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Blue native polyacrylamide gel electrophoresis is a powerful tool for screening of
mitochondrial respiratory chain disorders.

Masakazu Honda (Department of Pediatrics, School of Medicine, Saitama Medical University,
Moroyama, Iruma-gun, Saitama 350-0495, Japan)

Abstract:Mitochondrial respiratory chain disorders are not only the most common but the most clinically
diverse group of inborn errors of metabolism. It is often difficult to establish an accurate diagnosis
and then to determine the molecular basis of respiratory chain disorders. Blue native polyacrylamide
gel electrophoresis (BN-PAGE) is a form of native electrophoresis for resolving membrane protein
complexes. We used BN-PAGE combined either with in gel enzyme staining or with immunoblotting
to analyze 20 patients with possible, probable or definite mitochondrial respiratory chain disorders as
defined by the criteria of Bernier et al. A potential complex I abnormality was detected in 11 out of
20 patients, but no abnormalities were found either in the amounts or activities of other complexes.
Complex I abnormalities were categorized into three groups based on amount and size of assembled
complex I. Combined with conventional enzyme assay, 4 out of 11 patients having complex I abnormality
in BN-PAGE analyses were diagnosed as definite complex I deficiency. Tissue specificity in three sisters
with complex I deficiency was also identified. We conclude that BN-PAGE is a powerful tool both in the
correct diagnosis and as a useful guide to future molecular analysis for respiratory chain disorders.
Keywords: Blue native polyacrylamide gel electrophoresis; Mitochondrial respiratory chain disorders;
In gel enzyme staining; Immunoblotting; Tissue specificity
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Table 1. Initial symptom, clinical status and diagnosis and lactate/pyruvate levels of 20

Japanese patients

Blood lactate/pyruvate

Patient M/F Initial symptom Status Clinical diagnosis (normal: <1.8/<0. 1 mM)

1 F Congenital hydrocephalus (0 d) Dead (2 mo) Congenital lactic acidosis 8.5/0.18

2 M Feeding difficulty (6 d) Dead (0 mo) Congenital lactic acidosis 11.3/0.4

. . Mitochondrial myopathy

3 M Hypotonia (7 y) Alive (8 y) (RRF+) 1.2-3.8/0.1

4 F Impaired hearing (0 mo) Alive (1Y) Mitochondrial disorder (RRF+) 3.9-12.6/0.26-0.38
5 F Impaired hearing (7 y) Alive (13y) MERRF (RRF+) 3.4/0.1

6 F Left hand hemiparesis (7 y) Alive (9 y) MELAS 4.8/0.18

7 M Feeding difficulty (1d) Dead (0 mo) Congenital lactic acidosis 30.9/0.6

8 F  Congenital hydrocephalus (0 d) Dead (4 d) Rl OIS I ELE] 40.9/0.7

disease

9 M Status epilepticus (13 mo) Dead (13 mo) Acute encephalopathy 10.5/0.28

10 F Feeding difficulty (4 mo) Alive (11 mo) Congenital lactic acidosis 4.4-6.3/0.14-0.32
11 M Esophageal atresia (in Fetus) Alive (3 mo) Multiple organ failure 20.6/0.74

Lactic acidosis and

12 F Tachypnea (1d) Dead (2y) methylmalonic acidemia 33.3/0.78

13 F Hypotonia (0 d) Alive (10 mo) Congenital lactic acidosis 24/0.92

14 F Developmental delay (8 mo) Alive (8 mo) Congenital lactic acidosis 5.8/0.66

15 M Neonatal asphyxia, MAS (0 d) Dead (1 mo) Leigh-like disease 12.6/0.25

16 M Failure to thrive, vomiting (3 mo) Alive (1y) Infantile spasms 5.6-6.7/0.17-0.23
17 M Convulsion (3 y) Dead (4y-1mo) Reye-like syndrome 11.9/0.29

18 M Convulsion (11y) Alive (17 y) Epilepsy 1.7/0.11

Very low birth-weight infant . " . S

19 F (24weeks, 700g) Alive (6 mo) Congenital lactic acidosis 7.7/0.23
20 F Anorexia (14 y) Alive (14 y) Congenital lactic acidosis 12.3/0.42

MAS, meconium aspiration syndrome; RRF, ragged red fiber; MERRF, myoclonic epilepsy with RRF;
MELAS, mitochondrial encephalomyopathy, lactic acidosis and stroke-like episodes.



Blue native SEXUKENEZ W22 h Oy R 7 R EEFLHE D 2T T33

IR) &E#W L Tz, L7985 MRITIEIMEILK &,
MEREFHO/NEBIZ RSz, FD%T7 Y R— ADH
EXTCE R VB, Y7a)lifiigr ~) o Lok %
1195 BRERITUEER T, RIS BUE 7 S22 1%
4 r HCHELE LTz,

93 B [ARICRIRIAD S IEIL RS ©, 1EHR 36
B4 H, 2196 g T EUIBIICTHAE L. R0 &7
BiiEZ 2L THD, THHEDMEED FRFRELED
R TROBBIZEE L, Him8IZIEL L.
A2

FRHEF I ORI EER "1t > 7. S hav Ry
7 1Z Argan 5 O J7iE Y ITE DWW T HLEE L 72, {f &4 O
W SHEEZ N U & LT DT T UG %2 (citrate
synthase; CS) M1, BEH “IChE - 7. BB Tl &
DIEIEHARTY = 32— MR EREC, FRHEDEHI L B
L7z bay R TEDZET TV E Uz, R
P T IEMEIXCS & DR EETE L, HHHE 35 AD IS
W B8—t > hTRLED.

Blue native FE&(k )1 (BN-PAGE) 7% W J it

HEEL7ZZ22 bay RY 7l % T—80°Ciak
FEICORIE U Tz, AMETSMIIE R O 2Fok i A & B U 7z
S havRY T, BERYE ISR EEEAITH S
K7LV v RTRIVA{E L, BN-PAGE & Z1ic
Bl AL/ 7y kRO TERE S RO &K
T X AT LT, BEAROITIC O T2 HUAIZ LR
DY T2=y MIHTBEDT, VI 1E Molecular
Probe tEMSHEA U7z, PEIGEH 1,39 kDaY 7 1=
b PERGSH T, 70 kDatr 7= b ; PERGSHIN, 277 14
Tz b BEREAIV, T 2=y R A—R—H
KHEAR T F23EEHE T OB AR ITICHNT %
X%, Biorad GS-800 Calibrated Densitometer CiE
&L, 3EIOBN-PAGE& A L/ 71w kEEROIHE
THLE. BT TES A——HHAKL ZEEHK
[+M+VMSRKD, FHEEE T, M, VZiT 55
2, ZNTNOESEEID Y 7 F )L L i3 Hi
ENBZEBKRS T FIVTHS. BRIOFEERICBWTIE
1D T IVIC2 DD Z ARSI L, CD2DOXNM
OB LD 2100% & U TEHE L. KL iiE
BARD T IV NTEIEG & BER I - Tz

EREEER

REW 6 FEFDEEA T & NI DV TDBN-PAGE&
AL/ 70y MENTREERZ K 1R, T O6RER|D
55, JEFI7, 8, 18W T B K 5 ICPEILEH 1 s
JEREER] & W E Nz, FEIRERE SR T O THICHT %
FHRHELE LR, SR 8 & 12 TEINCIHA, JEMI 7L
18 THIFREICIRD LT W 5. Sl 4 TIEA—I3—EH
AROBEMEEIR T ORICHERTEZ WV, FEF] 15 Tld A—
IS—EEREEAR T ORISEE TIRBIRESNERWE
BIEDT T FIVHBIERENS.

fiiEhiT U 72 20 SEGI O FEW SHAE 5 4K T D& & TG DR
RAEL2IT/RT. BN-PAGE & 1 L./ 711 MMEHTic
B TIENLES T O] 5 0 FhH A3 20 il 11 i 32
SNTA, WESEI, I, VIZDWTIE, WEnof)
THZORICETHEHICEREZRD R >, 4 ND
KR K O 1S T ke M i 2 FH W 72 BN-PAGE& 1 L/
Ty MEERTIE, A—/S—EAEKREAER ] £21&
BEK T EMMOE KR TICH T M5 TIE, Wt
1270 ~ 130% DEICINE > 7z (F—RIEARER). TD
T— R, BRAIFEREINISHE SR T O
WaRSEHC MUz, BRI R — N —E oK +-EE
1 FlFEEE T BIMOEESK TSRS 2 Hx
MM30%LL R L2 E BT, EFI8L 12T DREICE
T 5. B 2RI EEAY30 ~ 70 % DI EET, JEH]
1, 3, 6, 7, 14, 18 19N CORICIBT 5. FE3RHZ
BN-PAGE& 1 L./ 71w kb ETHEIIED ST
BETI TNV ERDDZEDT, KMURLUTIER 4L
15 DRSBTS 5. DT TR & DS L 7= NDUFS6
BHIE ISR SN X S NS Ry ViR, SR
EWITNOIEFNC BN T E RS NITh - Iz,

LW EtED % 121, BN-PAGE FTCEEDRD S
NI NS HIOMESFMRMASHEE LI ha Y
RV 7 %2 D TREREE 1 BRI OMNERTTo 1z, &
2R T K HIC, CSITHT ZIEMLEH 1 BTG LE D
30% L FITIE R L TWANER] 7, 8 & 1813 Bernier DXk
HEONTIIT B RIHER 1 DWIS LTz T LIc/x b, KA
2D F T2 lE RIENE 1 DIT/INHE 2 D70 1 7 B I T 5] &
PS5 T OHEMER VAU, T O3 REFNZ R FIRE
P T BLEEDORESEBNCE Y L.

JEWH 1DOBN-PAGE % W 7z B EWR D A L/ T
0y bk ETEEREORRZ X 21CRT. TIVNTEES
@TIiE, MR, I, IVIEMEDIER TH 5 DI Lbig
LT, HSMTHENEE 1T IEHEOAMEF LTV, K
1R LTz & S0, JEB] 1O FRMETHIAD & F > 72 PRI,
P T BERIEMEIZ49% EBEDK N EZ/RL TV AITHE
TV, BEEARHEDEIIEIC ISR T DISMIC B IERNIC
%2 { OIEFFE NADH LR G ENTEHL Y, %
NWHE EONy 7 7572 R Eea D BEEREED R D
JEERITZCENDH S, M T LIS NADH fE1{t
PRI 4 TSR 1 L Tl 2 ic i Fahvh g
<, BN-PAGETHdNEL 37 ILhsimntid
D7 & BIEEE 1 5 i D BN T AE I vk &
N%. TN Z CBN-PAGEDELEN RIcKkD, &
MBS 2L O T1ODNNY RicEHRT 3. DLED
M, @EfTbNTWSEEEEEREICHEL T
BN-PAGE 7 i\ T2 i Gt D J5 DYV AR N D B 1 1
EEOBRBLIKMUTWSAREMN D .

ZNTHIER] 1O PRI EAE B 1, KRR 2
W THIE U 7= BT OB L R & AN R W
ZOFPEE UTHBRNREEZEZ, HEREFELT



T34 A% EM,
H o TIEBI 1O NFiL, Olise F Vv TEERTR M2 E  BRW, A b2 Am 2R S 1 0 72 O DS TRR
Ufe. BIBICRT K5I, MRURES 1 SAATEPEEMRIEEF  HEN TV Y. KrEoMifla, MRk E %

HINCOBEAKT (49%) Itk LT, AFlK (6%), Dl
(10%) ’C“Li%ﬁﬂbdﬁ?b’(ib’@, WS T SHIE & T

ZWiLlc. S bay RV 7 ORRE Y] Z2E LT
LT AREZRDT (F—2RER), JER 1O KX
BELFRETHZEEX DN 5 X TITHIEH
I BEREOHK & L TMEEN TV A KELETOZ

ZFBHBIEREZICARHTH S, TOEFI1EZHT
BN-PAGE i@t TPEWEE 11 B35 72 38D 72 11 5l 4 5]
IR EH 1 BHE L e T /2.
BN-PAGE f#HT TPEIL S 1 1 B 2B 1580 D7
Bilrh, B RE L O KILUE T H % ragged red fiber 2
2L TWVRIEH3 & 41k, SEIRM U E7LEE MAE & 5D

CINTAF—EVTBIRTTHHICENNDDT, B TOTNHDODOMRFHEEE L EEZMTE 5. KA
A B C
Pt. 4 7 8 N N Pt.12 Pt.18 N
i - ‘ o M <«—Supercomplex

kDa [ MW S 0 e
669 -
440 -
232 -
134 - [—— A —

il ‘ <— Complex |
-
- .

<— Complex Il

Fig 1. Analysis of complex I amount by BN-PAGE in six representative patients.

Mitochondria isolated from patients 4, 7, 8, 12, 15, 18 and control (N) fibroblasts were
solubilized in dodecyl maltoside and subjected to BN-PAGE and Western blotting. The
results of three separate experiments (A, B and C) are shown. The relative amount of both
assembled supercomplex and complex I was markedly decreased in patient 8. The relative
amount of assembled complex I was dramatically decreased in patient 12 and moderately
decreased in patients 7 and 18. The relative amount of supercomplex was always much
higher than that of complex I in patient 4. In patient 15, an abnormally assembled species

was seen between supercomplex and complex 1.

Table 2. Relative amount and residual activity of complex I in primary fibroblasts of 20

Japanese patients

Amount Activity
% Assembled % Assembled % CollCS
Patient M/F SC plus Col/Coll Col/Coll
(normalprange: 70-130%) (normal range: 70-130%) [ TSt )

1 F 64 69 49

2 M 100 100

3 M 68 84 99

4 F 93 (Always SC >> Col) 78 47

5 F 88 78

6 F 70 70 189

7 M 42 62 10

8 F 20 29 28

9 M 88 80

10 F 71 71

11 M 87 71

12 F 35 15 100
13 F 97 98

14 F 71 64 63

15 M 82 (Sub-SC) 73 73

16 M 79 88

17 M 100 99

18 M 61 57 14

19 F 61 59 58
20 F 73 74

SC, supercomplex; Col, complex [; Coll, complex II; CS, citrate synthase; Sub-SC, sub-supercomplex.
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Fig 2. Analyses of complex I activity and amount by BN-PAGE
in patient 1.

Mitochondria isolated from patient 1 (Pt. 1) and control (N)
fibroblasts were solubilized in dodecyl maltoside and subjected
to BN-PAGE and Western blotting. Deficient activity in complex
I was clearly demonstrated by in gel enzyme staining, whereas
the amount of fully assembled complex I relative to complex II
was shown to be mildly decreased (69%). Activities of complex
II, IV, and V, and amount of complexes II, III, and IV were all
comparable to those in the normal control.
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Fig 3. Residual complex I activities in fibroblasts, liver and
heart in patient 1.

Complex I (Col) activity in patient 1 was expressed relative
to the activity of the matrix marker enzyme citrate synthase
(CS), as a percentage of the control mean for each tissue. Bars
represented the normal range. Residual complex I activities
were clearly deficient both in liver (6%) and heart (10%), but
only moderately decreased in fibroblasts (49%).
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