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Simultaneous determination of phenylalanine, leucine and
galactose in a dried-blood disc by semi-micro FIA using
an enzyme-immobilized column and its application to
neonatal mass-screening for inborn errors of metabolism
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We have developed a simultaneous determination of phenylalanine (Phe), leucine (Leu) and
galactose (Gal) by a semi-micro flow-injection analysis system using an enzyme-immobilized col-
umn. This method was applied to preliminary neonatal mass-screening for inborn errors of
metabolism. Enzyme-immobilized gel was prepared with Phe, Leu or Gal dehydrogenase using
a TSK-gel Tresyl 5PW (Tosoh Co., Tokyo), which was easily linked to the amino group of protein
and packed into a column(1.5 i.d. X100 mm). The enzyme-immobilized columns were con-
nected to high-pressure 6-way valves. In the proposed method, the detection limits (S/N = 3)
of Phe, Leu and Gal were 1.6 X 107", 3.4 X 107" and 1.6 X 10™"* mol/assay, respectively. The
measurablé ranges for Phe, Leu and Gal were 0.3-19.6, 0.8-18.4 and 0.4-18.2 mg/dl on the stan-
dard dried-blood disc (3 mm i.d.) on filter paper, respectively. The accuracy of an intra-assay
with each point of the standard disc (n = 5) was less than 2.4%. The mean recoveries (n = 11)
of Phe, Leu and Gal from a dried-blood disc were 77.4, 78.5 and 97.4%, respectively. Further,
we measured the Phe, Leu and Gal concentrations of neonatal blood-disc samples by the pro-
posed method. The levels (mean = SD, n = 30) were 1.5 = 2.1 (Phe), 2.4 £ 1.4 (Leu) and
2.6 = 2.1 (Gal) mg/dl, respectively. The proposed method could quantitatively measure amino
acids and galactose in one dried-blood disc on filter paper for 17 min.

Keywords : neonatal mass-screening; enzyme-immobilized column; phenylketonuria; maple
syrup urine disease; galactosemia.
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Fig. I Schematic diagram of semi-micro flow injection system for simultaneous determi-
nation of phenylalanine, leucine and galactose

Eluent: 0.1 M Tris-HCI buffer (pH 8.5); Pi: pump (100 pl/min); Pz: pump (25 ul/min);
AS: auto sampler (5 pl/injection); D: fluorescent detector (Ex 340 nm, Em 450 nm) ; C:
dummy column and enzyme-immobilized column; Column temperature: 37C

BERMETLHE (FAY =) 28V.L, PKUDAY monas fluorescens, EC 1.1.1.40), =2F 7 IFRT7TTF=V

V=S Y ZIBRA LY. A =, MEEKC - YR 7 L4 FF (NADY), #ILH NAD (NADH)

ERD Phe HER % &L ERERICMBIFRT « A7 % Boehringer Mannheim % Z W ZhEEA L7z, FE LR
@%, B OARN 2 W L 2B RMIEE (bac #4772 DLFHRTH 5 TSK-gel Tresyl 5PW (L H Y —
terial inhibition assay, BIA) T& 5. ¥ I 1964 1, EWEA L. 73/ BR OB S K O Sigma

Guthrie EFARDHELZ % Leu DR, KBEZH  REWBALZ. 96X~ 70u% 4% —7L— & Nunc
% Ga OEEEZHEL, MSUD KU'HZ 7 b — Al WA, M7 A7 7—7 L — M Dynatech Laboratories
DA ) —= v EEESE L. 72, 1970 1 BrENFNEA L.

Paigen H 2%, KBW L 77—V %5 Gal ERD /N A ZOMOTIEL T TS F v/,
FT oA BRENLY, AR AR Y -2 v ZIZE
L7z 2-2 HIEFHEISE RO RE
LaL, STNHEDONALFT vt A TiEWg s 50 HERBILI T DL D% HW-,
NHZE, BMiEETLIE, FERBWRTETHLI L I I UKV SI1/2001 T 2, BEEWES N

RERBLV R BV, FITEHT T, R——2 1 VTS /2012 1 2 &, A — bV 75— S1-1/2008 T,
g

RNSST T4, BREsuT NS 74 Y B BUREEE; SI1/2009 8, T AMEIRAE; SI-1/2004 B (2L
ﬁ

rya<w 757 4— (HPLC)Y <4707 L — MNEEH b, GEEWN), fﬁ'ztil‘ﬁﬂﬁ“"- FP-920 %M A A
EO% ERk A BTV S TwD,. Lo LHAR~ a0kl (HASRE), F— yMBEE, ya<x b L
ARG )=V 7 TT I BE Gal #EKEICERET 5 ) TA—5—=21 (VAFALAALVAINVA LY ”—)
FRELEEIN TR, 22 TR CIREAER < 2 Fig. 1TIZARBFZEICH /22 3 3 7 1 FIA WEE I Z R T

A7) == IO HEZE L, Phe, Leu LT Gal % 2HD i.nj+/\f/\)v7c;¢[_‘lm1km N T h (F3
AP OWEICERETLZEEFHME LT, ch%‘i{w)ﬂ% — 7T L), & DHERENLST T LEFNETNES, L

KFEREFH (DH) ZBEEAL LcBHRAL 7 22wl 3 7z, BEIHIZIZ 0 M MY A -IRRREER (pH85) & H
ra7u—A4 Vs e g (FIA) 12X 5, %ﬁK vy, e TR 100 wl/min, PRI IZIE 25 ul/min T#
SR B B L DM 247 5 72. NZENZW L 72, NV T OMBEIZREE 7 T AICEAT S

IODOTFIVARYVay ARYYary) RO T A

BT HTDODT Y TRYYay WERI Y=

2.1 H =E ) EL, MRSV T R AT HTEE AL
T VT Iy Fe Fush—+¥ (Phe-DH, Bacillus  (Fig. 2). T4bb, RN I—NTFLDHEARI Y ar
badius, EC 1.4.1.20) ROBMAEHAERSAAZ ) —=v 7 OIREBIZBWT, 3B 5 ul 2EA LaEh o223t
WCHWSHNTWS Phe, Leu, Gal & A FZAE IR0 AL FMELS. 425 0HBTI—HF L2 WEY Y 3 2y
BEIDL X W ES SN0 MW, 04y e ko DBz, FRHCGADH A T LDV TR AR Vg vk
' —%¥ (Leu-DH, Bacillus sp., EC 1.4.1.9) 1ZHFERE L7z, 435 0HAB s W 2HEAL, EABHO Gal 5
, #7927 F—AFe Fas+—+ (Gal-DH, Pseudo- 172 NADH @6 (Ex 340 nm, Em 450 nm) #%E
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W: Washing position

Injection time / min

0———>435—9.05——>133

Switching time / min 0—4.25 8.5 12.5 17 (0)
Dummy A W w w A
Gal-DH w A w w w
Phe-DH w W A W W
Leu-DH w W w A W

Fig. 2 Valve positions, schedule of column switching and injection time

of the proposed method

A: analysis position; W: washing position

L72. FE#RIC Phe-DH # 5 4, LeuDH 5 2 DNEIZ/N IV
TEPYVEZRBEEALCNEERITY, 170BTT
DNANTEZEOOREY v a VIR, ROBEOHEICE
AEHyTrursakiE L.
Bohferu< b7 75T, £ DHEELD T LLD
BoORLE—=ZHENS, F¥I-FIF12L0HB6NME—
JEMEZLIICZLICLY, ThENOFNHRELFIH
L7z, —HEOBEEE TVl 20 W, 2R
175 C 3l zREFICERT A LATRETH - 7.

2-3 BEEEREHTLOHEAR

TSK-gel Tresyl 5PW 0.125 g (0.5ml) % 0.5M V) ¥ Bk
i (pH7.5) 3ml & L, B\ emz, 4C T
B A L, O L LEAERER, 01M MY A -
WS (pH8.5) bml &M, ZELT 6055 H2 <1
AL, BEOEREOTOY F 2 7% {To72. BIZ01M
b A -YEERRREE (pH 8.5) bml THEEL, [FRDMEME
5 ml TR S, REGET4C TREL. WL
72V 0.0625 g (0.25ml) &, AF YL AA T L (15
id. X 100 mm) 1Z3E 100 ul/min THHL L 7.

%312 Gal-DH 12.5U, Phe-DH 200U, Leu-DH 200U %
v, #REnsHEONS2ERB L. /2, 2R
FNENET H7200F I =55 2%, BEBEZHVT
[FRED TR L 72,

2+4  IMAFHRATALIE R

BRI A7BIAL =T L= RIS VAT 77—
V— b 2EE, BHE3mm ODMEFPRT 1 A2 % 17
D ANz, B O E % T Fujimura O EY I8 CCAT
ofz. ThbbMEREER Ok: TR M X5 =),

30:85: 35 RAW) BuUEEHEY = VITERENMA,
37C T30 BB L itk & B L7z, WEiEies, &
FHEMIE {20 mM NAD™ &/ 0.1 M b 1 A - SR L
(pH8.5)} % 50 ul 2%, FiRT 60 532> {1XA L Phe,
Leu R U Gal ZEHI & &7, KT 2000 rpm T 5 4%
LB EITLY, MBFERTAATZOANT VAT 7 —
TFL— P LKL, v470¥% 45 —7FL— b ELOBHBE
2R E LTzt L7z,

FER R E S

3.1 BEEILERHT LOER

2:3 OFHETHE L7z Phe-DH EFEAL S T HI12B VT,
B2 LE# O Phe 25 NADH ~O 4, HElbiEE
HTAIZEY Phe P OAB SN/ NADH R E, SELE
@ NADH & % T ATl Lz & 251313 100%
Tdh -7z, Phe-DH HEEIL D T 212 87C TR AR T
%< &b 600 mPLE, EAMTI4EL EETS NADH
NOEHEZIT 80% U L2 RE RIFICHIET R TH - 72,

%72, Leu-DH FEEAL S T 21 NADH 233 5 SA1M:
FEL, =2 0RRE TR FThorzrz, FHEE
0.1% BB R0 F M 7. (SDS) % E 100 wl/
min TH O HBERL, BREMELAZT-TrLEHL
7. TOBEICE Y E—2 ORRGBIFE o7z RIS
Leu-DH OEZEALEHD H 5 4D Leu 7 5 NADH ~D%
R 80N BETH - 7z,

—7J, BHROREICB VTS Gal-DH i IIEEA 5 U/
mg <, F26hH TR 0% BHUIKETT L2 Lt
mohTwnsd, FE L7 GaDH OB LEHRDO Y 5 LT
13 70% RREEDERRTH - 7-.

BBk Leu-DH K U Gal-DH [E 2L 7 5 & D2 X
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B2 VART L7228, A0S 400 25 500 1, 8
BiZs~40AThole. T2, BEERIN0% UTET
KT LAzE s, WEREEHB LTz h T 2IIRET 5
kL7,

3.2 EEFHE AV EBRMEDKRE

AP EEE BT 572002, AR F O NAD'
R, BHERREOREARED pH OMET 21T 572, 2B,
A1 7 ATEE 37C, WEMABEHEROFEL 100 pl/min 12
2 LMET L7z,

AN HE & 70 B SURHE R O i 3E NAD IRFE O
Wt %47 -7 2%, Phe, Galld20mM F Tid¥— 27|
RO L722%, ZhUREIEIT E A EEALDFRD b
©72. Leu id 40 mM ¥ T4 1I2E — 7 A L 7225,
EBEOWEIZIZ20mM THopTholz, LAdoT, L
TOEERTIZ 20mM NAD™ 2352 & & L7 (Fig.
3).

TRNZTEME R ORRHA RO pH ORRT 21T 5 72, 2.5 X
107°M KON 1.25 X 10 °M @ Phe, Leu KU Gal EEHEH
EHVWKHEEZTT o2 2 A, REpH GEEICLI RS
D, pH D LAITHWERBRMENS LA TS Z LB
7z (Fig. 4). Phe-DH, LeuwDH HIZEEALL R VIREET
WETHEE, R¥lpHIZZNENpH 103 L 11 TH 2.
L LARBEIZBI 258 pH 2NN pH 8.0, 85 Th
D, & pH ZHICHBUEN~OMEBBEEIN. T2,
Gal-DH EAL7 9 213 pH 9.5 T pH @ LAICEW, ¥
—ZHEEDWIML7z. BELL2VIRBTHES S & &,
Gal-DH O # pH i pH8.0~9.0 TH Y, KETIET IV
J ) PRI 2.

3.1 CilX72 & 912, Leu-DH RO Gal-DH HE &b A 5

KAGAKU Vol. 49 (2000)
A D NADH ~OEWHEIZZNEN 80%, 70% BETH o
Tl OBEORTIEL NS, P EoMEH L 225 EED
WBEEZ pH8b Rl E L7,

BB SR T B W TER T OEEERZ W RER % 1F
L7z, 8B 1.6 X 10 "' ~5.0 X 10 " mol/assay T
EaEzRL, ZOMHBEREIE Phe, Leu, Gal #LZFh
0.999, 0.999, 1.000 L BIifCTh o7z, FhthFThoi
IMRHEE (S/N =3) & Gal, Phe T 1.9 X 10™" mol/
assay, Leu Ci& 8.4 X 10” " mol/assay TH o 72, FIAIZ X
BT 3 BROERPEAT Kiba HIC X Y BEICHRE S

8
6 -
S
>
g 4
«
E
[2 W
2_
0- //k/—_i
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NAD+* Concetration / mmol 1-}

Fig. 3 FEffect of NAD" concentration on the reactivi-
ties of phenylalanine, leucine and galactose dehydro-
genase immobilized column

O: _phenylalanine (1.25 X 107° M) {.: leucine (1.25 X
107" M); X : galactose (1.25 X 10”° M); &: blank

Peak area x107

10.0 7

A c
15 15
12 12
9 9 H—tl/
o _TEET 6
3 D/{D/D—D_D 3 D’DM
70 80 90 "0 80 90 0 Y '

9.0 10.0 7.0 8.0 9.0 10.0

Fig. 4 Effect of pH for eluent and sample elution buffer on reactivities of phenylalanine (A),
leucine (B) and galactose (C) dehydrogenase immobilized column

@®: 25x10°M;[]: 1.95 X 107° M; 4: blank
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Table 1
propsed method
L-Amino acid Phe-DH Leu-DH
Phe 100.0 <0.1
Leu 8.5 100.0
Ile 8.4 106.0
Val 8.0 105.5
Tyr 4.4 6.0
Gly <0.1 <01
Ala <0.1 <0.1
Ser <0.1 0.1
Thr <0.1 0.2
Glu <0.1 <0.1
Asp <0.1 <0.1
Arg <0.1 <0.1
Lys <0.1 <0.1
Met 0.9 1.2
Cys 0.1 14
His <0.1 <0.1
Trp 0.2 0.1
Pro <0.1 0.1
Hyp <0.1 <0.1

reactivity (%)

THBHIMO, EEMFEOMESHINTWS., REiE
AEY7- D C Kiba 5 DOEBMMEY X Y 200 520 1, 1k
ZIRIEED X 0 20 EEBETH o 72,

3-3 ERICTERER

BHT7 I BBRROEERE HWEEELEED 7 4
ORER S L ®E L7z (Table 1). Phe-DH i 1-Leu,
-le, LVal lZZNZN 8% BE, LTyr T 4% BEDLE
Rt R L7z, BRI L Twiz v Phe-DH O EME -
Leu B OF L-1le 12 0.8%, 1-Val IZ 0.4% ORZEFISHEE R L
TWAHD LB LT, WAL Tw 5 A%E T o #EL
& o 72, — &2 PKU Tl Phe OIAFREIZ AL,
Tyr DIMAPEEZIEEEL VET T2 E»H 5. L7z
2T, A7 Y=oV 7 %479 L CEBESHBET 5 ekt
A BWEBRbRA, /2, M Ty BESRESHEOY
&, AEICL ) PRUBBMEYE 2 5 THEENEZ Sh5.
LA LILAR Tyr 25818 & % 2 —@ M 4 B % Tyr M <&
= Tyr ffiEE, PRU & AMRICHAERKHEERFETS S
7D, A2V VT OBRICKBENLETHLLEZD
h, REOFAREEET SO TR,
—ﬁ,mwmﬂimmIwmmbuﬁ&ﬁ%w,bwr
12 6% BEORZRISEL R L. MSUD Tid t-Leu 72
TR T I VEBETH S 1le, 1-Val DI
EdH ERTAZEFALNTWAS LD, ZOMMTRAZY
—oVITOBERThHAELEZ LN T, BEELEAT
o TV Leu-DH DHF R t-1le iT 74%, 1-Val I
58% DZISMEE R L, Phe-DH FIBERIZELLL T
5 0EF OB MBS - 7.

=, G, TN, BIE k3 320 FIA X B MR O Phe, Leu, Gal O [RIBEE R 359

Cross reactivities of phenylalanine, leucine and galactose dehydrogenase immobilized column for the

Carbohydrate Gal-DH
p-Gal 100.0
1-Gal <0.1
p-Glc <0.1
p-Fuc 71.5
L-Fuc 0.1
D-Ara <0.1
L-Ara 52.5
D-Xyl 0.1
p-Fru <0.1
D-Rib <0.1
GlcUA <0.1
D-GalUA <0.1
D-GlcN <0.1
GleNAc <0.1
GalNAc <0.1
p-Gal-6-P 0.2

reactivity (%)

¥72, GalDH iZ p-7 I — A2 71.5%, .7 ¥ /) — A
12525% ORERISEER L. LaAL, 7 I—AR
LT 5 ¥/ — ARMAIZIZIE & A ST L W 72 R
OPETEMELRWEEZ SNz BELLZT> Tk n
GalDH 2BV Tl p-7 2 — A2 106%, -7 FE ) —2R
2 47%, HI27 b HIVIZ2% THY, ZIZRABOKE
POz,

3.4 BEMBERT « X 7ICHT BRERGO®RE
RFETRFERTARAZ Y ==V F OIS H %2 K
L, MEFERKT 4 A7 TOWMERITI LR HBE L
—BEIZHEE 3 mm OMEFHKT 4 A7 1THRPIZIEH 3wl
DMFEAE TN TWE I EFFONTW S, M IFHKT
4 A7 1#%E 50 ul OFBBHRTHERISE, o5 %
WEICHW - &, BEHERYAAS ) —= v 7T
ENTWBEEESTDOH Y b+ 71 (Phe: 4, Leu: 4,
Gal: 8 mg/dl) 1%, Phe, Leu, Gal #h&h 7.26% 10",
9.15 % 107", 1.83 X 10" mol/assay EBEHE S h 5. L7z
BT, RERZ32TRRNALERLSSPSH LT, M
R T A A2 1R, 5DOINRE 3K DORENWEHET
H5HEHWL &2 CTAREL MBFERT 1+ A7 HORlE
WIS 5 72012, MUBIFRRT 4 A 2 o) I 0 35 Bl 52 B ) R
OB R DOME 217 - 7-.
MEFOBEZTHTICHE Llle U3, ek
DEH LRI REERL, ZRRELE CMERRET
Hote. FITHREOBENXYELRET H-OICMEFHE
BEDRF £ 1T o7z, MEBFEEHEZ MR 37C T 5 5H
5120 0EETE LI emEErEEL, FRT605
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m&rlfif”l’ﬂ’l”—#l

log{Peak area}

107 : - - : . .
0 20 40 60 80 100 120 140

Time / min
Fig. 5 Effect of immobilization time on peak area

from dried blood disc by the proposed method

O: phenylalanine (12 mg/dl); B: leucine (12 mg/
dl); X : galactose (12 mg/dl); &: blank

i L2 B oM e 21T - 728 2 A, GEkH 15 4D
FCHBIEERIC R 5 72, Fig 5 1R T X ) I EREH
30 73 HZERBENR OB ZHD o7z, Lizhs
of,%ﬁﬁi%ﬁ%%mﬂabt.&ﬁ i 35 & B

TLIEII S DERM~OEEILR SN -
7z.

Bzl REEREME 37C, 3008 L, HHEROR
Heiro/z, MEREER, WEAEDEZNL, ZHTH

A5 120 0 F TEL SR B
%2R L72A%,
B L R

CERALBEKHMEZ 5
MR 7B 5IEIEF—FDOE—2
R TIZF— IS D EPE L7278, FE
id600& L7,

B ST TR IR E D CRERR A TR L /2.
Phe & 0.3~19.6 mg/dl, Leu !X 0.8~ 18.4 mg/dl, Gal
13 0.4~ 18.2 mg/dl DEEMEMIEFMZ H WL s Th
ERM2RL, ZOMBBREIE Phe, Leu, Gal #FRFh
0.999, 0.995, 0.994 TdH 72, T 72 HWEEL Phe 1T
0.7~2.3%, Leuld1.0~22%, Galld04~24% (n =
5) ERHTH- 7.

RFLZLVBEON-MMW R0~ 7T L% Fig. 6

KAGAKU Vol. 49 (2000)
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— Galactose
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"

|

e Leucine

A

Fig. 6 Chromatograms of a standard dried blood
disc (A) and a dried blood disc of normal adult sample
(B) by the proposed method

Phenylalanine, leucine and galactose were contained
19.6, 18.4 and 18.2 mg/dl in standard dried blood
disc, respectively.

IZ7RT. AldPhe % 19.6 mg/dl, Leu % 18.4 mg/dl, Gal
% 18.2 mg/dl & GREAEMBIFRT 4 2 27, BIIEE AL
AN & QR L 72 MPKT 1 A2 X v iEohi-rn~
NS ATHL. & DHEES L EYESAIY —
7[@13?%73‘ L, ¥I—A72Xpfoni¥—rmEmEeEL

I LX) ENFhOEIEME LR, JNAER L7
N5 ?}LJ%HZZ) LICE YV BEETo 72,

F72, b MERAMEE W CRIMEIGRER 2475 72, A~
28] PRI L 22T YRR (pH 7.0) CIEfR L7z
Phe, Leu XX Gal % 0~20 mg/dl & %% X HIZENE
N7z, B L2 50 W $ O3B RA R
HIgAARIZI T L— ISR TR S ¢ 728, EE 3 mm Ol
WFEKT 4 A7 1% A CAREIC L D EE L7z, FEE%
MEYLEE (mean = SD, n=11) X Phe, Leu, Gal #h
N 774+ 175, 785 * 18.0, 97.4 = 20.7% TH > 7=.

35 EHAPOEER

(B RFEBFHEFHE L VES Sz B4 R
WIFK 30 AR DR EHE % Table 2 127”3, Phe, Leu,
Gal DM #EE (mean = SD) EFNZFN 1.5+ 0.9,
2.4% 1.4, 2621 mg/dl Tholz. HHRLHICOV
THRETFNREZIT 722 25, Phe MU Leu iV b
TEINT VT FRA M T AEERE HPLCIZ X B 7
IUBMGTBEE B LUAEE (p>0.05) I@EOHNI.
Leu DHIZOWTIEEEEH L7z Leuw-DH B AL T A
D, MOFEIET I /RIS T B RESHEICE b0 L

Table 2 Comparison of phenylalanine, leucine and galactose levels on neonatal dried blood disc samples by the pro-

posed method and conventional method

Phenylalanine
Proposed method/mg dI™' 1509
Conventional method/mg dl”™* 0.7 £0.2"

Leucine Galactose
2.4+ 1.4 2.6 £ 2.1
1.2+0.3Y 1.9 = 1.0”

a) amino acid analysis; b) enzymatic analysis

mean = SD (n = 30)
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W X =8, phE, R W

Bhbhi. FBIZ Phe DEIZOWTH A EMA L 72 Phe-
DH BEEILH T A DG T I 7 BER L-Tyr ~NOR2EFG
BiCEBbnEELZSNEZ T2, Gl TIREEE
(S —bF GALR ¥ v b, /N4 )V A5 1 V)
CILTHEZRIRD NG o /.

FEBAZAZ ) —o v F~OIHZ B E LT, HE
LEEE S T A R MAES LY I I 2T FIAIC LS Phe,
Leu % U Gal DR EREOBE 21T 7=,

AREPEIZBIT B Phe, Leu, Gal DHEBILILIZ 1.6 %
10" ~5.0x10"" mol/assay T@ Y, TN ENDE/IK
HIEE (S/N=3) & Phe, Gal T 1.6 x 10" " mol/assay,
Leu Tl 3.4 X 107" mol/assay TdH - 72.

T/, RERPMBEPRT 4 A 700ERSHLEZ
2, MFEHKT 1 A7 15 HHERER 17 5T 3 B
BEEXTRETH-72. TNENOREIE, Phe ld 0.3
~19.6, Leu it 0.8~18.4, Gal i 0.4~18.2mg/dl T&
D, BAEFERTAZAZ Y-y FTTHOWLNTWS Y v
A IEE VTR TN L

FICREZ EEFERMBIFKT 4 A7 H TN (o=
30) OMBEIWIBH L72E 25, Phe, Leu KU Gal D
M #EE (mean = SD) XFNEN1.5+0.9, 24+ 1.4,
2.6 = 2.1 mg/dl Th -7z,

33271 FIA I & BILIKEIERT @ Phe, Leu, Gal ®RIBE R 361

B A RO RA Y~ 7OV B OV S AR A BRI P O FE 5.3
IR, MBIE L2 W70k, () REHTFHEEREOR
A BRICEOBRHB LIS, T EEMBEERT 1 X2 RO
Phe-DH # 5372 720 724U IDL (BK) o v I BRI L 3
. F 7, RO —EIL AR TR B A B &38R AT 5L A
(11770208) 2L B3 DTH 5.
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SEREABMBEETHL 7T M UVREE, A4 Ty FRERET S 7 +— A MIEDOZ K OIGHE
LA 7= VT I =Y (Phe), UL Y Y (Lew) BRUHTZ b—A (Gal) % AEPOMMICER
THILREWMELT, BEtBESISLALZHVALIIZOFIAILL S 3RDFRBEREOKRTE1T-
7o ARIEIEEEE 20 W, AT 17 5T 3 ORI ERTTRE CTh o 2. AL G RERHBREIER 7
Y= Y SRR T A X7 OMEXSHLZEZ A, FREFROKREBEIE 0.3~19.6 (Phe), 0.8~
18.4 (Lew), 0.4~18.2 (Gal) mg/dl TH VY, HETAAZ ==V 7 THORTWE I Yy b4+ 7 LNV E
FaHN—T &I, HAZHIZEEMBEROZ RS ¥ MZBVWTHWFhY 24% (RSD, n=5) MU FER
FChorz. F72, b FEAMBE W THE L 2 EKD S OFPHIRIMENLE X Phe, Leu, Gal #h
N, 774, 785, 97.4% (n=11) THo7z. KLz HCEFEFERMEFROME LT A, Z
O IEE (n=30) ZZNhEFN 15 (Phe), 24 (Lew, 2.6 (Gal) mg/dl Th -7z,
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