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eMethods 
 

Mitochondrial-dependent oxygen consumption: The oxygen uptake of cell suspensions was measured using a Clark-
type O2 electrode from Hansatech (King’s Lynn, UK) at 22ºC. NADH, succinate, α-glycerophosphate oxidoreductase 
activities and cytochrome c oxidase were evaluated under phosphorylating conditions as described by others and us 1.  
Cells were permeabilized with a controlled treatment with digitonin 2, by adding 60 µg/ml 2x recrystallized digitonin for 
2 min.  The solubilization was stopped by the addition of 1 mg/ml BSA.  Oxygen consumption rates were evaluated in 
the presence of 1 mM ADP plus 1 mM malate-10 mM glutamate followed by the addition of 5 µM rotenone; 10 mM 
succinate followed by the addition of 10 mM malonate, 10 mM α-glycerophosphate followed by the addition of 3.6 µM 
antimycin A and 10 mM Ascorbate and 0.2 mM N,N,N’,N’-tetramethyl-p-phenylenediamine followed by the addition of 
1 mM KCN (eTable 1). These enzymatic activities were normalized by citrate synthase activities.   

Enzymatic activities: Mitochondrial enzymatic activities were performed on lymphocytic mitochondria by 
spectrophotometry or polarography, essentially following the assays described in 3 and the modifications indicated 
below. The NAD- and FAD-linked electron transport activities were originally expressed as nmol oxygen consumed x 
(min x mg protein)-1 except citrate synthase which was expressed as nmol CoASH produced or ATPase expressed as 
nmol ATP consumed (respectively) x (min x mg protein)-1. 

Complex activities:  Complex I activity was evaluated by following the reduction of ferricyanide at 412 nm.  
Three-µg of protein was added to each well of a 96-well microplate in the presence of 180 µl of reaction buffer 
consisting of 2.5 mg/ml BSA, 5 mM MgCl2, 2 mM KCN, 0.25 mM potassium ferricyanide, 3.6 µM antimycin A, 20 
mM HEPES, pH 7.5.  The reaction was started with the addition of 0.1 mM NADH and followed for 5 min.  Five-µM 
rotenone was then added and the reaction was followed for an additional 5 min.  The measurements were followed at 
37˚C in a SpectraMaxM2 plate reader using the software SoftMaxPro version 4.7.1.  The rotenone-sensitive rate of 
ferricyanide reduction was expressed as nmol ferrocyanide formed/min mg protein. NADH-CoQo oxidoreductase 
activity (NQR) was evaluated according to 3 with the following modifications.   The assay was measured at 340 nm 
following the oxidation of NADH at 37oC.  In 160 µl of water, 5-µg of cell protein was added and incubated for 2 min 
at 37oC.  Then, 50 µl of buffer containing 5 mg/ml BSA, 240 µM KCN, 4 µM antimycin A, 40 mM HEPES/KOH, pH 
7.5 were added.  The reaction was started with the addition of 50 µM 2,3-dimethoxy-5-methyl-1,4-benzoquinone (or 
CoQ0).  The absorbance changes were followed in a Molecular Devices Spectramax M2 plate reader using the Soft Max 
Pro software version 4.7.1. Data points were taken every 34 seconds for 10 minutes. Five-µM rotenone was then added 
and the reaction was followed for an additional 5 min.  Rotenone-sensitive activities were calculated from the linear part 
of ΔA vs. time plots and using an extinction coefficient of 6.22 mM-1 cm-1. Succinate-cytochrome c reductase (SCCR), 
which evaluates Complex II-III, and cytochrome c oxidase (Complex IV) activities were evaluated as described by 3 but 
performed in a microplate reader (2-8 µg protein/well and all reagents were scaled down from 1-ml to 0.2 ml). Complex 
II activity was measured by following the reduction of 2,6-dichlorophenolindophenol at 600 nm. The reaction was 
carried out with succinate, in the presence of KCN and rotenone and initiated by the addition of ubiquinone-2. The rate 
sensitive to 2-thenyltrifluoroacetone (1 mM) was taken as Complex II activity 4. Complex V was evaluated by following 
ATPase activity 5.  The assay was performed at 340 nm following the reduction of NADH.  Each well contained 2-8µg 
of protein, 140 µl of reaction buffer (in mM; 1.5 phospho(enol) pyruvate,  0.25 NADH, 45 MgCl2 and 45 HEPES, 6.3 
units/ml pyruvate kinase and 4.5 units/ml lactic dehydrogenase pH 7.5).  The reaction was started with the addition of 2 
mM ATP and followed for 5 min.  Then, 5 µg/ml of oligomycin was added and the reaction was followed for an 
additional 5 min.  The rates were followed at 37˚C in a SpectraMax microplate reader.  The oligomycin-sensitive rate 
was expressed as nmol ATP hydrolyzed/min mg protein. 

Pyruvate dehydrogenase complex activity:  The assay was performed at 340 nm following the reduction of 
NAD+.  Each well of a 96-well microplate contained 2-8 µg of protein, and performed according to the method listed by 
6, 7 with the following modifications: 5 mM dichloroacetate (inhibits the PDHC kinase; 8), 5 µM rotenone (to inhibit 
Complex I–dependent NADH consumption), 3 mM α-keto-β-methylvalerate (to minimize branched-chain ketoacid 
dehydrogenase decarboxylation of pyruvate) and 25 mM oxamate (to inhibit lactic dehydrogenase; 8) were added to the 
reaction buffer to inhibit non-PDH specific reduction of NAD+.  The reaction was followed for 10 min and then 0.25 
mM fluoropyruvate was added to inhibit PDH activity 9.  The reaction was followed for an additional 5 min. The rates 
were followed at 30˚C in a SpectraMax microplate reader. 

Citrate synthase activity: The activity of citrate synthase was evaluated in lymphocytes at 30˚C by 
spectrophotometry as described 3, with the following modifications: the assay was performed at 412 nm following the 
reduction of 0.1 mM 5,5′-dithiobis(2-nitrobenzoic acid) in the presence of 2-8 μg of cell lysate, 0.2 mM acetyl-CoA in a 
medium with 10 mM Tris-HCl, pH 8.1, and 0.2% Triton X-100.  The reaction was started by adding 0.5 mM oxalacetic 
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acid. The absorbance changes were followed in a Molecular Devices Spectramax M2 plate reader using the Soft Max 
Pro software version 4.7.1. Data points were taken every 34 seconds for 15 minutes.  Rates were calculated from the 
linear part of delta A/min vs. mg protein plots and using an extinction coefficient of 11,400 M-1 cm-1. 

Hydrogen peroxide production by lymphocytic mitochondria: Hydrogen peroxide production was evaluated with 
malate-glutamate in the presence of rotenone to evaluate the ROS production at the level of Complex I or with 
succinate, rotenone and antimycin to evaluate ROS production at the level of Complex III following the procedure 
previously described 10-12.  The rates were expressed as nmol hydrogen peroxide produced x (min x mg protein)-1. 

Evaluation of mtDNA/nDNA and mitochondrial gene ratios: Blood samples (~8-ml) were collected in a BD 
vacutainer CPT tube (BD Biosciences # 362753).  CPT tubes were kept on ice until ready to use.  The CPT tubes were 
centrifuged at 1650 x g for 15 min at 22˚C.  The plasma layer was removed and stored at -80oC.  The lymphocytes were 
transferred to another tube, washed according to the manufacturer’s specifications and resuspended in 600 µl of buffer 
A (in mM) 220 sucrose, 50 KCl, 10 KH2PO4, 5 MgCl2, 1 EGTA and 10 HEPES, pH 7.5). The remaining red blood 
cell/granulocyte layer was transferred to another tube.  For every 200 µl of red blood cells/granulocytes, 10 ml of ice 
cold buffer B (in mM) 155 NH4Cl, 10 KHCO3 and 1 EDTA) was added to lyse the erythrocytes.  Samples were 
incubated at room temperature for 5 min then centrifuged at 800 x g for 5 min.  The granulocyte pellet was then washed 
as the lymphocytes and resuspended in 600 µl of buffer A. Changes in mtDNA copy number were evaluated by dual-
labeled qPCR. The gene copy number of cytochrome b, ND1 and ND4 were normalized by a single-copy nuclear gene 
(pyruvate kinase). Because minor changes in the efficiency of the amplification of each gene can result in large changes 
in the ratio of mtDNA/nDNA, the mitochondrial primers were designed for regions of low polymorphism 13 (less than 
1%). qPCR was performed in a Mastercycler EP Realplex thermocycler (Eppendorf, Westbury, NY) Species-specific 
primers were selected using the Primer Express 3 software (Applied Biosystems). Human primers for PK were: forward 
5’-AGC CCA AAT GGC CTT GAA G-3’; reverse 5’-AGA GAC AGA ATG CCA GTG AGC TT-3’; primers for 
CYTB were: forward 5’-CAC GAT TCT TTA CCT TTC ACT TCA TC-3’; reverse 5’- TGA TCC CGT TTC GTG 
CAA G-3’.  The probes used were from Roche UPL library, Locked Nucleic Acids, short hydrolysis probes, labeled at 
the 5' end with fluorescein and at the 3' end with a dark quencher dye (#11 for PK, cat no: 04685105001; #10 for 
CYTB, cat no:  04685091001).  ND1 primers and probe were: forward 3485-3504, 5’-CCC TAA AAC CCG CCA CAT 
CT-3’; reverse 3532-3553, 5’ CCC TAA AAC CCG CCA CAT CT -3’; probe 3506-3529, 5’ FAM-CCA TCA CCC 
TCT ACA TCA CCG CCC-BHQ-3’. ND4 primers and probe were the following: forward 12087-12109, 5’-CCA TTC 
TCC TCC TAT CCC TCA AC-3’, reverse 12140-12170, 5’-CAC AAT CTG ATG TTT TGG TTA AAC TAT ATT T-
3’, probe 12111-12138, 5’FAM-CCG ACA TCA TTA CCG GGT TTT CCT CTT G-BHQ-3’. The corresponding real-
time PCR efficiencies for each mitochondrial and nuclear gene amplification were calculated according to the equation: 
E = 10(-1/slope) -1 according to the Mastercycler EP manual. After establishing the linear response between Ct number and 
template amount (25, 12.5, 6.25, 3.13 and 1.56 ng total per reaction), efficiencies for each gene were 101 ± 3 % and 102 
± 4 % for PK and CYTB, respectively, 98.6% for ND1 and 101% for ND4. qPCR was performed with TaqMan 
Universal Mastermix (Applied Biosystems) with 400 nM of each of the primers, 80 nM of fluorogenic Roche Universal 
Library probes and 5 µl of 3.13 ng total of template DNA per reaction. Amplification was performed using the default 
cycling parameters of 2 minutes at 50°C, 10 minutes at 95°C, and 40 cycles of 15 seconds at 95°C and 60 seconds at 
60°C.  Products were run on gel, purified (QIAquick Gel Extraction Kit, Qiagen) and sequenced to check for primer 
specificity. Genomic DNA was extracted from isolated lymphocytes using Puregene kit from Qiagen.  Each DNA 
concentration was determined by triplicate measurements of the absorbance at 260 nm.  DNA was diluted to 0.626 ng/μl 
and served as stock DNA template for qPCR. The mean cycle time obtained by double derivatives (CalqPlex algorithm; 
Eppendorf, Westbury, NY) was designated as Ct. Relative mtDNA/nDNA was assessed by a comparative Ct method, 
using the following equation: mtDNA/nDNA = 2-ΔCt, where ΔCt = Ctmitochondrial − Ctnuclear. Each sample was analyzed in 
triplicates. Positive and negative controls were run in each plate. Positive (genomic DNA from HCT-116) and negative 
(water) controls were run in each plate as well as internal standards obtained from HCT116 cells.  

To ensure results were method independent, all samples were compared using the dual-labeled probe approach 
in parallel to the SYBR Green method. The same primers from dual-labeled approach for PK and CYTB were used for 
SYBR Green. In addition, seven samples were tested with amyloid beta (A4) precursor protein gene (APP) to check if 
the trend in ratios remained consistent. Primers for APP were: forward 5'-TTT TTG TGT GCT CTC CCA GGT CT-3'; 
reverse 5'-TGG TCA CTG GTT GGT TGG C-3'.  SYBR Green qPCR was performed with 7 μl of master mixture (2x 
SYBR Green Universal PCR Master Mix; Applied Biosystems) with 400 nM of each of the forward and reverse primers 
and water, and 5 µl of 3.13 ng total of DNA in a final volume of 12 μl.  The reaction was conducted as follows: 1 cycle 
of AmpliTaq Gold activation at 95°C for 10 min, followed by 15 seconds of cycled denaturation at 95°C, 60 seconds 
and annealing/extension at 60°C for 40 cycles. At the end of the amplification process, melting curves were analyzed 
between 60 and 95°C (temperature transition of 0.1°C/s) with continuous fluorescence monitoring to control for the 
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absence of nonspecific products. The intra- and interplate variations were smaller than 1%.  Over-replication of 
mtDNA/nDNA was defined as mean values significantly higher and different from the mean control values. 

 
Lactic acid, pyruvate and glucose in plasma: Glycemia, pyruvate and lactate levels in plasma were evaluated in this 
cohort of control and children with autism.  For each 1-ml of plasma collected 50-µl of 1.6 M perchloric acid was 
added.  The samples were incubated on ice for 5 min.  Then 66-µl of 6 N triethanolamine/0.5N K2CO3 was added for 
every 1-ml of the perchloric acid treated sample.  The samples were spun down and 100-µl aliquots were stored at -
80oC.  Glucose and lactate in plasma were evaluated in an YSI-Statplus apparatus.  Pyruvate was determined as 
described by 14 and references therein. Plasma lactate > 2 mM (normal values 0.92 ± 0.07 mM), plasma pyruvate > 0.13 
mM (normal values 0.08 ± 0.02 mM), and L/P > 22 or below 8 (normal values = 12 ± 2) were considered outside the 
normal range, in agreement with others 15-17. 

Power analyses: Results from an a priori analyses based on NADH oxidase, succinate oxidase, and PDHC activities to 
compute the required sample size based on the difference between two independent means (input parameters: alpha = 
0.05; power = 0.95; effect size = 0.5, allocation ratio n2/n1=1).   
 
 
Based on data from NADH oxidase activity (control vs children with autism) 
t tests - Means: Difference between two independent means (two groups) 
 
Analysis: A priori: Compute required sample size  
Input:   Tail(s)                        = Two 
   Effect size d                  = 4.989644 
   α err prob                     = 0.05 
   Power (1-β err prob)           = 0.95 
   Allocation ratio N2/N1      = 1 
Output:  Noncentrality parameter δ      = 6.111041 
   Critical t                     = 2.776445 
   Df                             = 4 
   Sample size group 1           = 3 
   Sample size group 2           = 3 
   Total sample size              = 6 
   Actual power                   = 0.992606 
 
 
Based on succinate oxidase activity (control vs children with autism) 
t tests - Means: Difference between two independent means (two groups) 
 
Analysis: A priori: Compute required sample size  
Input:   Tail(s)                        = Two 
   Effect size d                  = 2 
   α err prob                     = 0.05 
   Power (1-β err prob)           = 0.95 
   Allocation ratio N2/N1      = 1 
Output:  Noncentrality parameter δ      = 4.000000 
   Critical t                     = 2.144787 
   Df                             = 14 
   Sample size group 1           = 8 
   Sample size group 2           = 8 
   Total sample size              = 16 
   Actual power                   = 0.960221 
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Based on PDHC activity (control vs children with autism) 
t tests - Means: Difference between two independent means (two groups) 
 
Analysis: A priori: Compute required sample size  
Input:   Tail(s)                        = Two 
   Effect size d                  = 5.09902 
   α err prob                     = 0.05 
   Power (1-β err prob)           = 0.95 
   Allocation ratio N2/N1        = 1 
Output:  Noncentrality parameter δ      = 6.244999 
   Critical t                     = 2.776445 
   Df                             = 4 
   Sample size group 1           = 3 
   Sample size group 2           = 3 
   Total sample size              = 6 
   Actual power                   = 0.994234 
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eTable 1. Mitochondrial activities, complexes, substrates, and inhibitors 
 
Activity Complex included in that activity Substrates Inhibitors 
NADH oxidase Complex I  → III → IV → V Malate-glutamate Rotenone 
Succinate oxidase Complex II → III → IV → V Succinate Malonate 
α-glycero-phosphate oxidoreductase Flavoprotein → III → IV → V α-glycero-phosphate Antimycin 

A 
Cytochrome c oxidase  Complex IV TMPD-ascorbate KCN 
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eTable 2.  Mitochondrial complex activities in lymphocytes from children with autism and control 
children 
 

Patient # Complex I 
activity 
(NQR) 

Complex I 
(Ferricyanide) 

Complex 
II+III 

(SCCR) 

Complex IV Complex 
V 

Affected 
Complexes 

1 1.13 21.80 0.12 0.06 1.59 III 

2 0.39 21.91 0.46 0.08 1.42 I 

3 0.30 12.62 0.26 0.12 0.89 I + V 

4 0.42 13.05 ND 0.09 0.45 I + V 

5 

0.34 

7.59 0.24 0.03 

0.45 I + III+ IV + 

V 

6 1.92 36.94 0.73 0.003 8.14 IV 

7 0.55 9.71 0.25 0.13 0.69 I + V 

8 1.31 21.93 0.64 0.08 1.93 None 

9 3.12 30.36 0.56 0.30 5.27 None 

10 0.24 7.34 0.08 0.01 1.36 I + III + IV  

Control mean (n 

= 10) 

 

0.86 [0.65-1.07] 

  

24 [21.4-26.6]  

  

0.42 [0.29-

0.55] 

  

0.09 [0.04-

0.14] 

  

1.7 [1.2-

2.2] 

  

 

99% CI limits [0.6-1.1] [21-28] [0.25-0.59] [0.03-0.14] [1.0-2.3]  

 
The mean activities for each Complex, normalized to citrate synthase activity, have been evaluated as described under eMethods.   Control 

mean was expressed as the mean of control values [95% CI limits]. The 99% CI were used to define a reference range for the individual data. 
Numbers in bold represent values outside the lowest limit of the confidence interval, whereas those underlined were above such interval.  The 
activities obtained with Complex II from samples from children with autism were not significantly different from those obtained with control samples, 
thus differences in SCCR activities (which evaluates Complex II and III) were taken as the product of deficiencies in Complex III. ND = not 
determined. 
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eTable 3.  mtDNA copy number in granulocytes from control and children with autism 
 

mtDNA copy number 

 
Control 
(n = 10) 

Autistic 
(n = 10) 

SYBR 49 [37-61] 85* [69-101] 

Dual-label 36 [1-73] 54* [24-87] 

Numbers between parentheses indicate the number of individuals in each group.  With the SYBR method, the mtDNA copy 
number was evaluated using the CYTB/PK ratio, whereas for the dual-label method, an average of three ratios (namely 
CYTB/PK, ND1/PK, and ND4/PK) was used.  Data were expressed as mean [95% CI limits].  Statistically significant 
differences between controls and the indicated groups were found based on two-tailed t-test or ANOVA: compared to 
controls: * p = 0.02. 
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