
Disodium (2R, 38)-3-methyloxiran-2-ylphosphonate
(FRABTA TV F YT L)
Trisodium 2-hydroxypropane-1, 2, 3~tricarboxvlate dihydrate
(VT MU LocHil)

mﬁd) A L EO 1 B OB A 21E mono AT
TV B 2BUELOBEICE. d AR EFBuwTE
ﬁL.‘J %.
(f50)
N-Ethyl-3~hydroxy-N, N-dimethylanilinium chloride
(T Fufk=y A5
{1, 2-Dioxoethane~1, 2-divl) diimino] bis [~V -
Z—ChIOr()IJenzyl)—N, N-diethylethylaminium] dichloride
(7 »es 7 =y n454LY)

W7 &= L8, aminium Z AW, 3% 7

/LT s N-RRILEWOGH ERBICRET 5.

(f50)
(2RS)-2-Carbamoyloxy-N,N, N-
trimethylpropylaminium chloride (W% % 2 — 35414

2-Acetoxy-N, N, N-trimethylethylaminium chloride
GEHB 7 5Ly %)

HEEMAL A O MISEE D 5 VI HE BB o &

&, REHT LB T O L2 BERE (% E,
mono, di, tri % &, 97 8({E {3, hemi, sesqui, hemipenta,
hemihepta 7% &) % v CHRRE T 5.

(1)

(2RS)~1-(2~ Allylphenoxy)—3-

[ (-methylethyD amino] propan—2-ol monohvdrochloride

(7 A7V 70— L VERED)

2-Ethoxy-6, 9-diaminoacridine monolactate monchydrate

(729 7 —ARE)

2~Chloro—10-[3- (4~methylpiperazin—-1-yl) propyl]-

10H -phenothiazine dimaleate

(FazunRs <4 i)

2, 6-Diamino—2. 6~dideoxy-a -D-glucopyranosyl-(1 — 4)—

[2, 6-diamino~2, 6-dideoxy—f—L-idopyranosyl- (1 -~ 3) ~B-D-

ribofuranosyl-(1 -~ 5)]-2~deoxy-D-streptamine trisulfate

(7594~ 4 2y BiRhRE

NN 2-Trimethy!-3- (104 ~phenothiazin-10-

vi) propylamine hemitartrate (7 U 2 < ¥ ¥ {#A figH)
2-Amino-2, 3, 4, 6-tetradecxy-6-methylamino-a -~
erythro—hexopyranosyl~(1 - 4)- - [3~deoxy~4-C-methyl-3~
methylamino-f-L-arabinopyranosyl-(1 — 6) ]-2~deoxy-b—
streptamine hemipentasulfate (3 20/ <4 3 L HEREHE)

BMOKREES A+ HEE, R F > 0
&, hydrogen # 84 F Y O AW ORISR ITCE
T A FEEA F > O¥&IC1E, hydrogen & A %
YOMERZETCERT 2. L85 53 F 02 MEF T
Y.

(1)

Methy!l 7-chloro—6, 7, 8-trideoxy-6-1 (25, 4R )-1-methyl-4-
propylpyrrolidine—2-carboxamido]~1-thio-L-threo~a -~
galacto-octopyranoside 2-dihvdrogenphosphate
()= VAT W)

114,17,21-T rihydroxypregn*zi*cne—.'i. 20-dione

(v F D::lll«—f“} CANTRETL AT V)

BHMERALE YW OIS A F ¥ B BB A F 4%
WHDHGEIIE, TOA4F Y OBEREE W CHEST
5.

(B £ 3 > o)

(1R, 3r,58 )-8~ (4-Butoxybenzyl) -3~ (25 ) ~hydroxy-2~
phenylpropanoyloxyl-8-methyl-8-azoniabicyclo[3.2.1Joctane
bromide (7 k7w L Ci ki)

(Bx A 4 D)

Disodium (28.5R.6R)-3, 3~dimethyl-7-oxo-6-[ (2R )—2-
phenyl-2-sulfonatoacetylamino]—4-thia—1-
azabicyclo[32.0Theptane-2-carboxylate

(Anx=Z Y+ ryma)

Monocalcium (4-amino-2~oxidobenzoate) hemiheptahydrate
(7357 2 /) F Rl h b3y AKEEY)

TREHANTURICE A 4 Y 25%E L Tw s 4E1,
TONTOEETF v (ate) & LTHLALLTH &
"N

(1)
2-Sodio~1, 2-benzold lisothiazol-3 (2H }-one 1, I-dioxide
dihydrate (3 5 9 R 7 AKEHI)

7ws:ﬁawm1mmc%%m@%ﬁﬁﬁuﬁw
gﬂﬁ’:ﬂﬁ{:\% LT uu ?l"‘)’—
()
Dihydroxo (5-oxo-4~ureido-4, 5-diliydro~1H -imidazol-
2=yl oxoaluminium (7 W 24 F4)



Bis(2-acetoxybenzoato) hydroxoaluminium
(FAEY 7 3= A4)

EREECLEY CLFRHEDLA + VAP TRIZ
BEWIHEE LTHEET 5.
()
Monogold monosodium monohydrogen{2RS)-2~
sulfidobutane-1, 4—divate K& T°
Monogold disodium (2RS)-2~-sulfidobutane-1, 4-dicate
(&F4Y ¥ IEF P L)

(9) BEKEEOBREBFELFETIHEOHE
BRI ORI, HEIH T (B 31X, mono,  di, tr,

penta, hepta %t &, 4 % {ii X, hemi, sesqui,
hemihepta % &) & v T3 5.

()

1,3, 7 Trimethyl-1H -purine-2, 6- (3H, 7H ) —dione

monohydrate (# 7 x 4 ¥ AHIdH)

2.2"-Succinyldioxybis (N, N, N-trimethylethylaminium)

dichloride dihydrate (A% A b= AL AR1)

(5K.68)-4, 5-Epoxy-17-methyl-7, §—didehydromorphinan~

3,6~diol monohydrochioride trihydrate

(e b A HEREKINY)

Monocalcium bis[ (2RS)-2-hvdroxypropanoate)

pentahydrate (FLEE S b 3 7 LokEnd)

Monosodium (6R, 78)-7-{2-{ (2§ ) ~2-amino-2-

carboxyethylsulfanyl] acetylamino}~7-methoxy—3- (I-methyl-

1H-tetrazol-5~ylsulfanylmethyl) ~8~oxo—5-thia—1-

azabicyclo[4.2.0] oct-2-ene~2-carboxylate heptahydrate

(£73 72 RF 120Kk

8-Hydroxy-5- |{1RS, 25K )-1-hydroxy-

2-{ (1-methylethyl) amino] butyliquinolin—2 (1 }-one

monohydrochloride hemihydrate

(7w 47 o— VEREE A

{2§)~2~Amino~3- (3, 4-dihydroxyphenyl) ~2~-methylpropanoic

acid sesquihydrate (A F W F7UkF1E)

Monosedium (5R, 6S)-6~[ (1R)~1-hydroxyethyll-7-ox0~3~

[(2R)~tetrahydrofuran-2-yl]-4-thia~1-azabicyclo[3.2.0 hept-

Z-ene—2-carboxylate hemipentahydrate

(77 B% 44 YT LK)

Monosodium  3-{5~(d-nitrophenyl) furan—

2-ylmethylenelamino—2, 5—dioxo-1, 3-imidazolidinate

hemiheptahydrate (9" > b0 L > 5 } U & L7KHIE)

(10) FRMLEMOREHOGHE
%’ﬁft/’*%@%ﬁﬁ‘ﬁiﬁﬁiﬁ@i IUPAC & fFm{b&4ty
DRI IE, FREROHRSTFEGLL, Fh

'5'&’ — TWWTHERT 5. MR THET 5.

mEX kg 27

S17H

2-(Diphenylmethyloxy)~N, N~dimethylethylamine—
8-chloro-1, 3~dimethyl-1H -purine-2, 6 (34 , 7H ) —dione (1/1)
(AT FYF+—h) .

7-H1R, 2R, 3R)-3-Hydroxy-2-[ (1£, 35 ) -3-hydroxyoct—1—
en~1-yi]-5-oxocyelopenty!} heptanoic acid—a—cyclodextrin
(TVTUASIN TALTTFIX)

(1) £tFEGFREFEAVESE
I/ OB, RTFF, B EoBERE
[UPAC b x e TH AT 5.
1) PI/BRUTI /HBSHEOSE
73/, IUPACHHEIHEVT I /B ofl
HAZERNTHHAT . L, A REERS
’ﬁmﬁé%k FEHEITE, BRXGRECRVuER
up%{i\f» £h fﬁiﬂ?‘
()
(28)-2, 6~Diaminohexanoic acid monohydrochloride
(1L~ & 3R
(28 )~2~Amino—4— (methylsulfanyl) butanoic acid
L AFA4=2)

73 /ﬁ’“%ﬁ‘ﬁ"{{/liO)uuff/, AR5 A%
rHGBEE, Jﬁ\’f’éu#io—, L-CHEET 5.
(90
3-Hydroxy—L-tyrosine (LAt F2Y)
TR/oBoME, MHEOFR e % ate 28X
WHT 5.

i

R

T
()
Monosodium O-(4~hydroxy—3, 5~diiodophenyl)—3, 5-diiodo—
L-tyrosinate hydrate {LARF O 24 1Y) 7 2RHM)

FYRTF R, A1) TRTF FlCdbBEg 2 63 %
vy,
2) BEEOSE
UL, TUPAC A LB BBV R A& %
FEHCTHH TS, L, BHEETIcmg
LbOTIE, WHBHFWEHLTD v,
{1
D~Mannitol (D-7 ¥ = b— 1)

B0 I GEIT O AR BRI S - -
TEET B, Fh, BT )~ —REFTFOEE
HERTIHEEIE, 7/ v —BHEE o, g-%ik
ERFFEFOLAKREE L RTETLY - ~&—
HICHEAT 5

(410
L~threo—Hex~2~enono~1, 4-lactone (7 2 2 L 1 W B})
B-D-Fructopyranose (H:3)




28 #haEkeieFEs

HHHORBHETELINCED 4 50 v 2 % FlnT
KLy 5.
)
L-threo-Hex~2-enono-1, 4-lactone (7 A T L ¥ X )

F) OISR, (O — &) T B TEES

5.
()
3-Deoxy—-1-C—methyl-3-methylamino-g -1~
arabinopyranosyl- (1 — 6)-[2, 6-diamino-2, 3, 4, 6~tetradeoxy~
a~Dglycero—hex-4-enopyranosyl-(1 - 4)]-2-
deoxy-D-streptamine hemipentasulfate (2 %4 > kN
Methyl (1R,2R,4S)-4~ |2, 6-dideoxy-4~0-[ (2R . 6S) -6~
methyl-5-ox0-3, 4, 5, 6~tetrahydro-2H -pyran-2-vl] -
a~L-lyxo-hexopyranosyl—-(1 — 4)-2, 3, 6-trideoxy-3-
dimethylamino-a —L-lyxo~hexopyranosyloxy! -2-ethyi-2, 5, 7-
trihydroxy—6, 11~dioxo-1, 2, 3, 4—tetrahydrotetracene-

I-carboxylate monohydrochloride (7 2 F 1 & 3 > fkE1E)

SR ) T, W G ) T R B 1D B
Z2BH—=JiDr ) 2Lk E [ NTARL S 1o
DEHMO 7] 2 2 MAHREE L KR4 5.

()
3~Amino-3-deoxy-a-D-glicopyranosyl—{1 — 6)~
[6-amino-6-deoxy—a —D-glucopyranosyl- (1 — 4) i-2-deoxy—

D-streptamine sulfate (5 <4 ¥ YHREHD

BB 5 BEIL 6 HEITIE, Mofmakei
HMLTD X,
(f4)
1,4 : 3, 6-Dianhydro-D-glucitol (£ v v L& )
3) X704 RESEOS
AT 04 FHUE, IUPAC H{LS @ aaicftvdt
AREBSAVHAERTHAT . 72, 2
FOA FERISHIM Lo REE £ SR
BEEE, a- fREHTD.
(B
(38,5Z,7E . 22E)~9, 10-Secoergosta-5, 7, 10(19) , 22~
tetracn-3-ol (ZVITHN Tz 11— )
(35,52, 7E)-9, 10-Secocholesta-5, 7, 10(19)~trien—3-ol
(BLAry70-—1)
6-Chloro=3, 20-dioxopregna—4, 6-dien-17-y| acetate
(Zan~<IJ iz 25 0)

(DN FF %L a— 1)
Estra-1,3, 5(10)—triene~3, 16, 178-triol (LA }V) 4 — )
98, 10a~Pregna—4, 6-diene-3, 20~dione (¥ Fa@ ¥ A5 1)
4 ) 1B, MBS K URRBBLIEOSH S
HEHEEOEE W, B & U CBEE o 4

EFROTHATS.

()
5-Todo-2"~deoxyuridine (4 K2 A1 )
6-(~Methyl-4-nitro-1H-imidazol-5~ylthio) purine

(FHSFFT TN )
1, 3. 7-Trimethyl-1H~purine-2, 6 (34 , 7H) ~dione

ek H 7 x £ >)
5-Fluoro-1-[ (2RS) -tetrahydrofuran-2~ylluracil (47— )
5~Fluorouracil (7 44079 1)

I-B~D-Arabinofuranosylcytosine (7 3¢ )

(12) FEERNUBMELE BV LS
BMLREES BT T 5RKEMIE, CASTHEHLTY

BHIEERIVITBHEERESHLGLT B, 2720, it
FEDVEERFEOIES () LR CICh 28E1
ERAHHERECERETRHET 5.

(510

(17K . 21R)-Ajmalan-17, 21~diol (7 ¥~ 1 )

1-Bleomycinoic acid (7L 42 4 ¥ V)

Ethyl (85,9R)-6"-methoxycinchonan-9-yl carbonate

(Fo—FLFNRBTXAFA)

Coa~[ o~ (5. 6-Dimethylbenz-1H-imidazol-1-y1) 1-Cop-

cyanocobamide (¥ 7/ 3,35 3 )

Coa—{ o~ (5, 6-Dimethylbenz-1H-imidazol-1-yl) 1-Cop-

hydroxocobamide monoacetate (& Fo ¥y 285 3 S HiERE)

(88)-N-[(18)~2-Hydroxy~1-methylethyl]-6~methyl-

9, 10-didehydroergoline-8~carboxamide monomaleate

(a2 MY =LA 85

(5" S, 10R }~5" —Benzyl~12" ~hydroxy-2 ~methyl-9, 10~

dihydroergotaman~3", 6, 18-trione monomethanesulfonate

(e o gy v iy g

(5R.65)-4, 5-Epoxy—17-methyl-7, 8~didehydromorphinan—
3, 6~diol monohydrochloride trihydrate

(& v & REREARY )

3~Amino-3-deoxy-a -D-glucopyranosyl-(1 — 6)~
[6~amino-6-deoxy—a~D-glucopyranosyl- (1 — 4) 1-1-N -

[ (28)~4-amino~2-hydroxybutanoyl] ~2~deoxy~D-streptamine
disulfate (7 3 # ¥ ¥ HRgE)

7", 12" ~Dihydroxy-6, § ~dimethoxy-2.2", 2 -
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Analysis of glycan structural alteration in cells

Noritaka Hashii, Nana Kawasaki, Satsuki Itoh, Mashashi Hyuga,
Toru Kawanishi and Takao Hayakawa

Division of Biological Chemistry and Biologicals, National Institute of Health Sciences, Tokyo

The alteration of glycosyltransferase expression and the subsequent changes in oligosaccharide
structures are reported in several diseases. The analysis of glycan structural alteration in glyco-
proteins is becoming increasingly important in the discovery of therapies and diagnostic mark-
ers. In this study, we propose a strategy for glycomic/glycoproteomic analysis based on oligo-
saccharide profiling by LC/MS followed by proteomic approaches, including 2-DE and 2-D lectin
blot. As a model of aberrant cells, we used Chinese hamster ovary cells transfected with N-acet-
ylglucosaminyltransferase [II (GnT-III), which catalyzes the addition of a bisecting N-acet-
ylglucosamine (GlcNAc) to p-mannose of the mannosyl core of N-linked oligosaccharides. LC/
MS equipped with a graphitized carbon column (GCC) enabled us to elucidate the structural
alteration induced by the GnT-III expression. Using 2-D lectin blot followed by LC/MS/MS, the
protein carrying an extra N-acetylhexosamine in cells transfected with GnT-III was successfully
identified as integrin «3. Thus, oligosaccharide profiling by GCC-LC/MS followed by proteomic
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methods can be a powerful tool for glycomic/glycoproteomic analysis.

Keywords:
2DE / LC/MS / Lectin blotting / Oligosaccharides profiling

1 Introduction

It is common knowledge that approximately 50% of proteins
in mammalian cells are glycosylated and that glycans play
crucial roles in various biological events including cell
recognition {1], adhesion [2] and cell-cell interaction [3]. The
alteration of glycosyltransferase expression and subsequent
changes in oligosaccharide structures are reported in several
diseases, including inherited diseases [4], the progression of
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deoxyhexose; GCC, graphitized carbon column; GleNAc, N-acet-
ylglucosamine; GnT-Hll, N-acetylglucosaminylitransferase iil; Hex,
hexose; HexNAc, N-acetylhexosamine; NeuAc, N-acetylneurami-
nic acid; PNGase F, peptide N-glycosidase F
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cancer [5] and autoimmune diseases [6-8]. The analysis of
glycan structural alteration in glycoproteins is becoming
increasingly important in the discovery of therapies and di-
agnostic markers.

Comprehensive analysis of proteins in a given cellular
sample is the most effective means of elucidating the disease
mechanism. Simultaneous separation and characterization
of proteins by 2-DE and 2-D LC followed by MS have been
utilized as the fundamental approaches to proteomic analy-
sis; however, these approaches alone are ineffectual for the
elucidation of the glycan structural alteration in glycopro-
teins. A strategy based on qualitative and quantitative gly-
comic analysis is necessary for the study of glycosylation-
associated diseases.

LC/MS is widely used for glycosylation analysis in glyco-
proteins. Previously, we demonstrated that LC/MS equipped
with a graphitized carbon column (GCC-LC/MS) is a useful
means of oligosaccharide profiling and for the structural
analysis of carbohydrates [9-12]. Using this method, oligo-
saccharides, including high mannose, hybrid and complex
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types with or without sialic acids, can be separated, and
structural information can be obtained from their mass
spectra and chromatographic behavior.

Here we propose a strategy for performing glycomic/
glycoproteomic analysis based on a combination of GCC-LC/
MS and proteomic approaches.

First, GCC-LC/MS is applied to the analysis of oligo-
saccharide structural alteration in aberrant cells. Chinese
hamster ovary (CHO) cells, used as a model of aberrant cells,
were transfected with N-acetylglucosaminyltransferase II1
(GnT-11), which catalyzes the addition of bisecting N-acet-
ylglucosamine (GlcNAc) to the trimannosyl core of N-linked
oligosaccharides [13] and is associated with cell adhesion [14]
and the suppression of tumor cell metastasis [15-17]. Then,
2-D lectin blotting followed by LC/MS/MS was used to iden-
tify the protein in which glycosylation was altered by the
expression of GnT-I1I.

2 Materials and methods
2.1 Cell lines and culture

The CHO cells were obtained from the Japanese Collection
of Research Bioresources (Tokyo, Japan). The human GnT-
111 cDNA was cloned into the pCI-neo vector. The expression
vector was transfected into CHO cells with LipofectAMINE
plus reagent, according to the manufacturer’s instructions.
To screen the transformants, the transfectants were cultured
with Ham’s F12 medium supplemented with 10% fetal calf
serum (FCS) and 1 mg/mL G418. After 2 weeks, the colonies
were lified with a micropipette. A high GnT-IIl-expressing
clone was used in succeeding experiments.

The CHO cells and GnT-li-transfected CHO cells
(CHO-III cells) were cultured in Ham’s F12 medium sup-
plemented with 10% FCS, 100 U/mL of penicillin and
100 pg/mL of streptomycin under a humidified atmosphere
of 95% air and 5% CO,. After harvesting CHO and CHO-III
cells, they were rinsed with PBS containing protease inhibi-
tors and 2 mm EDTA.

2.2 Preparation of insoluble and soluble fractions

The insoluble and soluble fractions were prepared from
CHO and CHO-III cells using a Mem-PER Eukaryotic
Membrane Protein Exiraction Reagent Kit (Pierce Bio-
technology, P.O., USA). The detergent in these fractions was
removed with Detergent-OUT (Geno Technology, M.O.,
USA) three times. For desalting and degreasing, seven
volumnes of acetone were added to the sample solution, and
the mixture was stirred and sonicated. The mixture was then
incubated at —20°C for 1 h and centrifuged at 4°C for 15 min,
15000 x g. The supernatants were discarded, and the pellets
dried. The protein concentrations were determined using a
BCA protein assay kit (Pierce).

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.3 Preparation of N-linked oligosaccharide alditols

The protein (500 pg) from each fraction was dissolved in
810 pL of 0.5 M Tris-HCl containing 8 M guanidine-HCl and
5mM EDTA (pH 8.6), and then 6.0 pL of 2-mercaptoethanol
were added in the solution. After incubation at room tem-
perature for 2h, freshly prepared 0.6 M sodium mono-
iodoacetamide (135 pl) was added to the solution. After
incubation at room temperature for 2h in the dark, the so-
lution was desalted with PD10 column (Amersham Bio-
sciences, NJ, USA), and the elute was lyophilized. The car-
boxylmethylated proteins were dissolved in 500 uL of
100 mM PBS (pH 7.2), and 20 U of peptide N-glycosidase F
(PNGase F) (Roche Diagnostics, Mannheim, Germany) were
added to the solution. After incubation at 37°C for 4 days,
1.74 mL of cold ethanol was added to the solution, the mix-
ture was incubated at —20°C for 3h, and proteins were
removed by centrifugation at 4°C for 10 min (15 000 x g). The
supernatants containing oligosaccharides were evaporated,
and then lyophilized. The oligosaccharides were incubated
with 500 puL of 0.5 M NaBH, at room temperature for 16h,
and then neutralized with 10% (v/v) acetic acid to pH 6.5 and
desalted with Envi-Carb (Supelco, Bellefonte, USA).

2.4 GCC-LC/MS

LC was carried out using a MAGIC 2002 system (Michrom
BioResources, Auburn, CA, USA). The GCC used was a
Hypercarb column (150 x 0.2mm, ThermoFinnigan, San
Jose, CA, USA). The eluents were 5 mmM ammonium acetate,
pH 8.5, containing 2% ACN (pump A) and 5 mm ammonium
acetate, pH 8.5, containing 80% ACN (pump B). The boro-
hydride-reduced oligosaccharides were eluted at a flow rate
of 2 pL/min with a gradient of 10-45% of pump B in 90 min.
Mass spectra were recorded on a TSQ 7000 triple-stage
quadruple mass spectrometer (ThermoFinnigan) equipped
with a nanoelectorospray ion source (AMR, Inc., Tokyo,
Japan). The mass spectrometer was operated in positive ion
mode. Ions in the range of m/z 900-2400 were acquired with
a scan duration of 3 s. The ESI voltage was set at 2.0kV, and
the capillary temperature was 175°C. The electron multiplier
was set at 1.0kV. Collisions for MS/MS were carried out with
collision energy of 25%, scan duration of 4s., and mass
range of m/z 100-2000.

2.5 1-D SDS-PAGE and lectin blotting

Proteins were separated by 1-D SDS-PAGE (12.5% T, 3% C}
as described by Laemmli [18] and stained with SYPRO
Orange (Bio-Rad, Richmond, CA, USA) at room temperature
for 30 min in transfer buffer (25 mm Tris-HCl, 20 mu glycine
and 20% methanol). The gel images were scanned on a
Tyhoon 9400 (Amersham Biosciences) at an excitation wave-
length of 540/25nm and an emission wavelength of 590/
30nm. After saving the gel image, the proteins were blotted
to a PVDF membrane (Immun-Blot PVDF membrane,
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0.2 pm, Bio-Rad) at 3.0mA/cm?, 20 V for 30 min in transfer
buffer containing 0.1% SDS using a semi-dry blotter {Trans-
blot SD sel, Bio-Rad). The efficiency and position of the
transfer were confirmed using SYPRO Orange transferred
together with proteins. Nonspecific sites on the membrane
were blocked at 4°C for 16h in 0.5% casein-PBS. After the
membranes were washed with 0.05% Tween-PBS (I-PBS)
three times, they were treated with 0.1 U/mL of sialidase
(Nacalai Tesque, Kyoto, Japan) at 37°C for 16h in 0.5 M ace-
tate buffer (pH 5.0). The membranes were then re-blocked
with 0.5% casein-PBS at 37°C for 15 min, washed with T-PBS
three times, and incubated with Dbiotinylated phytohe-
magglutinin-E4 (PHA-E4, 2 pg/ml) at 4°C for 2h in PBS
(pH 7.4). The membranes were then washed with T-PBS and
incubated with 1:1000 diluted avidin-alkaline phosphatase
(AP) complex solution at 4°C for 1 h in PBS.

2.6 Concentration of target proteins in the gel

The band detected by lectin blotting on 1-D gel was excised
and then mashed in 20 mm Tris-HCI (pH 8.0) containing 2%
SDS. The proteins in the gel particles were extracted by
intermittent sonication at 4°C for 30 min, followed by shak-
ing at room temperature for 16 h. After extraction, the gel
particles were removed by centrifugation (15000 x g). The
proteins in the supernatant were precipitated with sevenfold
acetone at —20°C for 3h, and then the precipitates were
washed with acetone three times to remove salts and deter-
gent.

2.7 2-DE

For first dimension I1EF of the sample, Immobiline DryStrip
gel (13 cm, pH4-7 NL, Amersham Biosciences) was used.
The samples were dissolved in IEF solution containing 7 m
urea, 2 M thiourea, 18 mM DTT, 0.5% IPG buffer, 2%
CHAPS, and bromophenol blue. Dried IPG strips were
rehydrated overnight in the sample solution. IEF was then
performed using the following steps: 500 V for 1h, 100 V for
1h, and 8000 V for 2 h, i.e. a total of 17.5kVh.

IPG strips were treated with 10mL of 50 mym Tris-HCI
(pH 8.8) containing 2% SDS, 6 M urea, 30% glycerol and
65mM DTT for 1Smin, and then treated with 10mL of
50 mm Tris-Cl (pH 8.8) containing 2% SDS, 6 M urea, 30%
glycerol and 135 mm iodoacetamide for 15min in order to
reduce the disulfide bonds of cysteinyl residues. SDS-poly-
acrylamide gels (7.5%T, 3%C, size 140 x 140 x 1mm) and
running buffer containing 25 mum Tris-HCl, 192mum glycine
and 0.19% SDS were used for the 2-DE. The gels were run at
25 mA/gel after setting the IPG strip on the gel. Fluorescent
staining and scanning of gel, followed by lectin blotting,
were performed as mentioned above. In 2-D lectin blotting,
the proteins were blotted to a PVDF membrane at 3.0mA/
cm?, 20 V for 90 min.

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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2.8 In-gel digestion and protein identification by
LC/MS/MS

Interesting spots were excised from the 2-DE gel for in-gel
trypsin digestion. The gel particles were destained with
20 muM ammonium bicarbonate containing 50% methanol in
microcentrifuge tubes, and dehydrated in 100% ACN. Enzy-
matic digestion was performed overnight at 37°Cwith 5 pL of
20 pg/mlL trypsin (Promega, Madison, W1, USA) in 20 mm
ammonium bicarbonate (pH 8.5). Digested peptides were
extracted with 1% TFA in 50% ACN, and samples were dried
with a Speed-Vac and redissolved in 0.1% TFA for LC/MS.

LC was carried out using a Paradigm MS4 (Michrom
BioResources) equipped with Magic C18 column
(50 x 0.2 mm, Michrom BioResources). The eluents were
0.1% formic acid containing 2% ACN (pump A), and 0.1%
formic acid containing 90% ACN (pump B). The peptides
were eluted at a flow rate of 2 pL/min with a gradient of 5-
70% of pump B in 30 min. Mass spectra were recorded on an
API QSTAR Pulsar i (Applied Biosystems, Foster City, CA,
USA) in the positive ion mode. The proteins were identified
by searching the Swiss-Prot database using MASCOT
{Matrix Science, UK). The mass range and MS/MS range
were m/z 400-2000 and m/z 100-2000, respectively, and the
ESI voltage was set at 2.5kV.

3 Results
3.1 Analysis of glycans in the insoluble fractions

N-linked oligosaccharides were released from soluble and
insoluble fractions by PNGase F and reduced with NaBH, to
prevent the separation of anomers by GCC. Figure 1A shows
the N-linked oligosaccharide profile of the insoluble fraction
from CHO cells {5 x 10’). Diverse oligosaccharide ions were
detected by full scan in the positive ion mode of MS. Oligo-
saccharides were numbered with the labels on peaks where
they were detected, and the multiple oligosaccharides in sin-
gle peak were classified by the digits behind alphabets, such
as peaks Al and A2. Their monosaccharide compositions
were deduced from the m/z values as shown in Table 1. N-
linked oligosaccharides from CHO cells have a high propor-
tion of high mannose-type and bi-, tri- and tetra-antennary
complex type oligosaccharides [19, 20]. High mannose-type
oligosaccharides, [Man]s_4[GlcNAc], were detected at 9-
23min (peaks A-E and K). Major components (peaks N2,
Q2, R1, 81, T1, Ul and V2) were deduced as fucosylated and
non-fucosylated biantennary forms with mono- and di-sialic
acids from previous articles and their monosaccharide com-
positions. Various oligosaccharides, including mono- (peak
N1 and Q1), tri- (peak P1, U2, V1), tetra-antennary (peak V3),
and hybrid-type (peak F1 and I1) oligosaccharides were
detected as minor components together with low molecular
weight oligosaccharides such as the trimannosyl core (peaks
Gland O1).
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Figure 1. Total ion chromatograms of GCC-LC/MS of borohydride-reduced N-linked oligosaccharides released from insoluble fraction of
CHO (A) and CHO-III (B) in positive ion mode. Pump A: 5mm ammonium acetate, pH 8.5, containing 2% ACN. Pump B: 5mm ammonium
acetate, pH 8.5, containing 80% ACN. The borohydride-reduced oligosaccharides were eluted at a flow rate of 2 ul/min with a gradient of

10~45% of pump B in 90 min.

Figure 1B shows the oligosaccharide profile of the CHO-
III-insoluble fraction. The distribution of oligosaccharides in
CHO-III was different from that in the CHO cell insoluble
fraction. Some additional peaks (peaks L1 and M1) were
detected in the CHO-11I-insoluble fraction, and their doubly
charged ions at m/z 1143.2 and 1143.0 were consistent with
the theoretical m/z values of fucosylated biantennary-bearing
NeuAc with one additional HexNAc. Figure 2 shows the MS/
MS spectrum of peak M1. Detection of B,,/Y¢** at m/z 894.1
and an intense ion of [HexNAc]™, at m/z 204 suggest that the
oligosaccharide (peak M1) carries one GlcNAc at either of the
non-reducing ends. Peak M1 is possibly assigned to bisected
biantennary form. In addition, peaks D1, 12 and S2, which
were not found in the profile of CHO, were detected in that
of CHO-III (Fig. 1B). They can also be deduced as bisected
biantennary forms from their MS/MS spectra. Other than
these oligosaccharides bearing GlcNAc at either of the non-

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

reducing ends in CHO-1II cells, there was no significant dif-
ference in glycosylation between CHO and CHO-III cells.
These results suggest that only limited oligosaccharides are
altered by the expression of GnT-IIL

3.2 Analysis of glycans in the soluble fractions

Figure 3A and B shows the N-linked oligosaccharide profiles
of the soluble fractions of CHO and CHO-III, respectively.
The oligosaccharide components of soluble fractions are very
different from those of insoluble fractions (Table 1). High
mannose-type oligosaccharides, [Man]s_g[GIcNAc],, were
detected as major components (peaks A—C and K), and com-
plex-type and hybrid-type oligosaccharides were detected as
minor oligosaccharides in the soluble fraction. Oligo-
saccharides bearing extra GlcNAc (D1, L1 and M1) were also
detected in the soluble fraction of CHO-IIL

www.proteomics-journal.com
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Table 1. Observed m/z values and carbohydrate compositions of peaks A-V in total ion chromatogram 3 of CHO-insoluble (Fig. 1A),

CHO-lll-insoluble (Fig. 1B), CHO-soluble (Fig. 3A) and CHOlll-soluble (Fig. 3B) fractions

Carbohydrate Theoretical Peak Insoluble fraction Soluble fraction
e al b
composition* mass"  No. CHO CHO-l1 CHO CHO-H1
Charge  Observed Charge Observed Charge Observed Charge  Observed
state m/z state m/z state m/z state mfz

[Hex];[HexNAc], 1561.4 A A1 HY 1562.2 H* 1562.0 Na* 1584.4 Na* 1584.2
[Hex]s[HexNAcl, 17235 A2 Na* 1746.3 Na* 1746.3 Na* 1746.5 Na* 1746.1
[Hex]j[HexNAc], 1885.7 B B1 Na* 1908.4 Na* 1908.5 Na* 1908.4 Na* 1908.9
[Hex]s[HexNAc], 1399.3 C Ci H* 1400.1 H* 1400.0 H* 1399.7 H* 1399.9
[Hex];[HexNAc), 1561.4 C2 Na* 1584.2 Na*t 1584.0 Na* 1584.8 Na* 1584.0
[dHex];[Hex]s[HexNAcl; 19929 D D1 N.D.° 2H* 9974 N.D. 2H* 9975
[Hex]g[HexNAc], 1399.3 D2 Na* 14220 Na* 14219 N.D. N.D.
[Hex];[HexNAc], 1561.4 D3 Na* 1584.2 Na* 1584.1 N.D. N.D.
[Hex]g[HexNAc], 17235 D4 Na* 1746.2 Na* 1746.4 N.D. N.D.
[Hex],[HexNAc], 1075.0 E E1 Na* 1097.9 Na* 1097.6 N.D. N.D.
[Hex]g{HexNAc], 1399.3 E2 H* 1400.1 H* 1400.0 N.D. N.D.
[Hex];[HexNAcl; 16025 F F1 H* 1604.0 H* 1603.1 N.D. N.D.
[Hex];[HexNAcl, 912.8 G G1 HF 913.7 H* 913.7 Na* 935.7 Na* 935.6
[Hex]s[HexNAcl, 1643.5 H H1 Hf 1644.5 H* 1644.2 Na* 1666.3 Na* 1666.4
[Hex]g[HexNAcl, 18276 I 11 2Na* 914.7 2Na* 914.7 N.D. N.D.
[Hexls[HexNAcl;INeuAc), 2137.9 12 N.D. 2H* 1069.8 N.D. N.D.
[dHex],[Hex];[HexNAc], 1465.4 J Ji H*Y 1466.1 H* 1466.1 Na* 1488.2 Na* 1487.9
[Hex]s{HexNAc], 1237.1 K K1 H* 1238.0 H* 1238.0 HY 12379 H* 12371.8
[dHex];[Hexls[HexNAcls[NeuAc],  2284.1 L u N.D. 2H* 1143.2 N.D. 2H* 11429
[dHex],[Hex]s[HexNAcls[NeuAc);  2284.1 M M1 N.D. 2H* 1143.0 N.D. 2H* 11433
{dHex],[Hex],[HexNAcl; 14243 N N1 H* 1425.4 H* 1425.3 Na* 14471 Na* 14471
[dHex];[Hex]s[HexNAc], 1789.7 N2 H* 17901 H* 1790.3 Na* 18123 Na* 18121
[dHex],[Hex]3[HexNAc], 1059.0 0 01 H* 1059.7 H* 1059.7 H* 1059.8 H* 1059.7
[dHex};[Hex][HexNAc]s 2155.0 P P1 2H* 1078.5 2H* 1078.5 N.D. N.D.
[dHex];[Hex]s[HexNAcl; 1262.2 a Q1 HF 1263.0 H* 1263.0 N.D. N.D.
[Hex]s[HexNAcl[NeuAc], 1934.7 02 2H* 968.4 2H* 968.4 N.D. N.D.
{HexJs[HexNAcl,[NeuAc] 1934.7 R R1 2H* 968.4 2H* 968.4 2H* 968.7 2H* 968.2
[dHex],[Hexls[HexNAc],[NeuAc} 2080.9 S S1 2H* 1041.4 2H* 1041.4 2H* 10414 2H* 1041.3
[dHex],[Hex]s[HexNAc]s[NeuAc],  2574.0 S2 N.D. 2H* 12885 N.D. N.D.
[dHex];[Hex]s[HexNAc][NeuAc], 2080.9 T T1 2H* 1041.4 2H* 10415 2H* 1041.4 2H* 1041.3
[Hex]s[HexNAc][NeuAc], 2226.0 U Ut 2H* 1114.0 2H 11139 2H 1113.9 2H 11139
[dHex],[Hexls[HexNAcls[NeuAc],  2446.2 U2 2H* 1224.2 2H* 12243 2Na* 1124.9 N.D.
[dHex];[Hex]s[HexNAcls[NeuAc], 27375 V V1 2H* 1370.0 2H* 1370.0 N.D. N.D.
[dHex];[Hex]s[HexNAc)[NeuAc], 23721 V2 2H* 1187.1 2H* 1187.1 2H* 1187.2 2H* 1187.2
[dHex),[Hex];[HexNAcNeuAcl, 28116 V3 2H* 1406.8 2HY 1406.5 N.D. N.D.

The characteristic m/z values observed in total ion chromatograms of CHO-ll| are depicted in bold type.

a) [dHex], deoxyhexose; [Hex], hexose; [HexNAc], N-acetylhexosamine; [NeuAc], N-acetylneuraminic acid.

b) Monoisotopic mass values.
c) Not detected.

© 2005 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 2. MS/MS spectrum of fucosylated biantennary N-finked oligosaccharide (peak M1) detected in the insoluble fraction from CHO-IIL
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Figure 3. Total ion chromatograms of GCC-LC/MS of borohydride-reduced N-linked oligosaccharides released from the soluble fractions of
CHO (A} and CHO-lll {B) in positive ion mode. Pump A: 5mm ammonium acetate, pH 8.5, containing 2% ACN. Pump B: 5mM ammonium
acetate, pH 8.5, containing 80% ACN. The borohydride-reduced oligosaccharides were eluted at a flow rate of 2 pl/min with a gradient of
10-45% of pump B in 90 min.
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3.3 Identification of protein bearing bisected
oligosaccharides

To identify proteins with altered glycans by the expression of
GnT-II1, we performed 2-DE followed by lectin blotting
using PHA-E4 lectin, which recognizes bisecting GlcNAc in
complex-type oligosaccharides. Although some bisected gly-
coproteins (70-120kDa) could be visualized by 2-D lectin
blotting, their expressions were too low to be detected on 2-
DE gel. Lectin affinity chromatography, which is generally
used for the concentration of glycoproteins, cannot be used
for the insoluble fraction due to the presence of detergent in
the solvent medium. Therefore, we first performed 1-D SDS-
PAGE followed by lectin blotting, and then proteins in the
range of 70-120kDa were extracted from the gel (Fig. 4). 2-
DE followed by lectin blotting was then performed, and
interesting spots were successfully detected on 2-DE gel.
Figure 5A and B shows the 2-DE gel images and the 2-D lec-
tin blot of exiracted proteins, respectively. The remarkable
train spots (120 Da) of glycoprotein were picked up and in-
gel digested with trypsin. The digest was subjected to LC/
MS/MS, and the integrin a3 precursor was identified as the
GnT-III target protein.

4 Discussion

The development of a simple and rapid method to explore
glycan structural alteration in a complex mixture is required
to elucidate the mechanisms of diseases involving glycan
alteration. In this study, we demonstrated that GCC-LC/MS,
which is used for glycosylation analysis in glycoproteins, is

(1) (2)

kDa  emem
50—
75— :
37— g

s e R

Figure 4. (1) 1-D SDS-PAGE and (2) lectin blot images of the CHO-
11 insoluble fraction. Proteins were separated on a 12.5% SDS-
PAGE gel and stained with SYPRO Orange.
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Figure 5. Enlarged partial (A) 2-DE and (B) lectin blot images
from band Ain Fig. 4.

applicable for the exploration of changes in glycosylation be-
tween samples. Using GCC-LC/MS, high mannose, hybrid,
and complex types as well as neutral and acidic oligo-
saccharides could be separated and characterized by a single
analysis. GCC-LC/MS clearly shows differences in glycosyla-
tion between soluble and insoluble fractions. High mannose-
type oligosaccharides were detected as major components in
the soluble fraction. The soluble fraction contains endo-
plasmic reticulum and Golgi apparatus, where N-linked oli-
gosaccharides are constructed. The predominance of high-
mannose-type oligosaccharides in the soluble fraction may
be the cause of immature oligosaccharides in the process of
biosynthesis. In contrast, complex and hybrid types with or
without sialic acids were detected in the insoluble fraction,
suggesting that membrane proteins carry mature oligo-
saccharides.

In addition, GCC-LC/MS revealed differences in glyco-
sylation between control cells and aberrant model cells.
Biantennary forms bearing extra GlcNAc were obviously
increased in cells transfected with the GnT-III gene, indicat-
ing that our methodology allows us to explore changes in the
glycosyliransferase expression followed by glycan alteration.
Although MS is frequently used for the analysis of glycosy-
lation, identification of oligosaccharide isomers by MS alone

www.proteomics-journal.com
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still remains challenges. Positional isomers could be differ-
entiated by multiple-stage tandem mass spectrometry (MS®);
however, MS™ itself failed to identify oligosaccharides if the
sample contained positional isomers. The use of GCC-LC/
MS enables us to differentiate the structural isomers and
perform differential analysis in glycosylation between nor-
mal and aberrant cells.

GnT-III is reported to involve the suppression of tumor
cell metastasis and is assumed to be a marker of cancerous
alteration in hepatic carcinoma [21, 22]. To identify the pro-
tein in which glycosylation was modified by GnT-III expres-
sion, we carried out 2-DE followed by lectin blotting, and
Integrin o3 was identified as a target protein of GnT-IIL
Integrin o3, a type | membrane protein, is known to be a
receptor of adhesion molecules, such as laminin 5 and 10/11
[23-25]. Our finding, in which integrin o3 is a target mole-
cule of GnT-III, might be a clue to clarify the suppression
mechanism of metastasis by GnT-I1I1.

5 Concluding remarks

We propose a strategy for glycomic/glycoproteomic analysis
using GCC-LC/MS in Fig. 6. First, GCC-LC/MS is used for
oligosaccharide profiling to identify disease-related oligo-
saccharides. Based on the carbohydrate structure, appropri-
ate lectins or antibodies could be selected for western blot-
ting. Proteins carrying disease-related oligosaccharides
could then be identified by 2-D lectin blotting followed by
MS/MS analysis. Using several groups, 2-D lectin blotting
has been proposed for the characterization of glycoproteins
on gel [26, 27]. The use of mass spectrometric oligosacchar-
ide profiling, which can directly characterize glycan struc-
tures, is worthwhile to obtain structural information about
disease-related carbohydrate and is helpful in the sub-
sequent choice of appropriate lectins and antibodies. Our
method is expected to be a powerful tool for glycomic/gly-
coproteomic analysis.

sample

sample

t Search for the disease-related

- glycosylation
M Oligosaccharide profiling
by LC/MS

Choice of the appropriate
lectins and antibodies

205
;& ] XY
@ | —

Pio o -

®
®

v 2DE Western blotting Using
ey lectin or antibody

Rlaeend

®

l In gel digestion
l LC/MS/MS data base search

Identification of the disease-related oligosaccharide carrier protein
Figure 6. Strategy for glycomics/glycoproteomics using GCC-LC/

MS, 2-DE and 2-D Western blotting using lectin or antibody.
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Abstract

In Japan there is no official guideline about comparability assessment of biotechnological products at present. However, there is some no-
tifications which should be referred to, when the manufacturer changes the manufacturing process. Here, regulatory perspectives from Japan on
the comparability assessment are presented. When establishing the comparability of biotechnological products derived from different
manufacturing processes and the validity of modified manufacturing process, rational step-by-step approaches based on both product and process
aspects would be useful. At first, relevant physicochemical and biological properties of products including purity, impurity profiles and stability
should be compared before and after the manufacturing change, depending on the type and nature of the desired products. It is also necessary to
examine the capacities of the new manufacturing process for ensuring the consistent production of the active protein product as well as the an-
ticipated elimination of potential impurities and contaminants. Further relevant assessment of preclinical and clinical comparability of product

may be necessary in some cases.

© 2005 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

Biotechnological products were developed and produced
based on many innovative technologies, which are always ad-
vancing by themselves. The products are, therefore, often sub-
ject to change in the manufacturing process for improvement of
the product quality and production economy, increase in pro-
duction yield, and so on. It is not reasonable that the manufac-
turers are required to submit the same full data to obtain the
authorization of the manufacturing change as to obtain the
new drug authorization. USA-FDA and EU-CPMA have al-
ready set each guideline for comparability assessment of bio-
technological/biological products. We had also started the
discussion about the comparability guideline in Japan. How-
ever, we stopped developing it, because comparability

* The perspectives are before the discussion in the ICH-EWG.
* Tel./fax: + 81 3 3700 9064.
E-mail address: kawanish@nihs.go.jp

assessment of biotechnological products was nominated as
a candidate of the new topic in the ICH-Quality. Drafting of
the harmonized guideline has just started in the ICH-EWG.
Here, I would like to give the regulatory perspectives about
the comparability assessment of biopharmaceuticals from
Japan.

2. Present official notifications relating with
comparability assessment of biotechnological products
before and after manufacturing changes in Japan

In Japan, we do not have any official guideline for the com-
parability assessment of biotechnological/biological products
whose manufacturing processes are changed, yet. However,
there is a notification, which should be referred to, when the
manufacturer changes the manufacturing process of biotech-
nology-derived drugs which have already been approved.
That is the Notification No. 243 from the Pharmaceutical Af-
fairs Bureau, MHW of 1984. However, nearly 20 years have
already passed since the Notification was made and some parts

1045-1056/06/$32.00 © 2005 The International Association for Biologicals. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.biologicals.2005.08.017
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of the requirement are assumed to be too strict. At present we
usually treat each case as summarized below.

The following recombinant drugs would be treated as ‘““not
new drugs”, which are categorized as “1-(8) other drugs” in
the Pharmaceutical Affairs Bureau Notification No. 698: the
first is the product which contains identical active ingredient
although the culture method is different from the approved
drug; the second is that which contains identical active ingredi-
ent although the purification process is different from the
approved drug; and the third is the other drug in which difference
is not specified. The followings are also usually treated as “not
new drugs” but decided on a case-by-case basis: the product
which contains identical active ingredient but its structure
gene is identified by different process; and the product which
contains identical active ingredient but host cell/vector system
is different from the approved drug. In the case of the category
1-(8) other drugs as “‘not new drug”, the data on specification
and test methods, stability, and bioequivalence are required to
be submitted for the registration as the pharmaceuticals, and
a list of literature references concerning toxicity, pharmacolog-
ical action, absorption, distribution, metabolism and excretion,
and clinical trials for active ingredients concerned, as well as
an outline of the list contents and the results of evaluation test
are also required. In addition, in the case of the biotechnolo-
gy-derived drugs, the following data are also needed on
a case-by-case basis:

data on the manufacturing process, physicochemical analy-
sis, specifications and test methods, stability;

data on single dose administration toxicity in one species of
animals;

data on bioequivalency study;

data on clinical study for safety, etc.

The present notifications relating with the comparability of
the products between before and after the changes in the
manufacturing process in Japan are very simple, as summa-
rized above. However, we have discussed much how to assess
comparability of biotechnological products to draft the guide-
line, within Japanese experts. The following is the perspectives
obtained from the discussion.

3. Regulatory perspectives from Japan: “how should we
assess comparability of biotechnological products before
and after the manufacturing change?”

To date, various topics related to the characterization and
quality assessment as well as the manufacturing process for
biotechnological products have been the subject of ICH
harmonized guidelines and have proven very useful, in
allowing manufacturers to develop a global approach to these
issues. However, there is no specific international guideline on
comparability of biotechnological products subject to changes
in the manufacturing process. The subject we are facing is how
to develop and establish rational concepts and approaches for
establishing comparability of protein products derived from
different biopharmaceutical manufacturing processes.

3.1. When is comparability assessment needed?

A comparability assessment is needed when a manufacturer
wants to claim that the product of new manufacturing process
Y is comparable to the already existing product of manufactur-
ing process X with respect to quality, safety and efficacy
(Fig. 1). The new process Y would be employed by either the
same manufacturer, innovator or by different subsequent-entry
manufacturer(s). The existing product from process X may be
either an already licensed one or one under development for
new drug application for approval. In case where there is an al-
ready licensed drug, subsequent-entry product(s) from different
manufacturer(s) will be dealt with as a so-called generic prod-
uct(s). On the other hand, the application from the innovator
will be handled as a partial variation from already licensed con-
ditions for the drug with respect to the manufacturing process.
In the case of manufacturing variation of the product under de-
velopment, the issue becomes the verification of such change
within a single manufacturer at various stages of product devel-
opment from early stage research to pre-approval. Here, the
followings should be mentioned: it has been already decided
that the generic products are excluded from the scope of the
ICH-QSE comparability guideline, but in Japan we still think
that the comparability of the generic products could be evalu-
ated following the same scientific approach.

3.2. General principles of comparability assessment

When establishing the comparability of biotechnological
products derived from different manufacturing processes and
the validity of modified manufacturing process, rational step-
by-step approaches based on both product and process aspects
would be useful. In this approach, the following parameters
should be considered as key points:

(1) physicochemical and biological characterizations;

(2) impurities profile and the presence of potential
contaminants;

(3) batch analysis;

(4) product stability;

(5) manufacturing process evaluation/validation studies; and
in wider perspective

(6) preclinical and clinical studies.

Compara Existing Compara-

bility bility

PRODUCT QEFTEvE PRODUCT @uetgerrtte  PRODUCT
approval stage

Goneric stage

Licensed

Manufacturing
change

Under
development

Process Y-B
Process Y-C

Manufacturer B
Manufacturer C

Fig. 1. Various cases of comparability assessment.
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3.3. Strategies for comparability assessment

From the viewpoint of product aspects, the essential and
critical first step is to establish whether the new candidate
product in question is comparable to the existing product in
terms of molecular and quality attributes. This is because
whatever changes (minor or major) in the manufacturing pro-
cess are made, if the new candidate product in question is not
comparable to the existing product in terms of molecular and
quality attributes, the new one will rather be regarded as a novel
molecular entity for new drug application, but not as a qualified
candidate for further comparability studies. The candidate
product should be, therefore, the subject of extensive identifi-
cation and characterization, as well as quality assessments in-
cluding tests on impurities profile and the presence of potential
contaminants. If these attributes of the candidate product and
process are found to be comparable to those of the previous
ones, further assessment of preclinical and clinical compara-
bility would be performed, where necessary and appropriate.

3.4. Comparability from product aspects

Before going into some details about the need for further
assessment of preclinical and clinical comparability, however,
one should ask the following key question: ‘“what is the iden-
tity or comparability of the biosynthetic protein product which
possesses the inherent degree of structural heterogeneity?” In
other words, what kind of criteria should be applied for estab-
lishing the identity or comparability of the candidate prod-
uct(s) compared to the previous product with respect to
molecular and quality attributes?

To answer this question, we should remind new concepts in
the ICH-Q6B document. In the document we have introduced
the concept, which has defined the desired product and var-
iants, so that an inherent degree of structural and quality het-
erogeneity can be dealt within a relevant way. Desired product
is defined as: (1) the protein which has the expected structure,
or (2) the protein which is expected from the DNA sequence
and anticipated post-translational modification (including
glyco-forms), and from the intended downstream modification
to produce an active biological molecule. When molecular
variants of the desired product are formed during manufacture
and/or storage and have properties comparable to the desired
product, they are considered to be product-related substances
and incorporated into active ingredient. When molecular var-
iants of the desired product do not have properties comparable
to those of the desired product, they are considered to be prod-
uct-related impurities. In the concept, active ingredient may be
composed of the desired product and multiple product-related
substances; the desired product can be a mixture of several
molecular entities derived from anticipated post-translational
modification. Impurities may be either process-related or prod-
uct-related (Fig. 2).

Various cases are considered for minimum qualification for
further comparability assessments depending on each follow-
ing specific type of desired product (A~D):

Product-related
impurities

+ Process-related
impurities

Desired Product
+ Product-related substances

Active ingredient Impurities

Excipient

Biotechnological Product

Fig. 2. New concept about biotechnological product in the ICH-Q6B.

(A) the protein which has the expected structure (e.g., mono-
clonal antibodies);

(B) the protein which is expected from the DNA sequence
(simple protein);

(C) the protein which is expected from the DNA sequence and
anticipated post-translational modification; and

(D) the protein which is expected from the intended down-
stream modification to produce an active biological
molecule.

In the case of the “Desired product” being defined as the
protein which has the expected structure, like monoclonal anti-
bodies, minimum qualification for a candidate product for fur-
ther comparability assessments should be that the product is
derived from the same initial cell clone as a previous one
and has comparable molecular and quality attributes compared
to a previous one with respect to: (1) structural features, (2)
physicochemical, (3) immunological properties, and (4) impu-
rities profile. Variation of carbohydrate heterogeneity due to
changes in culture conditions should be considered on
a case-by-case basis.

In the case of the “Desired product” being defined as the
protein which is expected from the DNA sequence, like re-
combinant insulin, minimum qualification for a candidate
(product) for further comparability assessments should be
that the product is the same as an already existing one with re-
spect to protein structure, physicochemical and biological
properties, as well as comparable impurities profiles.

In cases where the in vivo biological activity is closely re-
lated to the intended clinical effectiveness, further preclinical
and clinical assessments with respect to efficacy may be
omitted.

In the case of the “Desired product” being defined as the
protein which is expected from the DNA sequence structure
and anticipated post-translational modification, typically like
glycoproteins, minimum qualification for a candidate product
for further comparability assessments should be that the prod-
uct is derived from the same initial cell clone as a previous
product and has the same protein structure, comparable phys-
icochemical properties, comparable carbohydrate patterns
compared to a previous product with respect to the types of si-
alic acids and their contents, and antennary profile. Here, com-
parable biological properties, especially ensuring higher-order
structure, in vivo activity and representing the clinical effec-
tiveness, if any, is a critical factor for the qualification.

In the case of the protein which is expected from the in-
tended downstream modification to produce an active




68 T. Kawanishi / Biologicals 34 (2006) 65—68

biological molecule, qualification for further comparability as-
sessment of this type of products should be considered as
a case-by-case issue, taking into account of types of modifica-
tion and process change. Where necessary and appropriate,
manufacturers should refer to the above cases A—C.

In this way, each specific type of candidate product can be
qualified to be comparable to the pre-existing product with
respect to molecular and quality attributes including impurity
profile. The quality and extent of data obtained from studies
on the molecular and quality attributes of the candidate would be-
come one of the crucial elements for determining the necessity
and extent of further comparability assessments, as well as for
establishing the entire comparability to the pre-existing product.

3.5. Comparability from process aspect

As another aspect of quality comparability assessments, it
is necessary to examine the capacities of a new manufacturing
process for ensuring the consistent production of the active
protein product as well as the anticipated elimination of poten-
tial impurities and contaminants. The capacities of the new
process should not be less potent than those of the old process.

Changes in the manufacturing process used to make a par-
ticular product can be made in a variety of stages or steps of
the process. Examples of such changes include: (1) method
for generating cell substrate; (2) cell culture methods; (3) iso-
lation and purification procedure; and (4) final product formu-
lation. For changes in a certain stage of manufacturing process
including cell substrate matters, relevant and complementary
use of the ICH-guidelines (QSA, Q5B, Q35EC, 5D, Q6B, and
S6) would be encouraged.

Whatever changes in the manufacturing process are made,
the effects of the changes, both direct and indirect, on the con-
sistent production of the product should be considered and the
modified process should be re-evaluated or re-validated as
needed. The appropriate process re-evaluation or re-validation
programs and criteria will vary depending on the nature and
extent of the change. According to the results of process re-
evaluation/re-validation studies on the new process, sometimes
applicants may need to modify in-process controls including
in-process testing and specifications of critical intermediates
or final product (Fig. 3). The applicant should provide justifi-
cation of such modification, if any.

3.6. Suitability of analytical method
As another dimension to comparability study, it is necessary

to consider suitability of available analytical methods. Manu-
facturers should provide assurance that an appropriate set of
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Fig. 3. Elements for ensuring product quality and consistency.

analytical methods has been selected in order to assess the com-
parability of the product and to what extent the analytical meth-
ods used are suitable for comparability studies. The validation
of the analytical methods used should be appropriate.

New analytical technology and modifications to existing
technology are continually being developed and should be uti-
lized when appropriate.

3.7. Preclinical and clinical studies

Further relevant assessment of preclinical and clinical com-
parability of product may be necessary, when it cannot be de-
termined if the pre-existing product and the candidate product
are comparable or not from the quality studies. The extent and
nature of preclinical and clinical studies should be determined
on a case-by-case basis in consideration of various factors.
These include the followings:

- the nature of the product;

- intended clinical use;

- the extent of comparability of the candidate product to the
existing counterpart with respect to molecular and quality
attributes including impurity profile;

- the nature and extent of changes in manufacturing process;
- the results of the evaluation/validation studies on the new
process including the results of relevant in-process tests;
- the capabilities and limitations of tests used for any com-

parability study;

- availability of existing preclinical and clinical data;

- the extent of existing information and experiences pertain-
ing to the product in question; and

- stage of the product development.



