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AR Z g (Methylmalonic acidemia, MMA) & #84 ¢ #8543
B WEAHBE AR L RS B Y F R PR R R T
~ B9 [ -k (methylmalonate) s o 2 F1E B F kR Y 07 AR
= el pF A % =f% (methylmalonyl CoA mutase, MCM, EC 5.4.99.2) # it 4
Fadt 2 pF 5] 3 9 frd 1 3 4% % (adenosylcobalamin s B #F Sgir G i &
B12) # & *dirndik o TRkt 7 AP - A EFR T RFE R A S D mut
type % cbl type MMA - muttype MMA iz & 7 27 = fisdf fir A % 2f% %
g aT L wmAs S mut 2 mut® 4] cbl typeMMA % adenosylcobalamin #
& =ik FafT Rk 0 & adenosylcobalamin # & =i AR P fhak fn2 3 OAT Rk

(complementationtest) # £ %4 5 643 (A~B~C~-D~F-H)-

RFEE U A e T A C Rl pE A R i2ps (MCM) E 1

Fie® AR Z pREAE o~ a Y FRORp £ %2 iRk TRk 0 ¥

2 rgF el A i gl 29 1245 muttype MMA ;
11 &% cbltype MMA (11 i cbl typeMMA 3 & ¢ § 7 ifp & & 3 5
s kX cblC -~ chlD & chlFtype MMA) o & F 211 B & fwgar Ji ~
B PR EA A TR R Y LG B RRpkafEeh chltype T AP C B R
E¥2 MMAA fv MMAB A 1% 2L F1 R 8 A 37 12 1 - ¥ B 13 &

CblA ~ cblB type MMA 2 7 iy 5 s i o &4 MMAA A 7]} 53487 3

TR CEFRE Mo P RAREFPRIA ST EF
B 12 & SNP( Single Nucleotide Polymorphism ¥ +x3fk 5 3l42) » # ¢ 5
% Wb e 2 a9 SNP—-.-2263A/C ~ €.-1755A/G ~ ¢.-1391A/T ~ ¢.-996C/T -

c.1089G/C 2% 7 i@ #73 2. SNP- c.-1740A/G ~ ¢.-713A/G ~ C.-469A/G ~



C.67+52C/T ~ ¢.734-264G/A ~ ¢.819+168C/G -~ .884+2678C/T - } it i1 SNP
BEACEEY L H ",ITT 7 C.-2263A/C A it 7 %3t % C.-469A/G ~
C.67+52C/T * £ H-W equilibrium ¢+ » H &% = £ 3] H-W equilibrium - %
MMAB L Flehks 47+ B3 4 B @ 4248 4 5 SNP- 56-57GC/AA -
c.520-96C/T ~ c.585-204A/G ~ c.716T/A 2 3 B #73 2. SNP—C.-414C/T -
c.520-159C/T ~ ¢.520-128C/T - } ife57 SNP A # A %5 ¢ ik i f
C.585-204A/G 4 it 7§ skiF 3t b o H A} o i 1) H-W equilibrium o+ i e
P S AT R L p S AT EE S~ RNA 42 2 12{- mRNA splicing

B el 438

AFL A TS A & chlB & chiH type MMA s & i& i3
MMAA = MMAB 2 F14 47 o 1783 4% 7= MMAOOL ,&ﬁ g1 MMAA #
FH P - BRAEF 2 S F LA DR F CT742CT > » & MMAB E_’ﬂ“% 7
SNP #F» 2 F iz mug;rw %£°MMAO2L &% & MMAA {- MMAB
"]f SNP ¢t & A MMAA 2L FI35 R 2L Flicd + % 45 31 ¥ i mi{}?‘ﬁkﬂi?
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By 250 BrEAL o £ F 7 inron6 GiEF o Bl Adgsr 173 B ek
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Methylmalonic acidemia (MMA) is an autosomal recessive disease of organic
acid metabolism caused by defects in mitochondrial methylmalonyl-CoA mutase
(MCM, EC 5.4.99.2) or the synthesis deficiency of adenosylcobalamin that acts as a
cofactor for MCM. Generally speaking, MMA patients often fall ill in infant stage
and accumulate a lot of methylmalonate in blood and urine during acute illness.
MMA is classified into mut and cbl type according to different complementation
groups.  Further, mut type MMA can be classified into two sub-type, mut” or mut’,
caused by partial or complete enzyme deficiency, respectively. Cbl type MMA
caused by the synthesis deficiency of adenosylcobalamin can be classified into six
complement groups, namely cblA, chIB, cbIC, cbID, chlF, and cbiH. Among which
cblA, chlB and cblH are isolated MMA while cbIC, cblD and cblF are combined

MMA and homocystinuria.

Twelve patients with elevated urinary methylmal onate were included in this
study and classified by clinical symptoms and biochemical findings for the MCM
activity, accumulation of methylmalonate in urine and homocysteinein blood. One
of these MMA patients was mut type and the others were chl types. Two of these cbl
type MMA patients were differentiated as isolated cbl type MMA; seven were
combined methylmal onic aciduria and homocystinuria and two were unable to
classify. In this study, both the MMAA and MMAB genes were scanned to identify
the genetic mutation for four unrelated Chinese cbl type MMA patients without
homocystinuria. DNA sequence analysis of the5 -UTR, 3' -U'R, coding region, and

the flanking regions of exons for the MMAA gene had identified twelve single



nucleotide polymorphisms (SNPs) in the Chinese population. Among which five
SNPs, termed ¢.-2263A/C, ¢.-1755A/G, ¢.-1391A/T, ¢.-996C/T and ¢.1089G/C had
been reported elsewhere while the others were novel SNPs, namely ¢.-1740A/G,
c.-713A/G, c.-469A/G, c.67+52C/T, ¢.734-264G/A, ¢.819+168C/G and
€.884+2678C/T. For the MMAB gene, we had identified four published SNPs,
56-57GC/AA, ¢.520-96C/T, ¢.585-204A/G and c.716T/A, and three novel SNPs,
namely c.-414C/T, ¢.520-159C/T and ¢.520-128C/T. The SNPidentified in the
Chinese population for the MMAA and MMAB genes were in H-W equilibrium except
€.-2263A/C (alele frequency not determined) and c.-469A/G for MMAA and
€.585-204A/G ( allele frequency not determined ) for the MMAB. These SNPsin
MMAA and MMAB genes may assist in studying promoter, RNA stability and mRNA

splicing mechanism of these genes.

Mutation analysis of the MMAA gene for four unrelated Chinese cbl type MMA
patients without homocystinuria had identified a ¢.742C>T and a c.-504C>T
substitution. A homozygote of ¢.742C>T mutation ( Q248X ), which had been
reported as a disease-causing mutation, was identified in the patient MMAOQOOL from a
consanguineous family. In the patient MMAO21, we had found a c.-504C>T
ateration in the predicted promoter region of the MMAA gene. RT-PCR combined
sequencing analysis of the MMAA premRNA for MMAO21 had shown 40%
decreased expression of the c.-504T allele as compare to the c.-504C allele. This
data suggested the ¢.-504C>T mutation might affect MMAA expression and leads to

the disease.

MRNA analysis of the MMAB gene for MMAO010 patient had found to have some

extent of intron 6 retention ( r.519 520ins519+91 519+177 ) while the mRNA of the

\%



MMAA gene expressed normally. This retention of intron 6 affects the origina
reading frame of the protein leading to pre-mature trandation stop and produces a
truncated protein with seventy-seven amino acids deleted at its C-terminus.
However, this intron 6 retention was also found in norma lymphoblast cells
suggesting alternative splicing in lymphoblast cells. None of the variation other than
SNP in both the MMAA and MMAB genes ( including the predicted promoter regions)
was found in patient MMAO1l. RT-PCR anadysis of the MMAA preemRNA
suggested one of the MMAA allele did not expressed in this patient. The genetic

mutation of MMAO11 patient remains to be addressed further.
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" AP - Bk (Methylmalonic acidemia, MMA ) *% 1967 # 7@ ¢t
B A T 4F 45 2 B Jp (Oberholzer et al, 1967; Stokke et al,
1967 ) o 3%p s 5 — ARG PR AHE Y AR B Wit d @
P AZEEE 4 F G5 1/48,000 ( Coulombe and Shih, 1981) » & R & &
FUEFLAF NG TR R WL EAGPRAHEY AR B Ln
2o = ( Tsao et al, 1986; Wong et al, 1992; Luo et al, 2003; Gu et al, 2004; Jin
et al, 2004; Han et al, 2005 ) - % Fig oy B OB oo R Z it ¥
3 27 AP - fe (methylmalonate ) a4 > 1 & §.d > é. AP
AP C e s A ¥ pF (methylmalonyl-CoA mutase, MCM, EC 5.4.99.2)
¥ 4 s i ps F] S ’ﬁl‘f%—vé Pi ¥ &57%% (adenosylcobalamin, Adocbl » # =

Setr ot b B12) 24 & 2Pt ¥ 3 (Fenton et al, 2001 ) -

CARP A B A ey ek pR A ORI R
% 53 Hf]lvqw&;r» "% f2 5 P fied fF A (Propionyl-CoA) & M4zt & D-7 A
[ = fied f5 A ( D-Methylmalonyl-CoA) » 5d ® AP = fesif fs A i e fs
( methylmalonyl-CoA racemase, EC 5.1.99.1 ) # % = L-7 A - falf = A
( L-Methylmalonyl-CoA ) » L- Methylmalonyl-CoA ¢ methylmalonyl-CoA
mutase fr adenosylcobalamin % i % ~ &4 it =7 - FRifpr A
( Succinyl-CoA) & » = % & j5 % ( Tricarboxylic Acid Cycle, TCA cycle ) °
Methylmalonyl-CoA mutase £ adenosylcobalamin 3 [ 2 ¢ 3¢ = #8 p

L-methylmalonyl-CoA & ;2 :&— # &= succinyl CoA i& » TCA cycle’ F]

st #8 5 L-methylmalonyl-CoA ¢ 4 ¥ *h 3 =t (3RS > i+ n R 2 73



@ 3ff < £ 7 methylmalonate frfi "> € ¢ propionyl-CoA % H %33 $-
( B-hydroxypropionate f= methylcitrate ) ( ®— ) ( Fenton et al, 2001 ) » 5142

methylmalonic acidemia o

S~ T AR D a2 A RS TR R
[/ S R U R R - ]
(1) mut type MMA ( MIM251000 ) : #] % methylmalonyl-CoA mutase # it 4*
frig A o A TR A R omut 2 omut® A oo mut® 3R % 2k L
methylmalonyl-CoA mutase &1+ > a mut 3| & ﬁ AlEF 2% X 2%~75%

+fi% % 75 14 (Fenton et al, 2001 ) ¢

(2) chl type MMA : F] % adenosylcobalamin # & = 4% ffT3 5k » (&
adenosylcobalamin # & = {427 4k ol 3 47 32% (complementation test )
FERAL64 (A-B~C~D~F~-H)-# 7 chlC(MIM277400) ~ chlD
(MIM277410 ) ~ cblF ( MIM277380) %] &, Jﬁ" "fTT 7 adenosylcobalamin # & =
R o g = B Bt (homocystine ) 38f5 ¥ £Fiiefk (methionine )
“r % O3 f¥ 15 methylcobalamin ( MeCbl ) Fe %% 2 R 48 » #714 ",ﬁg TP A
f= fea g che PG F %R fE (homocystinuria) 5 cblA

( MIM251100 ) ~ chlB ( MIM251110) ~ cblH ( MIM606169 ) 4] &
adenosylcobalamin # & = 3 4[5 <% € 2 4 homocystinuria » 2 fij 3 =

£ 7 methylmalonate #t#f > 3% methylmalonic acidemia ( Fenton et al,

2001 ) -

% & methylcobalamin 2 & = {8 fi > % 73 cbIC ~ cblD ~ cblF type
MMA & Jﬁ" > chlE 2 chlG %) & Jﬁ" £11 homocystine * #3 4 B 48 > & %)
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# #F adenosylcobalamin # & % > sz 3 homocystinuria > 7 § 7

methylmalonic acidemia (B= ) (Dobson etal,2002) -

*r3 methylmalonic acidemia & Jﬁ" 2w R B BRiR LA =R N
methylmalonate © & ¥ * — % # 1 methylmalonate & > ** 0.04 mmol >
methylmalonic acidemia &, Jﬁ" gtV 3 iE 2.1 ~49 mmol (240~
5700mg) - i ¥ A Jf: # &% #p] ¥ methylmalonate > @ £ 4 i ]T% v
methylmalonate 2_ & & B ¥ £ 0.22 ~2.9 mM ( 2.6 ~ 34 mg/dl ) ( Chalmers
and Lawson, 1982 ) mut’ type of MMA £ % & ¥ % 3 7 > ~ 5 80 % mut’
ARLWD LB Fp gm0 m S8 mut ~cblA 2 cblB 3132 AZiE- B
T g o LRk G &S TR F%’B:i:‘ EORrfeek ~ Bok s o FEE S
W BT A T REPME Y & - Bk g (ketonemia) ~ F i &

( hyperammonemia ) ~ % + *<f& o J£ ( hyperglycinemia ) ~ ™ & #%
(hypoglycemia ) % (Matsui et al, 1983; Fenton, 2001)  methylmalonate 1%
i & Frdl#E FAT4 17( gluconecogenesis ) £ fk % #%k (ureacycle) EA2? e
fit% »i&m 3142 hypoglycemia ~ hyperammonemia % fi¢ ¥ & % > gt ¢t » chIC ~
cblD ~ cblF %] & 'g % ¢ 7 $#.% 2 methylmalonate # homocystine -’ it g 'fﬁ

wF P o g 2 H R (glycine) 7 €7 - % (Fentonetal, 2001 ) -

AR C e g2 FW YT

methylmalonic acidemia 2 Jj ¥4 & 3% 5 /&> Tk ik 2 & R~ inf =
U AE{S R 2 e 0 FWP ¥ B4t methylmalonic acidemia 2. 4 #f % P
287 e BB ¥R Y Rl < £ methylmalonate - 82 X B {2 @

i R F 2 Fji @ m ¥ &Rl 1 methylmalonate (Ho etal, 1987) » iz = 4



methylmalonate 2. 3 & 48 £ ¥ 4 ( methylmalonic acidemia &, .%z Prife ¥ 2
methylmalonate z £+ % B/ f o %Jﬁ 3 BHI L S) VI ARG
( Chalmers and Lawson, 1982 ) o & %r4=4) > Tk F 3 H#pEpm? 3
ketonemia ~ hyperammonemia ~ hypoglycemia 2. & 4 ¥ /2 L& {7 i § Bk
A LR & ¢ K& 4 5 (Thin-Layer Chromatography, TLC ) (Wang et al,
1982 ) # PNA /p|3# ( Para-Nitroaniline test ) & {7 methylmalonate Z_{+ 4 47
( Giorgice and Luhby,1969 )> 2 i& f1* § 4p & +7-F ¥ & (GC/MS) & $77 4
Frite ®  methylmalonate 7 & (YehSF, 1986 ) (Rl=) » 4 v 8 B F3¥ %

( Tandem Mass Spectrometer ) # i8] &, 'fg ® ;% ¢ propionyl-carnitine 3% > £
HEFHFNLET IR A L F w7 H B » 247 (propionate incorporation
analysis ) ( Morrow et al, 1976; Willard et al, 1976 ) B| € fm?e p [ f& 1 BPh-
A0 WORIR pE S RS AT A 4 81 o 5 FEL methylmalonic acidemia 5 4
2. & A 1% B 2 ik 4p & 17 &k ( High Performance Liquid Chromatography,
HPLC) 4 472 % » r methylmalonyl-CoA & <X B » 4c » #f fis F]+
adenosylcobalamin # 52 1 » 4~ 17 succinyl-CoA 2 2 = £ - R &
skinfibroblast £ lymphoblast 2. mutase %4+ ( Kikuchietal, 1989 ) - pt

b riveALEL A 47 ik 4 472k ¢ glycine ~ methionine ~ homocysteine % A ¥
homocystine 7z £ » & E P FHESELTE 5 B L5 methylmalonate %
homocystine * #4353 cblC ~ cblD ~ cblF type MMA & E_i§ 5
methylmalonate i #H$H5 MMA - mut 2 mut’ type MMA %
methylmalonyl-CoA mutase 4 Féafk s > #7)4 8 {7 propionate incorporation
analysis ¢ 3 Riwfe N B Fe @2 T F f @ o 4o i fF F1F  adenosylcobalamin
TR R A LA 4T > mut type MMA dk £ g d S mut AR P12 §
2% ~175% g1 ochl type MMA % #f = adenosylcobalamin # & = 4% F&¥7
15 0 PHREE D F AW N 2B © A4 B EEFS
adenosylcobalamin i& {7 methylmalonyl-CoA mutase &4 477 B|#F
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methylmalonyl-CoA mutase &4 & ¥ o cblA~ chlB - cblH type MMA d

%72 7 methylcobalamin & = /&% > #7127 @5 methylmalonic acidemia @ %

£ homocystinuria - cbIC ~ cbID - cblF type MMA R B¥ 3 methylmalonic
acidemia % homocystinuria (% — ) o cbl type MMA ¥ i&— # 1 3 4 3E 5%

( complementation test ) #%| % 4 4] ( Gravel et al, 1975) »

LI G R RO ESPRY) . Lot l

methylmalonic acidemia &, 'g 3B d A AE R R SE W TR eD
P o % "% 7 isoleucine ~ valine ~ methionine ~ threonine 2. 3F7kfie > 4k
IR F A 4Rkl 2 #EP2 1 39 40§ "4 (Nyhan etal, 1973; Satoh et
al, 1981) = ¥4+ cbl type MMA £ ¥ %4 “# p 1 2 2 mgcyanocobalamin
£ hydroxycobalamin jp % > # ¢ 12 COIA R & in i & b & 0 v 3 i L
&% % SRk @ methylmalonate 2. 7 & » > #ic e fi* ]+ adenosylcobalamin
%8 % F 4 mut 3 é.'*z ot isRix 5 24 5 & (Matsui et al,
1983 ) o o t6 T 1~3 B 7 4 4w /g 2 Sk ¥ methylmalonate 7 & - i

B2 EST CAra#BEA (A £,2004) ¢

i S e F & gz’i ~ j\éf,gr_iggf;}g, g vk 4e < {.}_ﬁvﬂ;ﬁ“p"ﬂ—} %%g@g—%;—g
Mengg 2 g v o e F 2 muttype MMA R B2 sAEE
H960% EE = 040% REwiEETEE S mut 37 AR C i
,E_—%"‘] 40% 7= 220% FiEeE T EE40% FEFF YL F (Matsui
etal, 1983) - Cbl type MMA e & % > *% 7 V4 * K- Fap @ i)t o
¥ 114594 (cobalamin, Cbl )&y s o #7d B 3 123 F & mut type MMA

¥ (Matsuietal, 1983) -



I AR BeogpzZ ATDET
¥1** methylmalonic acidemia &, Jﬁ" I AW L ET T BRI E P
shi -k Sk o 1% GC/MS #& iR methylmalonate 7z € ( Morrow ét al,
1970) » # & ¥ -k w8 & 47 methylmalonyl-CoA mutase %412 %2 cobalamin

Z_ 3 (Mahoney et al,1975) & {7 mut 2 cbl type MMA z & 70 2 %7 o
oW W R EfRsak E(PCR) N p o R TR A $7( sequencing ) 3 i iE
% A &35( microsatellite marker )it 4 2 47 & 2 F F B F 1 Z (T

#] (Wang et al, 1990; &% 4 4&, 2003) -

*~chl 7 AF L g2 A+ R REEY
Dobson % 4 % 2002 & 4 %] # % cblA {r cblB type MMA =5 2 7]
% MMAA f= MMAB ( Dobson et al, 2002a, 2002b ) - MMAA {= MMAB
Fla w23t 44 48 4q31.1-q31.2 f= 12924 > 25 7 # exonfr 9
exon > A FrE AL 171Kb 2 18.87Kb(Blz frBl7) °» cDNA &
Bl w5 1404 bp 4 2361 bpe MMAA & Fli2B/5 7% # 3 418 Brefkp
e145%%% 1R ' ( cbl-reductase )

( http://www.expasy.org/cgi-bin/niceprot.pl?Q8IVH4 ) ; MMAB £ 7] :§{s 2;

=& 7 250 ByRAFEEIRE B'?F%—vé P44 & i* fF ( cobalamin-
adenosyltransferase ) ( http://www.expasy.org/uniprot/Q96EY8 ) - iT & % 4%
chl type MMA e7#=5 » b fE A fop & 4 & dohR % & MMAA A%+ 4 29
Bo>mi MMAB A FF5 15 B> ¢ 28R ¥ 0 -] B ETdE > %“J“f‘f?
duplication ( Dobson et al, 2002; Yang et al, 2004; Lerner-Ellis et al, 2004;
Lerner-Ellis et al, 2006 ) & MMAA A F]+ o f& A 3 4 R & 2k ;

c.433C>T (R145X ) (Lerner-Ellis et al, 2004 ) » ~ 458 2 %% 4 =% & CpG



dinucleotides > CpG dinucleotides = B 7+ © v % % 2 4 R

% % ¢ hot spot
(Cooper DN, 1988 ) ; @ fp & A f|12 503delC 5 & # LR & o

Bk

684 0 MMAB A FIR§ ¢ o fr e L% %8 RI86W (Yangetal,

2004 ) > 7= =2t F % iE 2 BLR ¥ 0 CpG dinucleotides o

;‘Eﬂ’i‘ﬂé’ﬁ

FENAFIRRCEE FIEE RS G LR PR T EAHEA

# % methylmalonic acidemia #2353 %7 & R f # B2 & 5 &

B 4 R Fl o 5 p 8473 methylmalonic acidemia #in2 A3 A % o
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MMA 2 3¢ 2 i 4p B B s PB4 2 2ok 24 4w %2 > f8 P~2 genomic DNA
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mut’ type MMA & 4 § 1> @ ek %5 c1217delG > B &4 4 5 - =
= o tme GMS95 i - 4 chlAtype MMA v 4 § 5 ¢ e R 85

¢.592delACTG -
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MMAO001
MMAOOL ( 1V:2)
hyperammonemia
methylmalonate propionate

incorporation analysis (PA
incorporation : 86/120 pmol/hr/mg protein ~ normal reference range : > 330
pmol/hr/mg protein ) propionate incorporation
analysis methylmalonate

( B12) MMAO001

(IV:1)
(1V:3)

methylmalonic acidemia

2. MMAO10 Mm—

11 12

MMAO010 methylmalonic acidemia
MMAO10 (I1:3) 6 * I
methylmalonate ~ methylcitric acid glycine
alanin ( B12)
(n:1) (1:2) methylmalonic acidemia
3. MMAO11

MMAO11 ;

methylmalonic acidemia ‘




%0 8 peEd et o B3 MMAOLL (IL1) S AT Rafleme 4 -
% ¥ % methylmalonate » ¥45"%% (BI12) /s & x> £ 45§11 B12

el P oot paeY =+ (I12) £ %725 methylmalonic acidemia 2, 'fg

o

4. MMAO013
MMA013 :‘—a 7“‘ jﬁ', = g Aa/; — %5 F;"D \/—,’3%,]. I \
VA= %5 FF #% i methylmalonic acidemia ‘

Bd 2 %Rprad A EHrt o B

i j e
H(I2) w2 (= gm0 F R Reb R4 2 L FTRYE

L 2Hi4 fe ¥ 3 - hyperammonemia - hypoglycemia ~ ketonemia % Jg & » #*
*h Fei @ 3 methylmalonate » ¥f4z9%% (BI2) inff & =22 2 Kig?
homocystine %z £ 4¢i# * ¥ & ( Homocystine : 202.4 umol/L ; normal
reference © <20 umol/L) - & 4 >t FpE = s Bxedby (IL1)3 4 4

fs 30%’2}*.‘)]%\40%55;~1‘ o

5. MMAO14
MMAO14 3 44 5~ § 5 - Frafy I
B %5 FF $ &2 methylmalonic acidemia II

Bk A PRAL N FIEH AL o B A
F (L) 2 083 B2 5 0 5 ke ~ % 5 &% » hyperammonemia
Eopsfk o B¢ iR ® § methylmalonate 324 ® & /% ¢ homocysteine 7

£ 4z ¥ & (Homocysteine : 38.2 umol/L ; normal reference : 4~12

umol/L) °
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6. MMAO19
MMAOI9 5 # 5 *« 4 % - Freaf I
17 $e3% F £ #& & £ methylmalonic
II
e o B (IR1) 22 8- &35 0 § kel ~ ofpk 3T 8%
RS ¢ & - ketonemia sk 0 ¢t H R ¢ 3 methylmalonate 3§
» & ;% ¥ homocysteine 7z £ 42+ ¥ & (Homocysteine : 210.5 umol/L

; normal reference : 4~12 umol/L )

7. MMAO21

MMAO21 & &7 & i F Edkos it § 67 I
13 o4 % methylmalonic acidemia i 1l
%08 jUE Ao o % MMAO21 (IL1) A
Fi® ® § methylmalonate » $+é7%% (BI2) ind &
N FEF U BI2 sk ¢ oo
8. MMAO022

MMA22 5 4%+ 8 % - Fraappee L y 1
Ié‘%f EF % 1 methylmalonic acidemia % % "

s BE (IL1) $ 3 Tl «e3Ed 2 Lo A

2.

A SRR Y 3 methylmalonate - homocystine 7 £ 4Z& 1 ¥ &

( Homocystine : 470.6 umol/L ; normal reference : <20 umol/L )
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9. MMAO023

MMAO023 5 # % =~ & &% - %F%k’i’ﬁi

15 Bk %5 FF $ &5 methylmalonic acidemia
Bk o B (IL1) SHplgFR? 3 A
methylmalonate 34 > homocystine 7 £ 42 ¥ &

( Homocystine : 114.5 umol/L ; normal reference : <20 umol/L) °

10. MMAO024

MMAO024 5 # 3 ~ § % - Flaf i I
Eé‘% EF 3% & 41 methylmalonic acidemia 1 %
o Bk (IL1) B R Rk L A
methylmalonate 32 4% » homocystine 7z £ 42 * % & ( Homocystine : 24.8

umol/L ; normal reference : <20 umol/L) °

11. MMAO25
MMAO025 & # 5 = § % - Fre oy | | I
Ié‘%f EF % 1 methylmalonic acidemia % %
o BE (IL1) »v a4 fsema Flig ~ 474 3 B A"
BE KT R pﬁ PES TR Ak 0 SRS G ketonemia ~ SR ¥

methylmalonate k& 8% > s /% ¢ homocysteine 7 £ & ¥ o F {7 i ¥ 3

ER TS SE R T S
12. MMAO026
MMAO026 & # 5 ~ § % - %5)‘%5'37%1‘5 I

B %5 FF # &5 methylmalonic acidemia

12



BkoBR(ILL) 4 #BEE - FF ket~ v—%p«iféﬁﬁ*g;

AR > FRi% ® methylmalonate frx j% # homocysteine k& iE % (
Homocysteine : 105.3 umol/L ; normal reference : 4~12 umol/L ) » 51‘35 EF ¥
BIEIRE R B Jﬁ Fii® ®  methylmalonate k& &8 % ™ " » & 121

i L R R

o~ T AR Wy ARy (MCM) FEHEA T
f=/ ¢ » methylmalonic acidemia ¥ & B 3R (N B35S 4 4 SR %)% ®
A= A5 o d 3% methylmalonyl-CoA mutase # it 4% =#7id = £ 5 mut type
MMA > 5 4 &1 methylmalonyl-CoA mutase #£.5) 5 & # * 0 0~75% ; @ d ¢
mutase i i adenosylcobalamin # & = & 5% 3R mutase &2 T ¥ 7
o QIEFRE 5 cbl type MMA © £-4F F it 4= 222 5 methylmalonic acidemia £
11 & i 2 - i¥ methylmalonyl-CoA mutase #{+4 7 (MMAOI11 & o fkE4E 3
2002 = = methylmalonyl-CoA mutase %4+ 4 47 > MCM % 44=1.2 nmol/min/mg
protein ; normal reference range : > 1.1 nmol/min/mg protein ) o d & A* ¥ % &%5 3
Tk 2 i e TR FRIE LG L s 11 RERdlemie (&
4 & % 4 skinfibroblast — CG1476 ~ i % % lymphoblast — CG1486 ~ mut° type
MMA skinfibroblast — CG1673 ~ mut " type MMA skinfibroblast -CG440 ~ cbl type
MMA skinfibroblast — GM595 ) i& {7 75 {4 47 o #4 ik g ehlm e f2 4 {6 11 50
mM ( pH7.0 ) phosphate buffer i* 4t » fikif ? 12wz B &z 2 (25W
X 10sec X 3 time ) » B~ R anfs 2 w2 & § 45ul »=Z ¢ > - # 5 % f%balr"ff.fém
¢ ) 3 fhsuceinyl-CoA 0% § & - # 43 ¥ 5 & & 10 min ¢ duplicate » & &
4e » 25ul 7 400 mM phosphate buffer (pH7.5) f= 5ul # & 180 uM Adocbl
3 37CF & S5min v 2 {54 » 25ul 7% F 1.6 mM methylmalonyl-CoA # fi%
%3 37CT F & 10min {4 > 4c > 42NHCIOs 10ul %1t F s o 12 4CHEg

13



12000 rpm &< 10 min &P~ 85ul F ik 4c » 17.5ul 1.0 M NayCOs3 # fr &

f& ° B¢ 72 HPLC ( HPLC : Jasco PU-2080 plus ; column : Finepak SIL C187-5)

A HriE £ A 53 chk Bd methylmalonyl-CoA fr & 4 succinyl-CoA> 4% 254 nm

UV R A R 47 Bl g (54 4 o 1345 succinyl-CoA 12k &

b f‘sﬂw‘}'

%
6 s E

protein ) (§

RN K

vﬂb

% succinyl-CoA 2.2 =& > 11 succinyl-CoA # = & “,% R -

(F %> FHEL =) 58 &2 w2 2. MCM EJ4 ( nmol/min/mg

Sk 2 F Rl e ) o

2 A9

(- ) % > g% (Southernblot)

AB %L v BIEE (probe) (Bl= ~ =) A 8¢ 5 MMAA £

MMAB f #]2. ¢cDNA 2% » #%a 0§ A &= *'év‘]ﬁi MMAO10 ~

MMAO11 ~ MMAO021 2. genomic DNA & {7 = BLE j F 5 A 47 -

(1) 278 -
B~ ¥ A 2 total RNA» ™ oligodT 5513 i&{7F 4riv* jE
@ cDNA » 2 {511 ¢DNA % HO% » §1% £ = #07]2 515 fo
PfuTurbo® DNA polymerase ( Stratagene, CA, USA ) i& {7 PCR ¥
& > PCR F it 72°C ™ Prozyme ( finnzymes, Inc., Espoo,
Finland) &2 10 ~ & Aa At 34 - BRHR A > @BPT AW
PCR # 4= 12 pcDNA3.1/V5-HIS TOPO TA Expression Kit
(Invitrogen, Inc.) #%# 7 7 MMAA %] ¢cDNA 2 £ 2
pcDNA3.1/V5-His-TOPO %48 > m MMAA & MMAB # #] 5'UTR
2z pcDNA3.1/V5-His-TOPO Eﬁ‘r?"' Alf1* KOD DNA
Polymerase (TOYOBO ) & {7 PCR ¥ JEH# (F 1% 3 518 Prozyme
B2 e R & F k) (B2 ) ¢ 7 MMAB A 7] cDNA »

14



£ 2 pOTB7 54 MGC:20496 (Bl= ) Rld Hsf + 4 A Fl4gss 7 o

ki

P

NN o

PCR & J& i :
10uM S/AS primer lul/1 ul

10X pfu/ KOD buffer (Mg®" free) 2.5ul

2.5mM dNTP 1.5ul
pfu / KOD DNA polymerase 1/0.5 ul
cDNA 3ul
Mg** 4o =
DMSO Yo =
ddH,O Atk x 25l
total 25ul

PCR F JE475¢ :

(1)95°C 5 min

(2) 95C 1 min

(3) annealing temperature 1 min
(4) 72°C (pfu/KOD) 2/1.5 min

(5) go to step (2) for 34 cycle
(6) 72°C 10 min

(7)4C 10 min

15



Prozyme 2 253 :

PCR product 25 ul
Prozyme 1 ul
total 26 ul

Prozyme & R AZ3% :

72°C 10 min

ligation ( # & F &) A2 iEH

prozyme J2 {$ 2. PCR product 4 ul
salt solution 1 ul
pcDNA3.1/V5-His-TOPO vector 1 ul

total 6ul

ligation & #%3¢ :
room temperature 30 min

on ice ready for transformation

(2) #A]i¥* (transformation) :

#- ligation # 4= ¥ competent cell - ECOS101 (& #)
A ESFEESNKS 15min- 3 42°C -kig# ki 45sec frkip 15
min > & {é #-if £ PER E £ 7 F 50 ug/ml ampicillin & 25 ug/ml

chloramphenicol 7 LB 33 % 2 F »37C M &EBE A TR L FiE T &

P2 ke

16



(3) FREzZ o B-rr g

7P~ LB A A2 E2ZFEHRMALT 3mlLB BE5R 0 p
z 3ul 2 50 ug/ml ampicillin ( pcDNA3.1/V5-His-TOPO % 4) &
25 ug/ml chloramphenicol (pOTB7 F48) > %37 C & a7 1
200~250 rpm #:# % 12~14 -] pF > 12 QIAGEN Plasmid Mini Kit
(Qiagen, Inc., Valencia, CA, USA) 44 B~ 5 48 DNA o 8 15 & %] H#-n {3
BRI A Z P2 B2 A 2 (SR s I BT S BLEE 2

FA

(4) M2 2B F -

%tk 4 genomic DNA EJZ F > #5533 MMAA R #1474
Badhr e g wpFo & Bt L B 10ug 2 genomic DNA 4
572 Hind I1~ Nco T~ Sacl *L4pspE Ao » £ 12 0.8 g/dl 5§ #5258
TARFs 3 EEZE a7 MMAB £ Flew= 7 Rl:zr2 BamH I ~ Bgl

IMHind I "UH|Eepe % ARie 7 e > B 22 3% (%> 2L

Lplpe s BF Rl

plasmid / genomic DNA i & #» kR A2 % £

restriction enzyme RpEEER AT E

10 X NEBuffer 4 ul

ddH,O Ak 3 40 ul
total 40 ul

17



I B E A
IR R R A B IR RF R B PR L

0.8 g/dl & 2 g/dl 5 M T A it o

(=) R &pvsaFr & (PCR)
BT 25 3%REH 2 2F F& (MUT gene - Qureshi et al,
1994; Adjalla et al, 1998a; Jansen and Ledley, 1990; MMAA and MMAB genes
- Dobson et al, 2002 ; MMACHC gene - Lerner-Ellis et al, 2005 ) B~ {8 & 12

Oligo 5.0 #x 48 & NCBI ( http://www.ncbi.nlm.nih.gov ) & UCSC

( http://genome.cse.ucsc.edu ) % % 2. genomic DNA E 7|33 o 513 ¥4d

PaRAmHa P s AuBANEE MMAA A5 7 B EST (¢ 3
exon / intron junction ) ¥ g P+ HE 2 P (4 z); MMAB 7 %9
Bt &+ (¢ 7 exon/intron junction) £73fiR|Exd+ % (£ 7 )5 MUT
A %13 B¢t &+ (¢ 7 exon/intronjunction) (% =) MMACHC £ 71

B¢t &g 3 exonda (¥ 7 exon/intronjunction) (% =) 2. F E o

PCR » R&i## :

Prozyme; 10 X PCR buffer (7 10 mM Tris-HCI, pH 8.8 at 25°C, 1.5 mM
MgCl,, 50 mM KCI, 0.1% Triton X-100 » £ p Finnzymes, Inc., Espoo,
Finland ) 10 X PCR buffer— 7 7 1.5 mM MgCl, (% 10 mM Tris-HCI, pH
8.8 at 25°C, 50 mM KCl, 0.1% Triton X-100 » F£p Finnzymes, Inc., Espoo,
Finland ) ; 25 mM MgCl, (£ p Finnzymes, Inc., Espoo, Finland ) ; dNTP pi

p Promega ( Mardison, WI, USA.)

18



PCR F Js & B exon #7132 Mg™ kR 7% F » %1 % A4 10 X PCR

buffer ¥ # > £3%F B E bt Mg kR % 1.5mM PBlE i 3

Mg*" 2. buffer =+

s Mg EAZ 15mM PlES 5 Mg

2_ buffer> £ 12 25mMMgCl, A& 2 75 kR TF o

10uM S/AS primer 1 ul/1ul

10X prozyme bufter 2.5ul

2.5mM dNTP 1.5ul

prozymeDNA polymerase 0.25 ul

genomic DNA (0.1ug/ul ) 1 ul

Mg* dokw - £

DMSO dodkw — £ =

ddH,O Aok 25l
total 25ul

PCR ¥ JAz5¢ ¢

(1)95°C 5 min

(2)95°C 1 min

(3) annealing temperature 1 min

(4)72°C 1 min

(5) go to step (2) for 27 cycle

(6) 72°C

(7)4°C

19
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(Z) pBPpas 2 Ao g

R Lpsshr 2 A1 2g/dl 3 7585 (agarose gel ) FE T AoTE HP
ERAEZGE  FAEAE-MAFFERNE HEEFH (Viogenic PCR
Clean Up-M system, & B2 f» L5 o, S4) “,ITT Fl 4
PCR 35 ~dNTP & ¥ R~ 43 £ 34 F BFF o F AP 4od § 21
- MAF P F BT ARSI (Viogenic Gel Extraction Kit, & ¥ 4
PRELFF R, sat)e Bt (52 R Efsdar A v » PCR 2
rE®iIlF (2~ v~ v v~ -MMAB A %] exon9 @& * R Ah

primer &7 p #{ifk T A € 7 dinucleotides * > weK 3 AT S HH A

S

NEFER) JIF ABI Prism"™ BigDye™ Termination Cycle Sequencing
Ready Reaction Kit version 1.1 2 3.1 ( Applied Biosystem , Foster City ,
CA,USA) {7 ¥ » (senseandantisense) 2. p # {1 T A F BT %
(F % > 274 ) o B {8 /2 ABI Prism 3700 2 3730 Autosequencer [
Applied Biosystems, Foster City, CA, USA |% A4~ 7 c 2/ F 5 J1*
PolyPhred ( Nickerson et al, University of Washington, Seattle, USA, 1997 )
P$EFienB £3 =% (heterozygotesite ) > * B T % T € H 2
T p B PR IS SN B ARG R R R DR G fedas

i p B P e TR A 738 S s R o

(v ) PH?AERE 247
PEPRIAEA T FRLIPEELE Fb2 5 PCR A5 f ik f7
pEPip s S I A A (R4 MR PRI RT RS
fedl e p B PR TR F BFETA L e AR R TIY p B PR A
ZOURIERE R A 4707 2 F 45 0 MMAA & MMAB A 71 b b ik
PR o ARpHEOPFE ¥R (Single Nucleotide Polymorphism ;
SNP) ¥ ¥ 5 P {44534 & Flicd 3+ £ I ~RNA 4£ 7+ ~mRNA splicing =

20



Btk TR R TR A B FIEA D BB B RF iR -

() PHpsALE 2L

R B pRARR B B A ey R E £ 4] 2 & (haplotype ) &
FEMBEA IR T kg 2 B2 3 o haplotype A B B (T 5
P i A & B 5 v 4482 2 haplotype e e (v o & ¥
GENECOUNTING ( version2.1 ) ( Zhao et al, 2002, 2004 ) #x %8 & 7

MMAA 4= MMAB # F]} haplotype 2z #7184 & 45 o

A F12. pre-mRNA %2 mRNA % A 47
(- ) RNA 2z 4 B~
BERE 2 LK a? w2 (fibroblast) & 3= * e
(lymphoblast ) » #-jxB~2_ fm¥e .o 3 ",% ¥ % ;& > 11 TRIZOL ( Invitrogen,

Inc.) i3 f&m% B48 B~ total RNA » (£ % #2545 RNA ¥ #-m% 3 2

* TRIZOL 7 2zc% -70C ¥ % 3¥kB? o)

=) F@ER £ psdar & (RT-PCR)
(1) * #4%~ J& (reverse transcription, RT)
pre-mRNA z_ %4 15 7 £ “f genomic DNA 2. 258 » #7104 f 4 B~
total RNA z_ {5 & 8 12 DNase I ( Roche, Mannheim, Germany ) 2 "$
=

& RNA #B~iFf? — F E B0 0" § DNA» BEJIZE 4« RNA Z

KSR By OY ",% 5 4n®@gg{fe DNaselo & 7 mRNA 2. &~ 47R| ¥
72 RNA % % & MMAAex6AS -

<+

(LT RN R FEE R
MMAA ex7AS ~ MMAB ex9AS (# ) ~ oligo dT ( 18 B mer— d P i
27 & 2) (MMAO10~MMAO021 - MMAA ex6AS ~ MMAB ex9AS ~ oligo

21



dT ; MMAO11 - MMAA ex7AS ~ MMAB ex9AS -~ oligo dT) =
SuperScript " III Reverse Transcriptase ( Invitrogen, , CA, USA ) ~

RNaseOUT™ (Invitrogen, , CA, USA) # & & = cDNA °

F e R Al

(A)
total RNA 1 ug
10 uM reverse primer / oligd dT 2/1ul
10nM dNTP 1 ul
ddH,O Aok 3 13 ul
total 13 ul
(B)
5 X first strand duffer 4 ul
0.IM DTT 1 ul
SuperScript'™ III RT 1ul
RNaseOUT™ 1ul
total 7 ul

22



F AR AR
(1)65°C 5 min
(2) onice 1 min
(3) *er A (B)
(4) 55°C/50°C 1 hr
(5)70°C 15 min

65C A4r# Smin S iE B ANk o 7 RNA - &%

Rt

HoE4er (B) 2F @@ o B~ PCR 5% 55C (gene
specific reverse primer ) 2 50°C (oligodT) » & 1 | FFfs » ™

70C fEr 15 b g F EERE L -

(2) R & pesar

1 cDNA 5 BoRfedt ez 515 # (£ L) &7 B A frsdr b o

PCR F JEi##| :

10uM A/AS primer 1 ul/1ul

10X prozyme buffer 2.5ul
2.5mM dNTP 1.5ul
prozyme DNA polymerase 0.25/0.5 ul
cDNA 3ul

Mg** 4ok +
DMSO 4o L
ddH,O Aok 25l

total 25ul
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PCR & JAz5¢ ¢

(1) 95°C 5 min
(2)95°C 1 min
(3) annealing temperature 1 min
(4)72°C 1/1.5/3 min

(5) go to step (2) for 35 cycle
(6) 72°C 10 min

(7)4C 10 min

B LFAAE LA 1 0.8 gdl & 2g/dl 5§ A T E
Bis Gt L2 3327 p PR ETs S fI7
MMAA - MMAB & MUT A 7]} ?Efiffﬁa'b‘_ﬁ’l SNP # 3t RNA #

Z_ 1+ ~ mRNA splicing ek Flgcd + ik 1 o

24



o
4

5
+=

-~ T AR - ey A s (MCM) B A 1185

YERIER A e 1 KB dlemie T fR (F F L # A skinfibroblast —
CG1476 ~ & % % lymphoblast — CG1486 ~ mut’ type MMA % — CG1673 ~ mut
type MMA ‘m*¢ — CG440 ~ cbl type MMA ‘wm* —GMS595 ) & {7 & 14 7 3L
i df ¥1+ adenosylcobalamin 2 33 & > 5 & & & & methylmalonyl-CoA mutase
§_F ¥ ¥+ & L-Methylmalonyl-CoA #& 5 Succinyl-CoA (8] ~) o &% 12
?3}]% BP? (¢ F2HE% 20 2002 # = 7 MMAOLL 22 MCM #EiEs47)0 3 11
LR EG B E e MCM %1 4 - 2k (MMA025) ipl% Flps4 i
(F A ¥ Succinyl-CoA A& 0.3uM 5 ¥ p[4&*Y —data not show )’ ¥ % H B
2 0(&+-)o

- 4@ % > methylmalonic acidemia mé—g B AR ¢ rAN N =L
methylmalonate &% » @ MCM F2R| iz R ERHHFI G “77 F > muttype
Lg GRS EE R A > @ cbltype s A R R AL - T L EE 0 R
H ehd *“ﬁ,}]isr:\' F]Eh7 oo mut type £ 4 % 5 8c¥ B12 e d B s e
cbl type s A % B12 jpf ¥ @ Jpimecd o gt b $H A chl type dup A oA
% 0w ¥ 3 = &0 homocysteine 34 (# ¢ 7 cblA~cblB ~cblH type) o I
*oRR F RO A Tt s TR 2 R R AR E L MCM BT e -
4 T 12 fm‘}ﬁs & #7fe & 2. methylmalonic acidemia 4 4] o i it i % 4247 1 12
t8%¢ 3 2 & (MMAOII-MMAO21) 3 cblA # cblB # cbiH type MMA ;
7 % (MMAO13-MMAO14~-MMAO019~-MMAO022~-MMAO023~MMA 024~-MMAO026 )
% chblC & chlD & chblFtype MMA; 1 % (MMAO025) 5 muttype MMA (%

S =) f14 2 & (MMAOOL ~ MMAOL0) s 4 e it 43 452 sk e 25 878 5
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A

methylmalonic acidemia 5 & » iz d %32 & {7 & % & S ¥ homocystine 3 £

Rl Wi gy MCM BT % 479 #% & muttype MMA @ 2% 5 cbl type

MMA 7 & > & &% 4 cbl type MMA  iFig— 4 s 3] -

= ~MMAA - MMAB 2 FI¥: H & 5 3l a 47

(=) MMAA Z 5143 e & Al 47
ARB%REFR 12 B SNPo H P 5 11 B 5 253 78 % «h SNP
¢.-2263A/C ~ ¢.-1755A/G ~ ¢.-1740A/G ~ c.-1391A/T ~ ¢.-996C/T ~ ¢.-713A/G -
c.-469A/G ~ ¢.67+52C/T ~ ¢.734-264G/A ~ ¢.819+168C/G ~ ¢.884+2678C/T » 1
534 %+ h SNP : c.1089G/C (Q363H) > # ¢ 5 B 4 © 3 % ¢hr SNP
(2L2) 7B 52 HRFITFRSD SNP (2L =) 2%+ SNP 7 =
AL AT S AT T F ARt s AR E L 0 SNP 20 A A

Flfcd + £ e o . F O 3NEE RNA 48 242 - mRNA splicing 0484 »

(1) B e % 4 1 SNPs

.-2263A/C (152017398 ) ~ c.-1755A/G (154835236 ) ~ c.-1391A/T
(152242370 ) ~ ¢.-996C/T (151497125 ) % 223 4% % + e SNP » #710 &
7 ¢33 = MMAA A Fl#rg;#c0 cbl-reductase 7 & P e fk ik eiiec
oot eh s izt SNP 7 % 3Rl eh MMAA A Flc# 3 % 32 R

(c.-628 ~c.-67+8 )(f1* UCSC 4=zt http://genome.cse.ucsc.edu/ g i

& FlExd» 3 =¥ ¢ 3t Expression and Regulateon ¥ # £ B~ CpG
Islands ~ FirstEF - First -Exon and Promoter Prediction~ TFBS Conserved —
HMR Conserved Transcription Factor Binding Sites ¥ B ¥ it e7728 Flkx
wF R )B4 ) F oA A g;%‘d B2 MMAA A 7]2. RNA # K
i L c-1755A/G~c-1391A/T % ¢-996C/T & & 4 %53 gd + 2
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¥ 7 ¢ i H-W equilibrium » F % ¢.-1391A/T % ¢.-996C/T ARt ¢
F A A TR & 345 F (Heterozygosity) § 5 05 (& 1= ) &
TR BEEE L K AR T 5] 5 MMAA A T e

SNP -

c.1089G/C (1s2270655) = % #& % + ¢ SNP > ¢ i =
cbl-reductase % 363 Bi'=fpid glutamine % = histidine
(Q363H) > e inip SNP f AP Svra & eng 4 & %A 50 7 7 4
#. (allele frequency =0.10) ® = £ H-W equilibrium ( & -+ = )» #72
LR R H 233 2 cbl-reductase fEE EETE X0 F]M 5] MMAA

AT} e SNP o

(2) #v% e SNPs

c.-1740A/G ~ ¢.-713A/G ~ ¢.-469A/G ~ ¢.67+52C/T ~ ¢.734-264G/A ~
c.819+168C/G ~ ¢.884+2678C/T ¢ 2 23 A %+ 9 SNP» #710 ¢ 2 &
ol PR R TR NP AL e BP0 c-460A/G B
BARRIPA FlEE + R (R4 ) R ARF RTR A DL A R
TP AV LRI F S E (allele frequency =0.06) (£ -+ = )0
5 ¢.-1740A/G ~ ¢.-7T13A/G ~ ¢.734-264G/A ~ ¢.819+168C/G ~
c.884+2678C/T f 4 53V g+ > # % © i H-W equilibrium (£
L 2)e FiEd SNP 357 i & MMAA AL F]+ i SNP » 5 2L 5 5 1 40

2%

B =2t MMAA R 5] 11 % SNP s &% 5%
GENECOUNTING ( version2.1) #it#8 4 47 56 =1 ¥ & A gy H e 5
AHE AR50 2 SNP 2 FFEE § 47 T greniaso A 47 58 % B
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F 5 3 MMAA A7)} 11 7 H kS S Al E F AR5

AGACGGCGCTG # 2 #f 5 5 % ( haplotype frequency = 0.428 ) (% =+

E) o B4 47 R R ¢ c-1391A/T & ¢.884+2678C/T ;

c.819+168C/G ¥ c.1089G/C 4 %|7 @4y B 7% (P value <0.0001) (%
F

.J__/:‘)o

(=) MMAB Z 514 3 e & 212 e 47

AFB%REFHR T B SNPe HP 5 5 5 2534 % SNP ¢

c.-414C/T ~ ¢.520-159C/T ~ ¢.520-128C/T ~ ¢.520-96C/T ~

c.585-204A/G > 2 i 5 3 #5 ¥ + 17 SNP : ¢.56-57GC/AA ~ c.716T/A

(Bt ~&2L=)o 2 mm% L e SNP ¥ & 5877 A Flkad 5+ 2

Fs

-

¥ A& Mehdp ke F 45 % L o SNP “f TR A FERE G AR

* 324731 RNA 4& %% « mRNA splicing 4] -

(1) Bk e 3 4 9 SNPs

c.56-57GC/AA (rs10774774 ~ 1rs10774775) % c.716T/A
(rs9593) % ##% % + e SNP > § 4 %ig = cob(I)alamin
adenosyltransferase % 19 < fitd arginine % = glutamine
(R19Q) 4r% 239 Br'=fpid methionine % = lysine (M239K) >
A BRHREORE S B H AT R R S PEA D F A
? (allele frequency =0.11 2 0.29) #R3 RAp e g h > 2 4 &4 %
o r¢ ¢ i H-Wequilibrium (£ -+ =) Bries BRI A %
P oOZER UREREN 2% K7 2 E cob(l)alamin adenosyltransferase
4540 2 MMAB A %] e SNP » ¢.520-96C/T (1511610545 ) 22
c.585-204A/G (rs2287182 ) 5 #t3f #% % + < SNP » 7 ¢ i$
cob(I)alamin adenosyltransferase %2k it e12 % o}t ¢+ > ¢.520-96C/T 22
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c.585-204A/G B F A EF ;F?TS—F" ¥ 4P e erv SNP (¢.520-96C/T
f i A %% allele frequency = 0.15 ; ¢.585-204A/G 7 4v 2 %3
allele frequency = 0.13) * i H-W equilibrium (% -+ = ) &7 %8
72 8 MMAB & F12. mRNA splicing ##|fef% 2 =4t > &

MMAB # %]+ ¢ SNP o

(2) #7% 3 SNPs

c.-414C/T ~ ¢.520-159C/T % ¢.520-128C/T % % 22 /B % + 0
SNP » #7102 ¥ iy 5 d % 3y FrRAM o N B A o 8
v oo oc -414C/T B2 7 Rl ek FlEcd + ®e &+ (c.-697 ~c.83) (f1*
UCSC % =xk http://genome.cse.ucsc.edu/ g ip| & Flxds + (=¥ @ 3%
Expression and Regulateon % 32 iZ B~ CpG Islands ~ FirstEF - First
-Exon and Promoter Prediction ~ TFBS Conserved — HMR Conserved
Transcription Factor Binding Sites g ip| ¥ &t ek FlExd + = % )(H]
L)y R ARFHRMTE AN K EAEELS? AV ERIPFEE
(allele frequency =0.04) ® @ i H-W equilibrium (% + =) 5 &4

Y F L SNP e ¢.520-159C/T % ¢.520-128C/T ( allele frequency

()

=0.26) §+ > TAEFAEFHS ¢ iE H-W equilibrium o } it 73

-~

B SNP # s I 2£3%;

@
1+
A
e
A&
34

£ MMAB %]+ =7 SNP o

A4t ik =3t MMAB A Flen 6 B SNP » A F 2% 1Y
GENECOUNTING ( version2.1) #t#84 47 56 =it # &4 e e 5
A E A2 SNP 2 BFETE 584 7 T i) o A% %
om0 MMAB ATt eh 6 B s s A4 H £ A1 7)1
C(GC)CCCT # 24 #f ¥ % % ( haplotype frequency =0.714 )(% -+ 7 ) -
H 4 -ﬁkﬁiﬁ & & 45 R IR c.56G/A & ¢ 57TC/A; ¢.520-159C/T &
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c.520-128C/T £ ¢.520-96C/T 4 =] 5 @4 B % (P value <0.0001 )

(+=)>

S AR S RE2Z ATIREE RNA 2 RA 4T
o 3R B H 42 47 0 i cblA ~ cbIB type MMA 2z £ %] MMAA - MMAB

MET DR 2 F HE 11 MMAAand MMAB A 52 (7 R A 47 o

(=) MMAA i 5% % RNA £ 3447

(1) ¢c.742C>T

R TRRk & 878 T %A 17 % 0 49 % MMAOOL §f a7
% cbl type MMA (% -+ - ) - #-%t MMAOO1 :&{7 MMAA fv MMAB
AFIREFF4EF B2 pBPIRLT - F v 2 /54170 & MMAA A 7 ¢
FREAEF cTROT PR HEEE (B - )  HR¥EES
MMAA A 7% 248 Breffed glutamine % & 2 ok i 2Fehi k%
B (Q48X) ¢ Wi e I T B b < i S v prdpd
&2 4 a1 cblAtype MMA & % T ¢.742C>T 2 % % ( Lerner-Ellis et
al,2004 ) o d *ERR T € A2 XTIV FERE R 7 0 T AR (T
522 PCR F S PR pBPREF» T REIGZEE
HAR K D FATE S o e A MMAOOL shEERLE AR e b
ﬁ&%ﬁ»ﬁoé%qﬁjﬁﬁﬁ?%Ff’%u@$4%%@éﬁ
AT BEFR AR EE BH A RIS G AR P HERRER R
0 IR mA RS AN - BTREBOTa
SUET A EF LR G T kel PR R % i % B 3
FREABRI A2 ha BHBAFRFED G cTRCT ap H i
fP i RAREHE T L (B - ) 2 vh s A MMAOOL 5 & £
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MMAA A #F)2_ 5 =8 3 42L 28 % (5 and 3° UTR region ) ~ &%
% % exon/intron junction ® I A FIH 5 % FREE(EL )k

MMAB A+ 25 B8 Ropf R g m o

(2) ¢.-504C>T

U Tk 2 872 2 A 47 h % 0 47 % B MMAO21 f5 %Eﬁa\;’
% cbl type MMA - 4% MMAO021 &7 MMAA fv MMAB A F1& &
frddr 2 pdPpEE ~ F o TR A 170 & MMAA A7 # R
c.-504C>T ehirH %L (B =) 5d %= =2 PCR F irp
BPRLF e LR AT IGER R TN R FTE S o gt
c-504C>T PiHEMBRE - AFITT 72 B2 ¥ A %L T AFRT
wkﬁﬁﬁ&%i’fkﬁﬁﬁﬁéﬁwkﬁﬁ&&%9ﬁ°*ﬁ&
o RABRFFAAROPREREE > Z¥E T & MMAA A 55
EFRL O ATUT A R REFORA S A SRR ERR o R
B et 4 UCSC %k (http://genome.cse.ucsc.edu/ ) #73gip|en
MMAA 7 Flicde+ %8 N (B4 ) T AR IR 2% 8 57 ¢ 4
MMAA A Flicte+ i 2 2 4 3 o 8- H AP AI* ok
MMAA 2 F]+ e SNP ¢.884+2678C/T & 4p 1% ﬁ%”»&ﬁ ]
preemRNA £ % it & ¥ ko S5 FMI ¥ 4 & pre-mRNA £ & >
c.884+2678C/T B2 ¥ B A FIR A& Fch2BFH5 11 & i
MMAOQ21 > £ ¢.-504C>T @4y« Callele % M E SEHREE ST
5 Tallele 9 0.6 % (B-+= ) Callele sn& R E P B 17 - 145
dHR SR C c-504C>T T g B EEE MMAA A T2
pre-mRNA ehff &5 7 iy £ - BRBEDRE T o £ 55m E MMAA
A Fz. 5 e 3 A2t (5 and 3° UTR region )~ #:#F % % exon
/ intron junction & {7 A 47 » “f 7OSNP hy AR HE L PHRER
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/\
T

T
Fikadrzo > 0 MMAA A %) 5S’UTRregion (Bl -+ ) frig 3% &

& MMAB A F 1+ 2 SNP w7 i Rop R (2 - ~) o

a4

3’UTRregion (B 1 ) 244 7 > 852 % A% I MMAO21 T
B 7= genomic DNA & & 3 + % £ deletion -~ insertion &

rearrangment °

(3) MMAO11 2. MMAA 3 7] pre-mRNA 4 4 47
PRItk 2 98 9 %~ 17 % % > 4% ¥ MMAOII m[fa %Eﬁ’fé‘?'

% cbl type MMA - 4% MMAO11 proband &= MMAA f= MMAB
AFIRErsEF B2 pBPRL ~ F % 2/ 417 & MMAA o
MMAB 2k #]2_ 5”and 3’ UTR region ~ #:¥% % exon/ intron junction
"#7 SNP E AT R NRFIERE(R S AN) o gt A
MMAA # %] 5 UTR (Bl+ = ) e % 2% PUTR(B- 1) 544 1F
55 BERTAFR MMAOIL B EZ H 3 (F 59 2 2) &
genomic DNA & & 7 = % EX <5 deletion ~ insertion ~ rearrangment o ¥
b ;ﬁffis 2 MMAA Z 7]+ e SNP ¢.1089G/C ;3#;1 i 5$~€,?{m
pre-mRNA 7 & ¥ &4 > % % % MAp >t genomic DNA & & > i
Bt premRNA @& 0 - BB AFNEE —C(R+ =) 5%
LR ST RO E > AFHREHF T - /B RNA #5 - 5
S &Mz PCR frp B P a A A1 80 5% > B R EEF DT %S
% o p pF {r“jf},%é, Y~ A e T MMAA A %20 ¢.1089 H 2%
-ﬁ“ﬁié}’}‘? ’ é%%ﬁfr}ﬁs,ﬁméflé.&rﬂ Ciapari,» Jﬁa,&"‘?&*?
c.1089 gL~ Z BAl &+ LI o :%#E“,%_E ¥ A & MMAA A 72
pre-mRNA #4&pF > B g > 7 C HBAFLE DT o> fru st
357 - B cl089 2B RHRAAINEFI ARV A AR/ RE
2 # 527 RNA #P~~ REf4as Bifrp B PRIA LT &R TR
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FTALEE T o & F A ¢ pre-mRNA #4573t 1089 2 I B A8
FARR REFEARACT - BHBATDLE (B ) d
#] > pre-mRNA 1% & F @ 4&7 a0 & A Fliad + chd WG B oo FHet o
At UCSC 4 xb#73g Bl e MMAA 2 FlEcd + % 3 (c.-628 ~
C-67+8) (B4 ) EFAFIRE AT £ 5T A LT HFEBH IV L enR
ol Anhg S BEZIHREEL HTARRSILT X P D
deletion ~ insertion ¥ it #2488 PCR 4 7.3 % 2. 2|3 - pre-mRNA **
Callele ehigér > # i & enhancer & 3’UTR AR %5 B » § £ &-

43t -

(=) MMAB A 7% %2 RNA %A 47
I/ S % A 47 5% 0 47 - MMAOI0 % & §F 48 5 chl

type MMA © 4% MMAOL0 &7 MMAA f= MMAB & FI% & fisbar i 2
p#PRpE s F e 2 kA7 o & MMAA - MMAB Z %12 5”and 3’ UTR
region~ #&:¥ ¥ %2 exon/ intron junction ",f 3 SNP *F ' R IRF A IR P
RE(GFL ) 5T kAP HEY MMAA fo MMAB A %)+ 5 SNP-
c.884+2678 C/T ¥ c¢.716T/A » EL%’-%%Z e pre-mRNA & 7 i ¥ #4505
# 2 genomic DNA Ao fpf g L 8 o ¥ > o w Iﬁi“i’?{%?ﬁ‘ MMAA v
MMAB % F]z. mRNA # Ji¥4 47 » é—%’éz}ﬁbi'fﬁ‘“ MMAA A F]z_
splicing 4| ¥ » iz d 3t ,&Jﬁ%? MMAA Z F]+ # & cSNP & f|#* » 571y
kP R A S A $18 Fl2. mRNA L3 F 25 bl 2 Fave ¥ -

% 2 MMAB A Fleh& 1 Bl F | F A 5E~ (RS~ ) S#LTF
GehhiEid L AR R E AR B :’t:}]%,é,‘é’ﬁ RNA-:£{7% - = b= PCR
Tep BPRERAIT B EFHROFTRES o Bd LA Mok
B Tl BRI R A AR 2 ri o MMAB AR ) B ERR
FIFE 188 d B ¥ R F IR E intron 6 AL T
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(519 520ins519+91 S19+177) (M- 4 ) e it ¥ £ %3¢ » PR %A
7% MMAB A F]F 5 ¢.520-159T /¢.520-128T / ¢.520-96T SNP ¥ % 3] &3
Ay fe kg intron 6 ARFRA FF 2 alternative splicing form RNA # # o &
7 MMAOI0 5 & & MMAB & %] mRNA # JL:0 alternative splicing # it
* {Eﬁf}l‘a‘aiaﬁ—{ ¥ A o pteb A MMAB A % SUTR (Bl= ) frig#
W O3 EEEE (Bl - ) FF4Te 2 BLE 2T A IR MMAOLO

i & e genomic DNA & & 3 * % £ ¢ deletion~insertion # rearrangment

(=) MUT AFIR %A 47
IRk 2 972 mutase 7E 1A 78 % 0 479 ¥ MMAO025 f5 B ETTT

¥ % mut type MMA(# -+ - ) o #-% MMAO025 proband i& {7 MUT # F]#&
#F % ¥ exon/intron junction F & 4k BE p B EDE ~ F v TR AT 0
omut R FFF IR ¢.729 730insTT ~ ¢.1082-33delCTTT (&
c.1082-36delTTTC ) {rc.970G>A e HRe%¥ L (B=- +=- -2 += -2+
vr)o“fﬁr M PCR fep BB TAEFHRFLT R4 LT B
¥ BRGHE A = =gl FIR B 4 17 © ¢.729 730insTT :# @ p T B
AP R R 3 MUT A T2 @:3% > B dinucleotides 3& »
g7 AP -l pis ARipEl % 244 Brxiipid  aspartic acid & % &
leucine » * A F 39 BrRARSE TS O HF o B SR W
ERRTEBPT AR AR D F e A T AL B R
LR % o BAkend B R ¥R .1082-33delCTTT (&
c.1082-36delTTTC ) 4= c.970G>A ¥ i & p %Jﬁ X A 0 d 3t ¢.1082-33
CTTT (& ¢.1082-36delTTTC )3 2 % £ chi= ¥ = RNAsplicing #4]¥
branch point consensus sequence ¥ *tiT (3’ splice acceptor site /L= 20~
50 bp ) ( http://www.web-books.com/Mobio/Free/Ch5A4.htm ) > ® 4%+ 53 %
TR EAZEEL T AFRPRFSE KPR T N g y
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RNA ¢ splicing = F14* » # 4 B~ &, % 7 RNA i& /7 mRNA 2 RT-PCR
A F5o% ¢€.1082-33 CTTT (& ¢.1082-36delTTTC ) € # 3 RNA < splicing
Wl AP A8 RT-PCR A4 P E o R %NS % 2 403 > B R
# ¢ RNA #7i& 750 mRNA 2 RT-PCR § % &% amplify iz ¥ £

(datanotshow ) 3 #d % 2453 NP LATHFE -

)

l% ’

BN

P PFie 7 MMAA & %12 mRNA # RT-PCR > §]%* - # RNA ¥ it ¥
amplify 71 MMAA 3 %12 mRNA % £ » & & 2 £# MUT % %12 mRNA
PR e M F AR S E AT L e.729 730insTT # a¢ ig =
nonsense-mediated mRNA decay #3& % # 7 ¢.1082-33 CTTT (&
c.1082-36delTTTC )% £ 4t is L F17 i 55 d RT-PCR A& % Rl > @ # F

c.1082-33 CTTT (& ¢.1082-36delTTTC ) =¥t & FIR| F] 5 &% & F ke

-4

splicing 4] # 5% * BB~ » 7~ &z F]* RT-PCR &= N p| 5] o 40 3
B2k AP P Bx:;];a,&A #.e7 RNA {7 mRNA 2. RT-PCR g% > *
# 4 PCR F B2 cycle # - % ¢.729_730insTT ¢ i =
nonsense-mediated mRNA decay > 14 ¢.729_730insTT 5 4p -4 ¥ B
Mg mRNA 2. RT-PCR 5% > Pl p &P 2/ & 774 ¢ R

—-

dinucleotides 4& » e % o FHFT BT 0 & ;45}]‘;‘5 B H 23 mRNA 2
RT-PCR ** ¢.729_730insTT i=2-4%iX 5 dinucleotides 4& » e f 47k T
E2% (Blzt31)>* :ﬁr,—,&%? c.970G>A =% W BIFkp R 3 A
allele (B]l= + =) - 1’&% 7P ¢.729 730insTT # i = nonsense-mediated
mRNA decay # » d 3 PCR A4~ | frZ A% EL ¥ L &R » “110f
FEZER 7 ¢.1082-33 CTTT (& ¢.1082-36delTTTC ) i 7 ¢ i& = splicing #
F A A 2 c.1082-33 CTTT (& ¢.1082-36delTTTC ) ¥ st W5 - B 4 F ik
P H R S AR R o V- BRERE DA B R RS c970G>A FHE
R mut AF2Z&FF > € 2 methylmalonyl-CoA mutase * %
324 Brxipid alanine ## % = threonine (A324T ) o=l % 8 &
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+F § & methylmalonyl-CoA mutase &t ¥ e i £ 30 > = 5 Rz IR
%°ﬁ%$é%ﬁﬂ&mWWmMMAﬁﬁﬁkﬁmMWmMMAﬁﬁ
FIT A B —fg & B IR €729 730insTT 4e ¢.970G>A 2 % %( Worgan et al,

2006) °
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SN

~ “MMAA £ 7]
(1) & MMAOO1 # MMAA & ¥4 453 3 ¢.742C>T # homozygote
mutation * i3 ¥ F 2 }I%a‘;, a2 A i cblAtype MMA & 5 & TAp P
17k F1 R % (Lerner-Ellis et al,2004 ) * 2R ¢ & AF4 5 &k 5 ¥ o
. MMAOOLl F2EA 477 »d 30422 % 2 k48> ,é.'?qz & c.742C>T =
BRI A R SNP o #1234 i g i ik ¢ 742C>T <0 homozygote
mutation £_F 3 % p < > engtin K FF A TIRL 0l A w1
PCR = ZA4p 8 B2~ > & 17 p &Pk T/ B %4355 5 homozygote
mutation 8 % cbl-reductase 3F-v F ﬁé*}# AR A mKRarrEk
FE R MR UGIRAMKTEEL - B RECERADSEF LS 3 R K
T (B L) mﬁ%l*’é ' BT 3% BB cbl-reductase fhig 2

R R P e E R L PR R

(2) MMAO021 & & UCSC g k73Rl MMAA Z Flgcds + F
IR c-504C>T e HEE R - 1 MMAA A F1F i SNP -
c.884+2678C/T & 4pHiFFE3% - %Jﬁ A pre-mRNA #1445+ C allele
2R EGEHREE 2 q 7 5 Tallele 17 0.6 & > Callele ch& RE M
BUE MBS Vo RBER l’_‘?_)’j% methylmalonic acidemia 3
ST ERE R R TS LR B S G P R T
oo R AHY TR E S S B E R R % 17 MMAO2I R L &
genomic DNA £ & 7 + 7 E 5 deletion ~ insertion ~ rearrangment ° & &
frdl o~ p BRI B e A AT RIRP 0 RBFIER BT 2 A

4 & MMAA # 7]z 5’and 3’ UTR region ~ #:¥% % exon/ intron
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junction = & 1 R kLR APRRIT - BRFELEETAFL L
intron # enhancer 23 A F|& M E > & 5 3’ UTRregion = deletion
kit R LpFsas paEE amplify D3R P g RNA 7 f£ %

d % MMAO21 & MMAA A %]+ & & cSNP ¥ RNA f£ 2y

HiffFst  NRBEZY AR PR ZHIARBERE

(3) MMAO11 EH & MMAA A %)¢ premRNA AR} >0 - i@
allele > 4ip|¥ ac 5 A Flejfade+ F A4 3 e 2475 L2 A Flenif
PIECE: + T I AFIRG E 02 B YRR e H R L S R
P58 pre-mRNA % 3L > #2588 pre-mRNA # JLen ¥ 5 enhaner & 3’
UTR # 3 RNA f22 > LB G FiE- H FHRIEP o ",% 1 e
d * enhancer & 3'UTR § RpiER ¥t * 5 4 fe & methylmalonic
acidemia *F > {yp AT 2 AT (T > BRE 2 R % :}*“f MMAOI11 }’;\"7
& 7= genomic DNA & & 3 = & £ deletion  insertion ~ rearrangment ©
REPFEF o~ pE PR F o TR A 470 RIRP T RBER BT i 7
F % 4 & MMAA # Fl2. 5’and 3’ UTR region - #:## % %2 exon/ intron
junctione 3% & F it > AR ¥ - B ,—K)]% M REY B2 A intron
2 enhancer & 3’ UTR A FLME » MR &2 2k oy
BT R M IOE R E o b o d AN R A R R~ A T dp R e
% Ccbl type MMA 5 4 » #7002 7 it F & 44 H 5 7 atig & cbl type

MMA gk Flivie— # A 47 0 4 i35 DB KB % % -

- ~MMAB # 7]

MMAO10 & mRNA #3447+ f exon6 fr exon7 2 B35 - K

intron A% %F (1.519_520ins519+91_519+177) Z 43t H ? ¥ i 4] > 7
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A 2 i 44 MMAO10 proband i 7 splicing ##41]#* 4L ek F 4 2
MMAB £k #] exon6 + intron6 + exon7 5 &7 B 7% SR F IR 0 A
# gL+ proband F ¢.520-159T/¢.520-128T/c.520-96T SNP & % 7] - &
KA B G A B s Tt

( http://cubweb.biology.columbia.edu/pesx/ ) g ipliz % SNP H 2 A ez g &

% ¢ £1id #7¢0 ESE ( Exonic Splicing Enhancers ) # ISE (Intronic Splicing
Enhancers ) # %% splicing ] - % % % W F SNP-c.520-128 2. ¥ 2 H ko

C %= TFp>¢4lid— B ISEsite’ ® & intron6 + F 43— %0 splicing
donor and acceptor site (B]= -+ =)o } i end B R F]F & 2% = MMAOIO %A
MMAB A F]0 intron 6 3 # F splicing 4] ck F] o gt ¢h > J1* 2 BA A
R % % 4 F ek (http//rulai.cshl.edu/tools/ESE/ ) i& {7 4p e F i8] >

W F SNP-¢520-159 2 Hyryped C %= T - ¢ £]:¢5 B ESEsite
& w4 & SF2/ASF 4= SRp55 # 48 SR protein 77 binding (Bl= - ~) > 4k
™ intron 6 + % — % splicing donor and acceptor site % B4 o ﬁ?ﬂ» fe

splicing form 534} = o it SNP-¢.520-96 #m¥ 2 s C & T %7 @

= ESE # ISE % 2 ¥ % splicing °

€.520-159C/T ~ ¢.520-128C/T A_~F Bk . E 4 =¥ ¥ F7F e SNP» 3
B & it splicing #41BER £ F 2/ AP 2 L5
c.520-159C/T~c.520-128C/T R3] & + & - =k A&+ (TT) it ¥ *EfF
MMAB A F12. mRNA #3447 2% - R A &+3 35 5 33%
alternative splicing form RNA ; @ B3] &+ (TT) # 3 % 66% alternative
splicing form RNA (B]= -+ 1) - alternative splicing form RNA & ¢ & = 4% %
B e TR L FEAESF (TT) A¥ #F M ¥ splicing form = RNA
R L RS ai® (T2 5o o 2t > & MMAA {r MMAB 2
¥]2_ 5”and 3’ UTR region ~ #& ¥ % % exon/intron junction '@ A3 ¥ it e
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E&)ﬁa'}i”{%‘ v ¥ :}i”,f)]‘a‘ai & MMAB 2z genomic DNA & & 5 = % £
deletion -~ insertion # rearrangment - MMAA 2L F]2. RNA % A~ 47 A 2 IR
8 o sFE i £ MMAOIO proband 2 32 R % 2 #7534 > ",/T‘, G
& MMAB £ F)&0 intron £ enhancer ¢ » d 30§ IZ%I}% A gk R R
4 R8RS cbl type MMA i 4 0 P T R R & A E 6 i

cbl type MMA gk FliFie— % 245 4 i N B RBERE -

= ~MUT £ 7
(1) ¢.729_730insTT ( D244L{sX39) % 7 B¢t 32 fg“fﬂ;’ dp 3 E e
mut’type MMA 2 'g IRz R % (Worgan et al, 2006 ) 3% % % 78 e
methylmalonyl-CoA mutase 2. % 244 Bieflpiieflfl o A 5 5 B
BEFH (=) 9453 £ 7% £ 9 methylmalonyl-CoA mutase
H#1H-® (B = -+ - ) (Thoma and Leadlay, 1996 ) » 3% 8k i 3%
methylmalonyl-CoA mutase ¥? % %% & Jiw (0f)s ° % TERFpEEaEL

TREG A NTRGERATIRS BLEF REUL N RFED

methylmalonyl-CoA mutase » ¢ P 2587 ¥ % & < T {opk % & i ps
adenosylcobalamin e & » 3% % R B3k methylmalonyl-CoA mutase

HEDH AR RPLNE R -

(2)c.970G>A § B * 1 Jedf £ 45 11208 $L7 o1 mUt type MMA &
F IR % (Worgan et al, 2006 ) - 3% % %12 & methylmalonyl-CoA
mutase + % 324 Biefftd  alanine ## % = threonine - 3% %A ik = 2k
B RAFEF BARAGETE (B2 1) RS g o
methylmalonyl-CoA mutase % # (B = - - ) (Thoma and Leadlay,

1996 ) » 3% 8k =% methylmalonyl-CoA mutase £ <X % & fw (af)s 0 "%
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PRI A g Fm §L AR R ﬁFfrmJ.L» » FLIR

methylmalonyl-CoA mutase 7 it & 3 Rt R % o

= ~ MMACHC # 7]

MMAO13 ~ MMAO19 ~ MMAO022 ~ MMA023 ~ MMA026 family *
MMACHC # %135 7] ¢.609G>A (W203X) i %8 » L % B R e
B ped WL LA F LR R FRRE R ATIRS B AT
( Lerner-Ellis et al, 2005 ) - & MMAO14 ~ MMA026 family < MMACHC #
5145 5] ¢.657_659delGAA (220delQ) # * § < jr £ 2 A% B » 2R B &
7§ SRR RHE R MMACHC 2 M“Hi#eds o 5 4 4
T % 220 BRAR lysine o ¢ Y i - BARAR S ELA D AR

BRETET BRGETHE (R=L2) Mrge

=

’1
zy,!i
5
@
fa

TR R

o

Ak
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¢ AREY)
i > .5‘5‘ ‘a/m;

-~ TR AR Y MMA ff ~ mutase E1RRIGE S BI2 SR A

I

J& ~ homocysteine H_7F 3 fF & B k47 H¥r 12 L&A }J%é,v’ v 301
=% muttype MMA ; 24 11 = cbl type MMA - f {6 d L 5% %2

RNA #RA 474 % » £ # 11 = cbltype MMA 5 4 2 5 3 % cblA
type MMA ; 7 ¢ chiCtype MMA - (# ¥ MMAO10 proband ¥ ¢ i& 5
Tk sk~ 2 42475 chl type MMA ko izéi.;‘é%‘gzl P BT

£~ % A g -

$4 MMAA MMAB A 51 L 5 A1~ 47 ¢ aE 4 %37 MMAA
AF)F 5 B e Ak 4 h SNP-c.-2263A/C ~ c.-1755A/G ~ c.-1391A/T ~
¢.-996C/T ~ ¢.1089G/C % 7 i #74 2 SNP - c.-1740A/G -
c.-713A/G ~ c.-469A/G ~ ¢.67+52C/T ~ ¢.734-264G/A ~ ¢.819+168C/G ~
c.884+2678C/T> & ¥ ¢.-1391A/T £ ¢.884+2678C/T; c.819+168C/G ¢
c.1089G/C A w|F i@ 4 M 4 s MMAB A FIR|$ 4 B2 45 % SNP-
¢.56-57GC/AA ~ ¢.520-96C/T ~ ¢.585-204A/G ~ c.716T/A % 3 B 374
2. SNP —c.-414C/T ~ ¢.520-159C/T ~ ¢.520-128C/T » # ¢ ¢.56G/A &

¢.57C/A 5 ¢.520-159C/T ~ ¢.520-128C/T ~¢.520-96C/T 4~ %] 5 @ 4 B 7% o

4wl MMAA ~ MMAB A Fl1z. 5°UTR region (Bl -+ 2 ~ = +) feiF
% 2 3UTRregion (B+ 7 ~= 1+ -) Z4F4-iva > 8527 %%}“ﬁf},“ﬁ

B 7= genomic DNA & & 3 + % £<¢0 deletion -~ insertion &
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rearrangement °

W FhR 2 RNA hd A 45 ¢

(1) MMAOO1 family & & % 7 MMAA A FH5 3] - B e 542 X%

c.742C>T > B4 £ £ MU I ¥ F AL F BT henjp e P13

BREECAFIRRAPREFIRAEF LR  RPIVRAR B LT
P

P fEl B R FFIEE oA E TR/ % > &7 cbl-reductase #

Rt /Z{J}#%\@"

E-0y

(2) MMAOI10 family ** MMAB # F]2. mRNA # .} F intron6 -
r.519 520ins519+91 519+177 hixg » 5 splicing 4]+ chB F o
MMAO010 proband ** MMAB & %]+ 3 - allele % ¢.520-159T -
c.520-128T 2. SNP ¥ % 7] » ¢ i3 = alternative splicing form RNA #
4 % intron6 HF 9 mRNA 2 €3 S o % b gF e ¥
splicing form =7 RNA R L4801 § N BHS L @ (v fp b R B 1
LR 12 R % e MMAO10 proband ii’wﬁaﬁ?&%“ﬁ 7 ¥ it i MMAB A&
F]eh intron g enhancer ‘b d A R ypnE A TR MR~ 2 ik
2|%7 5 cbl type MMA g 4 > #70 ¥ i F & A4 @ T v & cbl type

MMA ek FliTie— #4450 1 i df g B Rp R T o

(3) MMAO11 family ** MMAA 2 F]2_ pre-mRNA # 3R+t > 7 -

allele 143% > & MMAA f Flenifiplcts+ BB ¥ AF BT T3 2
Ve R > Zi&8- hF%RTEP 7 i 4 enhancer 2 5 pre-mRNA ¢
# g 3’UTR e deletion i3 8 RNA 2 2% > ¢t » ¥ — g A Fleb
Rfﬁﬁl“i’{%‘“f 1 F % MMAA A %12 intron £ enhancer fr 3’ UTR
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fepm g ebo ¥ 24T H ¥ oA g 5 cbl type MMA A Bl 35 3 B R0

Ja F] e

(4) MMAO21 family *5ERI £ Flfcde + % 45 3| 7 a iz 1IER %
c-504C>T 2% A7 it £ig & k% premRNA LM E F HF % - 1
K gV ﬁ.iﬁ &4 MMAA 2L 7]2 intron 2 enhancer v 3’ UTR i¥

- R FH T - BB FPRBRRE

(5) MMAO025 family # MUT A% 3553 B e #F 42 %

c.729_730insTT &7 c970G>A - R ¥ 2 "= B AT L 5 8 & %
Tl wFRAFRS BLERF 2o
methylmalonyl-CoA mutase > & Jﬁ" el pa g B Bt
methylmalonyl-CoA mutase ¥2 % 5% & i (af)s * ¥ it %ﬁ o BLIk R F

B R Feng £ ik a §2 5 methylmalonyl-CoA mutase 7% it o

(6) 4%+ cblCtype MMA (¥4 F]% % A 45 » MMAO13 - MMAO19 -
MMAO022 ~ MMAO023 ~ MMAO026 family ** MMACHC # %145 5] - & ¢
# 4 #70.609G>A (W203X) RpE1L% % 5 & MMAOL4 » MMAO026
family ¢ MMACHC A %145 |- B A7607 il Rop iR %
c.657_659delGAA (220delQ ) - iz e Ak 8L 4 7 5 AR ¥ £ 5 B

BT AT A RE (F2L2)-

(DRBTRrFTHFTITERT? AF - B R AT 8 Rh2 T 5%
50 EA P ML homocysteine 3 ff 1 cblC ~cblD - cblF
type MMA (% -+ - ) f= mutase 7#{+7 A 480 mut type MMA A& % > 2
ARHRETREDBELIN R Y a3 FA S L muttype MMA > A 2
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Methylmalonate B12 .
PNA test inurine in rPArati n MCM activity responsive Hom::yljgmf
(GCIMS) corporatio treatment accumulatio
mut® + + - 0 - -
mut” + + - 2~75% -1+ -
cblA cbIB cblH + + - 100% + -
cblC cblD chlF + + - 100% + +
S B P REZZ IR 23 FRIEAEER
annealing
Primer name Primer sequence(5'-3') temperature MgCl,, DMSO
(mv) (%)
MMAA 5' RT-PCR primer GGAGGTCACAATCACATTGAGCCA
MMAA 3' RT-PCR primer CAAACAAAGAAGACAAGAGCACCA 66 12 0
The primer of MMAA promoter 4F  AACCATATCTACTCGTCATTTGA
MMAA exonl AS CCCCCACCCCAAATCCTCCAG 63 15 0
MMAB promoter F ACAAGGCTGCAGAAAACAC
MMAB ex1 AS ACG TCA GAA CAGCGT GGA GA 61 0.8 4
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probe Restriction enzyme NEB buffer NO. Temperature BSA
MMAA full length cDNA BamH I+ EcoRV BamH | 37 1X
MMAB full lengthcDNA EcoR 1 + Nco | EcoR | 37

MMAA 5'UTR EcoRV + Kpn| 2 37 1X
MMAB5'UTR BamH | + EcoRV BamH | 37 1X

100 X BSA  10mg/ml
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%= ~MMACHC A Flexonda % & e s 2 51+ & F RiE it

7

Primer name Primer sequence (5'-3) annedling temperature I\élnga)z ' ngo

MMAC exdaF AGGCCTAGCTTGCAATGATG

MMAC ex4aR GAAGGCAGATGGGAATTCTG 69 15 0

(Lerner-Ellis et al, 2005)

%~ ~MMAB # Flexon9 p 7k T/ 2 51+ %

Primer name Primer sequence (5'-3")
MMAB exor9 S-new ACCATTCTGTTTGCTTCTCTCTCT
MMAB exor9 R- new for sequencing CACACACACACACGGCTCCAGC

MMAB A Flexon9 # * f & chprimer i£ {7 p # ¥4 § 7 dinucleotides + 4§ - & 3 #7e031 3 i 7 LA
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polymorphism Restrictionenzyme 1 X NEBuffer NO. tem;(erat)uru BSA*

C.-414C/T (MMAB) BsE| 2 60

¢.56-57GC/AA ( MMAB) Hhal 4 37 1X

¢.520-128C/T (MMAB) BsaJl 2 60 1X

¢.520-159 ( MMAB) BstN | 2 60 1X

c.716 (MMAB) Nlalll 4 37 1X

*100 X BSA  10mg/ml
RN Y812 Y TRIES D Tt

. . ' o Annealing temperature MgCl,, DMSO

Primer name Primer sequence (5'-3') (mv) %)
MMAA ex6 S CTGCCACTCAATCATGTTGTGACTT
MMAA ex6 AS TCA TGA CTACACACTCCGTCTTTGTC 62 0.8 1
MMAA ex7 S TAA GAA TTA ACT GGC AGGTATCAGC
MMAA ex7 AS CTAACT TCCTTCAAGTTT TCA AGC A 61 0.8 0
MMAB ex9 S CAT TAA GTG CAA GAT GGC TGGGC
MMAB ex9 AS TCCTTCTCATTGCAGCAA TCACT 65 12 0
MMAA 5' RT-PCRprimer  GGAGGTCACAATCACATTGAGCCA
MMAA 3 RT-PCRprimer CAAACAAAGAAGACAAGAGCACCA 67 12 0
MMAB RT-PCR5' S GGCACGAGGGTCAAGCAGCC
MMAB plasmid 2 AS TGCAGCAATCACTTTACCTGTCTTT 72 15 2
MCMAI TCC AGGAGT GAAGCCATTCACA
MCMAII CAGGCCAGCCTG GAGTCCAGTT 70 15
MCMBI CAT TCT TCA ATTCGA AGTTTA G 57 15
MMA2393AS TACTCTCTTCTT TGA TCATAAC 61 15
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MCM activity B12
. Methylmalonate in - nmol/min/mg : Homocysteine
patients Area uea(GC /MS) proteirf rtapo MSIVE accumulationt MMA type
reatment
(cell type)
MMAO0012 Taiwan + 57 (F) + Not available chl type
MMAO010 Taiwan + 9.7 (L) + Not available chl type
MMAO011° Taiwan + 12 (L) + - cblA £ cbIB & cblH
MMAO13 Bgjing + 93 (F) + 202.43(U) chlC & cblD # chlF
MMAO14 Bejing + 84(F) Not available  38.18(B)  chlC & cbID # chlF
MMAO19 Bejing + 105 (F) + 21046 (B)  chlC & chlD & chlF
MMAO21 Taiwan + 53 (L) + - cblA 2 chlB & cblH
MMAO022 Begjing + 9.5 (L) Not available 47057 (U)  cbIC & cblD 2 chlF
MMAO023 Bejing + 6.7 (L) Not available 11454 (U)  chlC & cblD = chlF
MMAO024 Bgjing + 75 (L) Notavailable  24.8(U)  chlC & chlD & chlF
MMAO025 Bgjing + 0 (L) + - mut
MMAO026 Bejing + 6.5 (L) + 105.33(B) chlC & chlD = chlF
control cell-GM595 Caucasion  Not available 129 (F) + Not available chlA
2PA incorporation : 86/120 pmol/hr/mg protein (ref : >330) bMCM activity of MMAOL1 was determined by +k &%
¢MCM reference range
L : lymphoblast - >1.1 nmol/min/mg protein
F: skinfibroblast - >1.4 nmol/min/mg protein
d Homocystein reference range
U : Urine - <20 umol/L
B : Blood - 4-12 urmol/L
2L e A2 % A FP R S Al
polymorphism Heterozygosity Allele frequency H-W equilibrium*®
Chinese®  Caucasior? inChinese (x%)
C.-2263A/C (MMAA) NDd Not available
c.-1755A/G ( MMAA) 05 Not available A (0.53) G(047) + (0.21)
c.-1391A/T (MMAA) 0.49 0.49 T(056) A(044) + (0.15)
€.-996C/T (MMAA) 0.5 0.5 C(055) T(045) + (1.66)
¢.1089G/C ( Q363H ) (MMAA )¢ 0.18 0.125 G(09) C(0.1) + (0.65)
¢.56-57GC/AA ( R19Q ) ( MMAB )¢ 0.2 0.262 GC(0.89) AA(011) + (0.86)
¢.520-96C/T (MMAB) 0.26 Not available C(0.85) T(0.15) + (0.04)
€.585-204A/G ( MMAB) NDd 0.225
C.716T/A (M239K ) (MMAB )¢ 041 0.5 T(0.71) A (0.29) + (2.71)

aHeterozygosity in chinese is calculated with 56 normal chinese obtained in this study
b Heterozygosity in caucasian is listed in dbSNP of NCBI

¢ +:in H-W equilibrium - :in H-W disequilibrium

4 ND : not determined

e paper reported ( Ref : Dobson et al, 2002b; Lerner-Ellis et al, 2004 )
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%+ =~ FTER2Z MMAA 2 MMAB A Flerf: e 5 3142

polymorphism Haz:zzg“y A”ﬁ:ecfr:?r?;my H-W ?;(ui ] ;;riumb
c-1740A/G ( MMAA ) 0.04 G(098) A(002)  + (0.02)
C-713A/G (MMAA) 0.49 G(057) A(043)  + (0.68)
C-469A/G ( MMAA ) 0.11 G(094) C(006) - (1415
C.67+52C/T ( MMAA ) 03 C(082) T(018) - (37.37)
C.734-264G/A ( MMAA ) 0.21 G(088) T(012)  + (246)
c.819+168C/G (MMAA ) 0.18 C(09)  G(01)  + (065
C.884+2678C/T ( MMAA) 0.49 C(096) T(004)  + (0.15
C-414C/T (MMAB) 0.08 C(096) T(004)  + (0.08)
¢520-159C/T (MMAB) 0.26 C(085) T(015)  + (0.04)
¢520-128C/T (MMAB) 0.26 C(085) T(015)  + (0.04)

aHeterozygosity in chinese is calculated with 56 normal chinese obtained in this study
b +:in H-W equilibrium - :in H-W disequilibrium

2Lt s MMAAZA T 2 PHR S ABEZIE ¥ & 284 X

NO Haplotype Haplotype frequency (n=112)
1 AGACGGCGCTG 0.428
2 GGTTAGCGCCG 0.330
3 AGTCGGTAGCC 0.079
4 GGTTAACGCCG 0.063
5 GGTTGGCACCG 0.018
6 GGTTAGTGCCG 0.018
7 GATTAGCGCCG 0.018
8 AGTCGGCAGCC 0.010
9 AGACGGTGCTG 0.009

10 AGTCGGTGGCC 0.009
11 GGTTGGCGCCG 0.009
12 GGTTAGCACCG 0.009
13 AGTCAGTAGCC <0.001
14 GGTTAGTACCG < 0.001

SNP i A % @ €.-1755A/G ~ ¢.-1740A/G ~ c.-1391A/T ~ ¢.-996C/T ~ c.-713A/G ~ ¢.-469A/G ~ ¢.67+52C/T ~ €.734-264G/A ~
€.819+168C/G -~ ¢.884+2678C/T ~ ¢.1089G/C
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NO Haplotype Haplot(ynpzelflrze;qwmy
1 C(GC)(CCO)T 0.714
2 C(GC)(TTT)A 0.107
3 C(AA)(CCO)A 0.104
4 T(GC)(TTTA 0.036
5 C(GC)(CCO)A 0.027
6 T(AA)(CCC)A 0012
7 T(GC)CCO)T < 0.001

SNP iz A& % @ c.-414C/T ~ ¢56-57GC/AA ~ ¢.520-159C/T ~ ¢.520-128C/T ~ ¢.520-96C/T ~ c.716T/A

242 MMAA A F1 ¢ 2 Pl 4 A 35

Results of pair-wise LD statistics between all pairs of markers

Cramer's U
1 2 3 b 5
p 1 0.144 0.8 1.080 0.947
value 2 8.18969 0.115 0.148 08.152
3 0.00000 8.33747 0.887 0.778
4 0.060808 8.17731 0.008060 0.945

0.060000 0.16151 0.000080 0.00000

5
6 0.60410 0.61612 0.84776 0.00843 0.00250
7
8

€.819+168C/G ~ ¢.884+2678C/T ~ ¢.1089G/C
A 5423 1 GENECOUNTING ( version2.1 )
N =56
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]
0.277
0. 035
0.229
B.282
8.293

8.18462 0.49762 0.81639 0.22067 0.16586 0.19760
8.21462 0.47950 0.60224 0.25790 0.63197 0.19492 6.
9 0.62477 0.51693 0.80458 0.03235 0.02207 0.24010 6.
106 0.00000 8.33747 0.00000 0.000080 0.00000 0.61776 0.
11 0.62477 0.51693 0.00458 0.63235 0.02207 0.24610 0.

7
8.152
b. 047
B.236
8.1
B.148
B.09

8
B.147
B.049
8.319
8.13%
8.232
B.094
B.624

60060 o.00008
61639 0.00224 0.00458
00060 0.00000 0.00600 0.68458

SNP iz B % : €.-1755A/G ~ c.-1740A/G ~ ¢.-1391A/T ~ €.-996C/T ~ c.-713A/G ~ C.-469A/G ~ c.67+52C/T ~ c.734-264G/A ~

9
8.30%
0. 044
8.2
8.300
8.289
B.086
0.868
8.81%

18
8.821
B.11%
1.008
b.807
B.778
8.229
B.236
8.319
8.2

11
B.30%
B. 044
8.29
8.300
0.289
B. 086
b.808
0.815%
1.008
8.29



2= MMAB R F1 b 2 H i 4 A 44

Results of pair-wise LD statistics between all pairs of markers

Cramer's U

1 2 3 4 5 6
p 1 A.145 A.4A4  A.4By  A_4A4  A.353
value 2 034278 A.138 A.138 A.138 A.573
3 9.80932 B.36518 1.888 1.888 B.645
4 9.00932 B.36518 O.00000 1.888  B.645
L 8.80932 0.36518 0.00000 0.00000 B.645

6 0.00489 0.000A0 O.00000 0.00000 A_A0000

SNP i& B % C.-414C/T ~ ¢.56-57GC/AA ~ ¢.520-159C/T ~ ¢.520-128C/T ~ ¢.520-96C/T ~ c.716T/A
A 45423% © GENECOUNTING ( version2.1)
N =56

45 k42 MMAA 2 MMAB A Fleni 56 5 242

patient MMAA MMAB
MMAOQO1 NF? C.716T/A

MMAO010 c.-2263A/C
c.-1755A/G
c.-1391A/T
¢.-996C/T
c.-713A/G
c.-469G/G
€.884+2678C/T (1VS5-169C/T)

MMAO11 c.-2263A/C
c.-1755A/G
c.-996C/T
c.-713A/G
c.-469A/G
¢.67+52C/T (IVS1+52C/T)
C.734-264GIT (IVS4-264GIT)
€.819+168C/G (1VS5+168C/G)
€.1089G/C

MMAO21 c.-2263A/C
c.-1755A/G
c.-1740 AIG
c.-1391A/T
c.-996C/T
c.-713A/G
€.-469G/G
€.884+2678C/T (1VS5-169C/T)

C.-414CIT

€.520-159C/T(1 VS6-159C/T)
€.520-128CIT (1V'S6-128C/T)
€.520-96C/T (IVSB-96C/T)
€.585-204A/G (IVS7-204A/G)
C.716T/A

¢.56-57GC/IAA
C.716T/A

C.716T/A

a NF : not found

62



thymine, uracil
vadl, lle, Met, Thr
cholesterol
odd chain fatty acids

i methylcitrate
Propionyl-CoA <

3-hyd jonat
Propionyl-CoA carboxylase ydroxXypropionate

Biotin, ATP, Mg?*
D-methylmal onyl-CoA —

Methylmal onyl-CoA racemase —» methylmalonate

L-methylmalonyl-CoA —

M ethylmalonyl-CoA mutase
Adenosylcobalamin

Succinyl-CoA

|

Vitamin B,

Energy Carbohydrate

v
amino acids

v
proteins
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mut

MethylmalonyHCoA Mutase
L-methylmalonyl CoA * SuccinyHCoA
AdoChl
T chiB
Chll

chld, chlH
mitochondrion

Iysosome o Chl Il ———+Cbl II
chlF ebiC, cbID | M reductase cytosol
cblE
) MeCbl
Homocysteine # Methionine
Methionine synthase
chlG;

(Dobson et al, 2002a, 2002b)



(A) normal

internal standard
Abundance

4000000 l
3000000
2000000

1000000 4

Time--= 10.00 15.00 20000 23.00

(B) MMA patient

methylmal onate

|

Abundance
1e+07 ]

000000 .
internal standard
B000000 l

4000000 4

2000000 4

Titme--= 10,00 15.00 20000 23.00

GC/MS HP6890 MS5973
Column HP-5MS
Interna standard PDA ( pentadecanoic acid )

(GCIMS)

(A)
(B) MMA GC/MS methylmalonate



chrd co3t 2l T I I WM TN EE W WA

ATG

l
i g i o | I

Exon | vV VIV
423 793 123 637 8 150439 (bp)
Intron 19.7 25 35 44 281 (kb)

GeneBank accession No  genomic DNA  AF524841-AF524846
mMRNA NM_172250

MMAA
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ertz 419 [T IE T T WY T

ATG

|
A A A ]

Exon | I i v V VIl VI IX
134 62 94 58 739865 60 109 (bp)
Intron 1.6 2.8 3.6 33 0.303 19 2 (kb)

GeneBank accession No genomic DNA  AF550396-AF550404
mRNA NM_052845

MMAB
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1. 5UTR of MMAA (c.-1048A ~ c.67 + 122G )
ﬂ : 2.5 UTR of MMAB (c.-814C ~ ¢.134 + 129T )

Hivael 1
K |
a0
Bark |
(—

https://www.invitrogen.com/content/sfs'/manual s/pcdna3. 1topota_man.pdf

pcDNA3.1/V5-His- TOPO
PcDNA3.1/V5-His- TOPO
(1) MMAA 5 UTR
2 MMAB 5 UTR
(3) MMAA

coding region (exon2-7) 3 UTR
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Praul
1258

CAMT
chiziamphencel eidbonshemms

o r pOTE?
-t . 1815 bp
a:ﬁ'm 2 i A Tet promot

http://mgc.nci.nih.gov/Tissues/Liblnfo?ORG=Hs& L ID=7635

pOTB7

pOTB7 MMAB  cDNA (

69

Bwdon

(504, primar)

Spli
BamH

i)
B

MY hed B3

14
1
EpsRil
=7
Xhaol

137
134
165
1]
IBE

Fl=tal 153
M13 R 232

Bgll
LE

278
253

PMDIT 331
(g, prim

Pall
Smal

o
]

1\

’4

‘coding region

(exonl1-9)
and 3'UTR of
MMAB



—— Methylmalonyl-CoA

(A) Wild type

‘. | | Succinyl-CoA

ll
U

| —>  Methylmalonyl-CoA

(B) mut® type

|—>  Methylmalonyl-CoA
(C) chl type

|— Succinyl-CoA
| |

Reaction time=0 min Reaction time=10 min

Column  Finepak SIL C187-5 Nucleosil 120-5 C-18
Mobile phase 220mM phosphate buffer(pH 4.0) 14 (v/v) methanol 0.4 (v/v)
chloroform
1.0 ml/min
30
uv 254nm
MCM
(A) MCM methyl mal onyl-CoA succinyl-CoA
(B) mut type MMA MCM methylmalonyl-CoA succinyl-CoA
(C) cbl type MMA MCM methylmalonyl-CoA succinyl-CoA
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FirsEF: First-Eaun and Premuler Prediction {promuleri307.))  FirstEF: Fira-Esm md Prometer Prodiction (promsten3i-j2)
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(D)
ATG

- EE B Y EH W T

c-697 c¢.83

http://genome.cse.ucsc.edu/

MMAB promoter region

(A) ucsc MMAB

(B)(C) MMAB

(D) (B)(C) MMAB (c.-697 ~¢.83)

72



MMAOQOO1 Family

gl

IRy
175

I3 4

Normal c. 742C/C Proband c. 742C>T (Q248X) Mother c. 742C/T (Q248X)

20 Lou .aa
GGGETCAGTC GGEGTTAGTCh GGETCAGTC
MMAOQO1 family MMAA —MMAA: c.742C>T

proband (1V:2) ¢.742C>T homozygote
mother (1V:2)  ¢.742C>T heterozygote
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MMAQ021 Family

Normal ¢.-504C/C Father c.-504 C>T Mother ¢.-504 C/C  Proband c.-504 C>T

l l l l

£20
GGGCCTC GGGTCTCC GGGCCTCC GGGT CT C C

WWMMMM)&MWW

MMAQ21 family MMAA —MMAA: c.-504C>T
proband (11:1) father (1:1) c.-504C>T heterozygote
mother (1:2) norma  c¢.-504C/C homozygote
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MMAO21 Family

normal RT-PCR pre-mRNA) MMAO21 RT-PCR preemRNA)
€.884+2698T/T
ﬁ €.884+2674C/C €.884+2698T/T

ﬁ g €.884+2674C/C

g § C.884+2678C/T €.884+2678C/T

g 8 | |

é B il 10l 1 gl il

g » % § COLACAGUCAATGCTTTTGAGTAAT  CCAATAGCCAATGCTTTTGAGTALT
_ 829k
E o E & 5
28 d
I s ® © ©
E = e << < ‘
;<| 5 5 = =2 ull T Loty ol Aol e
2z z=2 =2

D %)) €) 4)
C.884+2678C/ c.884+2678T/ .884+2678C/ .884+2678T /
586 bp ¢.884+2674C C.884+2674C  c.884+2698T  .884+2698T

normal 0.52 0.45 0.62 0.54
MMAO021 0.42 0.73 0.36 0.62
/(2) (3)/(4)
norma 1.2 1.1
MMAO021 0.58 0.58

MMAO0021 family MMAA premRNA  RT-PCR

sequence peak Cadlele
precursor RNA level T dlee( ) 06
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(A)
ATG

o g:gmewﬂ A EHHE T oo

Sacl Hind Il ( 6,586bp 749bp)
Ncol (6,856bp)
Sacl (5,747bp)

(B)

Sacl Nco | Hind 111
== 22 ~d npap g
O
A o |
Ng8c8gw 0SS SSgw 888w w
IIIIEE I L<Cegg << E €
S>SS>556 =S 2255 =22=25 6
SSSsSz22 == =2=22Z2 =2=2s5=2Z2 2

' B - g A — 6586 bp
5747bp — Mkt b i :
- J .r'
MMAO11 MMAO21 MMAA 5 UTR
(A) MMAA 5 UTR
(B) normal, MMAO11  MMAO021 MMAA 5 UTR
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(A)
ATG

7H| S T I

Sacl Sacl

Hindlll (8949p 5065bp 1,981bp 1,266bp 991bp)
Ncol (13,501bp  9,491bp)
Sacl (12,924bp  7,261bp)

(B)

Sacl Nco | Hind 111
I hn N 9N
T TO00 T
e — o
g888gw S 8883gw o588 ww
AL EE ACCCCEE << e &
SSSs55§ S SSS55 =S=5=55
=S==2=2Z2 = 3323222 ====zZZZ
12924bp — = -
- " . — 8949 bp
- — 5065 bp
— 1266 bp
MMAO11 MMAO21 MMAA 3 UTR
(A) MMAA 3 UTR
(B) norma, MMAO11 MMAO21 MMAA 3 UTR
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MM AO11Family

MMAOLLRT-PCR pre-mRNA) MM A011 gDNA-PCR
¢.1089G/G ¢.1089G/C
:_._-' 1 |_| IR ]
AC AE A A A AC AC A A A

MMAO11 MMAA premRNA RT-PCR
prband (11:1)  precursor RNA C allele
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MMAO11 Family

Normal gDNA-PCR MM A011-proband gDNA-PCR MM AO11-mother gDNA-PCR

¢.1089G/C €.1089G/C ¢.1089G/C
L5l seu 1L
ACAGA LA AC ACA A A ACAED A A A
Normal RT-PCR MM AO11-proband RT-PCR MM AO11-mother RT-PCR
¢.1089G/C ¢.1089G/G ¢.1089G/G
pre-mRNA) pre-mRNA) pre-mRNA)
L oo 210 21U
AC AT A AA ACAGA A A AT AL A A A

MMAO11 family MMAA premRNA RT-PCR

proband  mother
Callele
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MMAO10 Family
30

I1 12

0 0,8

113

Normal mRNA RT-PCR
MM A010 mRNA RT-PCR
MM A021 mRNA RT-PCR

S
<5}
g
<
o
x~
=
S
Q2
=
e
[
c
[}
O

Blank

Nor maI—RTlPCR (MRNA) MM AO10- RT-PCR (MRNA)

ATCCTGCCOTCGGGAGG ATCCTGCCOTCGGGAGE

1063 bp

MMAOQ10 family = MMAB mRNA RT-PCR
proband mMRNA level intron
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(A)

tetggtggataatggectcatggeagticectetgotecttggctecteag A GTATACCACGTTCAL GGCG
GGGOCCATCCTGGAGCTGGAGCAGTGGATCGAC AL GTACACCAGCCAGCT
COCACCACTCACGGCCTTCATCCT GUC T gagatactgggragarttaacc ggggec agctaca

gocagattcagtoacagacacacatggactetoaataaatecotettticacag
¢.520-159C/T ’—» ¢.520-128C/T
€ tggatataceataacages

intron 6 retention regior-1

cteetggagacagaacactgecegatitgegaaocaggactasaciicagagzagcicctatec geagtggacacacct
¢.520-96C/T

tieccaccotgetcaggeaatgiceetitetecttteag TCGGGAGGCAAGATCAGCTCGGCUGCTG
CATTTCTGCCGGGCCGTGTGUCGCCGGGUCEAGAGAT Gotaagagectogagagag.

(B)
¢.520-159C/T
1 c520-108CIT

IR~ syt SN T

¢.520-96C/T

MMAO10 family  MMAB intron 6 retention region
(A) exon intron intron
SNP

(B) MMAB intron 6 retention region
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(A)
G

Y/LIBIS?T%BE%?I HH 2 H}I-/rl oy ARy Kl y/alCl y/a NG v/

BamHI
Bam H Bam HI ( 6,413 bp)
Bgl 11 (3,414 bp)
Hind I11 (10,512 bp)
* band MMAB 5
(B)
Hind 111 Bal Il Bam HI
2 e o
T | =
o (=] o
— = —
© B ®
s22 522 s 23
10512bp — s e o
—
— 6413 bp
— 3414 bp
MMAO010 MMAB 5
(A) MMAB 5 UTR
(B)norma  MMAO010 MMAB 5 UTR
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(A)

7 2 B A S oy s T

Bam HI Bam HI BamH | BamHI Bam Hl

BamHI (6,530bp 6,413bp 4,706bp 4,224bp 2,704bp 1,108 bp)

Bgl I (10510bp 9,338bp 3,414bp 3,012bp)
Hind 111 (10,512bp 5,495bp 5,041 bp)

(B)

Hind 111 Bgl Il Bam HI
™ ™ ™
T I 2
o o
H = =

S ® ® ©C B ®
S EE ZEE Z EE
= 5 6 = 5 & = 5 &
= 2 2 =2 2 = Z2 2

10512bp —
— 6530 bp
5495bp — -
— 1108 bp
MMAO10 MMAB 3 UTR
(A) MMAB 3 UTR
(B) norma  MMAO10 MMAB 3 UTR
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MMAOQO25 Family

M other Proband
Normal Fat her C.729 ° 730| nsTT Cc.729 730| nsTT

|

GT C& GCcaa GT Cﬁ GCAas T Cééé Aé GT CAAA AC

P ) e ol

MMAOQ25 family —MUT :c.729 730insTT
proband (11:1) mother (11:22) ¢.723_730insTT
father (1:1) normal



MMAO25 Family

dbU dau 44U
AAAGAAAC AAMAAGAAGC AAAGAAAC AA A DA AGC

) sl W

MMAOQ25 family —MUT : ¢.1082-33delCTTT
proband (11:2) father (1:1) ¢.1082-33delCTTT
mother (1:2) norma
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MMAO25 Family

Normal c.970G/G Father c.970G>A Mother ¢970G/G Proband c970G>A Proband c.970G>A

S B A I

bal
GAGAGCTG GAGAACTG GAGAGCTG GAGAACTG GAGLACTG

(O il s it

MMAOQ25 family —MUT: c.970G>A

proband (11:1) father (1:1) ¢.970G>A heterozygote

mother (1:2) normal  ¢.970G/G homozygote

proband (11:1) €.729 730insTT nonsense- mediated
mMRNA decay c.970G>A mRNA RT-PCR A allele
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MMAOQO25 Family

L .
(]
g
a
4
|
f
3 _ 8
8 £ Z
T 5 =2
O me =

M other Proband
Normal €.729 730insTT €.729 730insTT
(MRNA-RTPCR)  (mRNA-RTPCR) (MRNA-RTPCR)

zu T11] 411
GCTGACATAL GCTBACATLE GCTEBAC ATA

-

MMAO25 family mRNA of mut RT-PCR

proband, mother and normal  mRNA level

genomic DNA level proband  mother

€.729 _730insTT nonsense- mediated mRN A decay proband
mRNA RT-PCR
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human — (niProt/Sviss-Frot \QBIWHMMMM
chimp — 915562375 e 1B 248971
mouse — IniPrat/Sviss-Prat \QBC?HI\MMM
rat — g1 4851579 | vef 1P 214659 2]
chicken — ENSGALTO0000016214
zebrafish — ENSDARTO0000026631
c.elegans — 1| 30564864 ref |NF_435466 1|

(Q248X)

PTRGTLGCVTRTTNEALLLCEGAGTDTILIETVGVGASERAVADUVDEY 261
PTRGTLGGYTRTTHEATLLCEGAGYDIILIET 23
PTSGTLGCVTRTTHEALVLCEGGGTDTILIETVGVGASEFAVADIVDIEY 258
PTSCTLCCVTRTTHEALVICEGGCYDTILIETVGVGASEFAVADIVDEY 258

!

]

!

PTRGTLGCVTRTTHEALLCEGGGTIVVIVETVGVGASEFAVADIVDFT 236
PTSCTLCCVTRTTHEALVICECAGYDIVIVETVGVGOSEFAVADIVDEY 549
PT3GSLGCVTRGIHEAVTLCEGAGYDIVIIETVGVGASETSVEDUCDUNC 243

[n1Prot/Swizs- Prut\OBIVH4IMMAA LI PPAGEDELGIHRGTIENADT VAV TREDGDL VPARRIOARTYSALK 311
ol |S5623376 vef | I S26697 1| e GIHRGIIENADTVARTHEDGDL VPARRIOARYYSALK 281
[n1Prot/Swizs- Prut\OBC?HlIMMAA LLLPPAGEDELGIHRGTIENADT YV ITREDGDL VPARRIOARTYSALE 308
ai| 851579 vef | 1P 214659 2] LLLPPAGEDELGIHRGTIENADT YV ITHEDGDLYVPARRIOARTYSALE 308
ENSGALTO0000016214 LV PPAGEDELGIHRGTIENADT VATNEADGDLI VPARRIOARTYSAK 286
ENSDARTO0000026631 LLTPPAGEDELGIHRGT IENADT VYV THEDGEL YVPARK I0ARYT5ALE 599
gi| 30564864 | vef | NP 435466 2] L1 SPAHGDRLGTHRGINENSDLL TV TRDDGD X AKARNTOARY TSATE 293
cbl-reductase

human chimp mouse rat chicken zerbrafish c.elegans

cbl-reductase

248
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(A)

tctggtoootoatagocteatgocagttcoctetgetecttgoctectcag AGTATACCACGTTC AL GGCG
GGGCCCATCCTGGAGCT GGAGC AGTGGATCGAC AL GTACACCAGCCAGCT
CCCACCACTCACGGCCTTCATCCTGCCT gtaggtactggeeaggrttaacc ggggac gactaca

cryptic splice acceptor site
gacagattcagtoacagacacacatggactctgaataaatcoctotttcac

¢.520-159C/T cryptic splice donor site
t gatatgeegtgacagag
intron 6 retention region €.520-128C>T = I SE

ctectggagocagaacactgoeegatttggogoocagaoctgracticagagzageteetgicegoagtgggcacacct
toccaccetgotcagaeat oo itotecitteag TC GGG AGGCA AGATCAGCTCGGCGOTG

CATTTCTGCCGGGCCGTGTGUCGCCGGHCCGAGAGAC Gataagaggactggagagag:

http://cubweb.biol ogy.col umbia.edu/pesx/

(B)

€.520-128C

intron intron 6 retention y
gt... region gt...

\ / normal splicing
" eone Jewon7 o

€.520-128C>T

intro| intron 6 retention i intron
gt... region ot... ag

N \/alternativesplicing
J_DI.LQD- intron 6 retention intron
region

intron

ISE
(A) exon intron intron
SNP ¢520-128 C T ISE
site aternative splicing
(B) splicing
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A)
¢.520-159C

1

(B)
¢.520-159T

I-ll'.o-!l!-lﬁl!-l’."l!-TElIT\Clili:-1T\CI:I'.CI-IHZJ:'.::iT\:in:-i-T\:iT\:uf.Ci-ﬁ‘iLChIiw:-iLcﬁi::III'.HI:T\:1|:|IZ-H::|:::1::|C::-:I'\::-:::'.::::-

€.520-159C

SF2/ASF

©

[ sF27asF 1 SRp40
[ 1sc3s

@
protein

(B)
protein B) (A)
c520-159 C T

(C) SR protein

90

R
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-

¢.520-159T
http://rulai.cshl.edu/tool YESE/

ESE
SNP - ¢.520-159C

SNP - ¢.520-159T
SR protein binding
ESE site



Normal-RT-PCR (mRNA) Heterozygote TT-RT-PCR (mRNA)

¢.528C/C
c.497C/IC

c.497C/IC ¢.528C/C c.519G/T

e

ChCTCACGGCCTTCATCCTRCCTTCRRELGEE CACTCTCGGCCTTCATCCTGOCTTCRGRAGGRE

A

Homozygote TT-RT-PCR (mMRNA)
¢.528C/C

|

CCTACTCTGGAGCAGLGTGCCCRTCORLAGGE

(1) ¢.519G (/2)c.c558®T / c¢c.528¢C

Heterozygote O.T31 0.67
Homozygote TTO. 52 0. 26
(1)/(2)

Heterozyg6t d6TT

Homozygote TT

MMAO10 family = mRNA of MMAB RT-PCR

sequence peak SNP - ¢.520-
159C/T  ¢.520-128C/T MMAB mRNA 33
alternative splicing form RNA (TT) 66

alternative splicing form RNA
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Fan

Caniz

il
Caenorhabditis

Hang

Fan

Can1s

Mz
Caenorhabditis

D2441 fsX39

oK T TR T AR ENE KNS TS0 N AGADA TLELATTLADGLEYSRTCLOAGLT 297
oKL AT RETAKRNPKFNST ST S0T MR ACADATLELAVTLADGIEY SRTGIOAGIT 297
SR T TRy T ACEE KNS TS S0 YHNCEAGADA TLELATTIADGLEYCRTGLOAGLT 297
oK T TR T A E KNS TS S0 YHNCEAGADA TLELATTIADGLEYCRTGLORGLT 295
SR T TTTE AT TSRENERENST S 50T HNCEAGADAVLENAF TTADGIQYCETGLEAGLT 289

FEOHE EEE R RREERRRHEEREERREEEEEE HEE R BHE E EEE HEHE

A324T

IDEE AP AL P T CHNFTHE AN RRLRR L ARL TERNFOPXNSKLLLRAHCOTSGNS 357
IDEFAPRLS G TCHNFYHE T AKNRACRR L ARL TERNFOPXNGKSLLLRARCOTSGHS 357
IDEFAPRLSF G TCHNFTHE T AKNRRCRRLARL TERNFOPXNSKSLLLRARCOTSGHS 357
IDEEAPRLSFFCTCHNFTHE L AKNRRCRRLARL TERNFOPXNCKSLLLRAHCOTSGNS 355
IDAFAPRLoFFNC TSN FTME L AKNFRRRRLVANLIRERFSFKSDRSMMIRTHS0TSCNS 349

B OBERREHHEEE BHEEREEEEEE FHEE B R BE BECHE R FEEERE

MCM

human pan canis mus caenorhabditis MCM 244

324

92



(A)

CoA binding domain

Linker

L eader sequence

AdoCbl binding domain

( http://www.expasy.org/swissmod/SWISS-MODEL.html )

(B)
N — ]
— S
t 3 4 [}
leader CoA binding linker AdoCbl binding
peptide domain aa. 423- domain
aa: 1-32 aa: 87-422 576 a.a.: 577-750

( Thomaand Leadlay, 1996 )

. methylmalonyl CoA mutase (MCM)

(A) SWISSPORT  SWISS-MODEL P.shermanii  MCM
(PDB Id: IREQA) MCM 3D
(B) MCM
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MMACHC
MMACHC 203 220
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Laboratory Manual of Geno. DNA. Pre.DOC
Clinical Biochem.Res.Lab. Verl.0 (Feb. 10, 1995)
Veterans General Hospital (Taipel) Rev.By S.F. Lu

Genomic DNA Isolation

|. Principle:
Mammalian DNA is usually isolated by digestion of cellswith proteinase K in the
presence of EDTA and a detergent such as SDS, followed by extractions with
phenol. This method yields DNA whose size (100-150 kb) is adequate for Southern
analysis.

Il. Specimen:
Collect approximately 10 ml of fresh blood in tubes containing EDTA. This
anticoagulant is suitable to preserving high-molecular-weight DNA during storage
of blood. the blood may be storedat O for several daysor at -70 indefinitely
before the DNA is prepared.

[11. Reagent: (See Laboratory Manual of Preparation of Common Reagentsfor
DNA/RNA research)

0.144M ammonium chloride ( NH4Cl )
0.01M ammonium bicarbonate ( NH4HCO3)
0.9% NaCl (normal saline)
TNE buffer

10mM Tris-HCI , pH8.0

150mM NaCl

10mM EDTA

Wb

10% SDS

proteinase K , 20mg/ ml in TNE ( fresh preparation)
Buffer-Saturated Phenol (GIBCO BRL Cat. No. :5513UB )
100% Chloroform

. 5M NaCl

10. 100% and 75% ethanol

©CoNO U

V. Procedure:

1. Draw 10ml blood into Na:EDTA vacutainers. Centrifuge at 2000-2500
rpm for 15 min.

2. Aspirate top 90% of plasma ( freeze for other testesor discard ). To
the remaining blood, add 5 val. of 0.144M NH4Cl plus 0.5 val. of
0.01M NH4HCOs3, mix , and wait for 20-30 min, till RBC lyse.

3. Centrifuge at 2500 rpm for 20 min. Discard supernatant by a pasteur
pi ppette.

4. Wash WBC pellet by 0.9% NaCl three times ( centrifuge at 2000-2500
rpm for 10 min. each ). Aspirate supernatant by a pasteur pipette.



V. Notes:

10.
11.

12.
13.

14.

15.

16.

17.

Resuspend WBC pellet in 8-10ml TNE, add SDSto final conc. 0.5%,
proteinase K to final conc. 150ug/ml , mix well.

Incubate at 37  overnight. Alternatively, place the suspension of
lysed cellsona50 rocking platform for 3 hours.

To extract ,mix sample with equal vol. of Buffer-Saturated Phenal,
mix well ( note: do not vortex and use Polypropylene Centrifuge
Tubes), centrifuge at 2500 rpm for 10 min., remove agueous phase
with wide tip pipet.

Repeat step 7.

To the agueous phase , add equal vol. of chloroform, mix well,
centrifuge at 2500 rpm for 10 min., remove agueous phase with wide
tip pipet. ( note: use chloroform resistant tubes)

Repeat step 9.

To the agqueous solution, add 1/10 vol. of 5M NaCl and 2-2.5 val. of
100% ethanol.

Storeat -20 for overnight or at -70  for 30 mins.

Transfer the DNA with awide-bore pipette to eppendrof tube and
wash the DNA with 75% ethanol 5 times, centrifuge at 12000 rpm for
1min.

Remove as much as possible of the 75% ethanol, and store the pellet
in an open tube at room temperature until the last visible traces of
ethanol have evaporated.

Add 200~300 ul of H20. Place the tube until the DNA has completely
dissolved . Thisusually takes 12-24 hours.

Determine OD2s0 and OD2so using 5 pl DNA solution diluted to 1 ml
H20. (1 ODz260=50 ul DNA /ml. )

Storethe DNA in4  that can be used indefinitely until needed.

It isessential that the pH of the phenol be approximately 8.0 to
prevent. DNA from becoming trapped at the interface between the
organic and aqueous phase.

With awide-bore pipette (0.3-cm-diameter orifice), transfer the
viscous aqueous phase to a clean centrifuge tube .

When transferring the aqueous phase, it is essential to draw the DNA
into the pipette very slowly to avoid disturbing the material at the
interface.

In step 14, do not allow the pellet of DNA to dry completely;
otherwise, it will be very difficult to dissolve.

M easure the absorbance of the DNA at 260 nm and 280 nm. Theratio
of Aaze0to A2s0 should be greater than 1.75. A lower ratio isan



indication that significant amounts of protein remain in the preparation.
In this case, add SDS to a concentration of 0.5% and then repeat 5-14.

vi. Theusua yield of DNA from 10ml of normal blood is approximately
125 pg.

VI. Reference:

1 (1994) Genomic DNA isolation.
. p. 1-3

2. J. Sambrook, E. F. Fritsch, and T. Maniatis. 1989. Molecular cloning a
laboratory manual, 2nd ed. Cold Spring Harbor Laboratory.



Labortory Manual of May 16™, 2005
Clin.Biochem.Res. Lab. Mei-Ying Liu revised
Veterans General Hospital PA incorporation v.2

IN VIVO 1-**C-PROPIONATE INCORPORATION FOR DETECTION OF
DEFECT IN PROPIONATE METABOLISM

. Principles
1-**C—propionate “C—propionyl CoA PAblockhere  1C_p_methylamlony CoA
PCC

C.L-methylamlony COA  MMA block here 14 C—succinyl CoA
o >
MCM
[I.  Final concentration of culture medium
1 L eucine-free medium
Vol (ml) Final concentration

1x RPMI 1640 w/o GInand Leu 84 -

200 mM glutamine 1 2mM

100 % FBS 15 15 %

Total vol 100

2 Modified Puck’ s saline F
Vol (ml) Final concentration
Puck’ ssaline 82 -
Antibiotic-Antimycotic solution 1
FBS 15 15%
10 mM 1-*C—propionic acid 1 01mM (SA .31
(S.A 31 dpm/pmol) dpm/pmol)
520 mg/L °H-leucine (SA. 1 52mg/L  (SA. 16
16dpm/pmol) dpm/pmol)
Total vol 100

The stock solutions of 1-**C-propionic acid , *H-leucine are combined with 30 ml modified
Puck’ s saline F and the mixture is sterilized with 0.2 um filter membrane. Some modified Puck



saline are passed through the same filter membrane to flush the residual isotope. Then antibiotics
and FBS are added to final concentration. Aliquot the modified Puck saline F and store at 4

[11.  Preparation of reagents
1 1x RPMI 1640 without L-glutamine and L-leucine |ICN, Cat. N0.16-291-49
2 200 mM glutamine GIBCO BRL, Cat. No. 25030-81

3 Puck saline F

Components Amount
CaCl, 0.014 gm
KCl 0.285 gm
KH2PO,4 0.083 gm
MgSO,.7H,0 0.154 gm
NaCl 74 gm
NaHCO; 1.26 gm
NaxHPO, 0.154 gm
D—glucose 4.8 gm
0.5 Phenol red 1 mi
HEPES 2.6 gm
H>O 1 L

Adjust pH to 7.3 with NaOH or HCI

notes All contents are mixed well and adjusted pH to 7.3. Then Pcuk saline is

sterilized by 0.2 um filter membrane. Aliquot of medium is removed to test microbial
contamination. Puck saline Fisstore at 4

4 100 X Antibiotic-Antimycotic solution Atlanta biologicals, Cat. No. B22110
Contains 10,000 pug/ml Streptomycin, 10,000 units/ml Penicillin, and 25 ug/ml
amphotericin B in 0.85% saline

5 10 TCA  Tricloroacetic acid

100 TCA g/dL 10 ml
H,0 90 ml
store a 4

6 2 Na,CO3zin 0.1 N NaOH
NaOH 0.4 gm



Na,CO3 2 gm

H>O 100 ml
store a 4

09 NaCl

NaCl 9 gm
H->0 1 L

store at 4

0oo1m 1-14 C—propionicacid 100 X stock

cat. No. 12217

lot. No. 9727103

0.25 mCi

1-14 C—propionic acid

56.8 mCi/ mmol

specific activity SA

vol = 025 ml
concentration = 1 mci/ml
expected SA = 31 dpm/pmol
expected conc = 001 M 100X stock
calculation

1 mci/ml
tota amount of 1-1*C—propionicacid = 56.8 mci/mmol

0.0176 mmol / ml

00176 M

so origina 1-14 C—propionicacid = 0.0176 M x 025 ml
= 0.0044 mmole

imd = 222 x 10° dpm

expected SA = 31 dpm/pmol
2.22 x 10° dpm/mCi x0.25 mCi

14 o -
so total 1——" C—propionic acid = 31 dpmv/pmol



= 00179 x 10° pmol

amount of cold propionic acid will be added
= 0.0179 mmol 0.0044 mmol = 0.0135 mmol
vol of 0.1 M cold propionic acid will be added
= 0.0135mmol /0.1 M =0.135ml
total vol of 0.01 M 1-**C—propionic acid =0.0179/0.01 M
=179ml
vol of sterilized H,O will beadded =  1.79 0.135 025 ml=1405ml

preparation: 0.25 ml 1-**C-propionic acid 0.135 ml cold propionic acid 1.405 mi
H>0O, mix well and dispense to 100 ul per sterilized vial, store at -20

Notes  dilute the prepared 0.01 M 1 -**C—propionic acid to 10°, 10*, 102 Transfer 20 ul
to the counting solition ~ Szintisol , Merck  and count for 2 min at B— counter. Calculate
with the formula below

Real S A dpm ! X
0.01IM x 20 ul dilution factor
_ dpm 1
0.0IM x 102 dpm/10*ml x 20 x 10°ml dilution factor
dpm 1
= X
2 x 10° pmol dilution factor

520 mg/ *H-L-leucine  100x stock
Cat. No. = NET-460A

Lot No. = 3538-392

Leucine [345°H N ]= 1mCi
specific activity SA = 173 Ci/mmol
vol = 02 ml
concentration = 5 mCi/ml
expected SA = 16 dpm/ pmol

expected conc = 520mg/L 100x stock =4 mM



V.

caculation

4 mmol/L =4 x 10° pmol/ml

total dpm of 100 x stock of 1 ml volume should be

= 4 x 10° pmol/ml x16 dpm/pmol = 6.4 x 10’ dpm/ml

expected 3H-leucine added to 100 stock of 1 ml volume

~ 6.4 x 10" dpm _ 88UC
- 222 x 10°dpmiuci . oo™
28.8 uCi
vol Of *H-leucine should be added to cold 100 X leucine = :
5 uCi/ul
= 576ul

Preparation: 5.8 ul *H-leucine 1 m 4 mM L-leucine, mix well. Because of high

specific activity of ®H-leucine, amount of hot leucine could be ignored and be added to 100x
stock directly.

Note: dilute and count the radioactivity of *H-leucine stock solution as described in
1-**C-propionic acid.

Protocol

a

Cultured skin fibroblast and amniocytes at 25T flask with DMEM containing 10-20 %
FBS and RPMI 1640 containing 10-20 % FBS, respectively. Cells are seeded into 25
cm? plastic flasks with cell density of about 2-4 x 10° cells. All cells are kept culture

for 2 days till reach partially confluence, about 50-70 % confluence. All cells are at
log phase.

Remove culture medium and replace by 4 ml leucine-free medium containing 15 % FBS.
Cellsare kept culture under 37 for 4 hours.

Remove culture medium and replace by 4 ml of modified Puck saline F, containing Puck
saline pH7.3 ,0.1mM 1- *C- propionic acid (S.A. 31 dpm/pmol), and 5.2mg/L
®H-leucine (S.A. 16 dpm/pmol) . Fastened the cap tightly to prevent pH change.

Incubated cellsat 37  incubator for 18 hr . Before harvest, cell density should reach to
about 90 % confluence.

Remove the modified Puck saline F.
Rinse 3 timeswith 10 ml of cold 0.9  NaCl .
Add 5 ml saline to rinse the cells quickly, discard the saline, then add 5 ml saline.



10
11
12
13
14

15

16

Factor

Incorporation

Notes

b.

C.

Discard the saline, add 10 ml saline to rinse the cells then discard the saline. Add
another 10 ml saline.

Remove the saline and aspirate the residual saline with glass pipett.
Add1mlof cold10 TCA.
Incubateat 4  for 30 min . Rock the flask every 10 to 15 min.
Discard the residual TCA soluble radioactive material .
The remaining attached cellsarerinsed 3 timeswith 10 ml cold 0.9  NaCl .
Dryina37 roomtill flaskstill dry completely.
Addlmlof2 N&CO;in0.1 N NaOH .
Placeat 37  room for 30 min.

Aliquot of 100 ul sample is added to 4 ml counting solution ~ Szintisol , Merck  and

counted at B-counter to determine the amount of 1-**C—propionic acid incorporated into
TCA insoluble fraction. Aliquoteof 100ul 2  NaCOs is added to counting solution

for back ground.

The residual of this TCA insoluble fraction is used for protein determination by Lowry
method, use dispossible cuvette for reading at spectrophotometer .

Calculate the incorporation with the formular as below

1000 ug/mg
18 hr x SA of 1-14C-propionic acid
X ug . pmol / mg .hr . dpm

Dpm of sample - background
Ug protein for test

x factor

Y pmol / hr . mg protein

Prepare the stock of 1— **C— propionic acid (S.A. 31 dpm/pmol), and 5.2mg/L- H-leucine
(S.A. 16 dpm/pmol) before preparation of modified Puck saline F.

The flasks have to be dried completely, otherwise the background will be high.

If timeis not enough to compl ete the whole process. The dried flasks can be tightly fasten



and store at 4 . But the caps only can be lossened only when the temperature of the
flasks reach to the room temperature.

4. Theeluted lysate can be stored at 4

V. Reference
1 Morrow et a . 1976 Clinc.Genet.10 218-221.

2 Willandeta . 1976 Hum. Genet.32 277-283.

3 Yeek Yong Tan 1987 In vivo 1-**C-propionate incorporation for detection of defect
in propionate metabolism.  Laboratory manual of Clin. Biochem. Res. Lab
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Flow chart of PA incorporation

2-4 x 10 ° Cells are seeded into 25T flasks and cultured till reaching log

l Culture for 2 days

Remove culture medium and replace with 4 ml of leucine-free medium

l 37 incubate for 4 hour.

Remove leucine-free medium and replace with 4 ml of modified Puck’ s saline F containing 15%
FBS, 0.1 mM **C-propionate (S.A. 31dpm/pmol) amd 5.2 mg/L *H-leucine (S.A. 16 dpm/pmol)

l 37  incubate for 18 hour

Remove modified Puck’ saline F

'

Rinse with cold 0.9% NaCl for three times

Treat with Iml 10% TCA (w/v) at4  for
l 30 min

Discard the residual TCA soluble materid

'

Rinse TCA insoluble material with normal saline for three times
l Dried at 37

Add 1 ml 2% Na,CO3in 0.1 N NaOH

Incubateat 37 room for 30 min

l !

Aliquot of 100ul lysate istaken to Aliquot of 100ul lysate is taken to determine
determine radioactivity protein concentation by Lowry method




L aboratory manual of Verl.l (Mar,23, 2004)
Clinical Biochem. Res. Lab. Rev. by S.J. Wu
Veterans General Hospital-Taipei

Protein Determination by Lowry Method

|. Preparation of ingredients:

1. 1% CuSO,; 5H,0 solution:
1gCuSO,; 5H,0 wasdissolvedin 100 ml distilled water

2. 2% NaK Tartrate solution:
2 g NaK Tartrate were dissolved in 100 ml distilled water

3. 2% NaCO3in 0.1N NaOH solution:
20 g NaCOs3
4 g NaOH
were dissolved in 1000ml distilled water

4. 0.25 mg/ml Bovine serum Albumin (BSA) standard sol ution:
100 mg BSA were dissolved in 100 ml distilled water,
1ml 1.5ml via -20

[1. Working reagents:
1. Solution A:
Solution | 1% CuSO, solution 2% NaK Tartrate solution = 1: 1
Solution|  Solution Il ( 2% NaeCO3)=1 50

2. Solution B:
Folin-Ciocalteu phenol : H,O=1:1

working reagents

I11. Procedure:



gorwN

BSA 25mg BSA
100ml 0.25mg/mi
(Table) 50, 37.5, 25, 12.5 ug working standard

H,0 (ul) BSA standard Tota (ul) Concentration
solution (ul ) (ug)
Blank 200 0 200 0
Standard 1 150 50 200 12,5
Standard 1 150 50 200 125
Standard 2 100 100 200 25
Standard 2 100 100 200 25
Standard 3 50 150 200 375
Standard 3 50 150 200 375
Standard 4 0 200 200 50
Standard 4 0 200 200 50
20 ul 200ul
1 ml solution A 10
0.1 ml solution B 30

ODsé60nm



Laboratory Manual of wu\lab\mutase.doc
Clinical Biochem. Res. Lab. Verl.0(May 17,1995)
Veterans General Hospital -Taipel S.J. Wu

Deter mination of M utase activity by HPLC
for Methylmalonic Aciduria

mutase
Methylmalonyl-CoA ----------- Succinyl-CoA
Adochl
.
1.
1)
Coriell
(2 : 15-20
©)] : heparin 10ml
2.
1)
20% DMEM logphase
10% changB logphase
15-20% RPMI
(subcutlure) ( 75T flask)
Mycoplasma Mycoplasma
-70
(2 heparin 10ml

Buffycoat 0.01M NH,HCO3:0.144M



o

NH,CI=1:10
pellet -70
400mM sodium phosphate 11.98  NaHyPO4
250ml 1419 NayHPO,4 250ml

400mM (pH=7.5)
50mM sodium phosphate
25ml 200ml (pH=7.0)
220mM NaH,PO, 264  NaH,PO,

1000ml (pH=4.0)

pellet

400mM sodium phosphate

4.2N HCIO4 9.2N HCIO4 45.6 ml 100ml
1.0M NapyCO3: 54  NayCOj S0ml
Methanol , chloroform (JT Baker,USA) 0.45
180y M Adenosylcobalamin (Adochl) Coenzyme B1» 2.9mg
Adochl 10ml -70
Succinyl CoA 5mg 1.1ml 5.2mM
220M 11y M 554 M -70
. Methylmalonyl CoA: 5mg 3.4 ml 1.6mM

-70



Kikuchi®

Duplicate Control

0.8ml 50mM (pH 7.0) phosphate buffer
(256Wx15"x3)

45p 1 0.5mlvial 400Mm phosphate
buffer(pH 7.5) 25u | 180y M Adochbl 5p | 37 5
1.6mM MethylmalonylCoA 25y | 37 10

10p | 4.2N HCIO4
4 12000 rpm 10 85y | 17.5
gl 1.0M N&zCOg

Column Finepak SIL C187-5 Nucleosil 120-5 C-18 30x4mm
Mobile phase 220mM phosphate buffer(pH 4.0) 14 (viv)
methanol 0.4 (v/v) chloroform
1.0 ml/min
30
uv 254nm

mutase acitivty  (nmol/min/mg protein)
Lowry's method



Laboratory Manual of SOUTHERN.DOC
Clinical Biochem. Res.Lab. Verl.0(Jan.23,1995)
Veterans General Hospital (Taipei) By Jyh-Yeang Chiou

Analysis of Genomic DNA by Southern Hybridization

|.Principle:

Localization of particular sequences within genomic DNA is usually
accomplished by the transfer techniques described by Southern (1975).Genomic DNA
is digested with one or more restriction enzymes, and the resulting fragments are
separated according to size by electrophoresis through an agarose gel. The DNA is
then denatured in situ and transferred from the gel to solid support (usually a
nitrocellulose filter or nylon membrane) .The relative positions of the DNA fragments
are preserved during their transfer to the filter. The DNA attached to thefilter is
hybridized to radiolabeled RNA, and autoradiography is used to locate the positions
of bands complementary to probe.

The amount of genomic DNA needed to generate a detectable hybridization
signal depends on a number of factors, including the proportion of the genome that is
complementary to the probe, the size of the probe and its specific activity and the
amount of genomic DNA transferred to the filter. Under the best conditions the
method is sufficiently sensitive to detect, in a autoradiographic exposure of severa
days, lessthan 0.1 pg of DNA complementary to a probe that has been radiolabeled
with ¥p to high specific activity (>109 cpm/ug). A sequence of 1000 bp that occurs
only once in the mammalian genome (i.e.,1 part in 3 million ) can be detected in an
overnight exposure If 10 ug of genomic DNA istransferred to the filter and
hybridized to a probe severa hundred nucleotides in length. Because the strength of
the signal is proportional to the specific activity of the probe and inversely
proportional to its length, Southern hybridization reaches the limits of its sensitivity
when very short probes are used. To obtain a detectable signal with oligonucleotide
probes, it is therefore necessary to radiolabel oligonucleotides to the highest specific
activity possible, to increase the amount of target DNA on the filter, and to expose the
autoradiograph for several days.



.Specimens:

Genomic DNA may be prepared from WBC in whole blood with EDTA asthe
anticoagulant, from cultured lymphoblasts, fibroblasts, amniatic cells or chorionic
cells by the methods described by the laboratory manual of Genomic DNA Isolation.
Genomic DNA should be stored in DNA BANK at 4

.Reagents:

1. Restriction Enzyme Digestion and Agarose Gel Electrophoresis
(1) gel and running buffer (1XTAE or 1xTBE)

(& TAE
Working solution stock solution (per liter)
1x:0.04M Tris-acetate 50x%:242g Tris base
0.001M EDTA 57.1ml glacia acetic acid
100ml 0.5M EDTA (pH8.0)
(b) TBE
Working solution stock solution (per liter)
1x:0.09M Tris-borate 5x:549 Tris base
0.002M EDTA 27.59 boric acid

20ml 0.5M EDTA (pH8.0)

(2) agarose, LE, SeaKem-FMC Bioproducts, cat. no. 50004

(3) gel-loading buffer
0.25% bromophenol blue
0.25% xylene cyanol FF
30% glycerol in water

(4) ethidium bromide
10mg/ml in H,0 (stock)



2.DNA Transfer to Nylon Membrane (positively charged, Boehringer Mannheim,
cat. no. 1417240)
Method A : ( 20xSSC transfer )
(1) denaturation solution
1.5M NaCl
0.5N NaOH

(2) neutralization solution
1.5M NaCl
1.0M TrissHC1
pH7.4

(3) 20xSSC
3M NaCl
0.3M Sodium Citrate
pH 7.0

(4) 2xSSC

Method B (alkalinetransfer)
(1) 0.25N HCI
(2) 0.4N NaOH

3. DNA Probe Labeling
(1) random primed labeling kit (Boehringer Mannheim, cat. no. 1004 760)
(Qa°pdCTP(DuPont NEN Research Product s,
6000Ci / mmol, 20mCi / ml)
(3) 10% SDS
(4) 0.5M EDTA, pH8.0
(5) TNE
0.1M NaC1
10mM Tris-HC1, pH8.0
1mM EDTA, pH8.0



4.Prehybridization and Hybridization (for DHPR)

(2) prehybridization solution
50% deionized formamide
0.1% SDS
5xSSC
5xDenhadt’ s solution (L00x. 10g Ficoll 400-Pharmacia, 10g polyvinyl-

pyrrolidine, 10g bovine serum albumin/500ml H,0)

0.1mg/ml salmon sperm DNA (sheared and denatured)

(2) hybridization solution
45% deionized formamide
0.02% SDS
5xSSC
1xDenhadt’ s solution
20mM NaHPO4/NaH,PO,,pH6.8
10% dextran sulfate
0.1mg/ml salmon sperm DNA (sheared and denatured)

5. Wash (for DHPR), Autoradiography and Deprobe

(1) washing solution |

2xSSC/0.1%SDS
(2)washing solution | |

0.1xSSC/0.1%SDS,55 or65 prewarmed
(3) deprobe solution

0.1xDenhardt’ s solution

1mM EDTA, pH8.0

1mM Tris-HCL1, pH8.0

0.1% SDS

.Procedures:

(1) Restrictuin Enzyme Digestion and Agarose Gel Electrophoresis

(2) Digest 10y g genomic DNA with 40 units restriction enzymes and
appropriate buffer in total 40u | mixture at optimal reaction temperature.

(3) (For complete digestion, add 20 units enzyme for 2-10 hours at first, then
add the other 20 units enzyme for other 2-10 hours.)

(4) Seal the edges of the open ends of the plastic tray supplied with the



Electrophoresis apparatus with autoclave tape so asto form amold. Set it
on a horizontal section of the bench.
(3) Prepare a 0.8%-2% agarose gel depended on the size to be analyzed. Melt
the agarose with gel buffer (1XTAE or 1XTBE) by microwave oven till
the solution become clear.

Table. Range of Separation in Gels Containing Different Amounts of Agarose

Amount of agarosein gel efficient range of separation
(%1w/vl) of linear DNA molecules(Kb)

0.3 5-60
0.6 1-20
0.7 0.8-10
0.9 0.5-7

12 0.4-6

15 0.2-3
2.0 0.1-2

(4) Cool to 60  and pour the warm agarose solution into the mold, then
position the comb 0.5-1.0 mm above the plate.

(5) After the gel is complete set (1 hour at room temperature), carefully
remove the comb and autoclave tape and mount the gel in the
electrophoresis tank.

(6) Fill the electrophoresis tank with sufficient running buffer, and check the
wells to make sure that are not leaky. (Running buffer and gel buffer and
gel buffer must be identical.)

(7) Choose appropriate DNA marker, add 1/10 volume of gel-loading buffer to
the DNA samples and marker, mix well.

(8) Load the marker and DNA samples to the slots, run 16 hours at 45 Volts (or
18 hours at 40 Volts, optimal condition:1cm/1hour) at room temperature.

(9) Carefully remove the gel and stain the gel with 0.5u g/ml ethidium
bromide (dilute 20000xwith 10mg/ml stock in H,O of running buffer), 15
minutes at room temperature.

(10) Destain background with deionized water for 15 minutes at room
temperature.

(11) Expose the gel to long UV light for 30 seconds. Put the gel into UV box,



photograph with aruler.
2. DNA Transfer to Nylon Membrane

Method A : ( 20xSSC transfer )
(1) Soak gel in 250ml denaturation solution twice, each 15 minutes at room
temperature, with constant and gentle agitation.
(2) Rinsethe gel briefly in deionized water.
(3) Soak gel in 250ml neutralization solution twice, each 15 minutes at room
temperature, with constant and gentle agitation.
(4) Assemble transfer stack, then transfer with 20xSSC.

weight (500g)
Whatman MM paper (short) - / glass (thin)
(3 pieces, nnzed wath 20550 — paper towels
—

Whatman 3N paper (long) +——— hylon memhbrane
I e —

(3 pieces, finged with EDXSSC)\F}: % \- # gel (underside is uppermost)
transfer buffer (202{E5C)
M glass (thick)

(5) Transfer for 24 hours. ( Maintain transfer buffer level and replace paper
towels when they become wet )

(6) After transfer, mark the positions of gel slots on the nylon membrane, and
lay this membrane on a dry sheet of 3SMM paper (DNA site up).

(7) Air dry nylon membrane at least 30 minutes, then expose 254nm
ultraviolet irradiation to immobilize DNA on membrane.

(8) Store the membrane in plastic bag at room temperature until needed.

Method B: ( alkalinetransfer )

(1) Soak gel in 250ml 0.25ml 0.25N HCL1 for 15 minutes at room temperature,
with constant and gentle agitation.

(2) Soak gel in 250ml 0.4N NaOH at room temperature, then prepare transfer
stack.

(3) Transfer with 0.4N NaOH.



weight (300g)
Whatrman 3MM paper (short) - / alass (thin)

(3 pieces, rinsed mtﬁa%ﬁg\. i R
Whatrnan 3WM paper (long) +——— tylon mernbrane
(3 pieces, rinsed with 04N NaQOH? —h 7 gel (underside is uppermost)

f_*;«,i_\ transfer buffer (04N NaOH)
— glass (thick)

(4) Transfer for 6 hours. (Maintain transfer buffer level and replace paper towels
when they become wet.)

(5) After transfer, mark the positions of gel slots on the nylon membrane, and
lay this membrane on adry sheet of 3MM paper (DNA site up).

(6) Air dry nylon membrane at least 30 minutes, then expose 254nm ultraviolet
irradiation to immobilize DNA on membrane.

(7) Store the membrane in plastic bag at room temperature until needed.

3. DNA Probe Labeling

(1) To denature DNA probe, put the DNA sample and H-Omixture (25ng DNA
in 11y | deionized water ) into boiling water for 5 minutes, then chill on
icefor 5 minutes.

(2) Add the volume of each reagent to the DNA tube in the following order on

an ice bath:
denatured DNA probe(25ng) 11p |
dATP (I
dTTP (I
dGTP (I
reaction buffer with primer 2u |
a -*pP-dCTP 3u |
Klenow enzyme (Boehringer Mannheim, 1y |
cat. no. 1008 412, 2u/p 1)
total 20u |

(3) Mix, then incubate at 37 for 1 hour.

(4) Add 5y 110% SDSand 1y 1 0.5M EDTA to stop reaction.

(5) There are two methods to remove the unincorporated o -*P-dCTP from
radiolabeled DNA probe.



Method A

(a) Remove the end caps from NucTrap push column (Stratagene, cat. no.
400702).

(b) Add 70u 1 TNE to prerinse the push column.

(c) Add 44 1 deionized water to DNA probe, then add probe in atotal volume
of 70u 1 to the push column.

(d) Recover radiolabeled DNA probe by syringe.(unincorporated o -*dCTP
will be trapped in the column.)

Met hod B

(aAdd DNA probe to micro-spin O0)i,l ttehren Mi |
centrifuge at 6000 rpm for 40 minutes.
(bRecover probe by whshNmBgt wihee ftid taert ovti 4
10p1.

(6) Qoumtf 2 he pr obre nseo Ituntei orma dyi,0o addeteéiev i t y
total incorpor ddpmerd, pymwmeédei fifsc adbotuit viltxy0

How to calcul ate specific activity:

Cpm of sephrahsedpprabeflcprmpdreatpadpo
proportion i ncowepiogrhatt etdoxt atab mpuabe op mp
i ncorporated/ total amount of product

4. Prehybridization and Hybridization

(IRinse the nylon membrane wt tihnt2SSC, ¢
hybridizationbéeube, athaeoht mbmbivabkt utBoO
2xSSC away.

(2Add prehybridization sol ut iaotnur2eddml (s a
for 5 minutes in boilingtwamnersoleaftomna)
the tube, then hiencruobatiengansvdezn,i nat | e a:

(3enature prolderi b bminluitregs , WH theemp tcihmd Il
concontratioopmfmprboypleridi 42altd on sol ut

(4After prehybaydprzahybni dpardadt i aw sol ut i
hybridization solution 20mlofs &l mon spe
mi nutes in boilbied wwaotlee. ahocidlBabhe a't
hours in rolling oven.



5. Wash (for DHPR), Autoradiography

(1) After hybridization, wash the nylon membrane in following order:

(2) washing solution | 500ml, room temperature 15 minutes.

(3) Washing solution  500ml, 55 15 minutesfor Hinf I, Msp | or 65
15 minutes for Avall, Nco I.

(4) Allow membraneto air dry on 3MM paper, then cover to with Saran Wrap
to prevent contamination.

(5) For autoradiography, expose nylon membrane to X-ray film with
intensifying screen for 1-5 daysat-70  or to phosphoimage cassette
overnight at room temperature.

(6) After autoradiography, remove radiol abeled probe from membrane by
adding 500ml deprobe solution for 2 hoursat 75 , air dry membrane on
3MM paper, then store the membrane in plastic bag at room temperature.

V. Notes:

(1) From prehybridization to washing, de not let nylon membrane dry out, or it
will be very difficult to wash background off.

(2) Before autoradiography, remember to cover membrane with Saran Wrap, or
it will be possible to contaminate cassettes.

(3) Be careful when you use ethidium bromide and a -**P-dCTP.

. References:

1. J. Sambrook, E.F. Fritsch, and T. Maniatis. 1989. Molecular cloning-a
|aboratory manual, 2™ ed. Cold Spring Harbor Laboratory.

2. F. M. Ausubel et. Al. 1992. Short protocolsin molecular biology, 2™ ed.
Greene Publishing Associates and John Wiley Sons.

and



Laboratory manual of DT.doc
Clinical Biochem. Res. Lab. Version 1.2 (MAY 25, 2004)
Veterans General Hospital (Taipet) By Y. C. Chang

Cycle Sequencing with Big Dye Terminators for
ABI DNA Sequencer

| Material Reagent

(1)0.2ml 0.5 ml PCR tubes  skirted 96-well PCR plates (SSI  part#:3420-00) 1.5 ml

eppendorft

(2) ABI PrRiIsSM™ BigDye Terminator Cycle Sequencing Ready Reaction Kit Reagents (PERKIN
ELEMER version 1.1 3.1) -15 -25

(3) Sequencing positive control
PCR product A06 (200 ng/ul) M13
Forward primer DNA A06 (200 ng/ul) T7
Sp6 T3
(4) Big -Dye Terminator Sequencing dilution buffer 5X ( ABI PRISM™ BigDye Terminator
Cycle Sequencing Ready Reaction Kit 4 )
(5) 100 % DMSO ( )

(6) Sterile deionized water

(7) 100 % and 70 % ethanol (EtOH )
(8) Sodium acetate (NaOAc), 3 M, pH 5.2

[l Instrument
1. PCR GeneAmp PCR System 9700 (PE) PTC-100  PTC-200 Programmable Thermal

Controller (MJ Research, Inc.)

(1) 0.2ml 0.5 ml PCR tubes (fix-angle )

(2) 96-well PCR plates fix-angle  swing angle



[l Method

1. Sequencing

(D) template
a. PCR
PCR dNTP  primer  OD. 260
template
b. DNA
OD. 260 template
c. BigDye Terminator Mix (ver 1.1 ~ 3.1) stock primer
2) Premix**( template) Sequencing ( )
Reagent DNA PCR
Deionized water ~ emeeeee e
5X dilution buffer 0.5ul 1.4 ul
100 % DMSO 0.5ul 0.0 ul
BigDye Terminator Mix (ver 1.1/3.1) 1.0 ul 1.0 ul
Primer (Forward  Reverse) 1.6 pmol 2.0 pmol
Double-strand DNA** 200-500 ng*  1-100 ng*
Total volume 10 ul 7 ul
*DNA
Template Quantity
DNA 200-500 ng
PCR
100-200 bp 1-3ng
200-500 bp 3-10ng
500-1000 bp 5-20 ng
1000-2000 bp 10-40 ng
>2000 bp 40-100 ng
**Premix
Sequencing DNA 200 ng/ul primer



T7 3.2uM template 2ul 10

Reagent 1 10
Deionized water 4.5ul 45 ul
5X dilution buffer 0.5ul S5ul
100 % DMSO 0.5ul S5ul
BigDye Terminator Mix (ver 1.1/3.1) 2.0 ul 20 ul
3.2 uM T7 primer 0.5ul S5ul
Per tube or well 8.0 ul 8.0 ul

dilution buffer DMSO BigDye Terminator Mix  T7 primer 1.5 ml

eppendorft 0.2ml 0.5 ml PCR tubes  96-well plate
template
(3) Premix 0.2ml 0.5 mlPCR tubes  96-well
plate template
(4) Sequencing positive control A06 DNA sequencing
Reagent A06
Deionized water 4.5 ul
5X dilution buffer 0.5ul
100 % DMSO 0.5ul
BigDye Terminator Mix (ver 1.1/ 3.1) 2.0ul
3.2 uM Primer (  Material & Reagent 3) 0.5ul
A06 template 2.0 ul
Total volume 10 ul
0.2ml 0.5 ml PCR tubes 96-well plate A-6

&) template
(6) PCR

a. 96 1 min

b. 96 10 sec
c. 52 10 sec
d. 60 4 min

@

(b)-(d) 50 cycle



f. 4 o0

(5) Sequencing 4
24

(6) 0.2ml 0.5 ml PCR tubes sequencing 1.5 ml eppendorff ~ 96-well
plate 96-well plate

(7)

BigDye Terminator Mix version 1.1 3.1

Sequencing 10 ul 7 ul 10 ul 7 ul

3M NaOAc, pH 5.2 (ul) 1.0 0.7 3.0 2.1

100 % EtOH (ul) 25.0 17.5 59.4 41.6

Sterile deionized water (ul) 0.0 0.0 27.6 19.3

Total (ul) 26.0 18.2 90.0 63.0

Premix

1.5 ml eppendorff

(8) 20
(€))
1.5 ml eppendorff 96-well plate
30 min, 14000xg (4 ) 45 min, 1700xg (4 )
pellet
400xg 1 min
500 ul 70 % EtOH 100 ul 70 % EtOH
10 min, 14000xg(4 ) 15 min, 1700xg (4 )
- 400xg 1 min
20 min 20 min
(10) -20
(11)

Reference



1. ABI PRISM™ BigDye Terminator Cycle Sequencing Ready Reaction Kit Protocol. PERKIN
ELMER





