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nzymes are shown in blue. The “Recommended Names* in the “Enzyme Nomenclat X § is used by the maize and by a yeast enzyme, NADP by another yeast enzyme, i ) / —_————— -
o e et A (o). Do paniatre Ao accsptor i redox reactions) 1) 5-Dehydro-4-deoxy-D-glucarate is also split by this enzyme. both coenzymes by animal enzymes. Y yme | PHOSPHATE NH, NADP* NADPH-+ H* \\ 5= ¥ Mgt ¥\ POLYRIBO- (Fett), Tyrt A u % RIBONUNCLEOSIDE- DlPHosPHATQ RN CLEOSIDE Asrre ¥ " NAE,:H NADPH FUMARATE
2 ((:1986) and 179, 4&9 (1989) are used. Enzymes not listed there are printed in parentheses. ACTH :;ﬁeszg')%gﬁf:c Hormone 2) ilr?:i;we_ggie_g_arg |l|Jke|y :_-gta|ac(ona(e and L-galactonolactone. The latter compound, g?; ?Leesggilve;ziglphosphage or %rephytoene diphosphate are intermedites of these reactions. | /(H:\ 6-DIAZO-5-OXO-L-NOR- \\GUANOSINE-5‘_PHOSPHATE GUANOSINE-5'-DIPHOSPHATE TR|PHOSPHATE (RNA)  Pi '\ NUCLEOTIDE © © o DEOXY- UCTA! 2 -DEOXY- REDL?ngHS/ETE 2'-DEOXY- Q H H 0
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2 Commmes oo obervseionprcpm e L A voeccottomone L i s oldad by uconcaciona aieoente o Loabionacone e ! M s A e N serovomeno N\ MaEgTon (] o sy e 3y GUANGSINE.S:- 1 GUANGSINEs- cosmioe  SUANOSINE'S - (= e waLchre . MOLYDOPTERIN 2ANINO-4 HYDROXY.6 D eryho-1-25-
likely to occur: was observed or is ATP, ADP, AMP, A adenosine nucleotites adenosine 3) RNA-directed RNA polymease (replicase) is active in RNA-virus infected cells. adenosyltransferase. ob(hatamin ! Ly SN [L-GLUTAMINE] [L-GLUTAMATE | <~ o Seon DIPHOSPHATE g \ TrRhGE  LHIORED. THORep.  PHOSPHATE oo v DIPHOSPHATE cocnzvie  TRIPHOSPHATE ‘ | - COOH CUANOSINE-S CTP CYCLOHYDROLASE | TRIHYDROXYPROPYL-)
—,  general biochemical pathways, —,  animals ggﬁSgb%:Aﬁ— Eo:g;ymeAl ) B 4) Choline oxidase also oxidizes betaine aldehyde to betaine, forming H,0 (in vitro H,0,). 28) Siderochromes have also been demonstratet in mammalian liver. ! o H20 ATP l } AMP+PPi S T Scr 4cuanvLate ATP KINASE ADP N§ DNA-DIRECTED \ OXIN-(SH), OXIN-S, o cod ol DROXY- O Mg*++ ATP GENASE ¢ TRIPHOSPHATE DlHYDRONEOPTERIDINE-Pa
I Rgherplants, e iar organisms + fungi CTRCDRCMPC Syt nucleotides.cylidine ). In some conditons,chiorophyid a can b esteifed by geranyigerany pyrophos- 29) Degradation proceeds smiary toleitin degradaton. | Ll SR SYNTHASE 2 RO e KINASE Ve g° ) RNAPOLYNERASE - Cng_y Gvision UREA. & (see part 2) L M o FORMATE ° oH on
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D_a_shed_ arrows afe_USed for catabolic pathways, continuous lines for anabolic and dATPetc. deoxynucleotides 6) IrF: most bacteriochylolrz;ﬁgﬁgflg:gl%pi:yalloslé reduced (besides ring D,common to all ) Qt|CigfeOr"fgrgﬁWsyfi?'g:yeargleg;rg?:rg%iﬁ;ﬁ:)nd olycerol 2-dehygrogenase) convert | Pro-H0 © P-0-H,Cc © (RN(:)CMB:Q)C(?; [T:mmme) RIBONUC- fAD | I ECH | DEOXY NADH PER DEHYDRO DEHYDRO COO':‘H 2H,0 nz ﬂ QH H c c CH2 (OP),
bidirectional (amphibolic) pathways. Points on both ends of arrows indicate reversi- DNA deoxyribonucleic acid chlorophylls). ! 31) Mitochondrial chain elongation of palmitoyl-CoA occorus by reversal of B-oxitation. Only [ H H Vd GMP SYNTHASI H H) €—7——————— ~ -] ‘ ATP Mo 4 g+ LEIC ACID NADP* NADPH+ H* HQN/CQN/C_ NATP ADP HNTOY DNADREC:  RIBON C- OX\DASE GENASES GENASES @’ N HN | N\\C,H L HN C C & CH,—(OP), ' H
4 rli""y' An orange arrow alongsite of it shows the preferred direction. ETF Zrezcytrrgi transferring i ’ 7) In animals, the fatty acid is removed from ACP by oleyl-[ACP] hydrolase and is sub- enoyl-CoA reductase is different. The microsomal system employs malonyl-CoA ' | ATP NH c ¥ ; H H [ NUGLEOSIDE _ \ N1 ATPASES STIN Y » [(RNA) psG] LS hechar P-OH.C P-0-P-0-H,C TED DNA LEICAEJ Y 2w /{\ i NS )\\ ‘ CH A )\
) Regulatory effects are shown in orange. Metal ions and similar activators are located glectron tansbe?rrnjg lavoprotein (transfers sequently converted to acyl-CoA. instead of acetyl -CoA. | OH OH \ 3 AMP+PPi Pi DIPHOSPHATASE H0| (serveral known) ] H ﬁw T **\V REDUCTASE (NADP) Mg+, 2 POLYMERASE 1D N|COT|NAM|DE ADENINE N|COT|NAMIDE ADENINE MALEAMATE 2 TETRAHYDRO- H,N N HN
next o the reaction arrow, Effactors with a “fast" regulation of the flow (. g. by allosteric Fas0 o corrﬁ'\osid?:: 'qunUnﬁ‘) 8) This conversion proceeds by kinase and uridilyltransferase reactions. 32) The yeast system is shown here. The central SH group is written at the bottom, the | HYDROXYLAMINE OH OH Pi H:0 OH OH |(RNA) vir ACTP glNg pp; (seepart2) Ny GUANYLATE HoHA »| KH H DINUCLEOTIDE, NAD DINU ~COOH PO),— PTE "“
mechanisms) have a continuos orange arrow coming from the side, those with a FAD flavin-adeni er:fym? (Ni) 9) Intermediates in the glucoronate conversion by induced enzymes in E.coli are marginal SH group at the top. In animals and in E.cofi, the enzyme, E(SH),, is replaced | Mg** H0 5 NUCLEO- Q e P (RNA) (THIOREDOXIN H KINASE H H SRR H H 1 CLEOTIDE-P, NADP H’ﬁ (FOLTHE o FreRm 8H0
slow" regulation (e.g. induction or repression of the enzyme synthesis) a dashed [FADH2 avin-adenine dinucleotide D-fructuronate and D-mannonate, in the galacturonate conversion D-tagat by acyl carrier protein, ACP. Cor*+Carr N, mhone HYPOXANTHINE s emeate) SYSTEM) OH H DIPHOSPHATE KINASE (DNA) PRI ===, N
] orange arrow. ~d Fd ferredoxin 5 J agaturonate and 33) Examples are GSH-h tei e | o**+Ca**  TIDASE PPi deficient in Lesch-Nyhan- RNA-DIRE OH H H ! H g A HoH (6-PYRUVOYLTETRA-
1 g , ecrease of enzymatic activity. Roman numerals N N fomedox _ D-altronate. p omocysteine transhydrogenase and protein disulfide reductase. B OATP n Lesch-Nyhan-syndrome, goat P-RIBOSYL- CTED (Note 34) dTTP, dCTP, dATP | 1 : 1 —NH, 3Pi
:gdpl(a:?;tg:' that onI% or:e of mul?lple enzymes is regulated this way. Regulators shown Fp 2 "a\\llll'l;]l;?olee?ITE mononuclactide 1?)) 'IIP some microorganisms,cystathionine synthesis takes place via O-acetyl-L-homo-serine. 34) Reduction o;nucleosl_de diphosphates was observed in E.coff and in eukaryoles : XANTHOSI NE LEMN e JRANSFERNSE URATE depo- RNAPOLYMERASE (Note 3) Mg**H.0 —\\ Mg*+,... (dC)p(DNA) | | NZ N | *m H " g\‘((ﬁ?&F;TEE)R\N 3H,0 2-AMINO-4 HYDROXY-6-(D-erythro)
ses are effective in only one group or species of organisms. . " . he enzyme funktions for formation and degration of fructose-2, 6-bisphosph: ’ tripf takes place in L - <«——— deficientin it = gout . + 5-NUCLEO- - —— templat ATP ARP K ScH OH : N N ~o-(D-eryinro)
5) Compounds enclosed in black lined, sharp edged boxes occur n several places in the g%}; fc;\llc\efslflim\::atlng hormone are located on the same peptide chain. T aative aetivtios are regulafgd ?)‘yephos— E.coli, thioredoxin and thioredoxin reductase may be replaced by glutaredoxin, glu(at. ! ? TRANSFERASE e e ndrome oat sit = gou XAN. Not in primates, Co**+Ca <)T|DASE P (as template) | i 1 \y | ot o OH 6(R)-PYRUVOYLTETRA- Mg+ 2 RIHYDROXYPROPYL-DIHYDROPTERIDINE
chart. Coenzymes or compounds with very simple structures are not in boxes. glucose 6-phosphate ) phorylation and dephosphorylation. In muscle, the phophorylated en > hione reductase and by glutathione. | O <« IMP,GMP URATE . ptiles PPPi I S e ___1 N | B HYDROPTERIN DlHVDRONEO-PT
6 N GSH,GSSG luatathior dized gl H phophory| zyme increases : ATP HN C—Ng PURINE. XANTHINE URATE RIBO. K [ ERIN)
) Boxsa it ounded comers oo someings s i part b o st arzymes GSHCSSC hG Sluatathione.cxidized glutathione biphosphate formation. In lver, it is the dephosphorylated enzyme which shows 39) The enzymes are nduced n Teverrphage-infoced E.col [l I 1 ScH pi NUGLEOSIDE o PURINE GUANINE NUCLEOTIDE 2H:0 H,0; ALLANTOIN ALLANTOATE  2'- DEOXYGUANOSINE ! NAD l 2,5-DIHYDROXY. 2 H 00 OH on
ack, active in blue). Protein sequences are abbreviated by s~~~ S : : e 'S this effect. feree spiit this way. The enzyme splits between | @ Ca ~C—NE 1 [9) URATE  PHOSPHO- & H CO, H [o] o 1 -0- 0, e N H
7) Compound names in orange boxes indicate excretory or end- products of metabolism. :_IQS chorlomlc Eonadotropm ) 12) While in microorganisms the existence of two enzymes has been established, in pyrimidine and purine groups, forming 5-nucleotides. Other splitting types are also known. I o 0% \N AWL» i ONC N NUCLEOSIDE S b SRATE  RVRE O Cen 1 . ol N 2oom pi PURINE o H KINASE CH,-0-P-0-P-0-H,C i PYRIDINEOH N N ‘CL‘CLCHS C C CH,OH
8) For ionized compounds, the name of the salt is used to correspond with enzyme . ir:‘eerézfocr)] eptanoyl-threonine-P Mammals probably only one bifunctional enzyme exists. g 37)In marrf\y species, the biosynthesis of purines, pyramidines, amino acides, fatty acides etc. | == HO-H,C O |m— = ————— —> | I Sch ~c— No NUCLEO-€¥ ~—— > | :C— u » ? e - ? | PH,\:)LJS%I;-E)ORSYIE:S HN/C\C—N 1 H H I = OH OH /k | H HH
names. Structural formulas, however, show the free acid o base, since frequently at FRIbRIME interf Yoo 13) The equilibrium of the reaction is shifted homocysteine through removal of adenosine is performed by multienzyme complexes or even multifunctional proteins. 2 PURINE NUCLEO- G ~C—NC - Il ~cH Pi 20, C—N URATE 2O SN ALL 120 P CH E | I Sch 1 H H 1 H,N SN N H ].
physiclogical pH different grades of ionization occur simultaneously. Therefore U \IMP, inosine nucleotides,inosine via adenosine deaminase reaction. 38) NADP is used by animal and yeast enzymes, NAD by the bacterial enzyme ! H H SIDAS| o N"A S yH § PURINE NUCLE /D* C—n~ SIDE © N H OXIDASE O NHoH o NN o - C C—N~ N, C (\: or= H
participation of H* or OH" is not shown (except in NADH+H*and NADPH-+H"). H oo, s luteinizing hormone 14) Glutamate dehydrogenase is activated by phosphorylation, catalyzed by protein kinase 39) Intermediates are phytofluene and t-carotene. An isomerization cis ' I naoH, Jw H b HO E WURAAN H,0 SIDASE NN H H HpH pEOXYRIBOSE-5 p | HaNT N7y | Ty L T T T T rPTYTTYT Y oHcP 1| HOgN CH H .
= = 9) Organic phosphate is abbreviated to -P, inorganic phosphate to Pi, pyrophosphate to PPI. Lip gy PSS a-lipoate Aor possibly by calmodulin-dependent protein kinase and activator protein. It is de- trans takes place. (R F OH MOLYBDOE 09 \\\ hJ NH, ALLOPUR'NOL H0 f"MOLYBDDr ALLANTO- IFHZo ! | Sso P H,0 7 g‘g,;%%“—,Z Ao+ 3 ETERIN and SERIARTERI HYDE DIHYDRONEO-
Oc e I O c e m I ca Pathways 10)/2” amin?;‘cids can be attached to their respective tRNAs by the appropriate ligases. MFR methanofuran 15) ?ﬁ"Yz‘ef{?;’ dietﬁhosphorylation, which is catalyzed by a phosphatase. 40) Forrﬁnahon( of a-Par;ﬁ B-carotene ocours via y-carotene. o-carotene may also be formed ! o o xANTLEEIé\Il AREY \~ Dgﬁﬁm; ¢” deficient in H.0 )’ PTERIN ‘CASEJI / /' L-GLUTAMATE PPi TS *R NAD(P) : COo, / NN 2 NADP* ;EEE‘(?T:?ESS%ZPSI:;:;ERIN D-erythro- TERIN
ome of this reactions are shown here as examples. N i : e identity of the enzymes catalyzing both reactions h: via -carotene. Pathways starting with a cyclization of neurosj i I K w \ - - Xanthinuria NUCLEOSIDE NAD-SYNTHASE l’rv . +
11) Cellilar surface membranes, membrancs of the endplasmic retioulum, of the Golgi NAD" NADH-+H" A o le0lide MuclsosIde nucleonass 16) In Pseudomonas, the oacion pracei uia S.aminovaleramids o-aminovalorats and” 41) Th regulation ofcholesiorol 7  monoos gonaet & conrelarcd 1o the reguiaton of - T K oxoasel N e ZSSIal eyl il 2 _&—\‘ XANTHINE SIUREIDO-4- S-AMING-4- 225 R Ebo %ﬁfwﬁNeEg DEOXYRIBOSYL- Dsﬁgé‘{ézé@la?m%lchll_go- . //(GLUTAM\EEGHYDROLYZ\NG) MoMP SaNADE S NUS%ESE L gon ) ST ho ey GLYCOLALDEHYDE 6(R)-5,6,7,8-TETRAHYDROBIOPTERIN NEOPTERIN : ALDOLASE
- apparatus eto. have approximately th / ] . 4 . wootinamice-acenine cil i glutarate semialdehyde. ydroxymetheylglutaryl-CoA reductase. [FEosErE]  HoA S oIoC — IDASE b ANSFERASE 9. -GLUTAMINE ATP - Il HYROXINE
4th Ed |t|0 n Pa rt 1 - Ed ito r- G e rh a rd IVI i e\[/)gr, they have been sg\?v):ﬁapearyt 2 ew?;%?ff‘;:;h?svsizih'::r graphical raesons, how gégg NADPFH 2:i‘zijotﬂgsgiqr:d;ra\giiclengoilfr;l:g:?geg?;epi:osphate 17) In yeast, the reacnory\ proceeds via 2-hydroxy-6-aminocapronate and further inter- 42) This reaction may a|5rg°CCUf with the 26-hydoxylated compound. : H:0 g RIBOSE-1-P HY?S;'ANT 20D N CARBOXYLATE CARBOXYLATE UEEA GLYSOLATE 2 A»// AMP > H20 e FERASE ~ = N 4 -~ L_ U= 2 OH 2-AMINO-4-HYDROXY-6-HYDROXY-
y - Ic a 12) While nofations for genes are written with smallletters (.6, raf.), the respective gene PAP atonoaine.3. & dishoaphato or via 5 . alerate and further steps similar to Pseudomonas. 43) These steps are analogous to the reactions of cholate precursors. | A5 IN (O)SIN E PURINE- HIN E// NH, H.0 ADENOSINE ADENINE DEAMINASE ™ ADENINE ~ ~ H,0 HHSOC H,0 CO, NH, HOOC\ Oié &/OHNH \ DEAMIDO-NAD NICOTINAMIDE _ AP NICOTI NAMIDE // 2-AMINO- 1 1 ; METHYL-DIHYDROPTERIDINE
products (proleins) are witen wilh caplalized frst eters (¢.g. Raf.). Another way of PAPS 3-phospho-adenylylsulfate ?lg; %r‘ﬂy pelptldeta -bound lysine and proline are hydroxylated. 22) 'Fl'hese reactions appear to be similar to fatty acid activation and 8-oxydation of fatty acids. 1 NAD+* o 2 NUCLEOSIDE [} P 2 NH ~-A__ > cH \ 4 4 > H NQCH o I |2 2'-DEOXYADE N OSINE ADENINE DNA-DEGRADATION 9 NUCLEOTIDE Vg 0 6-HYDROXY-"  MUCONATE | C C CH, N X SH o
g:ﬁlljglgral\llng 3\1:1"51) is p 74 ¢ indicating the molecular weight (in kD) and the origin (c = ggg phos;rhoe_no‘lpyruvate a ;;r:ng?::efﬂel:}:f;ﬂigidceg:gm’:gv:yng?%%:;z?u%;lug;veege 9.Prototheca zopfi). 46; |r:!(:edeeed(i):gshglfal‘heiyssrinﬁirsatle(:;l::;gggﬁﬁu‘adS aro alse f}?arT:g' i | % H"“/ \ﬁ* N§ PHOSPHORYLAS HN/C\C—N\}/ ERADDEENB\‘S?NE‘ N4C\C N 04 \N/ - HNT L= ) - S HO/(‘:\ S, <o PURINE NUCLEOSIDE NH, Y\ Z ‘ C-OH H.0 PP Z C*NHz NICOTIN@EEH = : o OH OH H N)\\N ! = OH CH,OH
V= - pyrroloquinoline quinon: o een = \ ) - ! ) Pi i N B
PRRP JD_s_ghosphorﬂ)ﬂsy,,gymphosphate 20) (S-adenosyl-5')-3-methylthiopropylamine is formed from S-adenosylmethionine by 47) A B-oxidation type reaction takes place. ! HCx ~C N o o o #HJ& /(‘«l—N/CH INOSINE) He c‘ NECH H " T UREIDO- || 4% N Y AN N : | z \ Osc ‘ | ’ H)N\ | H
Pyr P pyridoxal 5-phosphate S-adenosylmethionine decarboxylase. t is involved in spermidine and spermine bio- 48) In plants,epoxysqualene cyclization leads to cycloartenol. [ N k 1 NUCLEOS“DASB N H SN co. ‘)I GLYCOLATE I Pi * S N N NICOTINAMIDE j N X HO™ __C NH, | AN | H HNTSN N H
RNA Fronasisio atid synthesis. 49) Many C, iransfer reactionstake place with polyglutamyl derivatives of tertahydrofolate. I HoH,e O | T by HoH.C O FORMIMINO Y LYASE # : N s RIBOSIDE' (™ § HO N 0%\ oH I A Pterine NADP* * DIHYDRO- ’
MRNA,rRNA tRNA messenger.riposomal,transfer RNA 21) 3enzymes of this function are known (crotcnyl- 3-hydroxyoctanoyl-, 3-hydrosy- Glutamate addition to the tetrahyrofolate moiety is catalyzed by folylpolyglutamate ! H H Sl ’ GLYCINE AMINO- PR ool 1 NICOTAMDE) | <€Z— NaD H,0 ICOTINE - 7 | HaNTTNT NS TCHs bi ; PTERIDINE 2-AMINO-4-HYDROXY-
- - ©2017 by Roche Diacnostics GmbH,68298 Mannheim,Germany R-S-8-R disulfide of amino acids or pepdides 221 Secanoyt and S-hydnoyp synthase(EC 6.3.2.17). [ H H ADENOSINE HoH IMIDAZOLE GLYOXA-" UREA Nieosier ~ 1 L EOTIDE +r : AMIDASE JcyTo. NADH+H" <t} ity H iosynthesis NADPH + H* =y REDUCTASE AP 6-HYDROXYMETHYL-
www.piochnemical-pa hwa S.roc h e All ights reserved.No part of this chart may be reproduced in any from without written THF 5,6,7,8-tetrahydrofolate ) The E.coli sequence is shown. In rimete, hydroxybenZoate is formed from phenyl- I defcient HYPOXANTHINE DEAMINASE H H NH: 2H.0 HE—N LATE  [NH DEOXY ZREG | T DEOXYRIBOSESF 1 ADENVLYL: | o NHs (cHRoMES AL ey I Mg**)|  DIHYDROPTERIDINE
- m Eermis‘s_li_on from the puplisher. THMPT fh 8-tetrahydromethanopterin f\yé:‘::l'ae“s; g:ggtﬁyme;eyrlpy{uvzte The further steps proceed via coenzyme | OH OH ﬁyﬁfﬁm P o RIBOSYL- OH o A J - L D TR g N)cn aed NUCLEOTlDE | TRANSFERASE & ATP . ACTTPP GTP, /Lo, ” SE“:%QSWDE : L AP [ DIHYDROBIOPTERIN (QUINOID) | AVP PYROPHOSPHOKINASE
ayout, Typesetting: CMS - Ci Medi: i i ThPP iamine pyrophosphate [ 1 ifferent order. - — —— = ) uTP /7 -
Pr\n!ing:%"‘l)'URTZ gGMBH,WU:;[fjrg edia Solutions GmbH,Wiirzburg TTPTDPTMPT deoxythypmy|d|r‘:e nuileoué;?irebg:yyt:;r?ld|ne 23) Other Enzymes catalyzing conversions of lactate to pyruvate are D-2-hydroxyacid : . Pi A syndrome TRANSFERASE ATP, ADP, AMP znH MI(:‘LOV_(I;EI\L%;?;QAASE SAMINoan. I‘—I NH: - Pi‘¢ in Cgégir;bzr.Romo. 1 NICOTINATE - NﬁD(; =% GENASE | \’Mgﬁ 2-AMINO-4-HYDROXY-6-HYDROXY-
Printed in Germany UDPG Uridine diphosphate glucose dehydrogenase and glycolate oxidase. | 9 5'.NUCLEO- <ImMPy,  GTP, GDP ho ADENOSINE 5 NUCLEo- deficientin Lesch-Nyhan syndrome ZOLASE Mg 5'-NUCLEO- IMI ! NUCLEOTIDE , . NICOTINATE 2 AMINOMUCONATE | AMP oy, METHYL-DIHYDROPTERIDINE-PP
K UTP.UDP,UMP.U i et s | cwwc;y TIDASE ocmp NH: o NosINE TIDASE POLYRIBONUCLEOTIDE NUCLEOTIDYLTRANSFERASE ottt Cam TiDASE : A -COooH Pz + SEMIALDEHYDE ! i &o-p-o-p (4-AMINOPHENYL) 9
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oo (GAR) (FoAR U'NORLEUCINE 5-AMINOIMIDAZOLE ~ CARBOXY-5- CARBOXAMIDE)- 4IMIDAZOLE CARBO 5'P-RIBOSYL-5-FORMAMIDO- ¢ N-HYDROXY- ook _¢& LATE _C., PHOSPHORY- Yy N REDUCTASE (NADP) W e QUINOLINATE i AN ! . HaN H,—C—C—C—C—OH "
2-DEHYDRO- L-ASCORBATE L. DEHYDRO- '\ ) (FGAM) AIR AMINOIMI XAMIDE | I ScH | AMINOACETATE, =Cnp KINASE NZ >C—N NZ T C—N \ 4 I X, non-enzymatic, AMINOCARBOXY | CR S HoN COOH
D oA Y- 2:DEHYDRO-S DEOXY- PYRUVATE L-GULONOLACTONE L-GULONOLACTONE (VITAMIN C) ASCORBATE  \ HaG—NH: H.C—NH H.C—NH AR PAZOLE 5-AMINOIMIDAZOLE (AICAR) 4-IMIDAZOLE CARBOXMAIDE S HCxy~C— N AP, GuiP, GoP VT N 1T o g LATON a1 T Seu | onaDirectep \ NADP* | NADPH - H* NETENG 40\ 1 co. < TR N COpH G024y MUCONATE. | OH OH OH 1 v \ T TEROATE
- ARATE D-GLUCARATE - \ L-THREONATE [ 2C—NH_ =C— Ny HoOC I5) P E 2 ¥ 7 C. C—N-~ RNA POLYMERASE \ CH DEOXY) | SEMINALDEHYDE SYNTHASE
COOH H not H 7 3-DEHYDROTHREONATE 5_p_B_D_R|BOSY|__ C—NH | CHO I Sch SCc—N, "o AMP, [ ) HCS~C—N 0 < c N~ ADE DEOXY- (DECARBOXYLATING) ! | CO, {RIBOSE}
COOH 200 H t m \ O, C—NH _ _ N : v AMP, AMP, p-0-H,c O SN Hour SHn P HTOSN (GTP(ONA) (23 tomp Cn NYLATE Hes, ¢ , DECARBOXYLASE po. 2
H-C-OH é’OH 2-DEHYDRO e (:::O 6 H-G-Ol nman H’(:;’OH Hc A(/ H-G-OH ot N/t NADJJrH* ey - 2" HzN/C " (‘,l N\CH ASPARTATE H ((:‘:Hli/(”:\c GMP H?N/C\CfN e HzN/C\ﬁilk PYe I GD?PI P-OH.C O Pi H 00u ' P-0-P-0-P-0-H.C O Ay U r&ie i EIEBICONgC- — P- O. ATP ATD‘QASE N /O D'pétr)DgﬁlE/fr RIBONUC- QUINOLINATE NICOTINAMIDE 2-AMING-3-CARBOXY- ! PRI < EI$§§€§ZY2G|-UTARATE ¢ (SfULFON\AM‘DES
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‘JCH Hé-on doon ETHYL SMETHYL. TRANSFERASE b [HOMOGYSTEINE] SFERSE| | o-AP-or-ron =l -0 CH-GH,-GH,-0-P-0-CIP HO N H ' : GENASE (2 known) 40 aceryconl || chuvoouim ANy ! A VIl PHaTE synTHasE [ ) b « 7 nan ADP, FIIN L/ ap Glutamate N 5L, i erospHory. g,/ NA{F’H+H+JNADP+ i oiHYORO. PROPIONATE 5 ireino. B-ALANINE THYMIDINE  250X7 v miNe 3-UREIDO- (R)-3-AMINO-
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FORMYL- CH H LENE-THMPT [GENASE [HN-G-H | SERINEPAL- ~ 3-DEHYDRO-  ROSPHING- ? H,C-OH 9 ACETATE - i I L2 LYASE succl TASE - COOH 4. Pi CARBAMOYL- ¢ ® €] H 1 I Q 1 5-AZAOROTATE I (dA) p (DNA)(as template 2 o o o
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