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/ General Remarks for Part 1 and 2 Abbreviations for Part 1 Notes for Part 1 T KANTHOSINE S~ 1 — 7 ~ 7 wurrenucince
1) Enzymes are shown in blue. The ‘Recommended Names" in the “Enzyme Nomenclature Ace or i ) 23) NAD is used by the liver enzyme, NADP or both coenzymes by microbial enzymes. \ | PHOSPHATE ¥ ¥ GMP REDUCTASE \ ™y f ———————————————— e __ NADH
1984* (Academic Press, Orlando etc)) and its supplements (Eur.J. Biochem. 157,1 ACP chle';a‘::é':‘ "re‘:"_x reactions) 1) 5-Dehydro-4-deoxy-D-glucarate is also split by this enzyme. 25) NAD s used by the maize and by a yeast enzyme, NADP by another yeast enzyme, | o NH: nappt NADPHH-H* \\ ¥ GUANOSINE-5'- "2 ;\\ POLYRIBO H RIBONUNCLEOSIDE-DIPHOSPHATE RIBONUCLEOSIDE w H NADPH
Sn336) and 179, 489 (1989) are used. Enzymes not listed there are printed in par- o hormone 2) :Ef?Jméidlaleg_arz likely L-galactonate and L-galactonolactone. The latter compound, 2) both coenzymes by animal enzymes. I _Co \ BUANOSINE-5'-PHOSPHATE GUANOSINE-5'-DIPHOSPHATE TRIPHOSPHATE (RNA) Pi '\ NUCLEOTIDE © o pEoxy. REPUCTASE 2"-DEOXY- TREDUCTASE 2°-DEOXY- "o At o FUNARATE b s
e , es i i s - - - A i 2
2 Coenzsyenies are shawn in red, other reaction particperts n back. :_}3|5,MP (cyclic)adenosine-3',5 "-manophosphate (GAMP) Oxidases. oxidized by galactonolactone dehydrogenase or L-galactonolactone l’eacttilg::ne iphosphate or prephytoene diphosphate are intermedites of these | Hrlsl fI'I N§CH \\\ E;') NUGLEOSIDE. o \ NUCLEOTIDYL (Npte 34) GUANOSINE-5'- GUANOSINE-5'- GUANOSINE-5"- @»c NH %\Er\(‘g) C-NH,, MALEAATE MOLYDOPTERIN 2-AMINO-4 HYDROXY-6-(D-erythro-1-2-3-
3) Color of the arrows shows type of organism in which the reaction was obseved or is c iéAI—II)P AMP, A adenosine nucleotites,adenosine 3) RNA-directed RNA polymease (replicase) is active in RNA-virus infected cells 27) The conversion proceeds in 3 steps,catalyzed by the enzymes aquacobalamin re- I A ~CN L-SLUTAMINE] [L-GLUTAMATE | > HN™ T C—N A C—N DIPHOSPHATE ~C~, \\ eRe: THIORED- tHiorep-  PHOSPHATE DIPHOSPHATE TRIPHOSPHATE HYDRO- | | ~COOH CUANOSINE-5° GTP CYCLOHYDROLASE | TRIHYDROXYPROPYL-)
likely to occur: OASH,CoA-S- gosnzymeA . 4) Choline oxidase also oxidizes betaine aldehyde to betaine,forming H,0(in vitro H,0,) ductase (to cob(lhalamin),cob(lalamin reductase (to cob(l)alamin) and cob(l)alami | o H0 aTP AMP+PPi SOl Sen feuan ATP KINASE ADP BN TN DNA-DIRECTED FERASE  OXIN-(SH). OXIN-S 2 o GENASE - TRIPHOSPHATE DIHYDRONEOPTERIDINE-P
—. general biochemical pathways, —»  animals CyyDHEMRC cytidine nusleotides,ytidin ) In some condiions, chlorophylice a can be esteried by geranylgeranyl pyrophos- adenosyltransferase. cob(hatamin | " L\ ShP SYNTHASE ) ;HT(C*N C—N- NASE sy-C— V'l (P L (I:I NS RNAPOLYMERASE \x ’ . ¢ (see part 2) H-G a FORMATE -
—>  higher plants, unicellul . . d d . phate followed by its reduction to phytol. 28) Siderochromes have also been demonstratet in mammalian liver. | P-0-H.C O Ll o B HNZTSNT H-N C—N_ H-NT ONC—N H,0, ~COOH o OH oH
Dashed arrows are used for catabolic PathwaTs, mnIinuou:alrinoerga;:rsna]:;b::ir;gland DﬁRPEtC dzg:zzgg:ilcg;giecsacid ® Thgfsér?ﬁlc;)e”OChmmphy"S.”ng B s also reduced (besides ring B.common to all gg; 83?“55"0"' pl’OC(eIedS s“.Il.licliarly et g pdlation. : i o P—O—P—O—PZ—O—H G 0 (RNQA) e EIE?(?Rg‘I:[; NADP+ NADP (I:\ ng)CH (I:\ (l"l N\:CH DEOXY- NAOE;RDPAESRE GESXSD;SO DEHYDRO; b NH, HN N 2H0 nz R ?H [')H C C CH2 (OP)s
dix et L . g or ¢ A . hydrogenase and glycerol 2-deh: A > € ——————— & HtH*Y  H,NT N7 SN - So— C—C—C-CH,—(OP
bidirectional (amphibolic) pathways. Points on both ends of arrows indicate reversi- E enzyme 7) In animals, the fatty acid i ; orol to iy oxyavotons (glye glycerol 2-dehygrogenase) convert rr GMP SYNTHASE R i ¥ ——_——m == > ATPk+ ADP N N DNADIREC-  RIBONUC- GENASES ‘ H L +(OP),
- ways. f ) ) , y acid is removed from ACP by oleyl-[ACP] hydrolase and is sub- glycerol to dihydroxyacetone (=glycerone). | H H NUCLEOSIDE 3 ATPA H HA | 1l THIOREDOXIN P-0- o - 0-P-0O-| o ATP TED D 2{H} H.0 X N~ I PR %
4) gggﬁ:tgrsrigg;:g?:sﬂguasi':\e;;'r:gsehol\";stﬂl“? prefer:’ed direction. ETF g::z::gﬂS";%"EL?{;Z?[?D%‘)’OPFO“"" (transfers 0 iﬁquently converted to acyl-CoA. 1hy su 31) MlIoclhgndArial c:jhain elongation of palmitoyl-CoA accorus by reversal of B-oxitation.Only | OH OH ATP NA, AMP+PPi S On Pi DIPHOSPHATASE H0 v (ServeraISkEngwn) | H H ‘( W= (RN 9 5] REDUCTASE (NADP) e wc P ADPI——.F-O_F'O_P'O'H c © POLYIVIEI‘:’J:SE LEICACID N|COT|NAM|DE ADEN INE NICOTINAMlDE ADENINE MALE MA%E NN N’CHZ noH H. NJ\
4 ge. Metal ions and similar activators are located bl ) is conversion proceeds by kinase and uridilyltransferase reactions. enoyl-CoA reductase is different.The microsomal system employs malon -CoA Pi H;0 . (see part 2) HoH H HJI 47—T> (DNA)*p(dG COOH !
nmexlhto the reacglon arrow, Effactors with a “fast" regulation of the flow (e. g. by allosteric Eg%OFADH ﬁ:ﬁmgggﬂ?ﬁ:g:&%&%e 9) Intermediates in the glucoronate conversion by induced enzymes in E.coli are instead of acetyl -CoA. Y Py yro : MO sonyoteo. .ol OH OH |(RNA) PPi (THIOREDOXIN H M GU;}:X;ETE A NUCLEOSIDE NG —> )Ip (dG) DINUCLEOTIDE, NAD DINUCLEOTIDE-F, NADP H-C” (PO)—H.C H 3H,0
- n Iec uaI‘IISmS). ave a contiuos orange arrow coming from thr sidethose with a Fd | 2 ferredoxin D-fructuronate and D-mannonate,in the galacturonate conversion D-tagaturonate and 32) The yeast system is shown here.The central SH group is written at the bottom,the TIDASE 2 -NUCLE%p HYPOXANTHINE SYSTEM) OH H DIPHOSPHATE KINASE (DNA) PPi | 1 H- g ol
1 slow* regulation (e.g. induction or repression of the enzyme synthesis) a dashed AN EMNH foedoxn. ) D-altronate. marginal SH group at the top. In animals and in E.coli, the enzyme, E(SH),,is replaced | Pi piad T'DASE PE P-RIBOSYL- RNA-DIRECTED (Note 34) | OH H R o ) “~GENH, Vil (6-PYRUVOYLTETRA- :
ic;]r;ng‘e atrl;uw_ = increase, = decrease of enzymatic activity. Roman numerals o 2 flavl‘;l‘;?mi?;]ne mononucleotide 10) In some microorganisms,cystathionine synthesis takes place via O-acetyl-L-homo- - é:y acyl carrier protein, ACP. | XANTHOSI YPOXANTHINE TRANSFERASE RNA POLYMERASE (Note 3) H:0 ~y ] 1 AN | * H H HYDROPTERIN 3Pi
indicate, that that only one of multiple enzyems is regulated this way.Regulators shown follicle-stimulating h serine. ) Examples are GSH-homosystine transhydrogenase and protein disulfide reductase. | S NE GUANOSINE 5-NUCLEO- __ J | ATP ADP z OH OH S-ADENOSYL- SYNTHASE) 8H,0 2-AMINO-4 HYDROXY-6-(D-erythro)-
5 E:nparentheses are effective in only one group or species of organisms. GeP glucose 6-ph g ormone 11) The enzyme funktions for formation and degration of fructose-2.6-bisphosphate 34) Reduction of nucleoside diphosphates was observed in E.coli and in eukaryotes. | it TRANSFERASE o) dGTPase N 1 I HOMOCYS- 6(R)-PYRUVOYLTETRA- TRIHYDROXYPROPYL-DIHYDROPTERIDINE
) Compounds enclosed in black lined, sharp edged boxes occur in several places in the 6-phosphate ) are located on the same peptide chain.Their relative activities are regul y Reduction of nucleoside triphosphates takes place in Lactobacillus leichmannii. In | e URATE H,0 1 I H,0 TEINE 3H,0 HYDROPTERIN '
chart. Co : GSH,GSSG gluatathione,oxidized glutathio : gulated by phos E i HN™ 7 G — N PURINE- XANTHINE URATE RIBO ? (D|HYDRONE0 PTERIN)
. Coenzymes or compounds with very simple structures are not in boxes. GTP.GDP.GMP.G yone, €d g ne pharylation and dephosphorylation.In muscle the phophorylated enzyme increases -coli, thioredoxin and thioredoxin reductase may be replaced by glutaredoxin.glutat- | | I Scu ___ GUANINE o} 2H,0 H;0, ALLANTOIN ALLANTOATE 2'-DEOXYGUA 1 I =0
6) Boxes with rounded corners are sometimes used in part 2 to indicate enzymes (inactiv : ' guanosine nucleotides,guanosine biphosphate formation. In liver, it is the dephosphorylated enz 4 hich shi hione reductase and by glutathione. | Ly ~C—NZ A NUCLEOSIDE SE-LP 2 o URATE EE(CXL;EOTIDE . H 1 £y o H oO NOSINE 1 NAD || 2,5-DIHYDROXY- Hiy 00 OH OH
in black, active in blue). Protein sequences are abbreviated by e~ Hip ﬁﬁ‘::c'gﬂfﬁonfdmr?mn ) this effect. ' phory yme which snows 35) The enzymes are induced in T-even-phage-infected E.coli. | 077 3N7 PHOSPHORYLASER o Oy PHOSPHORYLASQ 2 3_RIBO- RYLASE O 15 |c?ZH N BN HO L-0H 2 Pi PURINE Q | KINASE | PYRIDINE N Nl 0 c c CH,OH
7) Compound names in orange boxes indicate excretory or end- products of metabolism. f ptoheptanoyl-threonine-P 12) While in microorganisms the existence of 2 enzymes has been established,i 36) Pancreas DNase | split this way.The Streptococcus enzyme splits preferably between - H (o N P, | | SeH < < HNT G —N s <——> Il 020 maltm et q ] Se=i _\h_ - [ "\'Hz H-N/C\CfN NUCLEOSIDE C< | = OH | H *
8) I;c:r |gtnlzeldfcomp|ounds< the name of the salt is used to correspond with enzyme names. ITR,IDP,IMP, ::Lesrifnef,?u”é,eoﬁdes inosine Mammals probably only 1 bifunctional enzyme exists. edimn ﬁynmldme and purine groups, forming &-nuclectides. Other spliting types are also : HoTee (—PURWE NUCLEO \ 20 AL - 1 JRINE NUCLE .\ l (l‘l Nic NUC'é'FDOé Pf— y //O\N/C_N/ XiDAS 7o /Cih'l/ALOLANTD‘ NN : : o SR HT‘ ﬁ_NQCH : ! | OH gH OH . N)\\N h : 1
ructural formulas, however, show the free acid or base, since frequently at physic- i one : 13) The equilibrium of the reaction is shifted homocysteine through i nown. HoH _y 07 NAMY PURINE NUCLEO- N H OXIDASE 07 "N7jy 07 TNTENT o Cyy, ~C— N7 Cay C—N~ X C CHe— :
Ioglcfl pH different grades of ionization occur smullaneously Theregrore gamclljp;tlon Li AL |ut?|nlz|ng hormone via adenosine deaminase reaction. ysteine through removal of adenosine 37) In many species the biosynthesis of purines, pyramidines,amino acides, fatty acides etc. I napH Jw h H H:0 SIDASEm H \\K H20 SIDASE o R'BOSE N H REosEF *A '!* HASE " :'I H HNTTNT HNT N f ! ! HO ﬂ N CH H ; "
of H* or OH" is not shown (except in NADH+H*and NADPH+H™). p\ p< a-lipoate 14) Glutamate dehydrogenase is activated by phosphorylation,catalyzed by protein kinase is performed by multienzyme complexes or even multifunctional proteins. | +H 42 OH Of © ﬁ \ ‘ NH;  H.0 O e= ALLANTO- pF HzO 0 ) n Sy O = 2R L PTERIN and SEPIAPTERIN GLYCOLALDEHYDE D
9) Organic phosphate is abbreviated to -P, inorganic phosphate to Pi, pyrophosphate to MFR methanofuran A or possibly by calmodulin-dependent protein kinase and activator protein. It is de- 38) NADP is used by animal and yeast enzymes,NAD by the bacterial enzyme. I i " XANT 1 ‘ t_i EAMINAS " < }" ICASEAL HO-HZC 2 ! L GLUTAMATE PPI A ‘ﬁ'# 3 NAD(P) =n + PTERIN and SEPIAPTERIN D-erythro- CHO P}E;IEI)\IRONEO
PR _ any nuCleotide.nucleoside,nucleobase activated by dephosphorylation,which is catalyzed by a phosphatase. 39) Intermediates are phytofiuene and -carotene. An isomerization cis  trans takes | w HINE 1 ~- - = o m m  DEAMINASE L HO &\ » 5.UREIDO-4 } NUCLEOSIDE ¥ // NTHASE AMP Al NUCLEO- }A . NAD(PZII—I+H+ 2 NADP REDUCTASES (2steps) NEOPyrERlN I ALDOLASE
10) All amino acids can be attached to their respective tRNAs by the appropriate ligases. NAD*,NADH+H* nicotinamide-adenine dinucloetide 15) The identity of the enzymes catalyzing both reactions has not been proven completely. place. | 8 OXIDASE AN e e e e ——————— T (ONTHE E S-AMINO-4- ’z” U\REIDO BASEZ &g/ DEOXYRIBOSYL- | DEQXY-Z-RIBONACLEC- (GLUTAMINE EVDRGI ViiNe oA SSs_sbase TN 202 )/ NH« NAD(P 6(R)-56,7,8- TETRAHYDROBIOPTERIN H.C—OH
Some of this reactions are shown here as examples. NADP’, NADPH+H" nicotinamide-adenine dinucloetide phosphate 16) In Pseudomonas, the reaction proceeds via 5-aminovaleramide,5-aminovalerate and 40) Formation of u- and B-carotene occurs via y-carotene.a-carotene may also be formed I Az [REcsEF] M e Rttty (et OXIDASE IMIDAZOLE IMIDAZOLE UREA ¢ LYCOL ATE THYMINE) TRANSFERASE  |_SIDE (e.g. THYMIDINE) ,/ [L-GLUTAMINE] mp 2 ) NYLTRANS- Saa 2, \L Py GLYCOLALDEHYDE
11) Cellular surface membranes, membranes of the endplasmic reticulum, of the Golgi oligomycin sensitive conferring protein glutarate semialdehyde. ) via §-carotene. Pathways starting with a cyclization of neurosporene have been dis- I H,0 > |NO [RIBOSE-1-P] HYPIOXANTH SS N ~o CARBOXYLATE CARBOXYLATE HN s AMP® Ny FERASE =R vy 7/ LA I CHO SR H H 0 OH 2-AMINO-4-HYDROXY-8-HYDROXY-
apparatus etc. have approximately the same thickness. For graphical raesons, how- PAP adenosine-3',5-diphosphate 17) In yeast, the reaction proceeds via 2-hydroxy-6-aminocapronate and further inter- cussed. i SINE PURINE- INE 7 1. 4o ADENOSINE ADENINE DEAMINASE %  ADENINE S, e HIROC~g _y_ H:0 €02 NH, HOOC., ozc E/OH DEAM'DO NAD NICOTINAMIDE NICOTINAMIDE /7 2-AMINO- ! ‘ nE METHYL-DIHYDROPTERIDINE
ever, they have been drawn in part 2 with different widihs. PAPS 3-phospho-adenylylsulfate mediates or via 5-acetamidovalerate and further steps similar to Pseudomonas. 41) The regulation of cholesterol 7 a-monooxygenase is correlated to the regulation of ' nap+=q o Pi. NUCLEOSIDE 9 i P NH, N ] Seo A3 0 Sow ﬁ_ Ns { )" 2'-DEOXYADE N OSINE ADENINE [DNA-DEGRADATION NUCLEOTIDE 6-HYDROXY-" iy CO NATE I H.C—oH i N N o
12) While notations for genes are written with small letters (e.g. raf), the respective gene PEP phosphoenclpyruvate 18) Only peptide-bound lysine and proline are hydroxylated. hydroxymetheylglutaryl-CoA reductase. | o /G\C N A\ PHOSPHORYLASE/ HN/C\C—N ¥ S PURINE e >0 LGN -_——— > I Zo HaN S Gy N, PURINE NUGLE S & C-OH H.O e e 0 NICOTINATE I GH, /]\ 6H on /I\ | OH
products (proteins) are written with captalized first letters (e.g. Raf). Another way of PQQ pyrroloquinaline quinone 9) The malonate semialdehyde pathway is mostly used by algae (e.g.Prototheca zopfi), 42) This reaction may also occur with the 26-hydoxylated compound. | E > Hh Scn N C—Ng NUCLEOSIDASE NZ NC—N N I!I HNT |y HO“[SNT S0 i PHOSPHL(j)CEeYLC;SIDE NH; N ‘ 2P' PRI C-NH, COOH I o S-oH N S NZ OH L _-CH:OH
designating them is p 74 ™/, indicating the molecular weight (in kD) and the origin (¢ = PRRP -D-5-phosphoribosyl-pyrophosphate a malonate semialdehyde-CoA pathway by Clostridium kluyveri. 43) These steps are analogous to the reactions of cholate precursors. I ”C N /C N -’HC C N He lcl; VETTTTT Y > | I e H : ureng- m NECoN € ‘fE > O~ N ) : | ‘ I N ! ’ S H
cellular, v = virus). pyridoxal 5-phosphate 20) (S-adenosyl-5')-3-methylthiopropylamine is formed from S-adenosylmethionine by 44) These reactions appear to be similar to fatty acid activation and B-oxydation of fatty | N | NUCLEOSIDASE SH ST T [ _Cy, ~C—N7 co GLYCOLATE | | I Scu P "l‘ ﬁ— Ny ~ N NICOTINAMIDE N HN = H )\\
RNA ribonucleio acid S-adenosylmethionine decarboxylase. It is involved in spermidine and spermine bio- acids. ] Ho-Hlc O \ H20 [D-RIBOSE] NHs  HO0 g o H.0  [D- RIBOSE H” N H | F 2= LYASH 4: p S C N ‘ RIBE2RY Ce C_n-t S R PPI RIBOSIDE [~y o7 on ' I s | H N HaNT N7 N
mRNA,rRNA tRNA messenger,riposomal transfer RNA 5y Synthesi. ] , 45) From deoxycholate, several other compounds are also formed. I L e il [ O RV ORMIMINO- AMINO- W50\ HO-H,C ° (or other HTONT H 1 AN, H:0 "‘ | HoNT N7 TNT TCH, NADP" ™Y Preriine
© 2014 by Roche Diacnostics GmbH,68298 Mannheim,Germany R-S-S-R disulfide of amino acids or pepdides 1) 4 enzymes of this function are known (crotonyl-, 3-hydroxyoctanoyl-, 3-hydroxy- 46) Intermediates of this multistep reaction in Psydomonas have been described. | ADENOSINE H H G | [rF CLYCINE IMIDAZOLE GLYQXA- UREA ’ d-Nugleoside) 1 (NICOTINANIDE) H:0 N oAt | 2-AMINO I l NADPH +H* REDUCTASE AP =f| AR
All rights reserved.No part of this chart may be reproduced in any from without written THF 5,6,7 8-tetrahydrofolate decanoyl- and 3-hydrxypalmitoyl-ACP dehydratases). 47) A B-oxidation type reaction takes place. ] fpree) DEAMINASE H H PRPP ,—ILYCINE HF M N”a 2 Hzo HE — N L [V | i u DEOXY-Z-RIBO- NOCLEOTIOE AMIDASE 8- NH, NADH+H' <y MUCONATE ! " ! e ERralilibbes
permission from the puplisher. THMPT 5.6,7,8-tetrahydromethanopterin 22) The E.coli sequence is shown. In animals, 4-hydroxybenzoate is formed from phenyl- 48) In plants,epoxysqualene cyclization leads to cycloartenol. | ) 4 ;IEBLSJCLA NTHINE !‘.DEF!(I hE H. C=NH L 4’ H,C— Il ey M_A% TH_"’ H H ! ADENYLYL- ATP /< SEMIALDEHYDE | ATP DIHYDROBIOPTERIN (QUINOID) | AMP g%‘gpﬁl%zTERolD'NE
La‘yQULType"sémng; CMS - Cross Media Solutions GmbH,Warzburg thiamine pyrophosphate (cocarboxylase) pyruyate_ or 4-hyqrxypvhenylpyruvate. The further steps proceed via coenzyme 49) Many C, tl’ansfe_r_ reactionstake place with polyglutamyl derivatives of tertahydrofolate. | ) A PPi TR#—\NSFERAéE OH OH TRPA:‘SBSE YL- COOH GLYCIEE_FOR_MI HoOC HN/(‘H < _L_ _./_ —HN-C— N’ T J =0 OH H i chick embryo I TRANSFERASE — p 1, 0, DEHYDRO- | ~ PHOKINASE
Printing:STURTZ GMBH,Warzburg TTPTDP,TMP,T deoxythymidine nucleotides, deoxythymidine Aderivatives and in a different order. Glutamate addition to the tetrahyrofolate moiety is catalyzed by folylpolyglutamate Piy ATP =] PPi RASE MING TRANSFERASE AMINOIMI- A CHO) NH, - DEGXY-7RIEG i NICOTINATE r=Bebe " NAD* =¥ GENASE 1 2-AMINO-4-HYDROXY-6-HYDROXY-
Printed in Germany UDPG Uridine diphosphate glucose 23) Other Enzymes catalyzing conversions of lactate to pyruvate are D-2-hydroxyacid synthase(EC 6.3.2.17). | 5-NUCLEO- DAZOLASE <. i I NUCLEOTIDE RIBOSYL-PP NICOTINATE :0=H I AMP ETHY DI DROPTERIDINE-PE
k UTP,UDP,UMP,U uridine nuclectides, uridine dehydrogenase and glycolate oxidase. | TIDASE NHs Hz0 ADENOSINE 5= NUCLEO’ POL 3 NUCLEO- NUGLEOSIDE I cooH PP (PRPP) 2-AMINOMUCONATE | MEtn R e
/ | H,0J| ____&___ANE'EELRWN_AS_E__J___\ K:EI)/ZF\’SE TIDASE ____O_V_REO_NU_CgEETPE_hyG_LE_OjD_YL_TR_A(I\I_SF_Eﬁe 1,0 4 TIDASE > DEOXY | 7 T A 2 SEMIALDEHYDE | -0-P—0-P (4-AMINOPHENYL)- Q
' INOSINE ADENOSINE-5' ™ 2"-DEOXY- 2D - - I “ > 7 1,2,3,4-TETRAHYD- CH,~0—P—0—P
. 5'-PHOSPHATE HOOG  ADENYLO- P4 ¥ S RuA) | EOXY- . « NICOTINATE | L 23, N (__CH;
5'-P-RIBOSYL- 10-F$HRFMYL- 5.PHOSPHORIBOSYL- 5-BHOSPHORIBOSYL- 5-PHO . ‘. Sho SUC%INATE ADENOSINE 5' pHOSPHATE ADENO3INE-5-DIPHOSPHATE TRIPHOSPHATE ) AN ADENOSINE-5'- ) ADENOSINE-5'- ADENOSINE-5'- : N PHOSPHORIBOSYL HOC | I ROXYPENTANE 4-AMINOBENZOATE Py H
~ GLYGINAMIDE N FORVYL AV OINAMIDE \LHOSPHORIBOSYL. -PHOSPHORIBOSYL-  5'P-RIBOSYL-4- 5'P-RIBOSYL-4-(N-SUCCINO- 5'P-RIBOSYL-5-AMINO-  10-FORMYL-THF AN H-G—NH, e ADENY- hH: oxoatve N\ [ W] \ THIOREDOXIN PHOSPHATE 5 DIPHOSPHATE TRIPHOSPHATE | RIBOSE-P TRANSFERASE # o /| LT NH: | HoH oM H oSS el
/7T T T T T T T UbEAYDRO- (GAR) (FGAR) 5-AMINOIMIDAZOLE CARBOXY-5- CARBOXAMIDE)- 4-IMIDAZOLE CARBOXAMIDE 5'P-RIBOSYL-5-FORMAMIDO- Hoot ¢ NZOe N PHOSPHORY- PN E REDUCTASE (NADP) s e QUINOLINATE Iz e b I HaN oH,—6—C— & g—on )
S-D%HéDRO-4-DEOXY- 2-DEHYDRO-3 DEOXY- PYRUVATE L-GU_ONOLACTONE L GLZJL%E.IHJL?\T:?EDNE L(-OISTCAOMﬁﬁAg)E 4 FSCORBATE- \\ H,C—NH LFEML)H AMINOIMIDAZOLE 5-AMINOIMIDAZOL|: (AICAR) :\ 4-IMIDAZOLE CARBOXMAIDE AN ril/ \(Ii NS H(I: I ECH | i~ N§r:.H < e > ’II/ ﬁ_N‘cH DNA-DIRECTED \\ NADP* | NADPH+H* NZT C—N, 40\(: N : co PHOSPHORIBOSYL- S EBSﬁnzymamcozﬁﬂ ?MWCNSIEI::TRIEOXY I ’ OH &1 O ¢ e eoorn DIHYDROPTEROATE
-GLUCARATE D-GLUCARATE i 3 L-THREONA I ~ i HoOC COOH [ CH CH o N - [N 4 RNA POLYM | S (DEOXY N ? 7] TRANSFERASE 1 I ¢ H
CoOoH H H - TE 3-DEHYDROTHREONATE 5-P-B- CHO ~GHO ~c— 0 d ) by HCx _C—N~ N7 HCy, C—N ¥ ¥ _Cy C—N~ ERASE \ SCcH ) I CH || SEMINALDEHYDE SYNTHASE
COOH ; o B-D-RIBOSY - C—NH C—N, 0 | | I O o, N N NS < HC C—N ADENYLA -~ DEOXY- (DECARBOXYLATING
H-G-OH Lo 2.DEHYDRO 7| &0 6| H-g-od H-G-OH ! Heo-on G o NADT  NADHAHT HETOH AMINE o” S e A H E“,:/I:\c N HZN/(“:\C—N NN HN7Se N o Ky GDRHPI pgy CN o FUMARATE] |P-O-H:C /O P H,0 [P-O-P-0-HC O Pi SH;M " F"Z‘P'C’@CN O [CAM eer RIBONUC QN/o anase " ATP N DNADIREC-  RIBONUC- QUINOLINATE ) 2-AMINO.3 CARBOXY- : PPi El\?gsggfdm c0s {eoss PPi
: ' i B CHs H-C-OH O, H,O H-C-OH 6 H-C-OH v N —-C= = —O-1 o ADP-I—P| . HNT =G| —Ng IS I Sch H,0 H H 4 -O-H, i H, 2 ) LEIC ACID P-0-H,C ATP  ADPP-0O-P-0O- (o} TED ONA o-D-5-P ARATE
HO-C-H + H-G-H  3-DEOXY- e I 2 2:0; C I 120, ASCORBATE H,0 H-G-OH ——— T e Ly P-O-H,C NH p-0-H.C O ATP H,0 ADP4PI o | ATP  ADPEPI co, B (H 0 Sow CH H  CH, o S : A > a g H H 'y 2 T s P[5-0-P-0-P-0-H,C © PO LEIC ACID NUCLEOTIDE RIBOSYL-PP MUCONATE I
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I 1 NADPH -+ H %/ AP i D-XYLULOSE 5P v S NAD* NADH-+H* A A P PHOSPHOENOLPYF UVATE CARBOXYKINASE (ATP) |: 2 H-C 4"1- "‘ )8y "§ ' SUCCINYL- GLYCINE ~ SYNTHASE S0A-SH CH O LEVULINATE  |»NaD(PyH 1+ O e A A T o, RO L L A AIONE CH,Q NN pr — ‘ N—Fe(ih-N > 0 v N ]A GLOBIN éH CH, CH, Pr  pr CH, CH CH
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GLUCOSE- -C- OH |« -OH |« -GC-0-p O I FERASE | | =3====ff-—r-—=—=—=—=== A co ‘~LI OXALYL- 1l [ I i 1 | H,C - P K H H, CH H*! 7,0, 7,H,0 _F -N 8 ) )
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