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Fig. 1. Metabolism of Galactose

2.2.1 Galactokinase (2F3: GALK) deficiency

GalactoseZ Galactose-1-phosphate 2 H3HA]
71ed #de E2Q Galactokinase] 2H.o
2 Q3 Galactose7} Aol ZHE 0, o}L-g
3 A} 2HEQ) Galactitol®] F3-& A 71T}
Classic Galactosemia U= 43814 o1}, dutk
THE ASSHA = ugo] BASA Ho,
WAz 7+ 2 A3 B el geth

2.2.2 Galactose-1-Phosphate- Uridyltransferase
(F3: GALT =+ UT) deficiency
" GALT<= #2 Galactose-1-phosphate 2] 3]
o #d3}n, o] GALTY ZAPo g Aty AY
o] Galactose-1-phosphate7} 2 5o}, 7}, A&,
o] AxZ A ool A7IA A} Classic
Galactosemiazti &89, 44 F4°] 7F¢ 4

3l B Aot} AL EE FY, FTE, W3
AZF F71 7 % 1Y, 34, AT 59 =
A& BolH. Al&se Ayt £/, 173 o
W3, 2l Zhel tig A9 Atz QA%
HEF, A AA Fol| TS, Jofe] A9l
© £7] 34 FHo] & 4 9tk Lactose-free
dietE ok 39, S vj A X e 29 A
X A J9x 7

2.2.3. UDP-Galactose-4-Epimerase(2F¥:
GALE) deficiency

GALEE UDP-galactose®t UDP-glucose®)
45 A8 A BAFE EAEA, A9EAE
HYET el Galactose-1-phosphate®] EE=7}
¥oRAth. GALE7F dol¢t ZA¥HE B¢
(benign form)ell= ol ¥ 4L JeEh R
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2o, severe form9 3%, & GALEZl @43}
7+ 59 Az AYHE BFolE Classic
Galactosemia®} A SHIE Holn, 27FH o
2 sensorineural deafness$} cataractE B.0]7]=
Fig=a

3. AAndY

AGRE o] &3 AP AN A FF HH ol
9] Galactose(total) & H.ol& A= AA-E 314
He, AAAME GA] B 1Y ol AAE
BRIthd, Galactosemiad 7FsAdol wi¢- =71
2ol A N8BS Y5t 849 BHEE
23k FA HAL £4£3) o]Fo|A o} 3t}
AR E 99 A 7HA 54 F3E AA8te] Whole
Blood EDTA 3-5 mL A=7} Basn, A8 &
AL 2794 dd =38 F A=F 3Hd AAL
o & Aol fitk HAF AL OgF 2o

3.1. Galactokinase(EC. 2.7.1.6) Assay

311 949
galactokinase
[14C]Galactose + ATP —>>[14C]Gal-1-P + ADP

Galactokinase®]  E4dl&  galactose?}
erythrocytedl] &4} galactokinasedl 23}
galactose-1-phosphate 2 tAlE & Q8] & o] &
ot WA B9 94 [14Cle2 ¥XE
galactoseE ZAAd] ATPS} 4 H7bske wkg-
A7) A X Yol ER)5= galactokinasedl] 23}
o [14C]Gal-1-P$} ADPE HEE . o] ¥k3-9
4489 Ga-1-P8) @Ee  DEAE
(Diethylaminoethyl)-cellulose(0.90 mEq/g solid)
columns ©]-§3ich

312 98 A%

1) Tris-HCI buffer(1mol/L, pH 8.1)
2) Saponin(1%6)

3) [14Clgalactose(5 nCi/mL)
~4) Galctose(10 mmol/L)

5) NaF(50 mmol/L)

6) MgCl(100 mmol/L)

7) ATP(375 mmol/L)

3.13 ZAF #3

1) ZAA Y AAE

AYL AY AdFE 2-33  AFHEAo
erythrocyte® £2%th. £8€ erythrocyte &
galactokinase assay-& ZAAE= oFzte] A A4
2 Pol ¥R B84 C,1-2 ¥ F= 7F5)5HA
U, 3Y g 4452 2v) 325t vz B
E3i

2) Ak =A)

9 1-330l4 AFE AGES ATPE 713
A gL ez v EFS F, YSAA v
29 7|7 FHEF 6 /1Y) AHEE S Utk ATP
= A8 34 9] EYE 4 portion o 1 portion?]
B]&2 H718td HAZF reaction mixtureZ AHE-
L1a=

3) H2E

saline® & 2v) 343 sample2%E 15 mL
eppendorf tube 37§ 27} 50 UL ¥ 53 ¥,
1 % 3= reaction mixtureE F3}H7] Fo
95 Coll Al 5 #3}F denaturationd}< blank 2 A
et o] B F 2z 100 uL A4 reaction
mixtureE 5t} 37 TollA 30 ¥zt vk
H 95 CTolA 5 83 71g3led whg AF & T8
A7t}
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4) column

Wgo] TR ASES YN A5 # T
N0g= A4 st FFF J 0L 8 & F
B]¥ DEAE-cellulose column®l &7 ¥, ¥ 12
mL@Z mL x 63)¢ HO (% FFF=
galactose fraction® washing3tt}. ©] washing
F#Ho] A 150 mMY HCl (F 5 mL)E
Gal-1-P fractiong 20 mL vialdll 5338}, 22
9] scintillation fluidE ¥ol & £33 A B
-counter| 4] 78 &t}

o] AL neutral galactose=
chloride form?) DEAE-cellulose®ll A#31A] &
7] W&l H202 A &3t A A A7), cellulose
o] A%E monophosphate & Gal-1-PE 150
mM¢] HCIZ EA71E 943]E o] &3 Aotk

sugar$l

3.14 Galactokinase Activity2] AXF

(sample cpm - blank cpm) * galactose (nmol/100 pL)

100 % cpm x incubation time(30 min) x g Hb

3.1.5 Reference range

Galactokinase activity: negatived 7%, 4l
Aol wj= 80 - 120 nmol/min/g Hb ¢3S Y
ERlin, 24 ¥ UiE¥E F43) 2asto 127
4 AREE 9 20 - 30 nmol/min/g Hb 3E=E
Heloh

3.2. Galactose-1-Phosphate Uridyltransferase
(EC.2.7.7.12) Assay

321 99

transferase
[14C]Gal-1-P + UDP-Glu —=>UDP{14C]Gal + Glu-1-P

SHY UAF B8 52 B4 FEk (1) ZUERAYS

Galactose-1-Phosphate  Uridyltransferase<]
B2 9. erythrocytedl] &3 transferased] ¢
34 Gal-1-P7} UDP-Gal2 tiAts = A8 & °l
2318, FF uig A £ FRY HEZ Ak
Ag= 7453ttt o] Al AA A A T4
Y4 [14C12 ¥A1" Gal-1-P= UDP-[14C]Gal
2 g, o] YA E-E galactokinased] 4
oA} w7l E DEAE-cellulose columns
o]g3t AETTh

322 Q8 A

1) Glycine-NaOH buffer(1 mol/L, pH 8.7 for
erythrocyte, pH 8.2 for tissue)

2) Cysteine-HC1(0.2 mol/L, pH 87 for
erythrocyte, pH 82 for tissue)

3) Galactose-1-phosphate(50 mmol/L)

4) [14Clgalactose-1-phosphate(3.75 - nCi/mL
for erythrocyte, 10 pCi/mL for tissue)

5) UDP-glucose(25 mmol/L) \

o) NeFEe WE B 3te] &g W A

g & Aok

323 HA} 77

D A Xz

A2 44942 MNH3HY erythrocyteS 22§
) -20 T ol3t2 WF B AL, 24 FRG2
58 343ty Bl AEo] A&t} Tissued A9
2% 2542 sonicationdl™, protein IHS 0.2
- 15 mg/mL Z=7} A3}

2) AloFe] =A]

Q93 Ak AAE 10 portion 2 3}, 1)
Glycine-NaOH buffer(l mol/l, pH 87): 5
portion, 2) Cysteine-HCI(0.2 mol/L, pH 8.7): 2
portion, 1831 YA substrate 3), 4), 5)= Z
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Z} 1 portiond] Bl &2 ZA|3t) Tissue? 73-$
71 8]-82 1) 4 portion, 2) 2 portion, 3) 1 portion,
4) 2 portion, 5) 1 portion®.2 wW3}Ech

3) HXE

22t FF= 54 343 sample2HE 15
mL eppendorf tube 3706l Z+2t 75 pL ¥ B3
& 1 % 3lY+= reaction mixtureE FY3}7)
el 95 Toll A 5 #3F denaturationd}4] blank 2
ARg-3H), o] B ¥ reaction mixtureE z+zt
75 UL A FY3a 37 TollA 20 £3F vhg-A17]
5 95 TollA 5 ¥ 7HE3le whg AL F8
kdl=3

4) column

g0l FJ3HE ABES YA H
Galactokinase assay 2} 7359} o] 4] Ba)3}
I FFHEY 80 uLE Ful" DEAE-cellulose
column®ll &7 ¥, ¥ 12 mL(2 mL x 63])9] 25
mmol/Le] HCIZ monophosphate fractiong
washing 3}, ©] washing#3 o] FU4H 150 mM
9] HCl (¥ 5 mL)Z diphosphate fraction
(UDP-Gal)€ 20 mL vialell $338}3, 2 %49
scintillation fluid& ¥o] & &3t 5 B-counter
A FA3c
* monophosphate: cellosed] ¥l1&Z ——- XL =

9] HCIZ HF
* diphosphate: cellosed] &3 -— &L X9

HClZ 2

3.2.4 Galactose-1-Phosphate Uridyltrans—
ferase activity$] A4+

(sample cpm - blank cpm) x Gal-1-P in 75 pL(5imol)
100 % cpm x incubation time(20 min) X g Hb or mgProt/mL

3.2.5 Reference range(lmol/h/g Hb)

A4 HSI(N/N): 20-35, Duarte-2 Variant
(D2/N): 15-19, heterozygote(G/N):  9-14,
compound heterozygote(D2/G): 4-6

3.3 UDP-Galactose Epimerase(EC. 5.1.3.2)
Assay

331 949
epimerase + NAD
@ UDP-Galactose ———=> UDP-Glucose

UDP[14Cl]Glucose
J pyrophosphorylase
@ UDP-Glucose + PPi —>> [14CIGlu-1-P + UTP

Epimerase®] ¥4 2 @49 ¥3-& 5349
o]Foi Wt 1A} §EEe A= AE Yol EA3=
epimerase®] 93] UDP-galactose”’} UDP-
glucoseZ HEE 11, 23} ¥k A o] A E<]
HARY 59 94[14Cl12 A" UDP-glucose
9} A%td 3 &7 A7}EE pyrophosphorylase
o 939 Glucose-1-PE A&} HELS
galactokinase®] #4j¢] 4 ¢} w}37}X 2 DEAE-
cellulose columng ©]-&%Hct.

332 98 A%

1) Glycyl-glycine buffer(1 mol/L, pH 9.0)
2) UDP-galactose(14 mmol/L)

3) NAD(15 mmol/L)

4) Tris-HCI buffer(1 mol/L, pH 7.6)

5) UDP-[14C]glucose(2 uCi/mL)

6) Pyrophosphate(0.75 mmol/L)

7) MgCl(01 mol/L)

8) UDP-glucose standards(0.05, 0.1 mmol/L)
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in 25 mmol/L UDP-Gal
~ 9) UDP-glucose pyrophosphorylase(20 U/mL)

ol AFH NGEL YT B3t F1YUzt
AR 4 Slok A1k 2)9} 9) ] 3), 6), 8)&
% A7kl AY e W37 el 28] A= ALE-
g 5 e Fo2 ¥ BHdhe Aol &S
FHold.

333 A A4

D ZAAY #Ag

Epimerase H2EE 913 AAe] Axze
Erythrocyte®] 7%  Galactose-1-Phosphate
Uridyltransferase9] #4318 ¢33 Wia 543}
o} Cataract3dS Hole A9d Z4dt Alx=
Ha BHEARE = lon, o] B¢ 23 7
42 sonicationdti ZHZAH3F protein FFL 1
mg/mLo|c}.

2) Alke) =4

1% ¥kgeME  Glycyl-glycine buffer(0.7
mol/L, pH 9.0), UDP-galactose(14 mmol/L)
NAD(15 mmol/L)& Y3t Hl&= &3l AL
€3} Blanke NAD(15 mmol/L) A 23} &7
TE A7MEY. 23 WgdAe  Tris-HCl
buffer(1 mol/L, pH 7.6), MgCl1(0.1 mol/L), H20
@2a FF9)e 4 2 portion, UDP-[14C]
pCi/mL)$}  Pyrophosphate(0.75
mmol/L)2 1 portiond] HI&E ZA F}

glucose(2

3) HXE
© % 4 T2 YFANZ 23 FHF5 1 Lo
Glycyl-glycine buffer(1 mol/L, pH 9.0)%
ImL 37F & 2 E@sta 7)) 5 H) 34
3 AA 9F 300 uL AEE dialysis tube(pore

FHY UAL FEe F4 24 Mek (1) ZAERAHES

diameter ca. 25 A)oll ¥ ¢F 1 Az 71 &
A g}

@ 549 AAE 4z 12 iL 4 15 mL
eppendorf tube 5 7]oll ¥EF3}3, o] F 2 M=
blank2 &3t ZA|E Alefg FYU3tA 15
#3737 TN ¥kgAZ] 5, 95 TollA] 583
7tg3te 1 at ¥he-& 8t

@1 A ¥38 A8E AR F 494 23}
o 2% 1.5 mL eppendorf tubell 25 UL &
7111, 23} ¥hg Aok FY3te] 1582837 C
oA ¥FS-AIZ1 H, 95 TollA 583t 7183}
2 98 F8ATL

4) column

22t ¥hgo] Fud AANES YA F, 3%
BA3AY 94 £83t 43 % 4 100 0L H-&
£v]¥ DEAE-cellulose column®] &7 %,
Galactose~1-Phosphate Uridyltransferase®] &
Ao A9} A WHoE AF R FHI F 2
< &9 scintillation fluidE ¥ol & &35k 5 B
-counter®l| 4] &3}

3.34 UDP-Galactose Epimerase activity$]
A4t

(sample cpm - blank cpm) x 0.1 tmo/mL
x dilution factor(5)

(0.1 mmol UDP-Glu cpm - 0 cpm) x incubation
time(1/4 h) x g Hb or mgProt/mL

3.3.5 Reference range(umol/h/g Hb)
A4 ¥ 19-35, heterozygote: 12-18,
homozygote: 4-8
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4. #A 21

=47 gEARgNE 20039 129%F
‘Galactosemia®] 3 7} 49 ¥4 JA¢L o
3 e, 20043 4974 o 80 A ZHALE ¥
3 A oL g

1) ‘Galactokinase
* heterozygote: 2 cases

2) Galactose-1-Phosphate Uridyltransferase
* duarte-2 variant: 2 cases
* heterozygote: 3 cases

3) UDP-Galactose Epimerase
* homozygote: 1 case

* heterozygote: 4 cases

5. k22|

o]l W&oA & 4 ARl 54 ¥4 A
< 1 AAYY] 544 €& FE-S manual testol
OE & Futell flom, HAF 20 vig 1zs}
I ¥rg3ith a#2g b g 2Evultt known
control sampleS #o] ZAFeIaL 1 AFAE vl
43ty Az B NEE e Ho] HI=A|
gasic) =3 A & FA AGE B
7] $lsiM e FAROE @89 HA HAd o)
g R g9 AEo] e, ol $FA
T 1EZ S¥d HAEAo] F3Eojo} it}

6. W=

Aot ABAA Fof| PaAe B4 EH F
@GS 531y, 49 heterozygote form ©] )0,

AZ 204 " 414 ©1(2003/10/25 A, 2003/11/16
A2  Epimerase Z2Y  AMH(Gal-1-P
concentration: 7.0 mg/dL, Epimerase activity:
5.1 nmol/h/g Hb)E Z710] Aaste, AA3 4
o] 83 X8& 7FsA & BydAN B F A%
o], &4 ¥4 g2 Aoz & A7k Hl
WA e AYEE e D AAE ATE F
AokE Hol 2 Aoz & + o 1y
SR AGE A3k, o Yoprt 7159 F3 3
43 5& Fetat] S R #4% &
7 AgEjof 4F 7HA7E SdE Relgn
Atg €
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