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7o CREIEEORMEIC LV IS (Fig. 1) . AF/b~a UERIE
(methylmalonic acidemia; MMA) & 7't E 4 L ERIMLSE (propionic acidemia; PA)
X, AREMRASRTECOBEIND FERAKRSEEREETH Y . AARENIC
BT 5 MMA OSEEEIE 1/11 T A, PADBEEIZ S T AESbhTing Y

e

-ERBAHMREE AFLTOrEMAE (MMA)
I -TI/BRMREE 7 PEAVEMLE (PA)
e | EMEAHRE
MRAHRARE
o

Fig. 1 EXRMERHHEEED R

Valine, Isoleucine Odd-numbered

Methionine, Threonine fatty acid Cholesterol
| v
~N ! pd
N | /
Propionyl-CoA

|[«—Pcc
Methylmalonyl-CoA

|[«—mem
Succinyl-CoA

TCA cycle

Fig. 2 987 2 / B&, SHEEERER. 3L 70— L OHERERR
(PCC; 7AEF=JL-CoA AHNFFY F—+)
(MCM; A FIL<H=JL-CoA LX—+)

Ny AVaf vy, AFF=yr, ALt=", FEEEE. 21 AT
—/ L%, {KPNC propionyl-coenzyme A (propionyl-CoA) ~& REt&h, 7o
Z=/L-CoA 1 )ViRF 37— (propionyl-CoA carboxylase; PCC) Dffj& T A F
v nr =)L-CoA ~ERE D (Fig.2) . SHIZ, AT/~ =/L-CoA I%.,



A F~<nr =/L-CoA L% —1E (methylmalonyl-CoA mutase; MCM) (2 X v H7~
T =/L-CoA ~ LG &, TCARIKICE YV IAF = X —EEICHHA S
%

MMA (X, MCM OIEMHAE T, £721X MCM OHiEEE CTHDH T T/ v asns
SUDORZNZEY, AF L~ =1-CoA B LT 1 B4 =/1-CoA HMENIZ
BREL, AFNA~va B Sa U BERETAEBTHS Y, PA L,
PCC OiEMIE T2 L A HKE T, 7 a4 =/L-CoA BMENICERR L 7' 1
VA U ERAET D, MMA X PA QMU 72 i fRId, TR, SRR, K
FETEET, BPEER ETHY ., PA TITLESCLHIE 2 BIET D01 b s &
NTW5 30 MMA X° PA IZESEDOLAIZIXE Y 22 1R 21T b 72 T hUstic &
DIRBTH D I,

MMA ° PA OEE X, 72 /873 EORBIIEERNS 5720, HARICE:
HROINTIZRVZ R E R EOBRERGT L, TV R—VARET
T=TIMIEERIET 5, Lo T, MMA S PAIIFRIERNZIH A L, Z 37l
fRROA N =F 570 TG 7GR AT 5 T & TR N L RERDETEZ KD Z
EDRHIFFCTEDEETH D,

FAER~Y AR V) —= 0 IR EREIE L BIERNICB AT 27O DBAETH
% 1318 ARIRCIEL, 1977 FEDD 7 = =/ N URIE, REV AT UIRAE, A —
Tvvna sy TR, e RMERRIEEEIS TE, e RMERIBRIER, T2 h—
AMIED 6 FEORBER R LT HAT UV —=2 70 Thi T\ 5, 1990 4
Millington 5%, MHT NIV =F L AREZ % 7 NERESHTEE (MSIMS) T
WETDH AT ) —= 7 (MSIMS #5) ZB% L. MMA B X O'PA %
BT 25 FEOMRMEFIELZRATE DL 1Tk -7 9, AITH 2014 48
LV EETMSIMSIEIZE D27 ) —=0 ZFRBRBERTVWA Y, 27 ) —=
YT E IR o TG AT, R A TIE T D72 O RP ARSI TR & D Ik
BREZITH EREFIZ®, IN=F X T Hl[R e & ORI - BELEAT
W, BIEZ T 5,

MS/MS JEAVE A ST LI, FEIERTIC MMA B35 <° PA BE N R Sz
D, EOHIZA T U —=2 7 EHARNIINEMEERE 7 & O &2 585 L 72 (R
FlLLkrsiviehoTo) BYERE (IERE) NnEFEn TV, A7) —=
VTR R ENTBFIIRERIREZ GO IRR BT 508, BIEOHAITIE
EEZEFHRIINE RN EBZ NS, BRFEHIROAEIIESE D QOL |2
W50, EIEEND O UDHBITER, Dv=F RERBR EDIE#E
FEro s R HIREARETE, BFED QOL D HIZ o745 & WfFFTE
5 LML, TNETOARI V== T ORERNS, A7V —=0 71285
~ = —E (MMASLCPAIZEBWTIX T o B4 =L v=F ) OREE L EIE
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FE L VTFERAE . IRRAEIC ST B IR AR S BT C b BRI EEE V2B T
TRV, T, REBEERERICIVAELASINDHDENL THS, MMA X PA
DOIIERK & 72D AF L~ =/)L-CoA L7 11 B4 =/L-CoA DEFEE % 1IEfEIC
EETEIUX, ZOBMENGEIEEZ PRI TE L0 LivZey, LirL, AT
=1 =/)L-CoA X7 1 B4 = /L-CoA TN OWETH Y . fEICHIET D
ZEIFHEE LY, ZOX oI, KRNICERET 2ME N DEIEE AT 5 Z &I
WEECTH 570, EIEEZHBITE 2MEENLEEND,
SRR R FIEIIHEEEZ 2 — NI o8B FEREZFK E T 5608, BE
T L TEBEBTOEREHTNE-> TS, ZOTOBERERIGEVNNAEL, &'
JEREICZENEN D, BERIEPEIIEE ORECIRIRE T IEICEA S i=e,
REOEIEEZWMICHBITX 5 B2 bN5, BERIEENEEO—D L L
T, W ANETITRE DO BER 2l & UImBER R 21TV, A0t
g% LT D FIERHOVBILTWS (Fig. 3) .

from Healthyl individuals
or
MMA or PA patients

Enzyme
Substrate Y >» Product S Determimation

or

A (mol): Production amount in Healthyl individuals
B (mol): Production amount in MMA or PA patients

B (mol)

A (mol)

Enzyme activity of MMA or PA patients (%) = X 100

Fig. 3 ABIEREEIEEDOERRE

T E TICHAE S 72 MCM X° PCC OFEMERIEE Tk, BERMISICFIAT 5
W R T R B e SR 12D R 22, B Do Tniz, LasL, KJE
RSO AERITBE AR RKEVEICNZ, BoNHldoEICHE A 25
5o USRI OEREE LT, BEERAE ((MC) TT -~V LB A
FIHT 2 HESLD, sk a~ 777 40— | S8NOCEREES (high-
performance liquid chromatography / ultraviolet; HPLC / UV) TiE&1 % 75 2908
WSz, Lo, BEHERNAR ORI HICIZLZ RE RN KETH Y . FEEHD
AFNHETH S, HPLC/UV TOERIL, BRHAEEMRWN 2O, AR H R
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HTERWEERH LW ol N DL, ZNHbDZ Lh, MMA
FR° PA B OFEIELHR O 720 OREFRIEMERIE I T T 63, T
TEMEE CHIE RS FIEREEN TV D,

S RMECHI B FIEDOWN, T8 T 2 /L -CoA ik FEEEFR KIBIESC A — 7 L1
v FIRIEDBEFIEMERNE Z . KRNI Y SR DB EHE 2 W T T - 72 is
WD B2 U U RERIIBRMLOATELND =, BEAHEZ/NSL L, Ml
BN AETH L ORI FERTEHZRE TE 5, Lo TARISE TIE MMA
& PA DBERISEAT I 12O U RERICER LTe, o, AP OEEIC
%, BEEiEiks v~ N 272 7 ¢ — (ultra high-performance liquid
chromatography; UPLC) &, UV XV & HEE D& MSIMS & #iAaf o7
HEE CTh D UPLC-MS/MS Z#FIHT 25 Z & T, IEMHEE CHIEH RS £ B %
77,

ULEDNG RUFFETIE, U 8 BREFIH L TSRS 21TV, AR %
UPLC-MS/MS TE&ET 5. MMA 15 LU PA OICHEER TG R EIE A NS 5
Z &, BT, BAFE LeEERIEMEREEZ R LT MMA B30 PA B D
MCM 35 J OV PCC I A 2 JE L. JEMEAE D> O B OB 23 /T HE T d> 5 H e
RTLZEEENE L, BB TEENHAL WL EFICEL X, BRE
IR & OBRE bR 5,



I. MMA B XU PA ORHEERTEMHIEHE DR

Fig. 3 C/RL72 51T MCM B X OVPCC OFERIEMELZHIET 5720, 1HDIC
¥ 7 2 =)L-CoA B LA F /L~ 1 =/L-CoA % UPLC-MS/MS % I\ CTiE &
HIEEMSIT Do D%, R Y 2Bk Z VN T B35 I O i 73 U 55
Pa R4 2,

[EB B L OHE]
1. 7 =-CoABLURAF /L= =,-CoA ® UPLC-MS/MS IZ Lk %
EEEDRE

1.1 RIELEE

Methylmalonyl-CoA tetralithium salt hydrate, succinyl-CoA sodium salt,
propionyl-CoA lithium salt, acetyl-CoA sodium salt, adenosylcobalamin % Sigma-
Aldrich (St. Louis, MO, USA) 76l A L7z, NaHCOs, MgCl,, K:HPO4, HCIO,
I% Wako (Tokyo, Japan) 7>5HEA L7z, Tris-sulfate buffer (pH 7.5)i%. Tris
(hydroxymethyl) aminomethane (Wako, Japan) & Hiili& % F v CTHERL L 7=,
Adenosine 5-triphosphate disodium salt (ATP) (X Oriental Yeast Co., Ltd. (Tokyo,
Japan) THEA L7z, VP-050 ultrasonic homogenizer (TAITEC; Saitama, Japan) (%Y
> NERDBE W 7=, BD Vacutainer CPT (Cell Preparation Tube with
Sodium Citrate; Becton, Dickinson and Company; Franklin Lakes, NJ, USA) & F = /L
7 W& (Turk Solution; Wako; Japan) 35 & ONMLEKFHF AR (Erma; Japan) 13XV > /XEK
STEECH W,

1.2. UPLC-MS/MS (&

UPLC-MS/MS X, #mdkkrs v~ 277 1— (UPLC) & & 7 LEHE
INTEE (MSIMS) AR O T-EETHD (Fig.4) ., 7 =/L-CoA & AF
<1 =/L-CoA ZERET 572D, UPLC & MSIMS = F N D lE S % k&
ERAR

Sample mmmp| UPLC mmmmp| VS/MS === Detection

Fig.4 UPLC-MS/MS #ER&
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UPLC {Z HPLC ®»—#E T, HPLC XV b pHtRE N mWETH L, 7 v =
JL-CoA, A F/)L~nr=/L-CoA, 71 t4F=,1-CoA, BIONIBIEAEYE
(internal standard; IS) & L CHWA 7 & F/L-CoA 2B Tx HMIESMEL L
T, HTL2BE;ESCT 7 L7 EE G LT,

MS/MS 1 multiple reaction monitoring (MRM) €— R CHlIET 5, H 7 v =/l-
CoA, AF /L~ =/L-CoA, 71t A4 =/L-CoA, BILOT &F/-CoA DIEE
maE AW, TV D= — A F BT L7 M F OEEBME (n2) %
ZTNENHR, 2T LD MSIMS ORNE S % P L=,

1.3. BRE#R
1.3. (1) ¥ v =/1-CoA FEBFH DIEEELFHIRF

Y7 v =)L-CoA BEHE KRR DIRE A 1mM & L, -80°C TRIFLZ, Z
DO 1mM 27 > =1-CoA b, 02,0408, 1.5, 3.1,6.2, 13, 25,50, 100 uM 7R
FZERL L 7=, 1mM 7 &5 /L-CoA /KIFHR %20 °C THRfr L. WNEBIEEME
(1S) & LTHEHT D725 10uM & L7z, 500mM b U ARREEIEREENR (tris
(hydroxymethyl) aminomethane sulfate buffer; Tris-sulfate buffer) (pH 7.5)/2.5 mM
7T 7 V3N T 2] 300 MM HCIO; (1:1:5, viviv) I1RETRIK % 80 L 9> 10 AR
DY TN NZAI, BT > =/-CoA FHRFIE 1S (10 uM) % 10 L °o%
nENIz =, Lllko X 5iz, 0.02,0.04,0.08,0.15,0.3,0.6,1.3,2.5,5.0, 10 uM
DY 7 v = )L-CoA IR HE IR D AR 2 /ERL L 72 (Fig. 5).

Succinyl-CoA 0.2 04 08 15 31 62 13 50 100 uM
i
Succinyl-CoA 0.02 0.04 0.08 0.15 0.31 0.62 UM

measurement

— [ s «—<

I
l
|
|

1:1:5 (viviv) mixture
80 uL

— [ 5 —— <
— 5 — =

FMWEEEEEE
L[ T1

* 10 uM Acetyl-CoA 10 L
500 mM Tris-sulfate buffer (pH 7.5) }

+ 2.5 mM adenosylcobalamin
300 mM HCIO,

Fig. 5 ¥V = JL-CoA RERRAHFRIDERAE



1.3.(2) AF/~1ra=)L-CoA EEBH DEHELFIRF

—20°C TIRfF L7 A F /L~ 1 =/1-CoA (1 mM) 725 0.2,0.4,0.8,1.5,3.1, 6.2,
13, 25, 50, 100 uM A7 FRFN &2 /ERL L 7=, 1S 1307 o =/L-CoA EEDFE & [AlFR
IZ, 10 uM 7 & F/1-CoA Z#HE L7z, 300 mM NaHCO3/30 mM ATP /50 mM
MgCl, / 80 mM Kz2HPO4 /300 mM HCIO4 (1:1:1:2:9, vIVIVIVIV) 1AV % 80 uL 3"
D10 KDY TN AR, AF I~ =/)L-CoA FRFI L IS (10 uM) %
10 uL >N ZFmz 7=, Uibko X iz, 0.02,0.04,0.08,0.15,0.3, 0.6, 1.3, 2.5,
5.0, 10 uM D A F /L~ 1 =/ L-CoA FZEHE SRR D AR % 2 V8L L 7= (Fig. 6),

Methylmalonyl-CoA 0.2 04 08 15 3.1 6.2 13 25 50 100puM
Methylmalonyl-CoA 0.02 0.04 0.08 0.15 106213 25 UM

measurement

o
w <

Final Conc. ﬁ ﬁ E
L 11

. 10 UM Acetyl-CoA 10
300 MM NaHCO;,

— [ g —<

|
ﬁﬁiﬁ
HH

—>|:]]

T —>

30mM ATP . .

. 50 mM MgCl, ;61.1L.2.9(v/v/vlv/v)mlxture
80mM K,HPO, H
300 mM HCIO,

Fig. 6 AFILYA=/L-CoA REZRAFRIIDIERSE

1. 4. BEMEOFEAR

Y27 2 =)L-CoA B L A F /L~ 11 =/L-CoA ® UPLC-MS/MS (231} 5 HIE
IZOWT, FHEMEZHRFI Lz, £ 241 0.05,05,5puM OFRECHNAS), H
Fﬁﬁ@é@j %%ﬁ’\“flo

B2 2 =/1-CoA % 500 mM Tris-sulfate buffer (pH 7.5) /2.5 mM 75 / L)L 2
237 X /300 mM HCIO4 (1:1:5, vIVIV) {RA¥A#R % LT 0.05,0.5,5uM @ 3
(= By

A F )b~ =/L-CoA I 300 mM NaHCO3 / 30 mM ATP / 50 mM MgCl, / 80 mM
K2HPO4 / 300 MM HCIO4 (1:1:1:2:9, VIVIVIVIV) 1BATRIR Z 8 H L 3 DR 2 1/E

8



w7,
1 HOWHETENENE 6 BT HOHET S & TCHREEZFTHX, i 3
HF{T 5> Z & CHMZE® & FH~7,

2. BER )G TE DR
2.1. U U RERASBE

AMFFETIL, R Y > R BAGTeBER 2 USRI Lz, LT oO-O0
FNETAE D & 758 L7,

O 1k % BD Vacutainer CPT (Cell Preparation Tube with Sodium Citrate; Becton,
Dickinson and Company; Franklin Lakes, NJ, USA) (ZERH L, 1=y HfE L 7=
(1500 x g, 21 °C, 20 43[#) .

& 15 mL L EICE LY o eiRE AR K (phosphate buffered
saline; PBS) Z %, 1048 (1700 rpm, 21 °C, 10 ) L7z,

U ER (L) % PBS TUEFR L, BB SE (BE3mL) .

WRYEIR 30 uL & T = /L7 % (Turk Solution; Wako; Japan) 30 uL % &+, IfiLEk
A% (Erma; Japan) (ZREBAMBITY BB A U N LT,

T v MR ERRIT, U U REREN 5 x 105 F 7213 1 x 108 B 72 2 REVETR
BAFHEL, 15mL =y X LT F a2 —TTE LT,

=0y EfE L (5000 rpm, 4 °C, 4 43R) BiE ALY BRUVLTH S —80 °C THRAF
L7,

®©® © B O

2. 2. BERBIRE

MCM {EPERIE O SOGSHE B L OIS, PCC IEMERIE O SOGSHEE B & O
JENE Fig. TR L2 B TH D,



A Enzyme solution B
37 °C

4

measurement

A: Methylmalonyl-CoA
MCM {B: Succinyl-CoA

PCC A: Propionyl-CoA
B: Methylmalonyl-CoA

Fig. 7 MCM 3 & U PCC RIS DEE(A) & £ H(B)

2.2. (1) MCM JEHRI ELE

U > REk% 60 L @ 500 mM Tris-sulfate buffer (pH 7.5) TH&¥ L. VP-050
ultrasonic homogenizer (TAITEC; Saitama, Japan) Z %I L Cok_E T 10 FPREIE S
e L7, Z ORREIKIZ MCM OFiEEE CTHDHT T /2 v I (25 mM)
Z20uL Nz, 37 CTEOIRDTZ, ATF/~vr=/1-CoOA% MCM DIEL L
Tz, 37 CTA vFaX—|k Lk, KHEIEIZIE 300 mM HCIO4100 pL %
vy, 20uM IS 10 pul AN % 7=, D%, 9000 x g T 10 43 LB 21T,
_i%% UPLC-MS/MS THllE L7=,

AWFIETIE, A FaX— M AR % 1, 5, 10, 15, 30, 60, 90, 120 43 & L.

I it 7 RO IR 2 f L 7=,

2.2. (2) PCC FEHRIELE

U L RERZ SRR I & W 45EfE L. 800 mM KaHPO4 (pH 7.1) 60 pL CREE S8,
K T 10 B E A A1 T > 7=, Z 212 300 mM NaHCO3 10 L, 30 mM
ATP 10 uL, 50 mM MgCl2 10 uL Az, 37 °C (27, 7' r B A =/1-CoA
ZPCC DIE L LTz, 377CTA »F =~X— |k L7z, 300 mM HCIO490 uL
TS EEIE L72%, 20 uM IS 10 L 21z 7=, £ D%, 9000 x g T 10 4 [
DoyBEZ4TV, BT % UPLC-MS/MS THIlE L7,

AW TIE, 7'r B4 =/1-CoA =L % 20, 30, 100, 250, 500, 800 uM & L, X
JRZ O U7 BB IR B AT, £ 2. BUGHRHE % 1, 15,30, 45,60 73 & L. A
72 ISR 2 Rt L 7

10



[#52%]

1. ¥ 7 =/L-CoA BLTRAF /<1 =/L-CoA ® UPLC-MS/MS iZ X %
TE BT DOWESL

1. 1. UPLC-MS/MS JI & &M

MCM DTS DRGSR, 27 =L -CoA () & AF~n
=)L-CoA (REULDIE) 75, PCC DEEFHR IS DFUSKFIZIE, AF~vnr
=1-CoA (EkH) & 7' m 4 =/1-CoA (REUGDIE) 28, ENENAFAET
5o Flo, 7TEFIW-CoOAAZISELTHWATZD, Thb 4FDT 2 /1-CoA &
UPLC-MS/MS TorifeiE 89 % Sl & fiad L7,

H T NEREGHFHI= LY a2 7 L —A 4 A4k (electrospray ionization;
ESI) %&£ 2 2 7= Quattro Premier XE triple quadrupole mass spectrometer (Waters)
A L7, Z&F % nebulizinggas & LT, 7 /L= % collisiongas & L THW
7=, Source temperature |% 120 °C T, capillary voltage /% 3.2 kV T/ L 7=, ESI
positive (ZFBW T, &7 2 L-CoA DSV h—H—AF o T a7 v A D
m/z, cone voltage 33 & T collision energy (% Fig. 8 38 X U Table 1 IZ/R L7z, #7
T =)L-CoA & A F /L~ =/L-CoA [ItEERERTHY, 7V h—H—AF
DOmiz L 7Ta T A D mizIZENENRCEE 727,

m/z 507 NH,
N
HO .0 ¢ =N
(o] ~ J
P-o N N
Crate ¥
OH o “oH
0% NH o OH
O=p
P-oH
S. OH

m/z 361 (Succinyl-CoA

or Methylmalonyl-CoA)
m/z 317 (Propionyl-CoA)
m/z 303 (Acetyl-CoA)

Succinyl-CoA : R = COCH,CH,COOH
Methylmalonyl-CoA : R = COCH(CH;)COOH
Propionyl-CoA : R = COCH,CH;
Acetyl-CoA : R =COCH;

Fig.8 7Y IL-CoOADBEL AV avyHRICKZHER

11



Table1 MS/MS BIFESG

Precursorion Production Cone voltage Collision energy
(m/z) (m/z) (V) (eV)
Succinyl-CoA 868 361 45 30
Methylmalonyl-CoA 868 361 45 30
Propionyl-CoA 824 317 45 30
Acetyl-CoA 810 303 45 30

UPLC %, gradient pump, vacuum degasser, autosampler 2> k% Acquity
UPLC system (Waters) Z{#HH L7z, # 7 A1 Acquity UPLC BEH C18 1.7um
column (2.1 x 150 mm, Waters) % 45°C CTfEfH L7z, AF/L~nr=/L-CoA, ¥~
T =/L-CoA. 7 EF=)L-CoA, BLUT EF/L-CoA DIEEH5 UL & 71 7 A
IZHEA L., BEIFEOWH A 0.4 mL/min & L7z,

P27 =-CoA L ATF N~ =)L-CoA X7 I—HP—A F BLON Ty
I M FUBENENFEL Mz ETH 572 MSIMS (2 X 5558 T3,
UPLC TOLBENMEATH D, BEMHEZ KR EAWENRE RS 77 vz
NokrE LTHiFE L7z, KETE M= NI VEHWEEA TR, 7 =1
CoA L A F /)L~ nr =/L-CoA DI BENIER TE 7o oo, KARDBE)E %
100 mmo/L ¥ 7 =0 LK (pH4.2) & L7z, £ORER. 7 v =/-
CoA L A F )~ =)L-CoOANNEELT-7 v~ 7T LANRELNTZN, K —
I DT =V TNRKEN-T= (Fig.9A) , £Z T, ¥MT UE=T LRESR
400mM & L72E 2 A, Fig BIZRTEIIICE—27 DT =0 Ih/haLiro
oo Eo T, FMT UE=TLDREEL 400mM & L7z,

Fig. B IZ R LT L DICFIT U E=U L0 pH D 4.2 DGEIX, 7 =/1-
CoA X A F /v =)L-CoA LV L& L7, MMA B3 Tld, MCM K&
DERMTH D7 v =/L-CoA ERBEDMENTH D Z ENBE 2 B, D5
HTOHTTIE, 7 v =-CoADE—I BIETHH AT /L~ =/L-CoA
D=7 OT— U U THBIRENLIB—NORH D, £ TXFWBT LV E=U LD
pH ZHiat L2, pH7512C, 7 v =1-CoA N A F /L~ =/1-CoA LV
bRt L7z (Fig.9C) . Lo T, BEitHZ 400mM FEE7 o E=7 A (pH
75) KR (AM) &, 7 =KV (BHH) & Gradient 73#1 & L=,

12



Methylmalonyl-CoA
MRM of 4 Channels ES+

1.59 868 > 361

(A) % Succinyl-CoA 9.04e3
0 b et ek | T1E
1.00 2.00 3.00 4.00 (min.)
100 Methylmalonyl-CoA MRM of 4 Channels ES+
1481 4 66 868 > 361
1.66e5
(B) % Succinyl-CoA
0 | AN A LR R I""l‘"'I""I'"‘I""I""I""l“"l“"l""I-l-irrle
1.00 2.00 3.00 4.00 (min.)
3.04 MRM of 4 Channels ES+
100 . . 346 868 > 361
Succinyl-CoA 6.21e4
(C) % Methylmalonyl-CoA
0 AN L UL LA UL UL LN LR Time
1.00 2.00 3.00 4.00 (min.)
Fig.9 Y 7Y ZIV-COABLUAFITAZIIN-CoOADIRARMITF L
(A) #BEN1H : 100 mM ¥E 7 E=7 L pH4.2, 7 =YL
(B) #ZEN1H : 400 mM ¥E 7 E=U L pH 42, 7 F=FYN
(C) #Eh1H : 400 mM ¥EE7 > E="JL pHT7.5, 7EF=FUN

AFEDOT U N-CoA %, 7T h=FrU/)L (BH) % 2% TREALA L. 5% T 5%,
5-7 43 C 40%, 7-7.1 %3 T 60%, 7.1-8 57 C 60% % &> Gradient /747 (Fig. 10) %
1792 & 7T, Fig. 11l LizZa~ 7T A x5,
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9 100 A

@ 80 N

o 60 1

£ 40 -

S

-g 20 A

m 0 1 1 T T T
00 20 40 6.0 8.0 100

Run Time (min)
Fig.10 UPLC @ Gradient
Succinyl-CoA MRM of 4 Channels ES+

3.48 868 > 361

1.26e5
o, Methylmalonyl-CoA
O """" | LA AR R AR BEREE BEAAERE LEEEN Tlme
2.00 3.00 4.00 5.00 6.00 7.00 8.00 (min.)
MRM of 4 Channels ES+
100 6.77 824 > 317
) 8.42e5
0 Propionyl-CoA
%o
OI""l""I""I""I""I""I""I""I“"I"‘I""I""I Tlme
2.00 3.00 4.00 5.00 6.00 7.00 8.00 (min.)
MRM of 4 Channels ES+
100 6.22 810 > 303
. Acetyl-CoA 2.62e4
o]
O IIIIIIIIIIIIIIIIIIIIIIIIIIIII B — Time
2.00 3.00 4.00 5.00 6.00 7.0 8.00 (M")

Fig. 11 %7 =J-CoA, XFI7A=JL-CoA, ZAEH =JL-CoA,
TEFIL-CoAFERDMRM 7 A2 + 75 L
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1.2. BRERR

R B HARYZ UPLC-MS/IMS I[ZCRIE L, xHlia [5HrmE (7 v =/1-
CoA £/l AT L~ =/L-CoA) EE (uM) | . yihd [OimE D v — 7 g
B /1S O —7 mfEE] & LT, ¥27 3 =/-CoA & XA F/L~nr=/L-CoA DR
BMAE TN ZEER LTZ, V7 2 =/1-CoA ODRERMROXIL y=(0.349+0.0161)x
+(0.00 £ 0.0013) (R2=0.9978 £ 0.0018) (n = 10) . A F /L~ 12 =/L-CoA DI EHf
DORUL y =(0.292 + 0.0208) x + (0.00 £ 0.0013) (R?>=0.9979 + 0.0012) (n = 10) T,
(2 0.02-10 pM DOHLPH TEFIEDTG ST (Fig. 12) .

P+ v =)L-CoA & AF/L~n =/L-CoA DEREIRFE LM HBFEIZILICE
VZ410.02 uM & 0.007 pM 725 72,

35 - 30 -
3.0 - 25 |
325 - 350 |
C c £.
020 n (@] 1 5 ]
15 1 .
(%3] (7]
[0} 10 A 0 1.0 -
o o
0.5 - 0.5 A
O-O T T T T 1 O-O T T T T 1
00 20 40 6.0 8.0 100 00 20 40 6.0 80 10.0
Concentration of succinyl-CoA Concentration of methylmalonyl-CoA
(UM) (LM)

Fig. 12 |28 (n=10)(£; Y7 =IL-CoA. H; A FILTHA=IL-CoA)

1. 3. BEMEO

B2 =)L-CoA BLURAF /L~ =/L-CoA FNENIZONT, MSIMS 12
T OREEE L BE AT, KR IXEENMREL (coefficient of variation; CV) T#EAfh
L7-, ENENOEEIL Table 2 IZ/R L@ Y T, 27 > =/L-CoA ITFEE N H
NT52%LL T, HEIT87%LLT, HEENHWT35%LL T, HRETL12%LL 72
ST, AF /v =/L-CoA IIRBENHWNT87%LL T, HHTI13.6%LL T, ##
FEDNHWTA3%LL T, HREIT3 1%L F7Eo7z, ZO/RREIY ., B mEiE
DFE BT,
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Table 2 ¥ % 2 =JL-CoA & X F)L 70 =JL-CoA ® UPLC-MS/MS
L& ZAETHOFRNE (BAKES L UVHEZE)

Concentration |mprecision CV (%) Accuracy (%)

Acyl-CoA (MM) Intra-day Inter-day Intra-day Inter-day
Succinyl-CoA 0.05 5.2 8.7 0.2 0.2
0.5 2.8 6.0 3.5 0.3
5 1.6 6.8 —0.7 —1.2
Methylmalonyl-CoA 0.05 8.2 13.6 —4.3 3.1
0.5 8.7 10.5 0.5 —0.8
5 5.1 5.9 —0.7 1.7

* Intra-day: n=6 * CV: coefficient of variation

* Inter-day: n =18

2. BER IS IEDRREY
2.1. MCM &8I E

MCM 1EMERIEICIZ, 5Xx10°(EHD U Bk oEgE I, filEE L LT T/
DNaAnNTIvEMAZ, FBEELT222uM A F L~ =/1-CoA ZFH L7,

fEE AND Y 3 EKkEZ VY, MCM S ZITV, S D S %2 UPLC-
MS/MS Tt L= & 2 A, B 7 v =/L-CoA DR HER T 7= (Fig. 13) .

MRM of 4 Channels ES+

—— 868 > 361
Succinyl-CoA 342 4 5004

100 3.01
Methylmalonyl-CoA

% 1 /

Time
3.00 4.00 (min)
Fig. 13 BEAD MCM ;ZFEAERR

MCM &GO SOGRERIZ DWW TG L2 & 2 A, KGEER 15 20 £ CTlidv 7 &
=)L-CoA OAERREENM L 213 uM & 72 o723, ZRLIREEITE L7 (Fig.
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14) . ROSKEE 15 57D & & | BHF OREFRIEMEDME < f&HF A D 100 73D 1 FEEET
HOHEAIITY 7 2 =-CoA 23 0.021 uM A5 L Ebh s, LoT, B2
v =/L-CoA O EEIRFEMN S, MCM IEMH: %K) 1% F THIE L EAE & BE 2 f]
BT D72, 15 3 &2 ROSKFR & LT,

S 29
2.0 ; >

30 T
_I1.0 fi \

A

Succiny

05 1 o~

0.0

0 15 30 45 60 75 90 105120
Reaction time (min)

Fig. 14 RICKEICL 2P 7 ZIL-CoA EREDEIL

2.2. PCC {EH:HIE

PCC IHMERIE Tl. 1x 10%HD U v kA VY, RUSIZ 4272 NaHCO3,
ATP, MgClL =l % 7=,
s N Y 3Bk A vy, PCC BUGZ1TV, RGN %2 UPLC-MS/MS THliE
L7i=EZ A, AF L~ =/1-CoA DA HER TE 7= (Fig. 15) ,

MRM of 4 Channels ES+ MRM of 4 Channels ES+
868 > 361 824 > 317
1001 3.43 241e4 100 - 6.77 11667
% %
0 Time Time
3.00 4.00 (min) 6.00 7.00 8.00 (min)
Methylmalonyl-CoA Propionyl-CoA

Fig. 15 #@EA® PCC EHEAERR
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PCC )i TlZ, MCM Kits &R CIRED 7 v B4 =/1-CoA TRILEIT>TH
AF L~ =L-CoA NHICAEMR LI o7, 22T, WHBEAZEZ T
PCC S Z4T\ ), HERE iEMEIC S W I AT Y R- AT Ty b
ER L7zE 2 A, S =) ZEK (Km) 28 59.4 uM, e RBUGEE (Vmax) 23
370.4 pmol/30 min & 72> 7= (Fig. 16) , AMFZETIZ, +HEAF L~V R =)L-
CoA MAERKT D 500 uM %SRBI E & L=,

__400.0

0 20IO 4OIO 60ID 80IO 1 ,OIOO
S (uM)
Fig.16 S HhxT ) X-X vFv7ay b
s EEEEICNT A X FILTAZIL-CoA ERRRE
(S; BEERE., v; £EE)
PCC {&MERIE D KGEERNZ DWW T2 & 2 A, MG 30 70 £ TIZ A F
JL< 11 = )L-CoA OAERRENSEINM L7723, 30 45 LLRIZIER 872 © D BEINER A3
P LT (Fig. 17) . Lo T, Sk % 3047 & L7z,

//
/
i
/
/
v |

0.0 30.0 60.0
Reaction time (min)

S oo W
ocownwowmowom

(UM)

o
o

o
o

Methylmalonyl-CoA

Fig. 17 RIGEREICE 2 A FL<20O=I)L-CoA £ERRENEL
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[Z%:]

1. ¥ 7 =/L-CoA BL A F/L~1r =/L-CoA ® UPLC-MS/MS iZ X %
TE BT DOWESL

MMA & O PA O JFEIXEESE OTEMEE 25 Z L%, RO OHBIIF
Ak D=0, IBRGEHOIESLQOL M EIcEHATHLEEZOND, BE
DOFERTEMEX, Vo KPR LZFH L CEEEZ IS S, Al EEsE
L. 5 NOBERFHFOAREICH T H2FEE2HNT 52 & THIET S, X
ST, BEETEMREEDOMENL D 7= DI AR O E BN VBN, BEERGE
DOFEHNZIX, BONER & REOEDOEENRIEL TWD, £ 2T, KISAERK
W% oyEfE L E T 5 72912 UPLC-MS/MS ZFf L. MCM ¥ X OV PCC SJ&d
HEE-IIERMTH DYV > =/1-CoA, AF I/~ =/L-CoA, 7 rnt' 4=
JL-CoA. B LT & F/L-CoA (IS) @ UPLC-MS/MS |2 L 5 E&EIEE ML LT-,

B+ 2 =)L-CoA & A F L~ 1 =/)L-CoA ITHEERMEARTH Y, MSIZBIT S
TV =Y —AFrOmzBL N7 hAF O miz 1IXFECEERD
MS/MS (2 & % m/z DIETIZmWE % oBEtik 72 v, £ 2T, UPLCIZTH 7 &~
=/L-CoA & A F/L~u =/L-CoA Z BT D52 MEt LTz, ZDOf5%E. ODS
7 LT D Acquity UPLC BEH C18 1.7 um column &, 400 mM 87T > &=
VABLOTE =M AEZBEMEICHWD KT, 7 2 =/1-CoA & AF
L~ =/L-CoA ZNBELT-. X7 L E=7 LAOEEIT AT 10 mM F&E
THWLNDEN, TOEE. KT 2 IV-CoADE—27 DT —U VI RKE o
77o 100 mM T =0 AZFH LZEAICE, U ELZLOD, K
KT —VITRABNT (Fig.9A) , BT v E=U A REEZ K& TDHICo
. 7=V TN EL R, FBT UE= T LDOREELSZ 40mMM L9352 L
T, TV U REES N,

£z, 400 MM FET =T LOKEEHRO pH R L, pH 7.5 128\ T,
B+ = )-CoA BN A F/~vr =/L-CoA LV It LTz, ¥B7 v E=U A
IKEHED pH 728 75 L F TlE A F/L~ 12 =/L-CoA & H 2 2 =/L-CoA D t'— 7 3
SEELZRW, FEIEATF L~ =L-CoA Y7 2 =/)L-CoA LV eIzt L
72e AFL~n g (methylmalonic acid) @ pKafi 1% 3.05, =/\7 i
(succinic acid) @ pKafElZ 4.19 TH Y 2D AF L~ =,1-CoA &H 7 v =/-
CoA @D pKafEIZHLEWRH D EBE X B, BEWHO pH 2 A X 7= 2 & THliwE
DFRBER & IR DI B L, WHIEF R EboTc B b,

MCM DR JilE. HE N A F L~ =/L-CoA. EmMM»RH 7 o =/1-CoA Th
V. MCM IEMENMRWIEAIEY 7 ¥ =/L-CoA DAERENEN LD, 7 =
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JL-CoOA 3 A F)L~vr =)L-CoA LV b&RICHcnD L, 7r~ 7T ALTOD
= N ATF )< =)L-COADE—7 OT—1 U 7TEmgicBEin, 7 v =-
CoA DE BN IERRICH RN EHER ST, BLEX Y, 327 2 =/L-CoA I3 A
F~r=/L-CoA XV b EN 5, pH7.5 D400 mM FHET »E=17 A
KR BEFEE LTl LTV D EB x 72,

P = -CoA B LA F L~ 1 =/L-CoA IZOWTHERR L& ¢, H
MENG DN Z & (Fig. 12), BLO, WEHELEEOHN - HREZBO
WRT, BHREEAMENSONZZ L (Table2) LV, 72 =/L-CoAB LW
AF )< 11 =)L-CoA @ UPLC-MSIMS |2 L 2 s ERIEAEL TEX -2 &
oD,

2. BERRISIEDRKRS
2. 1. MCM &8I E

MCM DEEFRNICIE, #iBER THDLT T /v a NI I U RYHATHY
FOBRFICBERR I % T2, ISP DO A F v~ =/L-CoA REIX, 7=
JL-CoA N84 L7 Z & % UPLC-MS/MS THEFR L., 222uM & L7,

AT, BRI ATRE R MR &R A LV H 070 < BERRIGICHERTE %
U U REREIZIRY B D, FAERNSK ImL I L7 & X ICHEIZE LD 5
X10°EHD U U REREHEHAT L& L LT,

MCM TEVERIE O FOSKFH OfRE OfE R, 15 73 L EO RIS TIEH 7 v =/b-
CoA MWD LT, V7 =/N-CoOA%37°C A FaX—rarlLiztz
A, K &7 = 1-CoA 03 L=, ik, 327 v =/1-CoA N5 fi#
L free-CoA R D _BIRNEMR L2 ik EEZ2HN5, MCM IEMHZK
1% F CHIET H7-012, 15 o & fd 72 SO & L7z,

UbEDZ Ent, HfifaZe & X0 & EFAHENDRCKRME Y >/ B2 H
L. 1&&EMEE CHIE T& 5 UPLC-MS/MS ZFI ] L 72 MCM JiEP:01 78 15 % fe ST
T&E 7,

2. 2. PCC &M HIE
PCC OILEIEE A MCM IEMERIEDOEE LR UEEIZLZE 2 A, MCM X
s THEKRT DT 7 v =1-CoA&ELY H, PCCKILTD AT/~ =)L-CoA D

EREPMMED STz, £ T, EREEAENSE 5720, U U Bk E 1x 10°
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IZHEL LT, &6, BE (Fu b4 =/1-CoA) BEDOHRTZ21T-7-, Fig. 16

X0, KSEPOREREZ 500 uM & L7z & X 2+H51Ic A F v~ u =/L-CoA
MAERLTERY, o, T EREREZRES LTOEKRTHIAT v =
JL-CoA BIZE DS hoT-, K- T, PCCIRMHNIEDEEIRE % 500 uM & L
77,

FOBIRERTIE, PCC {EME 2 H 1% E T X 5 KIS & LT, 30 03 il CTdh
HEE 2T,

2014 4|2 Damavandi %%, Hela ffifin % ISICFIH L, UPLC-MSIMS % & &
IZFIF L7z PCCIEMERIEEZHRE LB, ZoFiETiE, EThsr7uy
F=/L-CoA DDV END | IEMEEZ B L7223, PCCIHEMEMEWIGAITIE
DORWDEIZIAHARTH Y | TOIEHELZHET 2 DITEH LV, Lo T, KI5
\ZBUNT PCC IEMEMEIZ A F L~ =/L-CoA AR &N HEH LT,

UbDZ et fifaZe & X0 & EZEAHEN DKM Y o RERZFI
L. 1&&EMEE CHIE CT& 5 UPLC-MS/MS %R L 7= PCC {EVERIE % & #eNL. T
=7,
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[/N45]

ABFZEIC CHESL L7 MCM B8 X OYPCC iEMHIEIEIILL T om Y Th 5,

1. MCM &R E

U > REk % 500 mM Tris-sulfate buffer (pH 7.5) 60 pL TH%% L. VP-050
ultrasonic homogenizer (TAITEC; Saitama, Japan) Z %I L Cok_E T 10 FPREIE S
iees Lf:o Z OB 25mM T F S vang 20l Az, 37 CT
BOriR® 7=, 200 uM A F /L~ 17 =/1-CoA 10 uL Z MCM OFEE & LTz,
37 CT 15 oA v F 2_X— h L7z, BOSHEI1Z1E 300 mM HCIO, 100 pl 7&%
VN, 20 uM IS 10 ul Z A A 7=, D, 9000 x g T 10 4y oy &40,
1% % UPLC-MS/MS THlE L7,

2. PCC {EHERIE
U 3Bk % 800 mM KoHPO4 (pH 7.1) 60 uL TREE S, JK_E T 10 BREIHEE K
%47 >7-, Z 212 300 MM NaHCOs3 10 uL, 30 mM ATP 10 uL, 50 mM

MgCl 10 uL %, 37 °CI[ZiE® 7=, 5mM 7' 1 ¥4 =/1-CoA % PCC Dt
Wz 10 pL iz, 37°CT 30 43ffA % =~— K L7z, 300 MM HCIO490 uL T

Gz IE Lzt, 20 uM IS 10 pL Z Nz 7=, Z D%, 9000 x g C 10 4y filsz O
SBEAITV, BT % UPLC-MS/IMS THIE L 7=,

3. UPLC-MS/MS B2 f4
3. 1. MS/MS

Quattro Premier XE triple quadrupole mass spectrometer (Waters) % ] L.
MRM E— RTHIE L7z, &7 2 /L-CoA D miz LA D@ Thotz; o v
=/L-CoA B LA F /L~ 1 =/L-CoA: m/z 868—361, 7' 1 &' 4 =/L-CoA: m/z
824—317, 7 & F/L-CoA: m/z 810—303,

3.2. UPLC

Acquity UPLC system (Waters) Z{iH L7-, %7 Ai% Acquity UPLC BEH C18
1.7um column (2.1 x 150 mm, Waters) % 45 °C CTEH L7z, BEFHIL 400 mM ¥
fe7 =L (PHT5) (AFH) &7 h=rUL BHM) ZEHAL, JiEX 0.4
mL/min & L7z, 7 h=F UL (BHH) & 2% TR L, 557 C5%, 5743 T
40%, 7-7.1 57T 60%, 7.1-8 77T 60% % f&-> Gradient 7347 %247 > 7=,
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II. MMA BE B LU PA BEICEIT A REBRIEHEIE

ST U 7o AR TE YRR E R 2 R U TR OFFRTE MR IE 2 E L, TEMEE
7> & BAEFE OHBIA ATRE T > 2 2 HERE T 5.

[Z8 5]
1. MMA B# D MCM JEHERIE

1.1 BEYF T

FESBTEPERIE Oxt8 MMA B X, BirER~ AR 7 ) —=2 7 TR I
A, MSIMS IC L 28 LW IR~ A A7 U —= 1 JBIMGRNCIIE LT BB D
N, ARFROEFHEEI D SISHERIE DK Z = 7B & Uie, IEEIE B 1
134T, 4 AT HSEROBIER MMA BETH Y . 94 IXRIMESCE T T =
TIGE, 7 ¥ K=y R e Ela IER A R T EIERE TS o 72, ENLERE EEM
ot v H —DMEE B R ITIENS ERERE CHRE E7ITEE OBEEN O A
THx—hRNartvy NS M L, BEER S BEHE M BD Vacutainer
CPTIZ AN TELE, WIECTHUMREIZEONT, £, BE L OLEDT-

O, [FIRFICE ML U725 AN (BRAN) O mEs > 7 v b st s vz,

1.2. MCM #EHHIE

fE N 144 L MMA B 1340 U VU 8BR (5 x 10°%#) 2 W TEEE RS &

ToTo, RISSEME, T1-2. BRKUNEORTH THSLLIZSGMETHD . U

VORERINDIST-EBEE AR L, 222uM A F b~ =/L-CoA ZRE & LT
¥, Y7 2 =/1-CoA 4k E % UPLC-MS/MS THIE L7-, BEMIGICE > T
AR LT=Y 2 2 = /L-CoA E7>6 MMA B O MCM iEMHEZ B H LT,

2. PA BB » PCC iEHERIE

2.1 BEI I

PA BT MMA B3 L [RIERIC, BirER~ AR Y —=0 7 TRLI A
F. MSIMS IC L 58 LWHAIR~ AR 7 ) —= o Z BB RIE LT-BE D
N, ARFBOEIFEEI D SIEMERIE DK A2 T 72 BE TH D, PCCIEMHERIE L
FL 23 4T, 21 A NVEIEIR OBYET PA RETH Y | 24N EIERE TS -7,
BIEAE T, RILECHE 7 VB =T MIE. 73 F—3 A7 Ekkx 7 EIR D e
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RENTZ, MCM LEFRIC, BEE-ITREOHEENOA V7 — L Koy
Yo N EEEETEM L, @mO00ER., SIFEEICE LN,

2.2. PCC {&HEHIE

il N 294 & PAHRE 234D U Bk (1 x 108 f8) CREER S &21T - 72,
BOGGIEE, T 1-2. BERISIEDRET) THENLLTERFETH Y . U 7 ER)
SE-EEEAZFIHL, 500 uM 7 B4 =1-CoA ZRE L& LTSS, AT
)L~ 11 =)-CoA £k E % UPLC-MS/MS THllliE L7-, ARG L - THERL
72 AF )L~ =)L-CoA &5 PCC IEMEE B H L7,

24



[#52%]

1. MMA B# D MCM EHHEIE

fats N, EIE MMA B3, BER TH 28IE MMA BE GG Y VR Ek%E
HWBERICZ B Z ol & O, BUNERD UPLC-MSIMS (2815 7 v~ |k
775 (FENEN1LHITO) & Fig 18 IR L1z, 2. @H A 154 & MMA
FBF 13 44 (Patient A-M)D MCM TEPERIE RS H % Table 3 12~ L7,

fEHAND U L REREFIH UI2BERE ML TlE, ERTchH 597 v =/1-CoA
D7 N7 T AE—I PR TE, 7 v =/1-CoA LRE (CFHIME = FEUE
f7%) 1 465.5 = 46.2 pmol/15 min/5 x 10° cells 72~ 7= (Fig. 18A, Table 3) ., %
JEBSE 4 4 (Patient A-D) X7 & =/1-CoA 73 4.7-81.9 pmol/15 min/5 x 10° cells
AR L (Fig. 18B, Table 3) | HJEMF 94 (Patient E-M) 1342 THRHFRFALL T T
& o7z (Fig. 18C, Table 3) . B FZEIVHA L TV L EHIZOWTIZEDE
H.7% Table 3 (2~ L7z,

(A)
Succinyl-CoA MRM of 4 Channels ES+
- 868 > 361
100
o] Methylmalonyl-CoA
% 346/
0- Time
3.00 4.00 (min)
(B) MRM of 4 Channels ES+ (C) MRM of 4 Channels ES+
_ 3.48 868 > 361 343 868 > 361
1007 8.50e4 100 8.50e4
%] %
] 3.06
3.00 4.00  (min) 3.00 4.00  (min)

Fig. 18 MCM Ru#n/ A< FJ'7 LA
(A; BEA. B; B MMA £&. C; i MMA £&)
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Table 3 MMA BEHICH(T2 MCM FEfEL EEFESE

Produced amounts
of Succinyl-CoA MCM activity Gene mutation
(pmol/15 min/5 x 103cells) (%)

Healthy individuals 465.5 + 46.2 100.0
(n=15)
Mild MMA A 32.1 6.9 E117X/ —"
(n=4) B 4.7 1.0 -2
C 58.7 12.6 —2
D 81.9 17.6 -2
Severe MMA E —3) -4 G270E/P654PfsX18
(n=9) F -3 —4 c.1560+1 G>T/L692P
G -3 -4 R228Q/R369H
H -3 -4 R108H/c.729_730insTT
I-M —3) —4 —2)

1) unknown, 2) not examined, 3) below limit of detection, 4) below 0.3%

2. PA B3 D PCC IEMEHIE

i N, HAE PA BB, BRI TH HHIE PA BEN GG Y VA
BEB OG22 3 272\ SOSRD UPLC-MSIMS IZ X 50T Co o ma~ 7T A
(TN LHEIF D) & Fig. 19 1R Lz, 7o, A 294 & PAHRE 234
(Patient A-W) @ PCC &M ERS R 4 Table 4 |28 L7z,

fEE NV 8Bk E W2 BER SOG Tl B ThH 5 A T~ 1 =/1-CoA
Dra<w NI T AE—I PR TE, AF v =/L-CoALkE (FHE +
FERE(RZ2) 1% 312.2 = 68.7 pmol/30 min/5 x 10° cells 72~ 7= (Fig. 19A, Table
4) , WIERFE 214 (Patient A-U) (A F /L~ 11 =,1-CoA 7* 3.1-71.8 pmol/30
min/1 x 10% cells £k L (Fig. 19B, Table 4) . HJEHEE 24 (Patient V, W) (34
THHBRLL T CTh -7 (Fig. 19C, Table 4) , B FZAE)2VHBA L TV 5 HEE
WZOWTIEZFDERE A Table 4 |Z/R LT,
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MRM of 4 Channels ES+
868 > 361

100-: 1.16e4
(A) %
0 Time
3.00 400  (min)
MRM of 4 Channels ES+
100 868 > 361
] 1.16e4
(B) %
0 ] Time
ULELILE IULELELE EULILLE ISULILE IS
3.00 4.00  (min)
MRM of 4 Channels ES+
100 868 > 361
1.16e4
(C) %
0 l"‘ﬁ"'ql"ﬁl"F"’ﬁTlme
3.0 400 (Min)

Methylmalonyl-CoA

MRM of 4 Channels ES+

- 824> 317
100 1 1.23e7
% 1
Time
L I LI ) T L B I L l (min)
6.00 7.00 8.00
MRM of 4 Channels ES+
100 1 824> 317
] 1.23¢7
% -
Time
R R =
6.00 7.00 g.00(min)
MRM of 4 Channels ES+
100 1 824> 317
) 1.23e7
% 1
] Time
0 ML B S B (min)
6.00 7.00 8.00

Propionyl-CoA

Fig. 19 PCC Riv#&D/ A< +I T L

(A; BEA.B; BRIEP
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Table4 PAZE#HICHITS PCCEHRELERFESRE

Produced amounts

of Methylmalonyl-CoA PCC activity Gene mutation

(pmol/30 min/1 x 108cells)

(%)

Healthy individuals 312.2 + 68.7

100.0

Mild PA
(n=21)

Y435C/Y435C

Y435C/T428I
Y435C/—1)
Y435C/1430L
Y435C/T428I
Y435C/c. 183+3G>C
Y435C/1430L
Y435C/c.1299+3_ +10del
R77W/c.923 dup T
R77W/W559L
G437C/—"

—2

—2

—2

—2)

—2)

—2)

SeverePA V -3

(n=2)

w —3)

R410W/R512C
—2)

1) unknown, 2) not examined, 3) below limit of detection, 4) below 0.4%
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[Z%:]

1. MMA B# D MCM EHHEIE

MMA B3 D MCM JEVEE L, &5 N TOH 7 v =/L-CoA AR EICRTT 2 K
FHTOEMEDE S L LT (Table3) ., UPLC-MS/MS TOH 7 > =/L-CoA ®
R PR SUE 2 5 B L 72 MCM TEPEE ORI ERRFYEIX 0.3% ThH 5, MMA B
134055, BRRIER HEE LW S vz 4 4 (BEAEIR, Patient A-D) 1355
Bt DO BRI Y7 3 = /1-CoA DEREAHER TE . MCM 7EM: I 1%LL |
Elpotz, —J5. EAERE 9 4 (Patient E-M) TIEIEEE RS D KGR D43 HT
T, 7 v =)L-CoA DY — 7 P S o720, MCM &ML 0.3%K
e Uic, BYERHE 44 L HIERE 94 CISMEISEVW R R oNT-Z Lnb,
AWML TRFE L7 MCM IEMERIEIEIC L 0 BIEE 2 HB CX 2 RN H 5 &
Ez2oHN5,

Bin A RIZEEKEICBW TS v 7+ —2 Farty G EE TN
Siiz, BIERFITELETERN LH LOFARSN TV RN, BREEESRE
EHEOEIIARHATH D, EERETOBEFERZON, BHNIIERZFAE L=
FRLELUTBEIRESNEZLERERTH-7-2%,  BEMICBWTIIEEDE
HIZRONT, BELEEOEOFMO OIS EMEBET —F Z2HED
HWVE NS D LB 2T,

2. PA BBE D PCC {EHEHIE

MCM & [RIEEIC. % A TOD A F L~ =/L-CoA AR EIZKT 5 PA BE T
DERREDEIE S PCCIFMELZ B M L7 (Table4) , UPLC-MS/MS T A F
L~ 1 =/L-CoA DR HIBRFED b F H L7z PCC IHME DO BRI 0.4% T dH
%o BRARIEIR N HEYE (BEIR) TH 7= PA FBHE 21 4 (Patient A-U) X, PCC
IEVED 1%LL ETH 72, 24 OFEJE PA H3E (Patient V, W)IZ3:(Z UPLC-MS/MS
TOAF~r=/L-CoA DE—7 P 3, PCCIEMEIX 0.4%AK & LTz
(Table 4) , HRIEMBFE & HIEEF O CEHERIEMEISEVWRRONTZZ L b, K
WFIEIZ CHENE. L 7= PCC IEMERIEE 2 BIE PR CRIH CE D alReEn H 5 &%
Aoy (N

PCC X, PCCA#fnTCa—R&nd6 20 a¥7=2=v k&, PCCBi#x
T Ta—Ranb6 20OV 7=y k15D (0Pe) Y. a V7 2=v h
X, PCCICHEA LI FTF U B NNLARFIIALL, BY T 2=y FRIILRF
vEAF LT R A =V-CoA LD EMBESTHZ L TATF v E = L-
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CoA Z R &% 3, PCCA L PCCB &b Hn—JFICARNE Z %5 2 & TPCC
EENME T2 E0nbhiTung 3% 35)O K TR SN - BE AR T,
R77W, c¢.923dup T. W559L | PCCA £ % T, ZhLishE PCCB LR TH 5.,
MERER OBYE B TlL, Y435C (c. T1304C) & 72 HHFEDARMN R b,
Y435C [X PCCB Bz D 13FEHD T Vv FOERTH S %), Y435C DAE
HEA K& AT % PA JE# (Patients AE) @ PCC IEHEIL 56RIf% T, &I H5
SENT-R UERZ S 340 PA BF O PCCIEMAE (6.9-7.5%)% L13IF KL
TWe, Y435C ~7T niEt ka4 5534 (Patients F-L) @ PCC &ML 1-
23% T o7, TAL YA3BC AR LG b SO RFEMEZE RO PCC 1%t
CENRDH LD EBEZLNLN, TOFMIRIEANTH D, FELE OB
FTARITLAORS LN TN, S TAR L IEHEEOBEII R TH
0. S%bLBREREENETDLERS D LE T,

AL CIXESE MBI L EE 228772 72 MCM 35 X OV PCC iR E 5 2 BA%S L
Too ZOIFEIIRMEIMAF DY VRN SEER 2155720, IS B SRR MESF
MRNOEERZED L0 L ERFAMEN DR MRy v 7 VR SAFZEEITm
THH 12 HCRRAZHT ZENTEAERNRTETHD &V D,

MMA 35 X OVPA 1L, FIEMR THRIERTO X VX7 HIfRC I NV =F e &
WO T IRIFICE VIEREZMA DNDEETH D, BIERDOGAEIL, & v/ 7 il
RIZIFIELE TV, T D&MD, EEZFHICRA L, BIEBICEES
FAERET D EITREOMER D 21T T/ <, QOL [\ EIZo7en3 5, BEHRIE
PERIEIE, A2 U —=2 7K RRINTZEEOFEIELZ B L, 155
DRTEBIZESLTHND EEZBND,

FFRDIEIR DI BLO A HE | FERTEMEE & HAEAL S X ONE s F AR OB
L IR AHTH LA HZ 0O T, RBBIEB IS LR 5T — X OLEFEN
VETH 5,
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(4]

AW TIE, U 7Bk D MCM £ 7212 PCC R LT-BER S 21TV, £
NENDOERM TH DY 7 2 =/L-CoA £7-1L A F /L~ 1 =,1-CoA % UPLC-
MS/MS TEET 25 MCM £ L N PCC DICHIEERIEMER 1k 2 fesr Lz,

UPLC OB EIFEE L CHRIHTAXMT =0 AKIBHKROpH 2 75 L1952
T, Y U= -COANAF L~ =/L-CoA LV &I L7, 2z Xk
0. MCM {EMEPMENG S ITIENT AR T 5T 7 2 =/1-CoA DB — 27 3, HH
ThHhHAF N~ =/L-COADE—7 DT —I U FIZHEST, 7 =)L-
CoOA Z 0.02uM ETEETHZ LN TE7, 0.050.5 5uM OH 27 2 =/L-CoA
FOAF L~ =)L-CoOAZEELI-LXDHKEBMOBFHRMELZHBF LT, &
BEICBITDHELEEDOHANELE) (n=6) & ARZLH) (n=18) 2|7z, =
DFEF, MPEDOEEIZBN TR FIMEZG2, UEoZ L25, UPLC-
MS/MS (2 L5327 ~=/L-CoA & A F /b~ n1 =/)L-CoA D E &L LT-,

Flo. U mERERIH UT2BER RS OSSR, RGBS E IR B 2 e U e
IRBOSEME 2 RTE LTc, 2 ORISR CRERRUS 21TV, B4 UPLC-
MS/MS CE&ET 5 Z & T, MCMiEME% 0.3%F T, PCCIEMEE 0.4% F T
T& 7o, AWFIETHESL U7 AGBERTE R EE TIE, U U NERE 57
D PERAT DAV R E R MEF ARSI A 2 3 2 ik L 0 & IBE AN
SV, B2, U U NEROFH TITHMIIEETE OB I T RS 77 v
UHFIEEITNT2 G 1~2 H CREREHEA HT 2 LT fEkoMMiaz
FIRT 2 5EL D EICERBLE CIENT Z &N TE 5,

AT CTHESE U T ACHEESR TS MEEE 2RI LT MMA B35 13 438 L TUVPA
B 234 DOBERIEELZIE LTz E 2 A, BYERE (MMA B3 4 4, PA B 21
4) O MCM {EMEE 721X PCC IEMHEIT 1%L ECTH -7, —F ., BEIEEE (MMA
BE A, PARBRE 24) ITVWTHOBE AR ST, TEMEMEIIRE
RALLT & 2p o iz, ABFFECTHENL L7- MCM 3 X O PCC {& Ml & 3 1 EE FE O
HIBIRFHEETH Y . MCM X° PCC DIEMEN RS T X FUXEE T 2 rIREMEN &
WEHIT L=, Las L, BIFEIEIRAS H TN 7 WBBIE BB AV S0 & I DR &
FIET 2 ONFERIIAHTH D700, FRRICOIZVBIE LR 5 2 & TH%D
TRIRICRNLTHND,

AWFZETIL, MMA FBE TIEIMCM % a2 — R T 585 FOEEP A Th
V. FFEDBMGFERIIR SN o723, PA OBJERFE TIL Y435C & 72D
FEDOERNRLOLIL, ZOREEAKREZAT HEF O PCCIENEIL 5%HIE TS 5
Too TEMHESSEIERE L Akx B TER E OMEZ R o ITiTs ke Hicn i
BT — R EEBDDIVERDH D,
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AAWFZETlL UPLC-MSIMS ZFIH4 572 D EFAHTHZ72 MCM B LW
PCC {EMERIEHE 2 ML Uiz, JIE U7 iE M E IR T $H e & D QOL @
] FICERN.CTAHAZ ENAEETH D,

32



1)

2)

3)

4)

5)

6)

7)

8)

9)

[51 /A 3CHR]

AAERMHMAER S AR ART ) —= 0 TRIGRBEDIRITA R
7 A 2015 (2 & iR AE) 2015

Fujisawa D. Nakamura K. Mitsubuchi H. Ohura T. Shigematsu Y. Yorifuji T.
Kasahara M. Horikawa R. Endo F. Clinical features and management oforganic
acidemias in Japan, J. Hum. Genet. 58, 769-774 (2013)

Fowler B. Leonard JV. Baumgartner MR. Causes of and diagnostic approach to
methylmalonic acidurias, J. Inherit. Metab. Dis. 31, 350-360 (2008)

Manoli I. Venditti CP. Methylmalonic acidemia. In: Pagon RA. Adam MP.
Ardinger HH. Bird TD. Dolan CR. Fong CT. Smith RJH. Stephens K (eds) Gene
reviews. University of Washington, Seattle, pp 1993-2015, (2005)

Shuaib T. Al-Hashmi N. Ghaziuddin M. Megdad E. Abebe D. Al-Saif A. Doubi A.
Aldhalaan H. Abouzied ME. Al-Owain M. Propionic acidemiaassociated with visual
hallucinations, J. Child. Neurol. 27, 799-803 (2012)

Laemmle A. Balmer C. Doell C. Sass J. O. Haberle J. Baumgartner MR. Propionic
acidemia in a previously healthy adolescent with acute onset of dilated
cardiomyopathy, Eur. J. Pediatr. 173, 971-974 (2014)

Baumgartner MR. Horster F. Dionisi-Vici C. Haliloglu G. Karall D. Chapman KA.
Huemer M. Hochuli M. Assoun M. Ballhausen D. Burlina A. Fowler B. Griinert SC.
Grinewald S. Honzik T. Merinero B. Pérez-Cerda C. Scholl-Blirgi S. Skovby F.
Wijburg F. MacDonald A. Martinelli D. Sass JO. Valayannopoulos V. Chakrapani
A. Proposed guidelines for the diagnosis andmanagement of methylmalonic and
propionic academia, Orphanet J. Rare Dis. 9, 130 (2014)

Arbeiter AK. Kranz B. Wingen AM. Bonzel KE. Dohna-Schwake C. Hanssler L.
Neudorf U. Hoyer PF. Buscher R. Continuous venovenous haemodialysis
(CVVHD) and continuous peritoneal dialysis (CPD) in the acutemanagement of 21
children with inborn errors of metabolism, Nephrol. Dial. Transplant. 25, 1257—
1265 (2010)

Chapman KA. Gropman A. MacLeod E. Stagni K. Summar ML. Ueda K. Ah Mew
N. Franks J. Island E. Matern D. Pena L. Smith B. Sutton VR. Urv T. Venditti C.
Chakrapani A. Acute management of propionic academia, Mol.Genet. Metab. 105,
16-25 (2012)

10) Picca S. Bartuli A. Dionisi-Vici C. Medical management and dialysis therapyfor the

infant with an inborn error of metabolism, Semin. Nephrol. 28, 477-480 (2008)

11) Cornejo V. Colombo M. Duran G. Mabe P. Jimenez M. De la Parra A. Raimann E.

33



Diagnosis and follow up of 23 children with organic acidurias, Rev. Med. Chil. 130,
259-266 (2002)

12) Fenton WA. Gravel RA. Rosenblatt DS. Disorders of propionate and
methylmalonate metabolism. In: Charles S, Arthur B, William S, David V, Barton
C, Kenneth K, Bert V (eds) The metabolic and molecular bases of inherited disease,
8th edn. McGraw-Hill, New York, pp 2165-2193 (2001)

13) Dionisi-Vici C. Deodato F. Roschinger W. Rhead W. Wilcken B. Classical organic
acidurias, propionic aciduria, methylmalonic aciduria and isovaleric aciduria: long-
term outcome and effects of expanded newborn screening using tandem mass
spectrometry. J. Inherit. Metab. Dis. 29, 383-389 (2006)

14) Shigemateu Y. Hirano S. Hata I. Tanaka Y. Sudo M. Sakura N. Tajima T.
Yamaguchi S. Newborn mass screening and selective screening using electrospray
tandem mass spectrometry in Japan, J. Chromatogr. B Anal. Technol. Biomed. Life
Sci. 776, 39-48 (2002)

15) Rashed MS. Ozand PT. Bucknall MP. Little D. Diagnosis of inborn errors of
metabolism from blood spots by acylcarnitines and amino acids profiling using
automated electrospray tandem mass spectrometry, Pediatr. Res. 38, 324-331
(1995)

16) Millington DS. Kodo N. Norwood DL. Roe CR. Tandem mass spectrometry: a new
method for acylcarnitine profiling with potential for neonatal screening for inborn
errors of metabolism, J. Inherit. Metab. Dis. 13, 321-324 (1990)

1) IHAEKR BT AR 27 V== 0 A RT 7 (&G
2013

18) Nakagawa K. Kawana S. Hasegawa Y. Yamaguchi S. Simplified method for the
chemical diagnosis of organic aciduria using GC/MS, J. Chromatogr. B, 878, 942—
948 (2010)

19) Morrow Gll11, Mahoney MJ. Mathews C. Lebowitz J. Studies of methylmalonyl
coenzyme A carbonylmutase activity in methylmalonic acidemia. I. Correlation of
clinical, hepatic, and fibroblast data, Pediatr. Res. 9, 641-644 (1975)

20) Suormala T. Wick H. Bonjour J.P. Baumgartner ER. Rapid differentialdiagnosis of
carboxylase deficiencies and evaluation for biotin-responsivenessin a single blood
sample, Clin. Chim. Acta. 145, 151-162 (1985)

21) Packman S. Caswell N. Gonzalez-Rios MC. Kadlecek T. Cann H. Rassin D. McKay
C. Acetyl CoA carboxylase in cultured fibroblasts: differential biotin dependence in
the two types of biotin-responsive multiple carboxylase deficiency, Am. J. Hum.
Genet. 36, 80-92 (1984)

34



22) Kalousek F. Darigo MD. Rosenberg LE. Isolation and characterization of propionyl-
CoA carboxylase from normal human liver. Evidence for aprotomeric tetramer of
nonidentical subunits, J. Biol. Chem. 255, 60-65, (1980)

23) Oizumi J. Hayakawa K. High-performance liquid chromatographic determination of
four kinds of biotin-containing carboxylase, J. Chromatogr. 529, 55-63 (1990)

24) Kikuchi M. Hanamizu H. Narisawa K. Tada K. Assay of methylmalonyl CoA
mutase with high-performance liquid chromatography, Clin. Chim. Acta. 184, 307-
314 (1989)

25) Tajima G. Sakura N. Yofune H. Nishimura Y. Ono H. Hasegawa Y. Hata I. Kimura
M. Yamaguchi S. Shigematsu Y. Kobayashi M. Enzymatic diagnosis of medium-
chain acyl-CoA dehydrogenase deficiency by detecting 2-octenoyl-CoA production
using high-performance liquid chromatography: a practical confirmatory test for
tandem mass spectrometry newborn screening in Japan, J. Chromatogr. B, 823,
122-130 (2005)

26) Tajima G. Yofune H. Bahagia Febriani AD. Nishimura Y. Ono H. Sakura N. A
simple and rapid enzymatic assay for the branched-chain a-ketoacid dehydrogenase
complex using highperformance liquid chromatography, J. Inherit. Metab. Dis. 27,
633-639 (2004)

27) Dean JA. Lange’s handbook of chemistry, 14th ed. McGraw-Hill, New York, 8.58-
67 (1992)

28) Damavandi MD. Chan EC. Kraus JP. Ho PC. Kang TS. Development of an UPLC-
MS/MS method for assaying the enzyme activity of propionyl coenzyme-A
carboxylase, Bioanalysis, 6, 335-348 (2014)

29) Ghoraba DA. Mohammed MM. Zaki OK. Mutation analysis of methylmalonyl CoA
mutase gene exon 2 in Egyptian families: identification of 25 novel allelic variants,
Meta. Gene. 3, 71-88 (2015)

30) Liu MY. Liu TT. Yang YL. Chang YC. Fan YL. Lee SF. Teng YT. Chiang SH. Niu
DM. Lin SJ. Chao MC. Lin SP. Han LS. Qi Y. Hsiao KJ. Mutation profile of the
MUT gene in Chinese methylmalonic aciduria patients, JIMD Rep. 6, 55-64 (2012)

31) Sakamoto O. Ohura T. Matsubara Y. Takayanagi M. Tsuchiya S. Mutation and
haplotype analyses of the MUT gene in Japanese patients with methylmalonic
acidemia, J. Hum. Genet. 52, 48-55 (2007)

32) Peters HL. Nefedov M. Lee LW. Abdenur JE. Chamoles NA. Kahler SG. loannou
PA. Molecular studies in mutasedeficient (MUT) methylmalonic aciduria:
identification of five novel mutations, Hum. Mutat. 20, 406 (2002)

33) Rodriguez-Pombo P. Perez-Cerda C. Perez B. Desviat LR. Sanchez-Pulido L.

35



Ugarte M. Towards a model to explain the intragenic complementation in the
heteromultimeric protein propionyl-CoA carboxylase, Biochim. Biophys. Acta.
1740, 489-498 (2005)

34) Lamhonwah AM. Barankiewicz TJ. Willard HF. Mahuran DJ. Quan F. Gravel RA.
Isolation of cDNA clones coding for the alpha and beta chains of human propionyl-
CoA carboxylase: chromosomal assignments and DNA polymorphisms associated
with PCCA and PCCB genes, Proc. Natl. Acad. Sci. U.S. A. 83, 4864-4868 (1986)

35) Desviat LR. Pérez B. Pérez-Cerda C. Rodriguez-Pombo P. Clavero S. Ugarte M.
Propionic acidemia: mutation update and functional and structuraleffects of the
variant alleles, Mol. Genet. Metab. 83, 28-37 (2004)

36) Yorifuji T. Kawai M. Muroi J. Mamada M. Kurokawa K. Shigematsu Y. Hirano S.
Sakura N. Yoshida I. Kuhara T. Endo F. Mitsubuchi H. Nakahata T. Unexpectedly
high prevalence of the mild form of propionic acidemia in Japan: presence of a
common mutation and possible clinical implications, Hum. Genet. 111, 161-165
(2002)

36



[¢]

ARG EZAT 21D | FREHEE & L TR D THRE, JHiiEs
0 R LIc At BN LR AR PG AR AN oA IR OB 2R L
ij_o

KA ZATT HITHIZY, %O THRE, LB £ L4 HENT
REFERFGEAITERIRGCEA 20 8 IS ed . AR YeA, i 4
B, AR BISIRFERFRESER MBS EICTERHOBEEZR L E
TO

AT AT DIZHT=0 . Yo TNV CRkx 2 ZH 2B £ L=
FER R PR AR AR R e i N R R R R S AR DN R B e -S4

EN B EEN S L —~ A 27 U —= 2 FWfgeEE (HERISEA .
THERTRE R AU T — 3 R BILkE ek,

DA R T N R R e RN S AR K DL L B,

RBIC, AEZZITTDICHY, REOTYS, ZWHHEHY £ L4

R TSR PR B A FERHR B A 70 B D s B OB RRICIEH O 2 L E
B

37



	D31-332-goto後藤本文用表紙
	332【全文】29薬博第332号学位論文全文【後藤佳奈】

