Korean Journal of Pediatrics Vol. 49, No. 11, 2006

Garrod introduced a concept of

as well. (Korean J Pediatr 2006;49:1140-1151)

Diagnosis of inherited metabolic disorders based on their diverse
clinical features and laboratory tests

Han-Wook Yoo, M.D., Ph.D.
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University of Ulsan College of Medicine, Seoul, Korea

Inherited metabolic disorders are individually rare but as a whole, they are nor rare. Since Archibald
“inborn error of metabolism” or “chemical individuality”, more than
500 diseases are currently known, affecting approximately one in 500 newborns cumulatively. They
frequently manifest with acute, life-threatening crisis that require immediate specific intervention or
they present with insidious diverse symptoms and signs involving multiple visceral organs or tissues
as well as central nervous system, hampering a correct diagnosis. In addition, many pediatricians are
not familiar with all diagnostic and therapeutic strategies for diverse inherited metabolic disorders.
However, the prognosis of affected children are heavily dependent on rapid and effective treatment. In
this lecture, practical guidelines for the specific diagnosis based on diverse clinical features of
inherited metabolic disorders will be described. Many sophisticated laboratory tests are available for
confirmatory diagnosis of each disease, which challenge to general pediatricians with respect to
knowledge about biochemical metabolite assay test, enzymatic test and DNA diagnostic tests. Sample
collections, indications, methods and interpretation of results in varying laboratory tests will be listed
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Table 1. Inborn Errors of Metabolism Presenting during Neonatal Period
Types Clinical Acido Kekto Hyperlact Hyperam Most frequent diagnoses
symptoms sis sis acidemia monemia
I Neurological distress - + - - Maple syrup urine disease
11 Neurological distress + - + Organic acidurias
I Neurological distress + + + - Congenital lactic acidemias
IV A Neurological distress - - - + Urea cycle defects
IV B Neurological distress - - - - Non-Ketotic hyperglycinemia,
sulphite oxidase deficiency,
Peroxisomal disorders
Respiratory chain defects
\ Hepatomeglay Gluconeogenesis defects
Liver dysfunction + + + - Galactosaemia

Tyrosinemia type I
a —Antitrypsin deficiency.
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Table 2. Differential Diagnosis of Acute Encephalopathy Caused by Inborn Errors of Metabolism

UCED MSUD OAuria FAOD ETC defectd

Metabolic acidosis 0 + +++ + ++
Plasma glucose N N or l l l l i i N
Urinary ketones N T T T T 0 0
Plasma ammonium T N N T N
Plasma lactate N N T + T T T
Liver function + N N N T T N
Plasma carnitine N N VU Il N
Plasma amino acids Abnormal BCAA glycine + T alanine
Urinary organic acids N Abnormal Abnormal Abnormal N

Table 3. Differential Diagnosis of Acute Metabolic Encephalopathy Based on Age at Onset

Age

Conditon

Newborn Early childhood Later childhood
Urea cycle defects ++++ +(girls with OTC) (+)
NKHG ++++ 0 0
Organic acidopathies ++++ + (+)
MSUD ++++ ++ ++
FAOD + ++++ ?
Reye syndrome 0 ++ +++
Drug ingestion + (maternal) +++ +++

Table 4. Differential Diagnosis of Inborn Errors of Metabolism Based on Body Odor

Odour Substance Disorder/Origin
Animal-like, mouse-like Phenylacetate Untreated phenylketonuria, phenylbutyrate treatment
Maple syrup, “Maggi” Sotolone Maple syrup urine disease

Acrid(sweaty feet)
Male cat urine
Cabbage

Rancid butter
Sulphur

Fish-like

Isovaleric acid

3-OH-isovaleric acid
2-OH-butyric acid
2-0xo0-4-methiolbutyric acid
Hydrogen sulphide

Methionine

Trimethylamine, dimethylglycine

Isovaleric aciduria, glutaric aciduria IT
3-Methylcrotonylglycinuria, multiple carboxylase deficiency
Tyrosinaemia type I

Tyrosinaemia type I

Cystinuria

Tyrosinaemia type I, cirrhosis

Trimethylaminuria, dimethylglycinuria
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Table 5. D iagnosis of nborn Errors of M etabolism B

ased on Urine Color

Golour Substance

Disorder/Origin

Confirmation

Brown or black
Met-haemoglobin
Haemoglobin
Melanin

Red Erythrocytes

Porphyrins
Various(most common)

External bacteria

Orange sand

(or bright red) Urate
Green—blue Indigotin
Biliverdin

Methylene blue

Homogentisic acid(may be pink/red)

Alkaptonuria
Myoglobinuria
Haemoglobinuria
Melanotic sarcoma

Haematuria

Porphyrias(not acute intermittent porphyria)

Food colouring, red beet, blackberries, durgs
(e.g. laxatives)

Red diaper syndrome

Hyperuricosuria; physiological
Tryptophan malabsorption

Obstructive jaundice
Ingestion, treatment

Urinary organic acids
Dipstick
Dipstick, blood picture

Microscopy
History

Cloth nappies, >24 hrs

Uric acid in blood

and urine

Urine amino acids

(Hartnup disease)
Serum bilirubin
History

Table 6. D ifferential D iagnosis of Hypoglycem ia

Ketones “normal”(low) or

insufficiently elevated

Free fatty acids relatively low : Hyperinsulinism, | counterregulatory hormones, e.g. hypopituitarism

Free fatty acids greatly elevated : Disorders of fatty acid oxidation and ketogenesis

Ketones elevated

“Ketotic hypoglycaemia”, organic acidurias,

l counter-regulatory hormones(after the first year), glycogen storage disease types III and 0

Lactate elevated(>2 mmol/1)

Without hepatomegaly Organic acidurias,

ketolysis defects, repiratory chain defects,

disorders (especially LCHAD)

Isolated Hepatomegaly
Liver disease
type 1

Glycogen storage disease, gluconeogenesis defects
Fructose intolerance, respiratory chain defects, long—chain fatty acid oxidation disorders, tyrosinemia

long—chain fatty acid oxidation
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Table 7. D ifferential D iagnosis of Hyperam m onem ia

Plasma citrulline Other features Diagnosis

Low (usually) T T Orotic acid Ornithine transcarbamylase deficiency
Organic aciduria, e.g. propionic or methylmalonic aciduria
Specific acylcarnitines and organic acids Carbamylphosphate synthase deficiency, N-acetylglutamate

i*n Orotic acid synthease deficiency
>30 uM T Orotic acid Lysinuric protein intolerance
>50 uM i*n Orotic acid, T lactate Pyruvate carboxylase deficiency (neonatal)
100-300 uM T Argininosuccinate Argininosuccinic acidaemia
>1,000 uM T Orotic acid Citrullinaemia

Table 8. Differential Diagnosis of Metabolic Acidosis

Acidosis due to Typical findings

Renal loss o bicarbonate Normal anion gap, increased CI, urinary pH >5(with acidosis); Renal Fanconi syn-
drome; Additional signs of renal tubular dysfunction(T urinary glucose, reducing
substances, phosphate, amino acids)

Intestinal loss of bicarbonate Diarrhoea; normal anion gap, increased CT; urinary pH may be elevated due to
hypokalaemia and secondary increase of urinary ammonium

Organic acids(e.g. lactate, ketones) Increased anion gap
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O A% :tyrosine metabolite ¢ HAZ, Y& Ao} 7+
9, 7SRl A Al YTy
@ WY 1263 N nitric acid, 2.5% sodium nitrite, 0.1% 1-

nitroso-2-naphthol& A|%FS2 AR 1 mLe 263 N nitric
acidg Al@dol ¥ 1%E9 25% sodium nitrite?t 0.1 mL
9] 0.1% nitrosonaphthol Al¢F& &3 & 0.15 mLe 4A¥S
7Vste] Aze] wsh P

® WA BN Hepde] WHstE gHor WA
tyrosinemia, fructosemia, galactosemia, severe liver dy-
sfunction®l| Al ¥4 WS HIth

(5) CTAB(Cetyl-Trimethyl-Ammonium-Bromide)  turbidity
WS- A

@D A% :sulphated, non-sulphated acidic mucopolysac-
charide #Z&3h=4l coarse facies, dysostosis multiplex”}F %1
= Aol A Al gt

@ W5 mLe Adwrt A2 2A HAS 9, 1 mL
5% CTAB in 1M citrate buffer(pH 6.0) Al°FS #H7}ste] 30
i F 94 es Witk

@ #A A FHoR AAe FRUTAFHST A
M FPuES Hlrh
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(6) Reducing substance A

D Ag:9e nE2E A Aol 7+4 st
F-H gkl Al Al g gt

@ "3 : Benedict Al9F 1 mLoﬂ 0.1 mLe] 243 2HS &
tele] 37 B B 71Es & Nz wigs #Edit
4E3} 5ol Qe AGS ARSI

@ W4 dadsls JHo=E Igent
tosuria, gycosuria®lAl ¥4 ¥H&S HIT

(7) Sulfite FAHTable 9)

O H&:4l "30} 2 golr]e] QIR EZE M ZF(encephalopa-

thy) %2 Z®o] v Aol Al

NU
it

oo

@ W AREskE o] Q& dipstick(Merckoquant 10013, Merck
Darmstadt, Germany)< A X% Aol @rlA 27Ze] Wsls
Zai)

W g olt). sulfite ox
Hol o3t

@ #A : dipstick®] 472 ®37} 9lo

idaseZ2golvt x&A2 A8t
HEe Af FANsS Bl

2) oto | }Ql HMA Ha

1) ¥4 AHEA]

EDTA tubeoﬂ 1-2 m
Bz A AR Baflof it 7]
e A% 464 F R A
= AL 3 olu|x A HAAF
de AFAT 2eols 7IEste FHol Fasith A$HAbA

2o rerudsl ¥t Bk 531 wehdalanine

molybdenumZ

o
OH
1-r1
N
N

A

ftlo
2
rr
o)
-1m
= r_
22
=
>
>
o
o
2
T -
>
>
i)
2
=
>
>
ol
2
i

o 1%
__cl)g
[e]
3
o
Ko
Jz
>
1o
[N
>
rlr
o
=
jos]
jo]
o
=
@
o
jos]
g
jo]
o
Q
8.
o,
1o

5

Hrh weba] gdle] A
A H obu| i Ake] Zé X]7]' AARE wirh ggE o] gl
stt}y, dAVE 8w AAERE AR 4 gl ge®
% W ®Hdth ol27]d(arginine) =2 A

23 2A A} ol Ao Fodtl HAE A
B2 HAREA BulA A% glutamate, aspartates™
2o =4 SAHSHD

homocysteines< A &4 ¥t} 53] homocysteines -5
d S ARESte]l HAALE AlE skeAl 2 BdAE AW

3 & BEA3tl 28y phenylalanine, tyrosine, branched

L
>

>

fo dot v @ > Hf oY
o

L)

i
2

, glutamine, asparagine, cysteine,

i
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aminoacids(valine, isoleucine, leucine) &< W& &S ot

W=

(2) 2 o] AR A

°F 10 mL9] &¥ol| 2%%°] chloroform-$
of AGHE AAEE BUAY YAREE JEE Btk &
A °PU]L"}“”3 O}U]L*JO] AR A AFFET] wZol
E AR dsiA Xabe g
U]Pﬂi zpol= sy ol AT wWolA
s EH’*]-%-}?_%, o5 5w argininosuccinic aciduria, <]

23 ZdjAbeldeln}t Al2Bl 2% lysinuric protein intolerances

WRAE ks

E
=
8

oA A@Ho ekl wgo] Hrk
(3) M5 ol shiA]
1 mLel HAge S YANA YA RAE A

of st TS wElete] AAER A Bt HHGFH/
9 O]-U]i*\l 7 a3 A3e vAEA 1=848F(non
ketotic hyperglycinemia)@ Al #AEAddoll(serine biosynthetic
defect) & ApelA = =849 F=H7F 0.06 Bk 23l F7te]
A A-bEE] HlE 0.2 Hwkolt) theksk €Rle] A Ao}l ¥ F
A H el ofn] At EAo] I g sttt

3) |IIAQ MaE BAY

TS ot Aol A s A ofF A|ghA o

A3 HHgdel] AGT FE Ak oA

AR Bt JEM HHgeld AP A= 1 mLe F
AAN7 w7l gas chromatography-mass sepectro-
scopy(GC-MS)¥H e ZAgsgitt, APH frjataFe] g
W oobdel opw:wmAliARA N, AR ARG ol A A AL
ol o Hdel] o] Hu A0S & 5 gle AEF AY
AR Yol Aol AEaT SollA AlE

4) Acylcarnitine proflle-.r_-—'.'ZB)

o #X](Guthrie filter paper)oll FN& &3 A
M) spots Aoz HAREE wdlth MS/MSW
3}=dl total carnitine, free carnitine®] &3k A
HU oIk ARg el A AE Akg) giAbgele] Hd 9~ =]

ol w9 =o] ®rh

ks

’

)
>
Y
EveN

Table 9. Differential Diagnosis of Inborn Errors of Metabolism Using Simple Urine Tests

Diseases FeCl3 DNPH Nitroprusside Nitrosonaphthol CTAB Reducing substance
PKU + + - - . _

MSUD + + - - . _

Organic acidemia + + - - - _
Galactosemia - - - + - T
Homocystinuria - - + - - _

Tyrosinemia + - - + - T

MPS - - - - T _

- 1147 -



12

g3l 4 Cobalt chloride solution®] %+

3. SN ALEEO| S48 M3sty ZHAF
1) Carnitine £

43 carnitine® A% FHE VA E B £
1 mL% 9 5 mLe AWS AR HAME Btk &

A AT carnitine ester’FHE AFFANE SojoeH ol&
#38tel= acyl-CoA compound®] transesterification®] 2238}
ot w7 A2 AF AU 4% acyl-CoA compound© car-
nitine ester® F =0} AFHA A AAE o] Aoz wid H
th. o]2lgt detoxication¥goll X o] XA Q1 carnitined@ o] Z
k. AFHAIY Co-A activated carboxylic acid HAFE S %
et A AbstoiARgel, {715 dAPg e, S&71A Al

B3k diabgele] A9-ols oA camitineZBSol x#E

=A%)

t}. A4 carnitine@He] ZE ol A& carnitined] AH,
A58y 5 BAHI)7] HsiAd= A total, free, esterified
carnitine®] AFEAlo]l A e HH A "7‘&3}‘4. Free
carnitinex WL AAmetel A 4AsHA AEFs Aok 2
o7 aclycarnitines WFE avo® wjldEY @A car-
nitineol’de] AL Wiy A= gk WS Fristr|ela W

acylcarnitines #418h=d f7]atdAG el X2kt skl Aol
Al Z718t}, AR free carnitine©] W# Z7HECHE HA1H
& carnitineZA el o3l AAM =@l AFF7I eyt 1 4
HEl=

2) Orotic acid

2 10 mLS 2-3%29] chloroform& =2 A &]sle] 220
AAMEZ Btk AFEAIWS] carbamylphosphate”’} 242
JE OTCZAHT e Addel "¢ Tad OTCHEAAS] 7
allopurinol ¥ Fol F7hgt} o]&jo = AFHA| AR 2‘%
Rett5 %<, Lesch-Nyhan %4 F74lth,. HPLCU MS/
MSHHo R gaFEae] 7hsslitt,
ZAt

AAel diabd g Al A oilE= A
EDTA tubecl 2 mL %= Ad3to] H-2
AR WiastAY dAA A

A =0

phosphate, enzyme, mutation®%] 5%

G 4>i

3) zEEAYE
$ % 308 Fo
AN AAHEE R,

Galactose, galactose—1-

% % 9k

k1=
e 1

4) Glycosaminoglycan(GAG)

AW 10 mLg A2dHeA HAEE B 1
o= oy 7 & F/Y GAGE TR FavgdA F
Aol A GET} Dermatan sulfates FFUEA 225 1
I, VI, VIIgelA #2%™ heparan sulfate™ I, II, III, VIIol
Al Z71skth. Keratan sulfate® S84 02 V@A F7hsith
Chondroitin sulfatet™ VIIZolA F2 sty w= IV&'OHH
7= vk B H IVEIAE 299 GAGT 23 5
7vat7] wiiel AFdAbelA 958 2de BY 5 AUk

5) Oligosaccharides

A% 10 mLE chloroform 2-3"&2 AHsle] A24H=

A7) Zud

&

o,

A A E BHtE Thin layer chromatography® oligosaccha-
ride® #2)3c} AL sialic acid¥t 7Heddl o] Salla
diseasedll Al F7betth. dlFEol FAEHAHS A W]
oligosaccharide’} Z7Fsl=d @ -mannosidoses,
GM1, GM2 gangliosidoses,
dosis, Gaucher disease, Pompe disease 5°]t}. A3t 7z

B s BaAe] wEA Bas

fucosidosis,

B -mannosidoses, galactosiali-

6) Peroxisome7|S&Al

ZF AWk very long chain fatty acid)® S3HS $8iA
T 1 mLe 84 x5 4% WAANA AR a4
79 plasmalogens 5783171 91814 = 1 mLe EDTAZE NS
Ao A HAME R B

7) MAEM o5l EOH(congenital defects of glycosy-

lation) Z& A}

g4 1 mLes A24HA AAME B9tk Ferritin®
transferrin® isoelectric focusing®] 2 235}c},

8) AHES =X

g we ¥4 1 mLQ kel ]74 Arrd = 11‘445} GC-MS

4. SEM CjAFRIEte] 7|S& AN Function test)®

1) Metabolic profiling
1) A3

@ 712hARe] B7h: AR A AR S ey,

ARl

@ AxAY T H7t: |27 tiAlel %

@ dJN=Ho] HPIF

@ HNFgaate] 7HAl

(2) B

D AA ol TSt A Ad &2Wy AL 235
Yoo A] 2w, A4k ofwieal dRuol {EXWAE acy-
Icarnitine 52 &A3%th AW f7]4F A orotic acid, 7l
£ AAE Al

@ Z A, A5 1A APste] £Ew, A ofn| Al

Eid=s
(3) A¥e] 4]
@O "ol <45 mg/dLol® H¥TFolz oz A5 7l
ArE Algs]of gt
@ B2 22 A9 AFRA YA S-S oAl gt
O AF g4 2421 mmol/L EE 20% g
© A% 23|18 AEAZ~7F LA o
© AF gEhde] >600-700 umol/LolAY 20% °14
=% o
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@ AsH #alko]
ruvate dehydogenase complex AHS AJA}3HT}
A

@ AH AdGy FukE ko] Aee FUHS oAlA
ZFEFY, orotic acid9] %

® 2z —Er‘E 14 H](lactate/pyruvate ratio; L/P ratio) 2} 3-
hydroxybutync acid/acetoacetic acid(30HB/AcAc) ratio &2
< O 2E A3E9 e =g Hu
@ L/PZ7F 30HB/AcAc A7 T 74 :pyruvate car-
boxylase2 ¥, 3-ketoglutarate dehydrogenase 23
© L/P9t 30HB/AcAc S7tet A&AA 24kd T,
HrrE BgA A el
© L/PE4a EE A4, 30HB/AcAc A%, HAEZ :py-
AR g A

55

ruvte dehydrogenase(PDH)
2) EE S25HAHAL

oln] ZAAgFo] A metabolic profilingol A Z ko] 215
of AeE AS= AFHA dALEAS] A g2 9@ f1x 24
A Sk

[¢)
Yook TEY FAAE 20Z0] o5 A & 9
].

O AA A2 22 Holu AFEA A} ]'35}0] o4ld u
@ Glycogen synthaseZ ¥ (GSD0)°¢] 24
Q) T, FHAAAAE FAoly Tew o] -4’1‘:‘% uj, 53] 4]

A AYY 2 AAAZFo] wEg )

(3)
@ gobe] A% 45N FA, 01T Zokiz WAte] B4
7 A, EEY, 9718940

A AFHANAL Gl E A 2k
o] A3thd glycogen synthase Z2H(GSD0)S AlAFstt)
Q@ Hike Z}ié}L} ge A53ittd 994 Ia, Fanconi
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i

Eatol AP W3t hAge) 52

Qg Aolsh dPdEE 7

(D Metabolic profiling=
WA § Holm Ad 3Lt
sk glofof gt

@ 6719 mwk gole 8AIZE, 6-871€E Fole
4 ot 16417 1-241% 18A17F, 2-7TAHI= 20417, 74

il

12A1%Y, 8-1270

ol ge

B FANRT W WD, AW G L AE B, B9
sEAEn e waa
% NP haRA, AR,

3-hydroxybutyrate &

® 524 FEA E
butyrate, F@XW4t A&,
acylcarnitine, carnitines A 3tth AW f7]4tE AEE

A,

10% 2= |98 FHsch AlE Sdo] oW 5-8 mg/kg/
o2 10% A4S &Aooz FAdr FZA4 AT
o] A% AR B85S HIHSESE

FAA BAE ARIA0] 2A

(e}
22 T
Z7F8ka 3-hydroxybutyrate®™ S7FeFX] gFevbd A|WAE Aks)

AL ool AEYL ] 5 e
@ A" LA Bk AEo] Frlehd Gy, Al
Zholl, AFHAl A el s o4l st
@ Alloisoleucine®] Z7Fsl¥H @3 Eda3S At}
Agoel glod 1

34 Fo 2@ 714 BAL ole] fu14oAl Hol5e
Batas] dekalid wgo] A}

4) SRIERITHAL

() 28z

37}
(2) ¥
@ #HAF AF A dde]l <60 mg/dLeloloF @t 05 mgel
FF7RES
@ FAM, FAR 15, 30, 45, 600l ¥, 2ike FH e
(3) Avel A
@ FAF 7 458 oWl Fde] 25 mg/dL AT A5 34

3
o= WA AFY 1AENEToME olep £ wheE B
Si=

@ g9 A5o] <25 mg/dL oW 294
ojAskE MAbe] A9 Alake] st

5) Tetrahydrobiopterin (BH4) F&t2A}
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g3l 4 Cobalt chloride solution®] %+

B

O Artd g md e
Eia=3

@ A Aol wddEhd/Elol Zals EAg) AW
IFT pterintA S A& 5 mLe FF =
z}gste] AN R Hit)

@ AF kgd 20 mgel BH4E 732
Aste] AR Az,

Zhde] >400 umol/L(6 mg/dL)e]e]oF

@ &S T F 1, 2, 4, 8 24N A¥ste] dd g/
Elo]2al Fe] WEE wFstal A2 A HE FA5H

4-8A17F B2t}

(3) A¥e] =7

@ 7l 8-24A17F ol
7v ARk gEd
BH4 qw Fels oAl g

6) Allopurinol §3&t&AL

(1) #-$% :ornithine transcarbamylase 232 ®Slz}o]A
U g #x7F oAl A Aldg

D A7AZFA e FwrE del

401 Brjo] Qabd, ARy metEy]
oF @30l Y= A
@ 99 B3] HYY NFFY, ¥FS ol %o PS5
® M= oA =7 e olg
@

@O HAF 24413E ol ZhaRle] dHrdl SEY Aol wal
of gt ojxte] B9 84 F 7-1290] Ftatelof T}
@ AAA oA AWE e

@ allopurinols A7 Folst=d &3 Ao w} 64 1
ko] 749 100 mg, 6-1041 200 mg, 104l ©]%¢ 300 mgs EH-&
Ea=

@ allopurinol B8 % A£WE 4 #8032 Bo=d 0-6A17
7-12A17}, 13-18A17F, 19-24A17Fo. 2 $hu,

® BEE 4A¥e 9 9 10 mLE chloroform 2-3%-<7 3
A SAANA HAAAE Hule] HPLCWHORE orotic acid®
orotidines A&t

(3) Ae] w4

Orotic acid®t orotidine®] %4eldo® 53t ornithine

%]

transcarbamylase AR HIxlo] ALt

o et o AAte] mAEsh SolwE ofF olus oA
A4, 99e g welsle A A fAGRA o
ek,

o
ox

7) KIEHRSH2AL
Acycarmtme profilec|t} ¥ {7]2 242 HAIA o] AAdo]

L AR Absl iAozt oAl He g Aldge

(2) W

@O A A AgAels @k 1§ 8-1041%E
= EHH}EV] EE SF571ES AT 9 2 gkg HE&3Th

@ AAF A, #HAF & 1, 2, 3, 4, 5, 641l APzl FAe
XA, 3-hydroxybutyric acid, acetoacetic acid, X%

2} acylearnitine, SHWd 7t2EA 55 Algsich Addo]

3ze
A~

AsH AALE FES
@ W AAR 1243 AAF AlEE F 12417k BopA]
F712 24 S Aasle] dicarboxylic acidE =7 3t}
(3) Ate] w4
AP FR A Frbsked AR et vt A

WAL Abstdial GefE AJARSTE 1Y medium chain® short
chain acyl-CoA dehydrogenase Z#2 Zdhol= ek
=}

8) J-l|'

(1 A

7} EH*]' ol A BE Bus
intolerance: aldolase BARZ),
A o] gAH = PER=4

2) 44

O A A 25 o} Aol gle 2olE gt}

@ P35 Xﬂz 3 0.2 g/kg 10% &Ho 7 3lo] 2870 A
A A 3k & 510, 15,
30, 45, 60, 90%-ol %H?’é@}oi ol dd, 74, ik w4,

23 5E U

ol
—?—3} At

(hereditary fructose
fructose-1, 6-biphosphatase

35 Al

oo

o U

:[G‘__
3,

ek 10-20%l @9

)

@ 4718 WslEso] wngk Ao fructose-1, 6-biphos-

@ HErel H#23] 45 W& fructokinase 2R AlAMS

t},
| =)

gEEo] FAA AR Lold#E ol BAEte] 8] &
ol ALS oA WA 9H I Gy X857t FdE= ATt
&t} A4 diAb "Ee Ao RE g =8 AEEHA
o HA A £ gl A9rE goh gy dxHoem
B e a8A =2 A3 ofyw A7 upel o] wig- th
Gt AFTAS Holy] widel] W AZE AT Ve
Aoz 5 dFo Folof & AZEolth FHE 10 odzt =)



ME > kUoox (% fro gL Lo

=
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=

N

=

-

N

=

FA4 dAaRe A4 ARE o9 WA wAEol g
e FAT A4 AABEAA ARRANEY F4, Bk
N, FAARAC % Aol ZFsal Hdt et ol
AP B4 GARNAR Bd 5 9l PA ol ¢
SO FANWA DB JAste] ARINA BT
Z70) Aust A8k ARE S gow A9, Bt He
A% £4e APE 5 dn @A BFE AzEEe] A
o] Fxje] ahe] A3t Fo] B Wi Aol Atk
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