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Introduction
Mitochondrial diseases form a group of pathological conditions characterized by faulty oxidative phosphorylation (OXPHQOS) in critical tissues, most frequently muscle and
brain. The diagnosis of mitochondrial diseases is not trivial, as it relies on the demonstration of the molecular defect and of their consequences on energetic metabolism. The
biochemical analysis of the activity of individual respiratory chain (RC) complexes (Figure 1) is generally carried out with spectrophotometric assays on muscle biopsies, with
obvious problems linked to the availability of material. Indeed, it is frequent to observe that a defect presents in tissues such as muscle or liver is absent in fibroblasts from the
same patient. Numerous fibroblast cell lines derived from patients with OXPHOS deficiencies due to a defined molecular diagnosis have been used to set up experimental
protocols required for the direct readout of cellular respiration using the Seahorse XF96 apparatus. In table 1 are resumed the biochemical and molecular features of the
patients enrolled for this study: the colours identified the complex of RC affected from molecular lesion (orange for complex (C) I, yellow for Clll, pink for CIV and purple for
CV).

Ouz specific aims were to: Figure 1: Respiratory Chain Complexes

a) validate the Seahorse protocols on fibroblasts with specific biochemical defects. Gometext Gomplextt - Gomelexl Gomplext Gomplexv

b) identify respiratory defects in fibroblasts with normal spectrophotometric activities.

Table 1 Intermembrane space
Muscle Fibroblasts
% Residual % Residual Matrix L
Patient Affzz‘:d gg:‘ct:ei Activity Activity MRR%
9 P (%Heteroplasmy) | (% Heteroplasmy)
P1 MTND3 | Complex | 43% <3G TE 55% Succinate Fumarate
(H >95%) U7 NADH  NAD*
43% 42% MethOd
P2 MTND3 Complex | H 90% H 50% 30%
( 0) ( 0) Cells preparation ADP +Pi ATP
P3 MTND5 Complex | Normal L Norma[s 65% Control and patients' fibroblasts were seeded in sixteen replicate at 20X10° cells/well in 250 pyL of DMEM in XF 96-well cell
(H 50%) H 507 culture microplates (Seahorse Bioscience) and incubated for 24 h at 37 °C in 5% CO, atmosphere.
o o Assays were initiated by replacing the growth medium with 180 pL of bicarbonate free DMEM pre-warmed at 37 °C and
b DIV Sonee 36% whormal? 55% incubating the cells at 37°C for 30 min.
o o o OCR and ECAR measurement
2 MDD | Cenlex e o e Oxygen consumption rate (OCR) and extra-cellular acidification rate (ECAR) were measured in adherent fibroblasts with a XF96
P6 NDUFS1 Complex | 14.5% 50% 20% Extracellular Flux Analyzer (Seahorse Bioscience, Billerica, MA, USA). In figure 2 is reported the XF96 System.
. . . oL FCCP
P7 BCS1L | Complex Il n.d. 30% 50% Figure 2 Figure 2 Figure 3
[ ) A: Two pneumatic drug delivery ports
P8 BCS1L Complex IlI 30% SNormals 65% | [ are integrated within the sensor e
m ] cartridge for sequential delivery of o
P9 BCS1L Complex Il 20% L NormalZ 55% oligomycin (OL) and FCCP. B: 55
Vertically lowering sensor probes
P10 SURF1 Complex IV n.d. 10% 10% | gently create a transient micro- _ «
chamber. C: Chamber wall is designed %
P11 SURF1 | Complex IV n.d. 15% 45% @ to eliminate shear on cells. D: 96 well § *=
gy | tissue culture microplates. E: Inert gz =
P12 SURF1 Complex IV 10% 1% 45% J / optical microsensor measure 02 © s
L] ( f ) consumption and H* production rates =
P13 SCO2 | Complex IV 30% whormals 40% 'f simultaneously. F: 200 micron high e g\__g,_g_,é
Reeet] | transient micro-chamber. a
P14 COX15 Complex IV 42% 22% 70% ’ " 7 “ T . v
o o o After OCR and ECAR baseline measurements, 20 pL of oligomycin (OL) and 22 pL of carbonyl cyanide 4-
P1 X6B1 lex IV 15,3% 49,2% 45% . : . .
S g2 ol 10 3% o A (trifluoromethoxy)phenylhydrazone (FCCP), solutions were sequentially added through port A; and A, (figure 2), to each well to
- Normal o reach working concentrations of 1 yM, and 0,7 uM, respectively, and changes in OCR and ECAR were analyzed. OL is the
P16 MTATP6 Complex V n.d. H 8U% Sl specific inhibitor of CV and blocks the proton pumping throw the mitochondrial inner membrane, FCCP is a uncoupler to
"Normans OXPHOS and allows Maximal Respiration (MR).
P17 MTATP6 | Complex V Normal SSso 25% In figure 3 is reported a typical result of cell respiration experiment relative to OCR measurement. Data were expressed as pmol
of O, per minute and normalized by cell number which is quantified using the CyQUANT Cell proliferation kit.
n.d.= not determinated
: Figure 4: All the patients with CI deficiency, P1- .
; ; Flgure4 ; P69- orange - (wifh mtDNA or nuclear mutyation Figure 5
Maximal Respiratory Rate vs Activity of Complex Affected 9 : LoD OCR/ECAR
N Ny N Ny see table 1) present a defective Maximal . . )

D %Activity CI % Activity Clll % Activity IV IlI% Activity CV/ Respiratory Rate (MRR) as Compared to control F|gure 5: in this graph are
cells, range 15%-55%. This is also true for P1, P3 45 reported the means+s.d. of
and P4, which don’t present a spectrophotometric 4 - OCR/ECAR for each groups of
deficiency of Cl in fibroblasts (red circle in table 35 patients. The OCR/E'CAR.ratl’o
1). The ClIl patients, P7-P9 - yellow - (with BCSTL 3 tends to be reduced in patient’s
mutations) clearly show reduction of MRR (range , cells as compared to control’s
from 50% to 65%), including P8 and P9, which " cels in all groups, thus
don’t present any defect with biochemical assay. s indicating that in the presence
The MRR in CIV patients, P10-P15 - pink - is '® of an OXPHOS deficiency cells
reduced in 5/6 (range from 10% to 45%), P14 has 1 required the glycolitic ATP
the minor reduction (70%). The MRR reduction is 05 production to compensate for
present in both CV patients, P16-P17 - purple, ¢ the respiratory chain defect.

- with value between 25-65% of the control, who ¢ PCI PCHII PCV PCV
have normal CV activity in fibroblasts.
Figure 6 Spare Respiratory Capacity COI’]C' usion
5o Complex | deficiency . Complex lll deficiency In the diagnosis of mitochondrial disease the results derived from biochemical evaluation are
160 160 crucial since they are used to further orient the genetic investigation.
140 140 In several cases the biochemical approach is hampered by inadequate amount of tissue or
120 by the absence of material such as the muscle, which is considered as the golden standard
o 100 - o in these cases. In several circumstances fibroblasts are the only material available for
@ 80 T 4 biochemical investigation and although they present several advantages for the molecular
60 genetic investigation, they are not always very informative for the OXPHOS determination.
40 We here exploited 17 fibroblasts cell lines derived from patients with specific OXPHOS
2‘; deficiency in which a molecular genetic alteration was identified, to set up the Seahorse
CPi CP2 CP3 CP4 CP5 CP6 c P7 cCP8 C P9 protocols able to detect the presence of a defective respiration.

Complex V deficiency We here demonstrated that the sensitivity of the Seahorse technology is able to detect the
180 presence of defective respiration also in those fibroblasts with a normal spectrophotometric
activity of individual respiratory complexes.

In addition, the number of cells required to run a spectrophotometric assay is around 6X10°
implying that the amount of medium and time necessary to growth, expand and prepare

100 i

80 digitonized pellets greatly impact on the period to obtain a biochemical diagnosis. This
60 number can be drastically reduced with the XF96 analyser since as little as 20,000 cells/well
40 = are required. Moreover, several samples can be run and analysed in parallel, and even if the
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20 assay is performed in sixteen replicates the number of cells still remains 20 times lower than
for spectrophotometric evaluation.

In conclusion, both increased sensitivity and reduced sample size make this approach
Figure 6: The spare respiratory capacity (SRC) is the difference between suitable and indeed worthwhile for the primary screening of OXPHOS defects in cells.

the FCCP and basal OCR measurement and shows that all the cells

tested are not able to respond to an increase of energy demand.
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