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:; <=>?@A  BCD2 ?E2 FG52 GFH H6GI ?E2 @?64J?462 KL ?E2 !MN2?K GJCH 62@4O?CFP IE2F ?E2 
LKOOKICFP G5CFK GJCH@ 4FH26PK ?6GF@G5CFG?CKF IC?E !MN2?KPO4?G6G?2 
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,; <8>?@A &F IEG? IG3 C@ ("/ CFDKOD2H CF KR?GCFCFP 2F26P3 L6K5 LG?@; 
 
 (E2 GJ2?3O "K/@ P2F26G?2H L6K5 "MKTCHG?CKF L4FF2O CF?K ("/ LK6 
JK5>O2?2 KTCHG?CKF;  
 
 



+; <->?@ABCD2 , 62G@KF@ IE3 LG?@ JKF?GCF 5K62 RCKJE25CJGO 2F26P3 ?EGF JG6RKE3H6G?2@; 
 
 :; UG?@ G62 5K62 62H4J2H 
 
 ,; UG?@ EGD2 5K62 JG6RKF@ 
 
V; <:7>?@A #KI 54JE 2F26P3 C@ 62GOCW2H L6K5 ?E2 JK5>O2?2 KTCHG?CKF KL 2GJE   
    KL ?E2 LKOOKICFPX <KOH JKFD2F?CKFA 
  G; '4J6K@20000Y,ZY-00000000000000000 
 
  R; V/J2?3OM'M"K/00000V[00000000000 
 
  J; +7 5KO2@ KL >364DG?20000V8700000000 
 
  H; PO4JK@2 L6K5 PO3JKP2F R62GNHKIF000+YZ+=0000000000 
 
  2;  : 5KO2 KL +MSB/00000000:-00000000000000000 
 
8; <,7>?@A)2PG6HCFP ?E2 462G J3JO2X  
 
   G; &F IEG? K6PGF HK2@ ?E2 J3JO2 ?GN2 >OGJ2\0000000]CD260000000000000000000 
 
   R; #KI 5GF3 5KO2@ KL G5CFK GJCH G62 F22H2H LK6 ?E2 @3F?E2@C@ KL : 5KO2  
       KL 462G;00,00 
 
   J; #KI 5GF3 /(S molecules G62 4@2H CF ?E2 462G J3JO2\ 0000+000000000 
 
   H; #KI 5GF3 /(S equivalents G62 2T>2FH2H CF ?EC@ >6KJ2@@\000V0000000 
 
   2; #KI 5GF3 /(S 5KO2J4O2@ ICOO R2 P2F26G?2H L6K5 ?E2 JK5>O2?2 KTCHG?CKF  
      KL , 5KO2@ KL /OGFCF2\000000+70000000000000000000000000000 
 
   L; ^EG? CF?2652HCG63 52?GRKOC?2 ?E2 @K46J2 KL ?E2 JG6RKF G?K5 CF ?E2 462G 5KO2J4O2  
           Bicarbonate ion 
   P; _6GI ?E2 @?64J?462 KL ?E2 462G 5KO2J4O2;  ,.#"Q.#, 
 
   E; ^EG? G62 ?E2 C552HCG?2 >62J46@K6@ LK6 ?E2 FC?6KP2F G?K5@ CF ?E2 462G  5KO2J4O2\   
                                                                                                000.#V

` a  G@>000000000000000 



 
-; <:7 >?@A#KI 5GF3 /(S 5KO2J4O2@ G62 >6KH4J2H IE2F ?E2 OC>CH 536C@?CJ GJCH C@ JK5>O2?2O3  
   KTCHCW2H ?K "Q, GFH #,Q\ 'EKI EKI 3K4 G66CD2H G? 3K46 GF@I26;  <KOH JKFD2F?CKFA 
 
%36C@?CJ GJCH C@ @G?46G?2H LG??3 GJCH IC?E :V "G6RKF@; 
 
&? ICOO 3C2OH Y GJ2?3O"K/@ ?EG? PK ?K ("/ b :, T Y b [V /(S@ 
&? ICOO 3C2OH - U/_#,  a - ./_#             b   8 T - b +7 /(S@ 
                                                                  (K?GO        ::V c : b  ::+/(S@ 
            
 
 
 
 
Y; <8>?@A]C@? GFH PCD2 ?E2 @?64J?462@ KL ?E2 JK5>KF2F?@ >6KH4J2H KF  
    JK5>O2?2 E3H6KO3@C@ KL O2JC?ECF;  
 
  BO3J26KOd Sd , U/d JEKOCF2 
 
 
 
[; <:8>?@A &H2F?CL3 ?EK@2 @?2>@ CF ("/ ?EG? 62>62@2F? ?E2 %]' <%GCF ]CF2 '2e42FJ2A;  
    UK6 2GJE @?2>d CFJO4H2 CF 3K46 GF@I26 ?E2 FG52 KL ?E2 @4R@?6G?2 GFH ?E2 >6KH4J? >O4@  
    GF3 "K$ F22H2H GFH ?E2 2FW352;  
   
 
Succinate !      fumarate    !   malate      !          OAA 
           CII               fumarase       dehydrogenase 
           FAD/Q            water            NAD+ 
 
 
 
 
 
 
 
 
 
 



=; <,7>?@A/F@I26 ?642 <(A K6 UGO@2 <UAX 
 0U0000:; (E2 GD26GP2 JG6RKF CF LG??3 GJCH@ C@ 62OG?CD2O3 62H4J2H ?E4@d  
               JKF?GCFCFP OC??O2 @?K62H 52?GRKOCJ 2F26P3; 
 
 0U 0000,;  "G6RKE3H6G?2@ >6KDCH2 5K62 52?GRKOCJ 2F26P3 >26 P6G5 ?EGF LG??3 GJCH@; 
 
 0(0000+; UG??3 GJCH KTCHG?CKF C@ GF G26KRCJ >6KJ2@@; 
 
 0U000V; (E2 "MKTCHG?CKF 62GJ?CKF@ GOKF2 >6KDCH2 +[ /(S 5KO2J4O2@; 
 
 0(00008; %G55GO@ 2TJ62?2 FC?6KP2F CF ?E2 LK65 KL 462G; 
 
 0(0000-; /J2?3OM"K/ JGF R2 >6KH4J2H L6K5 JG6RKE3H6G?2@d >6K?2CF@d GFH LG?@; 
 
 0(0000Y; SEK@>EKOC>CH@ G62 ?E2 JEC2L JK5>KF2F?@ KL 525R6GF2@; 
 
 0(0000[; UG??3 GJCH @3F?E2@C@ KJJ46@ R3 @4JJ2@@CD2 GHHC?CKF@ KL , JG6RKF 4FC?@; 
 
 0(0000=; %GOKF3OM"K/ C@ @3F?E2@CW2H L6K5 GJ2?3O "K/; 
 
 0(000:7; "MKTCHG?CKF ?GN2@ >OGJ2 CF ?E2 5C?KJEKFH6CG; 
 
 0(000::; (/B@ G62 ?E2 @?K6GP2 LK65 KL LG?; 
 
 0(000:,; ]2JC?ECF C@ G RCKOKPCJGO H2?26P2F? GFH GF CF?2P6GO >G6? KL OC>CH RCOG326@; 
 
 0U000:+; (E2 462G J3JO2 C@ GF 2TG5>O2 KL JEGFF2OCFP; 
 
 0(000:V; UG??3 GJCH @3F?EG@2 C@ G 54O?CL4FJ?CKFGO 2FW352 
 
 0(000:8; /@> JGF R2 ?6GF@G5CFG?2H ?K >364DG?2 P2F26G?CFP Q// GFH /OG; 
 
 0(000:-; ]CFKO2CJ GJCH C@ GF 2@@2F?CGO LG??3 GJCH; 
 
 0U000:Y; ./_S# IECJE C@ 4@2H CF "MKTCHG?CKF JK52@ L6K5 #%S GFH ?E2 JC?6G?2 @E4??O2 
 
 0U000:[; /F GJ3O JG66C26 >6K?2CF C@ CFDKOD2H CF RK?E OC>KP2F2@C@ GFH OC>KO3@C@; 
 
 0U000:=; S36CHKTol >EK@>EG?2 C@ CFDKOD2H CF ?E2 'JECLLf@ RG@2 52JEGFC@5; 
 
 0U000,7; V 5KO2@ KL /(S G62 4@2H CF ?E2 462G J3JO2;  


