W@ fA% i 8 A1A AL S, pp6a~71, 2001

goku) A o] u) A A Q) Glycosylatione2 3 AW F
- Congenital Disorder of Glycosylation (CDG)& T4 2% -

B2 2ARA QAT AATEAY

2+

g FHE @5EUAleldez Yeus
AW Fo Byt ojde] U e Fek Pl
AE o]FoA)A] AE W2 Yw & Utk F &
A w2 BIEs golidodlA endo-9} exoglyco-
sidase’t A HE d, °o|F o @AVt 4 A
23 o EEA 23 2o FHolhdd FEHEH
Hoz uehta ol FA3st9 lysosomal storage
diseaseg} %tk o7]dlE o- 2L B-mannosidosis,
sialidosis 5°] At (Winchester Sub-cell Biochem
27:191, 1996; Thomas and Beaudet The metabolic
and molecular bases of inherited diseases vol II
2529, 1995).

AR oz Foude g53Ee] APl Yeht
E Z 9o Ao A7 o) xHEsEe ¥e o
Al H]AAAQ glycosylationdlFo YelIE AU
AWz A g2 FeMA)A Y glycosylation”
371 2PFE o)AHQA Aoz UE F Ut o3
Ql A ouE ZIEAYF(galactosemia, Holton J
Inherit Metab Dis 19:3, 1996)°l4 A ZEEX
7} 91Z(hereditary fructose intolerance, Adamowicz
Eur ] Paed 155:347, 1996) 5°] itk 434 Ao
Z FAQ7A A AL WEF 53 AY Type II
(leukocyte adhesion deficiency, Etzioni Paed Res
39:191, 1996), inclusion body cell disease (I-cell

D w34 BA EAsE 1pEe] TEZOZ s
ablumin®lYt HbAic & “@¥idEe] 2SS AXA
o n FuwMAF & glycationd} @, @y A
59 27 xaY FHEoz FEHE AL glyco
sylationolg @tk o7jo)A @Al glycation 3¢S
AFEA &g RAolth
Hereditaory erythroblastic anemia with multinuclearity
and a positive acid lysis test.

AA7HA wEdA AL v AFHA N-glyosylationo] A A

o o2 e glycosylationdl® 4FE v F UL
Aoz FA4.
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disease, Glickman and Kornfeld 123:99, 1993), A&
A AP RA 98 Type O (congenital dysery-
thropoietic anemia, *l#Hol= HEMPAS?gn &3,
Fukuda 1:9, 1990), 2=t ofzb ¥ M43 (paroxy-
smal nocturnal hemoglobinuria, Rosse 76:63, 1997),
A4 23t RA(congenital disorder of glycosyla-
tion, CDG, ¢l&o)E carbohydrate-deficient glyco-
protein syndrome°]2t 3%&. Jacken et al. Acta
Paed Scand Suppl 375:1, 1991)¢] oA 7kx7F Ut
oA 24T APEL EF FAYoln, dFsE]
A9Eel veiuge ¥Ydes EFey, oF o
B A708A 2 CDGE AgAAEe] f4d7 Ho=
918 N-glycosylation®ol ©o]4o] wAlste AW %
FolthFig. 1). HE-E SASL A3 Akt 7]
FAHQ AA B, 237)F T EAZ AT TEF
Fol} zryuize 44 Bz oz sHAn, ATV
C oazze g3 gande ugygoz A3 9
$37t & o]FoAA P A$E UHTable 1). ¥
e A9 54l Ao glon tubeR IS
TFeon dgsle o] A AIRES AF 2dd
oF 15% AL olth. AAZHe=z &A™ casex 9 300
AZ PFE 232 004 2AHA

CDG7t 88 olfE UztlM Y glycosylations
AARez AT F Y& Bdo] B F Y7] HE]
o A, AFAU 2R 5 98 7 2d YES o8
8to] glycosylationg dFstd 23 J7lE AT,
DNAY ©¥a3 92 templateZt flo] HEAAE
glycosylation AAe] 44 Z mdojy xZo| 7}
A Ao gAY FAo] ti=d e willelz &
&= ttZA glycosylationdo] & #A4S vebd
$ Q7] PEo] 2oy AgAFe WS ALY
A A olok drie EAZ Uk =T AA @
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Fig. 1. Simplified N-linked Oligosaccharide Precursor Biosynthesis and Processing Path-
ways. This abbreviated pathway outlines the formation and utilization of sugar precur-
sors for N-linked oligosaccharide biosynthesis. Steps indicated by thek are known to be
deficient in various forms of Congenital Disorder of Glycosylation (CDG). Symbols used
are (O) Man, (D GIcNAc, (@) Gal, and (@) Sia.

2] 80% ol’do] Fuddz FAH on, AA F
AR HT 1%7) glycan EAolu o] HbHeo
2 o@tn ¥R doh(Varki and Marth Dev
Biol 6:127, 1995). w2ty dA CDGea I &3
o & ¥A gou, -?r/\}‘?_ € AT JoWA
HEgAoez EFIAY F2 218 & JE BAE,
a8 n ¥EAA gL @7‘]’4 FE AAHoZ R
e F Atk 7o AAFANE o 208 ARYH &
HA7] AR oyt FUlelAE ol &/E d7t §l
o], o]9] AF7} BAFHn Bl gL Ayt JFI
1% 8l 88 && & YA HALHE 3= ulgelA
28 7)1t} o] 2 glycosylationd] gk o3
571 9 s A9y, R g2 /AL
< olopr|st, ol8 ATet XNEY AR FAH

rN
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o?l"?lVé?»] glycosylation el wl$ ohystA|
Sl Astel Adte] wet 7|2 FrHA HHE vhe
. 7FF &3 el N-linked® Asn-Xaa-Ser/
Thr/Cys (Xaa; any amino acid except proline or
aspartic acid)®] 5& *|€¢] asparagined| N-ace-
tylglucosamine (GIcNAc)©] amide Aoz 4245

o} 9lem, mucin type®lEt1E £ O-linked ¥
Bl GlcNAce] Ser/Thr¢] hydroxyl groupel] Z¥s
o ok YelA AFEHE0], glycosylatione tem-
plate7} flo] EAukgo] oste] 7| wol, z
MAEY ZF X9 glycosylation fingerprint—‘.f 3
AEolA Hddse FENILY FH| T E8F
F e 71d FES EolAdd we ze)rt A& F
o, a4 34d AAE AT HYH FL& Wy
Zejel wet t2A Jepd 5 ok =¥ e &

27F 2L @A e glycosylation S U4
71 SRRt 1¥x ¢& = e ¥y, £F
glycosylation #9e|X¢] &HPugd TxE HF3ho] 1
Elu}A] 9431 microheterogeniety S ¥4 gt

AlgE X33 JAE glycosylation2 79
& A¥A 9 Golgive] wi¢ B33 o dAe v
$& AA o] FoAKFig. 1). £2FA} Golgide =

MEo| EA8ta o] FalA @A glycosyla-
tion& ¥33l post-translational modification® 53
SFo] Tt A otz 7 AJA I o] A
Rk w2y o]F o § dAM fFHdez A
o]l LAsE ol 2 A FuwjAe nAAH
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Table 1. Summary of CDG Types and Defects

Glycosylation
Name Defective Enzyme (Gene) pathways likely to Clinical features Patients
be affected
oMM e s e o e e e
Man-6-P(Man-1-P? glycophospholipid ual 1al deposits, n pg‘ ’
O-mannose (?) mental and psychomotor retardation, he- ~300
’ patomegaly, elevated liver function test
results, coagulopathy, stroke-like episodes,
seizures
. PMI (PMID) N-linked N nglyoema, .protem-l.o'smg .enteropathy,
Ib 19 glycophospholipid failure to thrive, vomiting, diarrhea, con- -12
Fru-6-P(Man-6-P . - .
i O-mannose (?) genital hepatic fibrosis
a 1,3-glucosyltransferase . Moderate CDG type Ia symptoms, less
I N- -14
¢ (ALGS)’ linked pronounced neurologic involvement
1d al,3—n'1lz:nnosyltransferase N-linked Microcephaly, rmmm.al psychomotor devel- 1
(ALG3) opment, severe epilepsy,
. Essentially no psychomotor development,
N-linked othic palate, microcephaly, hypotonia
Ie DPM (DPMI) glycophospholipid gevere epil tly seizuresp regl’lcedy?'es n-’ 4
GDP-Man—>Dol-P-Man? O-mannose (?) . prephic L PO
siveness, cortical blindness, abnormal
C-mannose (?)
electrocephalogram, hepatosplenomegary
GleNAc transferase 11 . Severe deYelopment delay, hypotonia with-
Ila (MGAT2 N-linked out peripheral neuropathy or cerebellar 4
hypoplasia, generalized dysmyelizanation
LADI' GDP- 1 i i -
Fuc transporterld N-linked Severe infections, retarded growth, dys 3 (2

(Ix) GDP-Man—>GDP-Fuc20

morphic signs, psychomotor retardation

*indicates clinical improvement on oral mannose therapy.

indicates clinical improvement on oral fucose therapy. (Modified, with permission, from [3] Freeze 1998)

glycosylation®. 2 ojojX - & EX Aoz AZE
< AYA He ot a8 dvy
Q FWe] Y F& AFE Tl YElE A
H)3le] CDGE "¢ 583 $4& Yebdi(Table
1.

& e b

CDG2| 270 WE S&/FEl/alel

708t I, Jaeken S (Pediatr Res 14:179, 1980)°]
A AAEH vAgd, A vAY, ALBLF
(lipodystrophy), 9-¢x1 #4 F<9 EgFH EAE
TR e 9B ATol ootE wHdte A
Bastch Fo] o] ootEe] FHFA HHF Y (cere
brospinal fluid, CSF) transferrin®] $4% A7|49%

(Isoelectric focusing electrophoresis, IEF) #4&
&9] N-linked 22139 ZZEZA, GIcNAc, &0l
A a2He s AL Asialic acid)o]l AH o
A&e H3z, oA o7 B53E ZAYe] Y
a3 9o FdsA vede A& Bdth
o] #AEe], @A glycosylationdl ¢ FL
FFE AR E o= RE AFSE /A1 UEs A
olg}= o Z0] Jt5dte] FoZA “carbohydrate-de-
ficient glycoprotein syndrome‘o]gt= WHo] A7) F
ol AHEE7] A1FsEA Tl 20000978 E “Congeni-
tal Disorder of Glycosylation”& F2%oz A&3}
A=A

CDGY ZAYe dxxe=z [EFE 53 serum
transferrin®] ¥ He2 o] F|XrKFig. 2). Trans-

% N o
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Fig. 2. Schematic diagram of transferrin glycoforms
found in CDG Type 1. Transferrin has two N-gly-
cosylation sites having biantennary chain.

ferrin® AEL ksl BaNdz AFFE 9
olu} CSFoll EA139, 43=4dx vdeg ukge 9
3 wojo] Bl Aoz 4eA glth Transferrin
2 FAF Yoy 2ugd A4 =t o2 st
A eI} £As8 oleld 84Eo| IEFIA 9] #¢
Helo] 9%E nFAG. 7|EFHo=Z 2709 N-glyco-
sylation siteZ 7}X9, ZzZ+e 2709 <tElY FEHZE
®H g¥ugo], 2 Bt A¢Y 4] terminal su-
garZ2 Eo & S47t FF L olF 1 UKFig. 3).
AN Ate] A7) od olf= QsiA WEA HHY
AA aude SAA- (D] WA =i, o]F IEF
o} FAukge 3t AEA He Aotk EF @
AY & EFY LPugde] {fAHE EAFE %
2,000-4000 Da®E Zpol7t =2 Yubx<l SDS-
PAGEEZ BdAMZ ol& #1F + Atk 7% IEF
2 deHe ¢3¢ 35, 2FEAIYF, HH4 =5
Ex I9F 59 giNE vehg & 1o e
acid 1-glycoprotein, al-antitrypsin, C B9 2& =
Aste WS ANstg e #Ho] tha B3tatn
A el wet Welzt tha 4lsted ety oREe
AHEER] @3 gled @A IEFge] 7 rastEA
= o9 A4 g Adyeld & & A 28
U o3 dHEL M2 RaFoz AHEE F ds A
o]t}

CDGE glycosylation@ el 7} oj= F9olA dojuyt
=7te] wel 2H@ch ddelE CDT? IEF pattern

ox

4) carbohydrate-deficient transferrin
5) Wi E 05 ghkg AF ooz AASNE FAZDUHA

CDG
+ la Ib Ilc le Control
- S4
= 82
— — - S0

Fig. 3. Carbohydrate-deficient transferrin pattern
analyzed by isoelectric focusing (IEF). It shows se-
rum transferrin IEF from control and four different
CDG Type I patients. Serum proteins were separat-
ed on a polyacrylamide gel (T=5%, C=3%) con-
taining ampholyte, pH 5-7. Resolved transferrins
were detected by incubating the gel with anti-
human transferrin followed by Coomassie Blue
staining if immune complexes. S0-4 indicates num-
ber of sialic acid residue per transferrin molecule.

3 QA B wet VAR 2RRAo, 199
d o]F2E AXA T Golgi ol GAA 2SI
Type I, Golgiold dojud Type OIZ WEF{7} ©
FoiRm, fAHoR Ade] WA EAUHE abew

3 §loh

oz ARFR

CDG Type 1

Q72 272D CDGEAE < 80%E At
e AEE 7P Bo] Yepdx glow, d7= M
©o] =o] ltkSchachter et al Adv Exp Med Biol
43519, 1998). #A7IA] 5 subtypeo] FZAHUIL o|F
743 2o 327}t Type la2 A=A Type las
FAAANAAN FFL o]FE S47t vtz ZAAFE vt
9, 3% & § 259 N-linked S8 1g0] THE0]
A ol S2¢ SO7t AiHoRE F/HITH(Fig. 2).
S2u S09) BAEE AR A3, AlgE Aol fle
Aol ol &Puy AA} ke AMdel gzl
o, o]& glycosylation®] w$ x7] @Al 1 Aol
& Rolgts A& AAEAT 2 %, [PHlmannose
£ o]8% A3¥o)|A mannose-6-phosphate (Man-6-
P)ol ooz @o] FAH:= A& #Est, Man-
6-PE Man-1-P2 u}40]5 = phosphomannomutase
(PMM)] 4L 742" AL Lol R(Fig. 1),
I ¥ PMM29A Eddelrt #ASHA Man-1-P
£ guanosine diphosphate-mannose (GDP-Man)¢]
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AdAd d5zog 9o, GDP-Man g
A AFAd Pe3¥ GDP-Fuc, dolichol-phosphate
mannose (Dol-P-Man)8] AFEFe] =H7| w&o
GDP-Man poole] #24¥ A, #4=E ¥ lipid-
linked oligosaccharide (LLO)%o] Zo|&7] w&dj
A5 Jdaldd A= gloor e 1T
A o= o]ojA Fojtt.

4L Bl U gle AME n¥Y, A
22 5 oule BEEEd $4S ¢ siXm glew,
1 9Jelx= A}A], pericardial effusion (Kristiansson
et al J Inher Metab Dis 21:112, 1998) 42 uE}t
d A4 Jdok zFtubjehitze] AFEE 17
CDG #A71=9 PMM2H7A linkage #4412 d4
Ao slE Az, 15 7HFo] 9% A haplo-
types 7FARL 1ol shte] CDG EdWol7t #45
Atz 2ad FALE ey, oE FATES FA
39S de Aoz Az EEE AFdAM o
7HA A Ediiold 9@ Aoz Yehith ole A
el #Ae] CDG7F HAE F Uohs AL AAKSE
£ Zolgt A WA E/1E i AMle e
A v Jdydeoz gL IRt SEES T
FRZRE Yt Aldelt)

PMM @42 AAolY fructose-6-phosphate
(Fru-6-P)& Man-6-PE H}%o]3F= phosphoman-
nose isomerase (PMD)<] A3 @& ZEd 2xn
g U=t Yo| Type Iboltt (Niehues et al J
Clin Invest 101:1414, 1998). Type Ib¢] IEF pattern
2 Iast FARSHAl YERR| R Tast 28] A ukefo|n}

2 ARAA B3 F4e HolA gtk A& Type
b2 gl A= 1499 A¥8GF, 3 a9z
24, TE, AL, 8AFA, HF dRoM e 85
Holn WAHGT. o]F FAIG F4E Hol: o7
GAE] LA o, o] WPFe} HLoA d
ouio] wigg AfotMEdA e Ag PMIZA 9
72:(90-98%)7F Uehstt ' FHAHPMINE 2
29% Z¥, REE point-mutation®] UE alleled
heterozygous3tAl 7RI %on, o]59 PMIZA
Al A9 o wtoz yepgrh

Type Ia¢t b9l Ao|7t YA =X AEs o
A YA ¥ou, Fig. 1914 Hole RAAY PMMe]
ZY=d™

FF 32 (glucose)® THe=2(mannose) EF

7h gaud #Aed ol &=R gt i, PMIZAH]
AE AL BEFHoE wxArt PMME AU o 2
go #ojd glycosylations] Aoz Had My
B4 §4E02AN 4 A FAHAE Yeie W =
2] HYL Aolgtn A5t Ut Glycosylation
Bloto A o] Mo uwlg Fasith Type Ib®jolel
Ae JAE PMIEAOl ATUAM HAT glyco
sylationF&& frR8l7]e] A g FENUAAY, =3
9] £IAAZRE P2l FFHIY] dEoIUE F
= glg 3ojth

Type Ict XA A dolicholol ¢ e &z
F (LLO)E %= wix9 #HAFg 22 MangGleNAcs-
PP-Dold] RAWA FFIAAE Eolx «l,3-glucosyl-
transferased] ZA¥o] TSt F&ZH GHFI=R9
LLO Ho|7} o]FjAA] go} AAXHOZ A4 L1
FE JlN gedo] zZAstn, YR HAold wAAY
22|u3e FA4HQ glycan processing®] ©]Fo1x]A]
%A WA YeldrtiImbach et al Proc Natl Acad
Sci USA 96:6982, 1999). CDT IEF pattern< Type
Iatt Ibs} A9l FASHAIT SAE dddoz A3A
gt #2 AforiEE [PHlmannoseZ metabolic
labeling3le] LLOE FAlste H S o) 2 Ve
&3] MangGlcNAc:9t €X3t9 Dol-P-Glc syn-
thaset @1,3-glucosyltransferase®] ZA3e FAA
36t ©]% Dol-P-Glc synthasex AAolout
MangGlcNAcz$} Dol-P-GlcE AFAHLE ghso] ut
S22 A A  al,3-glucosyltransferase?] &4 o]
A Yehtz #&& 4A HAD AHYPEY gly-
cosylatione] #dE KFAAEL wl$ FFAH] =of
AR FAAE o]&3d glycosylation@d FAA
£ Ft 297t Bt o] ALddE ARE o839
AFEEe FAAE BA AXRYH F24IHH9
ALG6S] Ea¥olE gk

Type Id2 J3gd 2= olA7A 1 casedoll §L
ok Type Icv IeX ¥ <zt S47F AstAA S27t 4
¥ e2 Z71% IEF patterng 7HX2 itk LLOE
ZARE 23 Man5GIcNAc27E £ 5 3o o
£ o1.3-mannosyltransferase?] A& o=
YehttHKorner et al EMBO J 18:6816, 1999). 94|
ARE o839 HF HHAHALG3)S mis-sense
mutation®] Q& AHo] B3 H}. Microcephaly, 23},
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A% R "o Fo| FAE /M

%7] IEFE ©]8% &7olA Type IVE JITHY
9 A= dA Type le2 E7531 Y. PMMT
PMIZL 2% A4 8249 HAoldEE [Hlman-
nose® EAZ thg LLOE F&3ld HPLCE 3V|&
34 AEAN Y& A(ManGlcNAc) 3 Hla 25}
o Hots W, ¥4 FHe FAJE AT YUT e-
mannosidaseZ A27 HIManGleNAGH & A&
B Hol o] o= Type Id¢ Zo|MansGlcNAc,-
PP-Dole] AXo] ZFAH=HE RS JFISA IUAY
(Kim et al J Clin Invest 105:191, 2000). 3}x]qt o]
4% el,3-mannosyltransferase’t °bd  dolichol
phosphate mannose synthase (DPMS)d] ZAgo] 9l
Ko dA7A G5 482 BF7 2 AEdA
Yo} point-mutation& DPMIe] 7FA3 ek
DPMS+= GDP-Man€ Dol-P-Manl 2 HlHFE= &
22X Dol-P-Man2 N-linked €813 % ojyg}
glychophospholipid, O~ &2 C-mannosylation®] A}
49 °l& Type le@A/t duldez AF FAS
Holx gitke A o]f7t He Aolgm FHdrh
B, & Type le@A] BJE ogH 4 32 4}
AF CDG#HAE &4+ A2 nFo| Hol DPMI
o EdWolt HAR A$ vl$ AYgHoz g
T Atk AlsdY.

CDG Type I

Type I+ S47F €43 Algtqn g4l S27F 8
transferrin® 2 A ¥ IEF patterng zteth $xb
transferring &AFgH 243, N-acetylglucosaminyl-
transferase II (GIcNACT-ID&A <] mj$ 74" Ao
2 Yebdth (Jaeken et al Arch Dis Child 71:123,
1994). LLOE= @¥ad2 A=} uiAt glucosidases}
@-mannosidase Io] 93] MansGlcNAc:Z tHE1z
th. oAl GIcNACT-I19} @ -mannosidase Mo 2]3)
processing® 28 13E  GIcNAcT-IIol 95t
GlcNAc:MansGIeNAcZ o] AAZ¢ Lguagdoz
¢@solok 3 GIeNACT-II9] #Aog Qs RE
A IAZ AlEe] e JHE EAdA =He
Aolth(Fig. 1). 3ol we} ol QAT g 4
99 1% AEE FE o= JAT Yon, A4

AFotAEe] FE2ES A AXd 2o FUL
glycosylationo] Aoz Fols}t o] & &4 A
7t &2 A A 7 Ro] ope: AE ¥
o|lF MGAT2HAA} BANAN SF2Ysa a9
°17} A& o] ¥ A

Type lla $A= MRIAC2E A4 AH¥E 7IXn
QX g8 NAA FA WEL Holx godME
Type I v]3] ]9 A& psychomotor retardation$
Ze Aol EAoltt olgq] WA HAF fF, H=
SRt A, dFoz Ho UL FHF Uzt J1Ye
st gich

AZHA & AT FoM AT 5L S
Z¥HY HE FA4E & Ax glslen gzhe) &4
< FABT AUk T T 100% TS du
o1& tAE W A=zst EA48IA YA Hojd
F (A& Aot} ol glycosylationo] A AAFL
frAske d 233U 988 FPsta YL 943
22 BAFE Rolg 33

x| B

Z71d Z3edd AL AT PerE FFIS
A Yot Holgtn AR SY mannose trans-
porter’t AT, EPAE Brxrt FFI2RG
aHHoz PMMZAIIa)] YE AfolAEodAe]
glycosylationg Aoz FAAZTE Aol WA
THPanneerselvam and Freeze J Biol Chem 271:
9417, 1996). 2 °lft WHAR ¥skou, ol T
27} FF3280 APH o Gaud FAo Ao
goe AE BAFE Aotk FEAPAME FHF
g &7 A7) W&o AA Type laZAtollA e
28 Foi(d 3-83 01-02 gkeg AF, 2749)73
o Agstee xYo] Yoyt EfHAFoz o9
T2 $F (F4; 55 eM)o]l TS B, A7
Agstr oz gaH oz A FFHst Ve
Fyo 2y T2 o] 8% Type a¥AE AR
e AEE ASHR 3o

ol¢} & Type b@Aes AFE AR Fd FHE
A7 ARt 109 A=l A9 Aoz =HE

5) WxAE 05 gheg HF olFoz HASA FATU
At E Bt 9
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opztt}, "W AE ol 4% XEE @A FATY F
A5 ojop st7] W] whAv) QAR WX FAHE
Jd HENE AF7F APFoih, vlexE SIFILE
t} glycation® E3 HbAlcZAE 5u o4 Fzch
I gEA T, AARE UxAXNFE TS FAA
A Z7tEE Zo] #AHJY.

Type le@Ae] AROAE APoA Ux2E Fo

2 9A w25 F AAEAIA(Kim et al J Clin
Invest 105:191, 2000), 123 AZFo] F7H3tx 317]
£ s o] whgo] whoxd] 93 AJAE oFF &
F gtk 2L 39 FRE ATHHAE e IF
(Imbach et al J Clin Invest 105:233, 2000)1A & A
Jetdor aHE A RIAT

otz §AA FFAA 1 UL WA X Type
Ix® 72, FIXA(fucose) BHLZ FL Tz}
Zo] FF3d FUL W H4AH< glycosylatione 2
JEIE AL ARoAEGA FA&FATHLubke et
al J Biol Chem 274:25986, 1999). 12{1} o}z &z
Mol Axte rasXx gtk A7 Med AAE @
IH F7t B typed FAME EHE B3 3l
71E s ojm] wgo] v N #8S HAYoZ I
AFIAE B8 Aoz daHy, dA2 2uE 9%
ot weAd g fAEY aRAR JbeEtE w
2 Ago] o]FojHol CDGY A E FHE T
AA d e &9 28 AFse 7138 £ 5
A o)t} Keir 5(Ann Clin Biochem 36:20, 1999)2,
12 A 1059 #lole] 2te] transferring FAJ3HA]
T GgIRES transferrin® 23X Yoz Ry A3
A Aol7] o) FE #A%" F gloH, transferrin
o] ¢ 89| half-lifes 7l wl, E4F 3F =7}
Atol A& IEF test® & & UL Rojgta F3
st

tlo B

=9

721 Et

olAI7tx @AY CDGEAEL BT A og gu
td Ax2 5ol s iAoy HZ IEF test
AM type 102 ARE FAF 540 A A
Sl A47F Ak ofzrel m¥EY, AA ubef, %A F
9 ZAE JIAI YE °)F FAE 7|4 AAFL

2 AgEPoy $4% 7)3d #H= CDGE A
ot 5ok @A o5 ARAE W T
Q #F7 Ayt JAYF Uk ol FHA @A
oy ge AHga e, g2 fAAFA CDG
A7t T e 7HsAE AABkE Relet 3l
o} v o 2-30 cased) AFAHQL AH A SAA
A AA serum transferrin pattern©] et} 2HF
3} CDGAtolol A=A #AL e 22 HoA
ok Mo M e glycosylation® THE F-$loA9] 273
g2 Jeh}s] @& CSF transferring ZAIE 2
27 3E Aoz AlgdETh

o|A7tA 2AE FAE wl$ HE& xAoIth. 1™
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