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Fig. 2. Amplified genomic fragments for the 11 exons of the E o subunit
gene from two patients were sequenced and analyzed. (A) The genomic
sequence for exen 7 of patient 1 has a € — G point mutation at pucleotide
615, resulting in a substitution of leucine for phenylalanine at position 205
(F205L). (B) The genomic sequence for exon 7 of patient 2 has an A-C
point mutation at nucleotide 648, resulting in a substitution of phenyl-
alanine for leucine at position 216 (L216F).

resulting in a heterozygote for the L216F mutation (data not
shown).

5. Discussion

Defects in PDHC are an important cause of congenital
lactic acidemia in children. The great majority of PDHC
deficiencies result from mutations in the X-linked Eja
subunit gene [2,3). The El subunit also confains a TPP
binding site that is shared by the a and B subunits [1,2).
Therefore, the E e subunit plays an important role in the
thiamine-dependent decarboxylation of pyruvate. It has
been pointed out that the Ejo subunit carries the TPP
binding motif GDG X26/27 NN common to all TPP-utiliz-
ing enzymes [1,9], and it is thought to be the region from
amino acid 195 in exon 6 to amino acid 225 in exon 7 [9].
Thiamine treatment is very effective for some patients with
PDHC deficiency. Among these patients with PDHC defi-
ciency responding to thiamine therapy, five mutations in the
E,c subunit gene have been reported previously: H44R,
R8RS, G89S, R263G, and V389fs [4,10-12]. All five
mutations are in a region outside the TPP-binding site of
the E,a subunit. Recently, the roles of specific amino acid
residues in these two mutations (H44R and R263G) were
investigated using site-directed mutagenesis, and two muta-
tions had an increase in their apparent X, value for TPP

[13,14]. Therefore, thiamine responsiveness of these two
mutations is supported by a change in the K}, value for TPP
observed in the recent study [13,14].

In this study, we described two clinically thiamine.
responsive male patients who had 2 point mutation
(F2051 and L216F) within the TPP-binding region of the
E o subunit, Unfortunately, it was not possible to analyze
the mother of patient 1 for the F205L mutation. We there-
fore do not know if this is a new or inherited mutation,
although this mutation had been identified previously in two
patients [15,16]. One patient was a male who died at age 18
months, with evidence of Leigh disease at autopsy [15].
Another male patient (patient 3929) was a 3-year-old child
with Leigh disease and psychomotor retardation {16]. Both
male patients showed evidence of Leigh disease and the
PDHC activities of these two patients were 25% and 36% of
the normal controls. The PDHC activities of our patient 1
were 1% and 66% of the normal controls at two different
concentrations of TPP as shown in Table 1. In male patients
with the same mutation (F205L), their cultured cells showed
quite different PDHC activity. These differences might have
been due to differences in the TPP concentration in these
assays of PDHC activity, or differences in the thiamine
concentration in the culture medium, or differences in the
cultured cells (skin fibroblasts and lymphoblastoid cells).
The concentration of thiamine-HCI in the culture medium
used for our studies was 3 X 10 ™% mM, but there are
culture media with various concentrations of thiamine-HCl
ranging from 3 X 10 7% to 3 X 10~2 mM [11]. We pre-
viously reported that the PDHC activities of the patient with
thiamine-responsive PDHC deficiency (R263G mutation) in
the presence of 1 X 10~ mM TPP was increased to about
two times by culturing cells in high-thiamine (0.4 mM)
medium [11]. Thus, it is possible that the PDHC activity in
the cultured cells with these thiamine-responsive mutations
might depend not only on the concentration of TPP in the
reaction mixture, but also on the concentration of thiamine
in the culture medium or within the cultured cells.

The L216F mutation of patient 2 is novel [3]. The L216F
mutation was inherited from his mother, because it was
found in the genomic DNA of his mother, and the PDHC
activity of his mother was significantly decreased in the
presence of low TPP concenfration. We believe that the
F205L and L216F mutations were the cause of their disease:
aside from the presence of an appropriate defect in thiamine-
responsive PDHC and El activities, no other mutations
were found in the B, subunit gene, and these two muta-
tions were not present in the genomic DNA from 30
unrelated controls. A comparison of the PDH E o amino
acid sequence from a variety of different sources (pig heart,
rat liver, mouse liver, and yeast) shows that the amino acid
205 and 216 is phenylalanine and leucine, respectively [17-
20].

PDHC deficiency is generally d1agnosed by measuring
the activity of PDHC in the presence of a high concentration
of TPP (0.1-0.7 mM) [11]. Two thiamine-responsive
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patients showed apparently low activity of PDHC in the
presence of low (1 X 10 ~* mM) TPP, as shown in Table 1,
but their PDHC activities significantly increased at a high
(0.4 mM) TPP corcentration. Most strikingly, the PDHC
activity of patient 2 increased to within the normal range.
Therefore, in order to diagnose this type of thiamine-
responsive PDHC deficiency and to prevent a diagnostic
error, it is important to measure the activity of PDHC in the
presence of a low (I X 10~ * mM) as well as a high TPP
concentration.

Among the patients with PDHC deficiency caused by
mutations within the TPP-binding region, five mutations
have been reported previously: A199T, F205L, M210V,
W214R, and P217L [3,15,16,21-23). Because the PDHC
activity in patients with these mutations was not measured
in the presence of low TPP concentrations, no one knows
whether or not these patients have thiamine-responsive
PDHC deficiency. These patients are all male, and all the
mutations except for the M210V mutation caused Leigh
disease. Therefore, it is possible that the PDHC deficiency
caused by mutations within the TPP-binding region might
lead to Leigh disease. However, our two patients had not
developed Leigh disease by the time of their diagnosis.
High-dose thiamine therapy might have been effective in
preventing Leigh disease in our patient. Recently, the roles
of two mutations (M210V and P217A) within the TPP-
binding region were investigated using site-directed muta-
genesis [24]. The apparent K,, for M210V mutation
increased significantly, but P217A mutation did not affect
the apparent X, value for TPP. Thus, the different sub-
stitutions within the TPP-binding region can cause different
functional defects in the El enzyme.

No effective therapy for congenital lactic acidemia has
been established. In this study, the clinical symptoms in our
two patients were improved by high-dose thiamine therapy.
The clinical thiamine responsiveness in our patients was
confirmed by in vitro studies showing a thiamine-responsive
functional defect in the activities of PDHC and Eli in the
lymphoblastoid cells and the decarboxylation rate in intact
cultured lymphoblastoid cells. The DCA-~activated PDHC
activity in the lymphoblastoid cells was maximal in the
presence of a high concentration of TPP. These data suggest
that the concomitant administration of a high dose of
thiamine and DCA may be required to achieve maximal
PDHC activity in patients with thiamine-responsive PDHC
deficiency, especially in patients with an acidotic crisis.
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T Py vILE, &Y Y viUENA LR, KER
SOERIIAER S A AURICRLT T 5 REER
Thd? Mip75=r, 70U YOLRREH
Th—TTHBIZHLN B,

FN—F ClESEHIZINV—T AL
LTWwaA, BHEEREENEIEALALNLR
WERERTHY, ThITI2EFAIRES
NTn 55,

PCREFTF UV 2WMBRLETIERTHY,
EWVE VB LF S uBRTERL, B
FNOREOHBRETo TV D, T, ERE
N2V OBBIEZ7T AN FVBIIERSK
T, REFA I NVAOT RN BEOREB
YUY IEEY 4 2 VCORERHEY OMRF
LS LTwa. ZOPCHEER, 7TEFN
CoA/CoAltE X UTATP/ADP HiZ X » THED
ShTdy, FRE, BHicBwEEL B
A, IR, B ST
FTH oz,

PCEETH N FHafkLicBELY, #Hilk
BToH7azy pRIBRGFE LTARER, 2 1
I FYTHIREE SR, 1=y Moo
rRENEE, IR THTHEAEZTE
B39 PCRYAFryEBETCIVT2=v b
WD 15FOELF B RERKEL TV A,
¥ F®»PC?®cDNA X 3,534bp TH Y, 19
VyhbEBRENTWE, ChITILI V-7
ADBBOBREBEFHNTHON, 4BEOER
PHE SR TV B,

FTAVHL V4T D15 ADPCRIBET
i, ABI0T(= 7 v ¥ 13V EEHT 13 AT, M7431
(27 V1) ERENF2 NIZRoP o7 A6LI0T
BRI, CANEVBEOESBMICEEL,
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iR Er Fharrur
T vELT
- /
Fh=—Fv I ) B
\/T
I/’E‘ﬁ — O YIrAY Y
FAEZY
A .
| —— T RN X V- O TANSF B LY VR
v AEvomm + %P OB % ’
T pansiE NADH NADH
\\7f// Amm NAD
7w N »1) v IER O > 1) TR

1 PCRIBIE(FM17BIBRICSIIETEFIEL S ML IEED

RAERER GO & Y )

M7431 R T A VR F ¥ MALEBRICFEET 5.
MERFERA DN 2RELBWTERER
VI45A(E 7 v ¥ ER L R45IC(Z 2 V ¥ 9)
EEFERWZEN, TREBEZAThORESET
Hole. EHLLDOEEDIEFF ¥ - ANKERY
WALERRLZIFEEL T 3™,

4. & &

PCRIBERRTH, PCEHOETICED A
FFURFBROERFEE S VERLEZRT L &
biz, VOB o vEATHIPIVEFY
7R DBLETREOAGSHES LD
2, MlEANERILETIREL ZTIFAR/Y
VEVBILEEETHED, IbIVFITH
DENERTIE R Fu ¥ VEBR/7 & M
BRI EfE L =T

BloE7 vy E=7IE, ¥ v YIER,
AEEOETIZE - TREFA 7 VOREETD
BTANRGEUVBOREZERTHDEELLN

Twa*(H1). PCR|BEWCLHIABETF
— Y2 FFoFROMGETREL, TCAY
A7 NVORBEELRTZLPBRELIATY
5, WMEREFEOEEIMERROMELORE
WWEBEENEY, ThHEHREEDHEOERK
WCLBRRINVY I VPRBEEOERET T
TRELZSTVEIDEHERENTV S,

5. 2ZMrEERIZE

FraERY, RBCREE7 Y F—V X, B
MEEREEY 2T A RET, BILBIEIHER
EhPBEERENEDLNEY, REEFHRES
AT TR EEB LAY, ErE
BRBREFLFEEOHREEMERTOATH
5, Ry, VTR, anZE, o7
VY —NEEOFEHRERREBMARD LN S
A, 7 VBOSHRIIBEERILTWEDAT
b5, Larl, TORGEEEAFETLIRPAR
B7O77ANBETEIENDLOTHEES
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B4 57,

e, TI/BSACROFTI=Y, TH
Yol i Vv—7BTRIIEY bV
Yy, YVUOEmMBIUI NI, TVF
I VEE, Yusyivy 3 yEBEORBHREEMD R
Hbhnb,

TOLIT, EWTLIBICERTENEY
BEOHELEMAEE,» SHEETHL L, 7
< VB, VY TE, INTEEOBREENEELT
WwWaHIEDD, B BYVE VRIEZ K
THOEBE 3dH D REENITETH S,
HESHODITIXPCERONEIC L 28E
BWHPATRTH 5.

PCHEMEIIIFR, BRICBVTRLIBVA,
PCRIFFUARERHMETH 20, HRT
BoN I EOERTIHELRERSEY
HEgETH D, F0d, HERFFHEFMER
Hegg) voSER G VP OREEHIE Vv PCIEK
DEEIZ L ABEBILETH 5.

Fu—7ABLUFN—7BoOPCIHEEE,
Wb EEIBO 5% LT L EFHRKERZ R
LTwa? ¥, ZN—7CTidVan Coster
59 DEFITIE, BIER MMM O PCIEE
REEHEBO5%UT T 5%, Hamilton b7
DEFTIE, EEMHRO 12-16% OERFEEN
FHLNTV A, PCEHDERICL HZWET
2, PV —TABLU YNV —T COBREDREE
ERSEFERTCRENTREIZEREDOPC

ERASEMRED NS, ZV—7BD10HI
H 6 TIEPCEADAENEDLNT, 44T
I mRNA D EE ENTWirho 2,

6. AELTE

R 7 & F— ¥ 2 RRMENE SO
BAIE, NEMICSVI-X, EFORSS
iThha, HFFEE LT, ABOERMILL
DDEEOFIR, CLYE YBABHMEED D
¥¥3IVB, VIZ7uufgr oA, €FF
vy O#RE, TANVF-BEEREREQOLDI L
VEE, TANGXUVEE, FVIIVER EHR
v Bs DTG HRAOND.

B, s VvBRET AN EFUBOKERYS
#IN—7BO 11 A BLBICH LTI, 3L
Ber b EOFBHLETEMET I /BEDIE
wiAH b, L L, BRIISEEAAT
BEELHANEREREENALNTEY, 20
EEECL O ABBEEIEESRD, HiEE
FHZIRFRISTRTH o 7™,

FEICRHE B X F rORE, RuAnr
FVS—UERBERBELREY, DIV
HTERV, FICPREMRBERINLTRSHE
DEIRIEA S v,

FEORERMBIIE, CFPWTREETDH
Y, IR RAREAR E B I EEFRE
OEEIZ L Y BEFE T B,
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