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1) Enzymes are shown in blue. The ‘Recommended Names" in the “Enzyme Nomenclature Acc acceptor (in redox reactions) 1) 5-Dehydro-4-deoxy-D-glucarate is also split by this en; gg; “ﬁg Issnzjss:g g))’,lt;]: m’;rzzrzrz’g]l; ’;‘/;Ezs!ore?lg!yhm?eﬁi%“;egyb;n@;ﬁgfﬂ:sngr:x;e Il PHO%PHATE /\ip NH; NADP* NADPH+ H* \\ 4 GUANOSINE-5'- Mgty \ POLYRIBO- o (Fe™. T Ag H} RIBONUNC%&%%@%%EHOSPHATQ TR'PHOSPHAS:"IQE ¥ ZT'T-pD EOXY- " Ho FUMARATE
984" (Academic Press, Oriando o) and ifs supplements (Eur.J. Biochem. 1571 ACP acyl carrier protein 2} Intermodiates are kel L-galactonats and L-gulactonoactone. The latter compound both coenzymes by animal enzymes. ' | & 6-DIAZO-5-OXO-L-NOR- \ GUANOSINE-&'-PHOSPHATE GUANOSINE-5"-DIPHOSPHATE TRIPHOSPHATE (RNA)  PI '\ NUGLEOTIDE 2 -DEOXY- A 2-DEOXY- =~ REDUCTASE G, ANOSINE-5 ; NAD(P) maLehte MOLYDOPTERIN 2-AMINO-4 HYDROXY-6-(D-erythro-1-2-3-
(1986) and 179, 489 (1989) are used. Enzymes not listed there are printed in par- ACTH adrenocorticotropic hormone in tum.s oxidized by galagtonolactone dehyarogenase or L.galactonolact pound, 26) Py i or prep diphosphate are intermedites of these | HN”SC N LEUCINE (AMP) L-AZASERINE AN 0 NUCLEOSID! 0 ] ACTIONOMYCIN-D \ NUCLEOTIDYL dTTP (Note 34) dATP GUANOSINE-5- T T GUANOSINE-5'-  COBAWMIDE o \ | TRANS- GUANOSINE-5' GTP CYCLOHYDROLASE | TRIHYDROXYPROPYL-)
2) Sg(::zsfms.es are shown in red, other reaction participants in black. A-3,5-MP (cyclic)adenosine-3',5 -monophosphate (cAMP) oxidase. yares ~galactonolactone reactions. | (|: (,! N>cH [L-GLUTAMINE] [L-GLUTAMATE | T Y D'PHOSPHA?E i _E, \ FERAgé IHORED: THioRep-  PHOSPHATE ty-  DIPHOSPHATE CO[NZVM[ TRIPHOSPHATE mcourmwow HYORO- H’C’COOH TRIPHOSPHATE D|HYDRONEOPTER|D|NE-P:
3 on pa ants in black. ) ATP, ADP, AMP, A adenosine nucleotites,adenosine 3) RNA-directed RNA polymease (replicase) is active in RNA-virus infected cells. 27) The tep! 0?7 N i ~ TS ATP KINASE ADP HN C—N, DNA-DIRECTED OXIN-(SH), OXIN-§ 1% DROXY- O AR GENASE I
K ﬁl?gr {J(Jf;féiuar{rows shows type of organism in which the reaction was obseved or is CoASH,CoA-S- coenzymeA 4) Choline oxidase also oxidizes betaine aldehyde to betaine,forming H,O(in vitro HzOz). ductase (to cob(ll)alamm) cob(ll)alamm reductase (to cob(l)alamm) and cob(l)alamln : H Hz\o AT\P l GMP SYNTHASE } AMPEPRI \/[l:\ (I‘l_N/CH e Nase VIP) RPN ‘ g ECH RNAPOLYMERASE ' /(":\ dnision UREA /P:\ (see part 2) oS i Ll Q OH OH
ly  oshomi ] CTP.CDP.CMP.C cytidine nucleotides, cytidine 5) In some conditions, chiorophyliide a can be esterified by geranylgeranyl pyrophos- adenosyltransferase. i KINASE AN C TN o) (as tempiete) gy - HNT NS H-NTTE—NG COOH 210 | H:0  oHow c c CH;—(OP)J
—»  general biochemical pathways, —>  animals, _ oYt cytochrome phate, followed by its reduction to phytol. 28) Siderochromes have also been demonstratet in mammalian liver. ! P-0-H,C ,°© P-0-H,C /O o |lrna)y Ut cre ppi | RIBONUC- e (I: g b DEOXY- N?XF:D'TAER- EE.Z‘Z SN DEHYDRO- A>NHs HN Ny v HN N E—¢-LcH,—(op) H
—>  higher plants, —»  unicellular organisms + fungi dATPetc. deoxynucleotides 6) In most bacteriochlorophylls,ring B is also reduced (besides ring D,common to all 29) Degradation proceeds similarly to lecithin degradation. [ ATP, LEIC ACID NADP* NADPH+ H*  HN" N7 Oy ~C—N e DNADIREC-  RIBONUC- ¥ SES 2{H}) GENASES H,0 )\\ ‘ N L 2 )\ | . Yo ’ ) —;’ )\
Dashed arrows are used for catabolic pathways, continuous lines for anabolic and DNA deoxyribonucleic acid chlorophylis). 30) Other enzymes (glycerol dehydrogenase and glycerol 2-dehygrogenase) convert ! WA 4 GMP SYNTHASE ¥ N TV wucleosioe N | g8 T TATPASES ST NH (RNA) p G THIOREDOXIN P-0-H,C © tf P-OHC 0, l TEDDNA | EICACID MALEAMATE HNT °N TETRAHYDRO- N Sy O HOH HN
bidirectional (amphibolic) pathways. Points on both ends of arrows indicate reversi- E enzyme . _ 7) In animals, the fatty acid is removed from ACP by oleyl-[ACP] hydrolase and is sub- glycerol to dihydroxyacetone (=glycerone). ! ATP NH, AMP+PPi Pi DIPHOSPHATASE H.0 " H (serveral ki 1 f REDUCTASE (NADP) = A HQH’ ; POLYMERASE 5 NICOTINAMIDE ADENINE NICOTINAMIDE ADENINE COOH 8o ’ ;
bility. An orange arrow alongsite of it shows the preferred direction. ETF electron transferring flavoprotein (transfers sequently converted to acyl-CoA. 31) Mitochondrial chain elongation of palmitoyl-CoA occorus by reversal of 8-oxitation.Only | OH OH \ Y DROXYLAMINE OH OH St S Pi veral known) H,0 L ¥ UTP, CTP ATP. Ma** ¥ (see part 2) A H H GUANYLATE H » i H (DNA)*p*(dG) DINUCLEOTIDE, NAD DINUCLEOTIDE-P, NADP H-¢” (PO);—H,C o PTERIN H 3H,0
4) Regulatory effects are shown in orange. Metal ions and similar activators are located slectrons to ubiquinone) 8) This conversion proceeds by kinase and uridilyltransferase reactions. enoyl-CoA reductase is different.The microsomal system employs malonyl-CoA [ + H,0 ) Homt ™ (RNA) virus .. Cp (RNA)PHI (THIOREDOXIN " KINASE H i DIPH’E‘J%(I;I}:&?EIEIENASE f H (oNa i [ e L
next to the reaction arrow, Effactors with a “fast regulation of the flow (e. g. by allosteric F430 a corrinoid coenzyme (i) 9) Intermediates in the glucoronate conversion by induced enzymes in E.coli are instead of acetyl -CoA. _— | —2 = 5-NUCLEO- <= IMPGMP 5-NUCLEO- HYPOXANTHINE as template) SYSTEM) OH H OH H ¢ ) PR 1 ! NH Ea O 29 Y (6-PYRUVOYLTETRA- 3P
mechanisms) have a confiuos orange arrow coming from thr side,those with a FAD,FADH Havin- adenine dinucieotide D-fructuronate and D-mannonate,in the ate conversion D-tag and 32) The yeast system is shown fere.The central SH roup is writien at the bottom.he | Co#4Cat* TIDASE  ppiZR\ deficientin Lesch-Nyhan-syndrome goat zn: JTIDASE PPi P-RIBOSYL- RNA-DIRECTED (Note 34) B 1 ar7e acte, aate. | o | : ] CZNH, N HYDROPTERIN i
u “slow* regulation (e.g. induction or repression of the enzyme syntheéis) 5 dashed kg ﬂerr_edogln_ . D-altronate. Lna;gclnlaclasrl-_l grou;: at trA%g)p. In animals and in E.coli, the enzyme, E(SH),,is replaced | Pi <«—OATP M VPoxANTHl'NE b Pidy « - atP RNA POLYMERASE (Note 3) 20 \' l Mg*++ C)p(DNA) | 7 “SC-NH, 1 / \ 1 4 SYNTHASE) » 3H,0 2-AMINO-4 HYDROXY-6-(D-erythro)-
orange arrow. © = increase, © = decrease of enzymatic activi N,FMNH2 lavin-adenine mononucleotide 10) In some microorganisms,cystathionine synthesis takes place via O-acetyl-L-homo- y acyl carrier protein, ACP. o Mg e . — 5 -NUCLED- pm e m e e e e e (as A | [\ Sewi OH OH 6(R)-PYRUVOYLTETRA- Mg TRIHYDROXYPROPYL-DIHYDROPTERIDINE
indicate. that that onf ik S ivity. Roman numerals F flavoprotein serine 4 P i 33) Examples are GSH-homosystine transhydrogenase and protein disulfide reductase | OSINE GUANOSINE icient in 9 XAN-_ Not in primates S JTIDASE 7 DEOX fdsrpase'T 1 - | \ 1 H,0 HYDROPTERIN (DlHYDRONEQ PTERIN
! ! ly one of multiple enzyems is regulated this way.Regulators shown FSH follicle-stimulating hormon . " " 34) Reduction of nucleoside diphosphates was observed in E.coli and in euk: y | JRANSFERASE Q Nyhan syndrome.goat THINE birds, some reptiles Pi I : & )
in parentheses are effective in only one group or species of organisms. S g hormone 11) The enzyme funktions for formation and degration of fructose-2,6-bisphosphate " ice dipnosp °d in E.colf and in eukaryofes. C URATE 550 © RIBOSE-1-P PP HO T | I TR e T 1 02
5) Compounds enclosed in black lined, sharp edged boxes murgin Soveral places In th G6P glucose 6-phosphate ‘ are located on the same peptide chain. Their relative activities are regulated by phos- Reduction of nucleoside triphosphates takes place in Lactobacillus leichmannii. In I atp HNT TG —N PURINE- ANTHINE URATE RIBO- 2H,0 H,0, ALLANTOIN ALLANTOATE 2'-DEOXYG UA N OSfN E GUANINE 1 NAD 2,5-DIHYDROXY- QH QH
) d al places in the GSH.GSSG gluatathione,oxidized glutathione ! a , E.coli, thioredoxin and thioredoxin reductase may be replaced by glutaredoxin,glutat- | | [ NUCLEOTIDE @ 1 O, ! o
chart. Coenzymes or compounds with very simple structures are not in boxes. GTP.GDP.GMP.G ihe rudleotid 9 ! phorylation and dephosphorylation.In muscle,the phophorylated enzyme increases hione reductase and by glutathi 4 P Y 9 Xin.glutal —> ¢ C—N ~CH Pi NUCLEOSIDE |SE--P 2 (9] URATE  PHOSPHO- b H co, o] H Q o . PURINE [9) KINASE CH,=0-P-0-P-O-H; | PYRIDINE C—C—CH. C C CH,OH
6) Boxes with rounded corners are sometimes used in part 2 {o indicate enzymes (inactiv Lo oon MR guanasine nuclectides,guanosine biphosphate formation. In liver, it is the dephosphorylated enzyme which shows 3 N oy glutathione. - - [ e e C, z RYLASE  HN™ “c—N PHN  C—N a N & P z 1 OH >
in black, active in blus). Protein sequences are abbreviated by - ~em IH-F(I'I(; chorionic gonadotropin this effect. 32; 'Pl'he enzyneﬁ\? arelmdtlj_::;a:_ in T-even-phage-infected E.coli. | M H C—Ng, /0\07 N 3-RIBO- <= T Nemo mitod _‘_‘_‘l i N ) ‘ I‘\IHZ PH%%%%—!%%S‘{IBESE HN/C\C N 1 A H H 4 I Z I) OH OH HH
" 2ue)- ¥ ine-| A . . " . ancreas DNa: X i sMP. e N = = s - C den—
8 l(::ompoung names in orange boxes indicate excretory or end- products of metabolism. IFN-y ir;!(eerff:%ghyeptanoyl threonine-P 12) \pﬂlglrlr?rrl‘rélr:::rrgg;gblayngws:hbe_f eXI?encle of 2 enzym?s has been established,in pyrimidine andsiu,isﬁel g,éi‘:\;ayf;rnﬁing 5'-nucIeotideeQZ}éTﬁefﬂgﬁtﬁng types 2?2":;2 I 3 HO-H,C /O PURINE NUCLEO- > <|: (‘%—N(CH ¥ PURINE NUCLEG o g NECH NUCE:EDOE Pi__¥ //O\N/C*E/ O//C\N/(.:*'?‘/ALL NT0|.-'¢C\N/ Cso ScH X > (|: g NECH 1 Sle : Ho N Ne §—GCH.m O H
or ionized compounds, the name of the salt is used to correspond with enzyme names. I inosi ides inosi LS Pl ly 1 bitunctional enzyme exists. ' : 07 N H - AT R ) H H N. T T Uyt PRy I | SUpRSp - N CH.H .
Structural formulas, however, show he fiee acid or base, ance frequently at physic. [rp’lDPJMP'I :Sfesi::};:;ﬂsﬁﬂgﬁ:“"°s'"e 13) The equiibrium of the reaction is shifted homocysteine through removal of adenosine 37) ::,n:,:ny species,the bi is of purines, idines amino acides fatty acides efc I naon lw N_Yh Ho SO oREosE " o *\‘\\\s H.0 SIDASE 5 RiBosg] | A e 4 A | DEOXYRIBOSE-5 P HN” N” 1 So HO ; I S = ﬂ PNy HEE NACETYL: 2NADPH+ Iy R sy DRO- GLYCOLALDEHYDE DIHYDRONEO-
logical pH different grades of ionization occur simultaneously. Therefore, participation Li . nosine deaminase reaction. is performed b ’ multienzyme complexes or Itifuncti S : | +Hr 42 2 AN, NH. (d ALLOPURINOL H20: _ @**  10OLYBDO- ALLANTO- p=H,0 A J L-GLUTAMATE PPi Ssal R ? HzN NT N CH, s o AS D-erythro- PTERIN
of H* or OH" is not shown (except in NADH+H*and NADPH+H). 'P\ Llp\l a-lipoate 14) dehydrog is acti ylation, by protein kinase 38) NADP 1 y muitienzy! plexes or even multifunctional proteins. < OH OH MOLYBDOPTERIN ) 5 GUANINE R nt i o, Fao ae™ BTERIN ICASE | P i _ = . ) NIN 2 NADP REDUCTASES (2 steps) NEOPYERIN ALDOLASE
- - A or possibly by calmodulin-dependent 9 ) is used by animal and yeast enzymes,NAD by the bacterial enzyme. | =z XA 1 . 2 NUCLEOSIDE NAD-SYNTHASE AMP \ ADE- T /7 NAD (P)H+H H 6(R)-5,6,7,8-T!
Roche Biochemical Pathways 9 G i € S s £ i 7 pretonrn s W DT ot R o e e P RO 3 e S T L 2 v e g G IRANNEE 2ubss L3 T Sumsoo N T (RS s AL iithe IS ik hasre e DROROr e
" . ny hucieolide,nucieoside, > 15) The identity of the enzymes catalyzing both reacllons has not by letel place. | o 0 -l FAD - OXIDASE IMIDAZOLE IMIDAZOLE - TRANSFERASE -9 A o} OH 2-AMINO-4-HYDROXY-6-HYDROXY-
10) AII ammo acids can be attached to their respective tRNAs by the appropriate ligases. NAD",NADH+H nicotinamide-adenine dinucloetide 16, p g Lathaiaiiong ey 40, F tion of o- and B-carots t UREA GLYCOLATE 4 AMP FERASE NAD, NADP LA 2 =~ H H H f
! . icotinami i i i In P: the reaction p via 5 ) Formation of a- and oceurs via y tene may also be formed | o« — Owd CARBOXYLATE CARBOXYLATE ' AMP =————> H,0 i METHYL-DIHYDROPTERIDINE
Some of this reactions are shown here as examples. NADP', NADPH+H nicotinamide-adenine dinucloetide phosphate ) via 5-carotene. Path tarti h L e 2R dreieiarlvnemy ~ A # o DEAMIDO-NA NICOTINAMIDE _ AP NICOTINAMIDE 2-AM|NO- | N H .
=a" - - 11) Cellular surface of the ic reti . oscP oligomycin it ferrii > glutarate semialdehyde. athways starting with a cyclization of neurosporene have been dis- 1 T INOSINE HYPOXANTHINE ADENOSlNE "ADENINE DEAMINASE ADEN ~ H,0 HOOC H,0 CO, NH; HOOC ¥ O-NAD 6-HYDROXY-" T C CH N ~ o
- culum, of the Golgi S igomycin sensitive conferring protein 17) In yeast, the reacion cussed. PURIN / NH, \ INE ~ HN  TC—N ~c_N . NUCLEOTIDE Mg MUCONATE | :
> € u 3 B proceeds via 2-hydroxy-6-aminocapronate and further inter- . w o i 9 H:0 ~ 2 X 2'-DEOXYADENOSINE ADENINE Q o OH
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12) While notations for genes are written with small letters (e.g. raf.), the respective gene PEP phosphoenolpyruvate ]g; ?:éyrﬁael%trgfeb::r:.da||:1/:'r?\}edzr;im';:f.::f;;ﬁ;”ﬁ:g{f L?,damae (e.g.Prototheca zopfi), 42) Txisr?;;gt‘;n erzaglizglocgﬂﬁrﬁ:‘?gé—hydoxylated compound. ! 2 H'Iq (ﬁiN%CH Ny (I:\ N*é ADENINE . 74 \ﬁ_N% Mg*r NTJUCRLIEZS'DASE ”éC\C—’K o E ’I* Ha” ' ﬂ, <—rﬁ—>PHOSPH°RVLASE /&\2 AN N | " i ~ | o | : HN " )\\ ! .
Zret;?ur?; n(pr(%tems_) arsﬂggfery with captalized first letters (e.g. Raf.). Another way of gggp z&_’g?é?qwnolwe quinone amalonate semialdehyde-CoA pathway by Clostridium kluyveri, 43) These steps are analogous to the reactions of cholate precursors. | HCQN/CfN/--*---- 8 =P HO LN INOSINE) HCy, N7 7 Y > e A e co.< GUREIDO. L 4 N AN N N NICOTINAMIDE N HO” e ONH, | | H - HNTSNTNTTSH
oellugllar " gvi:g‘) isp , indicating the molecular weight (in kD) and the origin (c = Pyr P pyridofaloss—Shggpr?ast)é-pymp osphate 20) (S-adenosyl-5)-3-methylthiopropylamine is formed from S-adenosylmethionine by 44) These reactions appear to be similar to fatty acid activation and 8-oxydation of fatty | o R § NUCLEOSIDASE! NH, 20 ’ N "o SRIBOSE HOSNT H 2 €| i ® \ PN /C—N/CH \\ " R PPi RIBOSIDE r HO' ¥ N o 4} OH 1 " N)\\N N cH Pterine NADP* DIHYDRO-
: - RNA R omucizic acid g;?heerzssylmelhlonine decarboxylase.It is involved in spermidine and spermine bio- 45 Efzﬂws.deoxycholate soversl other compounds are also formed : HO-H.C \:f_ - A &_ HO-H,C /O : F%’T_’&g\fu\éo_ AMINO- “ d- l\'l]ucleoslde) . N L ‘I (N|co|'ﬁslw|lg§ <— NAD H20 ICOTINE- ZcyTo | 2-AMINO ! 4 ’ biosynthesis NADPH + H* ;EEDTJEIT'XEE ATP giﬁ%’ﬁ%ﬁ%@mﬁ’
mRNA fRNA tRNA messenger,riposomal transfer RNA - ' ' > S mpo : } SR IMIDAZOLE o 5 NUCLEOTIDE | mg++ AMIDASE [N NH ves NADHFH' <y MUCONATE ! Vs”")|  DIHYDROPTERIDINE
: s ’ 2 N N ¥ - - - 5es). Kes - HINE N -
:gr:'ngl:‘:of:ﬁ;’neﬁ]g;f;ggr‘h's chart may be reproduced in any from without written TPt e opterin 22) The E.coli sequence is shown. In animals, 4-hydroxybenzoate is formed from phenyl- 232 " p'a’(‘:‘sfp"ngs““ag"e gydlization leads to cycloartenol. | P-RIBOSYL- OH OH P-RIBOSYL- SIVGINE FORMI A el in chlck embryo : TRANSF?IASZTW are VR s NAD* 3 GENASE : Mg+ 2-AMINO-4-HYDROXY-6-HYDROXY-
6.7+ pyruvate or 4-hydrxyphenylpyruvate, The further steps proceed via coenzyme any C, transfer reactionstake place with polyglutamyl derivatives oftertahydrofolate ¢ TRANSFERASE A A AM Zn++ TRANSFERASE - AMINOIMI- i ) = AMP -
Cone st Gl Do s G RN it sowinrom NG (3 o L me y T T | i PN A L : Lo g s = NN |55 | MRS NCOTINATE 2 aiohconsTe |
G ’ AN g 23) Other Enzymes catalyzing conversions of lactate to te D-2-hyd i synthase .3.2.17) — NH = ADENOSINE 5" NUCLEO : ’ B COOH —P—0—P -
uDlI Uridine diphosph: f € pyruvate are ydroxyacid K g T cup NHs +Ca Ag++ SEMIALDEHYDE C 0—P—0- 4-AMINOPHENYL)-
\ P”"‘ed in Germany UTP.UDP.UMP.U uridine mlﬁzlgoszd:;eugrigﬁese dehydrogenase and glycolate oxidase. 50) Chill out, enjoy grad school, do great science, and have a happy 21st birthday! : ‘HLg <_TIDASTEP ——— _A_ Y AMP DEAMINASE KINASE T'DASE / _ _ _ POLYRIBONUCLEOTIDE NUCLEOTIDYLTRANSFERASE TlDASE 2°_DEOXY. : fj/ Ao 2 Z | H (1 2,3 4-TETRAHYD). HN “ CH,—0—P—0-P
y ATP M r—————————— e —— ___\ ———————— , _ a 2,3,
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5P RIBOSYL 10-FORMYL " éHZADEgLYJ(I__’,giNATE ADENOSINE 5-PHOSPHATE ADENOSINE-5-DIPHOSPHATE TRIPHOSPHATE AN PHOSPHATE ® D|pHospHA:|'E|’E- TRIPHOSPHATE 1 RIBOSE-P TRANSFERASE ‘ H,0 </ _CC_NH, | HoHoH oW HNT SN SH
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GLY?(I;:;I;/IIDE N-FORM\:IEE;EC):INAMIDE O-DIAZO-50XO- N-FORMYLGLYCINAMIDINE — 5-AMINOIMIDAZOLE CARBOXY-5- CARBOXA(MIDE)- O Y oDE | FORMYL-THF  /p.RIBOSYL-5-FORMAMIDO- \ NHYoROXY Hoot &l | N PHOSPHORY- NN N o \ enedind et /é':\c _E ! 0, < PHOSPHORIBOSYL- Sy 8%’5?1"”’“a“‘coz:;fmuc"gﬁ:f&o” : Sn n du || DIHYDROPTEROATE
—— - V CETA — X, X, NA-DIRECTED - - 2 TRANSFERASE SEMINALDEHYDE :
’ L-DEHYDRO- "\ (FGAM) (AIR) AMINOIMIDAZOLE 5-AMINOIMIDAZOLE AICAR 4-IMIDAZOLE CARBOXMAIDE N AVIP, GMP. GDP NS CH ! ScH (DEOXY | I CO, {RIBOSE
5.DEHYDRO-4-DEOXY-  2-DEHYDRO-3.DEOXY- PYRUVATE L.GULONOLACTONE 2-DEHYDRO- L-ASCORBATE  , ASCORBAE HoC =N, FG—WRL H.G—NH_ H-C— Ny HOOC.. CooH ( < ) N O A W, A WSCH i oS U SO N ﬁzZZOLYME[TASE N HC\ c N ASERTEATE Hes . Lo DEOXY- (DECARBOXYLATING) 2 AN CECAREOXLASE : ! RIBOSE-P-2- 2 } i SULFONAMIDES
D-GLUCARATE D-GLUCARATE L-GULONOLACTONE (VITAMIN C) \ L-THREONATE 3-DEHYDROTHREONATE 5.P-3-D-RIBOSYL- _C—NH c—nH_° Ly cro 1_ e NS, L, 8 ¢ omp PO P-0-P-0-H,C O ot M o. | [rNayCU%k G545 55 RIBONUC- FAD KINASE ATP DNVEDREC- RIBONUC- QUINOLINATE NICOTINAMIDE PR HYDROXYGLUTARATE (form analogues)
COOH H H " o - o” 2 AL —NH ,C N Il CH CH, GM C, y G GDPHPI b o Pi  Ca** H,0 2 Pi H,0 P-0-P-0-P-0-H,C N R i P-0-H,C /° AP AD 0, A P o TED DNA LEI N g . MUCONATE |
COOH SooH A o Heoom ! W s W4 HG-OH  NAD* NADH-H+ HiG-OH AMINE o HNZ HN SN H_CI_N/C\C | HNTT G N%H { H.o 0ol { YT p-o-He 3 R _J)_ A(I_)_L vRAsE T P Mg LEIC ACID ! A ‘_:P 0-P-0- Hzc Mg+t [P-0-P-0-P-0-H,c POLYMERASE C ACID UCLE%‘LI;IODHE QUINOLINATE SEMIALDEHYDE i y COOH 7,8-DIHYDROPTEROATE
5 = - -C-OH -C-| PYRASE Q 3 3 i H
H-C-OH | - v ~C— C HO-C-H 5 — ATP DPHPI | oo 0, H H H <L [ ) B \S| ] H H RN—|A 'y DNA) D (dA PP | 1
o . g»ggg;efzo /// CHs H g OH <:.C H,0, 6 :_g_g: 120, ASCORBATE H,0 H-C-oH ———> oy Pyt 2 '+, P-0-H,C A{P leo l jADP—FPlp O-t,C 0, Ko gt & POHC o) \ss P-OHC O ATP m/ﬂ)p COOH / N | [FUMARATE] A _C—N~ — « AOENYLOSUGCINATE N f S OENYLOSUGOINATE, H SRs s s=S=====s === = H H e e Hq++‘y (‘see ::t 2 Bi'lﬁméﬂ (Note 34) I)HIORED NUCLEOSIDE IN A (DNA)*p*(dA) Z ‘ X H,0 > COOH : 7,8-DIHYDROMETHANOPTERIN HOH o CHZ—O—P—O—(;,H Q
_____ ~H ) ) : _;L» M- ' P = - XIN-S DNA i t 2 ————— bl —!
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1] 1 NADPH+H+ ATP=A D-6-P- I 3-0X0-6-P- H,C-OH GENASE -« __L_——>002 INSULIN 18 NHA\ 4,* MSA(Lk)- ;\“éh o 5?’» C(':E)ZH FADH: E FAD-E|COOH I3 GTP(ITﬁ’ O=C-S-CoAl /;5;/ intermittent porphyria GLYOXYLATE SEM!(AEIJ-RDCEEEBESE 1-AMINOPROPAN-2-OL He = e cH N (DECYCLING) (DECYCLING) I3Hzo co N
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| I-Form SYNTHASES REAM- g GLUCOSE-6P I > G - 0-C-H [PYRUVATE e NG l | Il ( O ¢ ! [ 1] ConSH W DEnv. b Bareiturates Lot COOH  DEHYDRO- HOOC-H,C . Pr DECARBOXYLASE ~ HiC : Pr NH - HN N-H  H-N ) s ~=CH |
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[ YCOGEN ATP . s ; CH,OH TRANSFERASE OH < D-GLUCOSAMINE || MERASE) - Lo RO hg-ol S B'GSLF\’,HOSPHO' Oigi:;)ROXY»B- Eﬁ,ﬂg?': SE NADH +H*/NADPH+H* FOXALOACETATE, |1l CoA | NAD (only for  yaiaTE DEHYDROGENASES': OXALOACETATE (I 20ytoFett N O P lw II n g § GENASETY S——> [ 4-HYDROXY- || ne—# " ~N=cn N RINOGEN  e. CH=CHaL geicient in P 2 ¢ I CHROMEC | ! t“h‘t‘“ n
[N [a(HA)Gmcusynx»a(mz.)}m | IRPRO;EIN R-5-5- " o URIDIN <=6 higher ACYL ““’“I{ :'EiSL‘ BISPHOSPHO- pSLICERATE 2.3-P.D- OPROPIONATE SR P co. 4 NAD“‘/NADP*‘l A l lN‘/\D eNzyme) (L ECARBOXYLATING) I COOH I HOSPHC FORMYL- FORMYL- ‘. e |: |: (‘éﬁ ) \ [ BUTYRYL-CoA Pt CH, Pr CH, e ﬁzc~[| Il CH, OXIDASE  gientin ﬁ orphyria FERRITIN-Fe ++* APOFERRITIN N—Fe(I)-N CYTOCHROME ¢ : | Crigler-Najjar W.d,u,”d .
: | (> 4)Glucosyl]y-a( 1~> 6) uoosyt - ADP RO H ‘ N/:‘[/)ng N\ = GI[XS;F;?E | GLYCERATE A naD(P)* ) géngms» - L U N S (MALIC ENZYME") l ¢=0 [l <_EN LPYR)U\/,ATE CoA CoA FORMATE : s co, :I ('ZOZOZH \ A'\b + : ! + "0 coon Pro GH (¢) o \:G"Tji'-‘fl‘g Pr CH ”;::t)r;g‘”hhrw $n Pr | =1CH=CH, CHs bys I Bile GLUCURONOSYL
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