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Summary: On the basis of 8 tryptophan synthase B8 subunits (EC
4.2.1.20) consensus patterns were constructed comprising two
conserved motifs. Screening of the SWISSPROT protein sequence
database with these patterns indicates similarities with o-
acetylserine sulfhydrolases (EC 4.2.99.8), threonine synthases
(EC 4.2.99.2), L- and D-serine dehydratases (EC 4.2.1.13/ EC
4.2.1.14) and threonine dehydratases (EC 4.2.1.16). Using
multiple alignment procedures the similar regions could be
extended. In connection with their pyridoxal-phosphate~-binding-
capacity and their positions in biochemical pathways evolutionary
relationships among these enzymes are discussed. ©1990 academic Press, Inc.

With the progress in sequencing technigues more and more
primary structures of pyridoxal-phosphate-dependent enzymes
become available. This offers the chance to get information about
tertiary structures, functional mechanisms and evolutionary
relationships. Since pyridoxal - phosphate is a cofactor of
different enzymes like transaminases, decarboxylases,
rhosphorylases, dehydratases, synthases, sulfhydrolases etc. and
since pyridoxal-phosphate is able to catalyse many of the
respective reactions alone (without enzymes) the structures and
sequences of these proteins can be expected to vary to a great
extent and there is no reason for a common ancestor. This is
confirmed by high resolution X-ray crystallography of glycogen
phosphorylase A and B (1,2) some aspartate aminotransferases
(mitochondrial isocenzyme from chicken heart (3), cytosolic
isocenzymes from pig (4) and chicken heart (5)) and tryptophan
synthase (6) for which no structural homology could be obtained.
Other than, for instance, in nucleoctide binding proteins (7) the
binding sites (around the essential lysine) are different in the
published tertiary structures (1,5,6).
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Pyridoxal-phosphate-dependent enzymes are involved in many
biochemical pathways, but an accumulation is found in anabolic
reactions of the aspartate family and in connected pathways. Some
homologies among pyridoxal-phosphate-dependent enzymes of the
biosynthetic pathways of the aspartate family could be identified
(8). Despite different functions they seem to have similar
structures. Recently, distant homologies were found also between
some aminotransferases (9), but the enzymes of this family act in
a completely different way.

As a further application of our simple property pattern
search method (10), which was also sensitive in identifying dif-
ferent nucleotide binding sites (11), we propose here a distant
homology between tryptophan synthase g subunit and other
pyridoxal-phosphate—~dependent enzymes. Homologies among this
family of pyridoxal-phosphate-dependent enzymes allow structural
and functional insights in the mechanisms of all these enzymes
and provide some hints related to the evolution of biochemical

pathways.

Materials and Methods

By means of FASTP (12) the sequences most similar to trypto-
phan synthase f subunit of salmonella typhimurium (with known
structure) could be identified in SWISSPROT protein sequence
database (release 12.0, containing 12305 sequences). Significant
matches were given by tryptophan synthase B subunits from other
species and the equivalent part of the uncleaved yeast enzyme.
The 8 sequences found in this way were aligned using our program
MULTIS (13) which allows to compare up to 15 protein sequences
now.

In tryptophan synthase pyridoxal-phosphate is covalently
bound to an essential lysine of the B subunit (or to the
equivalent region of the uncleaved enzymes). A second conserved
region is a glycine rich turn which ligates through H-bonds the
phosphate group of pyridoxal-phosphate (6) . For these regions
property patterns were constructed using PAT (14) . This procedure
leads to rows of amino acids in each position of a sequence
segment (fig.1lb). With these patterns the SWISSPROT database was
screened.

Since our simple property pattern procedure is able to
recognize also distantly related proteins (10), for multiple
alignment of protein sequences with a low degree of amino acid
identity we have developed an additional program PULIN, which
carries out the multiple alignment via an iterated profile
alignment (15-17) using the Dayhoff PAM250 matrix (18). We used
PULIN to align those proteins, for which some similar regions
were detected by our property pattern method.

Results

When the SWISSPROT was screened with our property pattern
comprising the two motifs described above in addition to the
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a)l
lysine-motif glycine rich turn
codes proteins
pos m sequence segments pos m sequence segment

CYSK$ECOLI O-acetylserine sulfhydrolase 25 3 NGRILAKVESRNP-SFSVKCRiGAN 167 3 GAVDVFIAQVGTGGTLTGVSRYL
CYSK$SALTY H 25 3 NGRILAKVESRNP-SFSVKCRiGAN 167 3 GAVDVFfIsgVGTGGTLTGVYTRYL
SDHD$ECOLI D-serine dehydratase 100 2 SGALLLKKDSHLPISGSIKaRGGIy 269 1 DNPLFVYLPCGVGGGPGGVAFGL
SDHL$RAT L-serine dehydratase 24 1 GTSVFLKMDSSEP-SGSFKIRGIGh 194 0O AKPGAIVLSVGGGGLLCOVVAGL
THDI4ECOLI threonine dehydratase 45 0 DNVILVKREDRGP-VHSFKLRGAYA 178 1 AHLDRVFVPVGGEGLAAGVAVLI
THD2$ECOLI : 41 0 KGEIFLKFENMGOR-TGSFKIRGAFN 174 0 YDVDNVIVPIGGGGL IAGIAVAIL
THDH$YEAST s 92 0 NTNVILKREDLLP-VFSFKLRGAYN 228 0 NKIGAVFVPVGGGGL IAGIGAYL
THRC$BACSU threonine synthase 42 1 GIELHVKtEGVNP-TGSFKDRGMYM 175 O EAPDVLAIPYGNAGNITAYWKGF
THRC4BRELA H 42 0 GVALYGKYEGANP-TGSFKDRGMYM 175 © NAPDVLAIPVGNAGNITAYWKGF
THRC$ECOLI H 90 2 ESDVGC1ELIFHGP-TLAFKDFGGRF 238 3 RNBLVVSVPsSGNTGDLTAGLLAK
TRP$YEAST tryptophan synthase 347 O GARIWLKREDLNH~TGSHKINNALA 520 1 kLPDAVVACYGGGSNSTGHFSPF
TRPB$BACSU tryptophan synthase B subunit 23 0 GAKIYLKREDLNH-TGSHKINNALG 225 O TMPDKVYVACVGGESNAMGHFQAF
TRPB$BRELA : 82 1 FARIFLKREDLVH-GGAHKTNRVIG 234 1 KLPDVVVACVGGGSNAIGMFADF
TRPB$CAUCR : B2 0 GAKIYFKRDELNH-TGSHKINNALG 234 0O RLPDAVVACIGGGSNATGLFHPF
TRPB$ECOLI : 49 O NTTLYLKREDLLH~GGAHKTNQVLG 221 ¢ RLPDAVIACVGGGSNATGMFADF
TRPB$PSEAE : 76 0 GAKIYLKREELNH-TGAHKINNCIG 228 0 RLPDSLVACIGGGSNAMGLFHPF
TRPB$PSEPU : 78 0 GAKIFFKREELNH-TGAHKVNNCIG 230 0 RLPDSLVACVGGGSNAMGLFHEF
TRPB$SALTY H 49 0 RTTLYLKREDLLH-GGAHKTNAVLG 221 0 RLPDAVIACVGGGSNAIGMFADF

b) corresponding allowed amino acids:

tryptophan synthases also the prop
binding sites
synthases and a serine

few deviations.

Fig. 1.

Lysine-motif and glycine rich
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The respective region
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s of the detected enzymes

were used to improve our property pattern and the SWISSPROT was

screened again.
threonine dehydratases and serine dehydratase
were found. In addition 2 O-acetylserine sulfhydrolases were

detected for which similarities o

tryptophan synthase B subunit were described (19).

the results of this run.

first and up to 4 from the second motif were
n- SWISSPROT only the proteins shown in fig.la
With a third run on the bases of property

12305 proteins i
match both motifs.

patterns derived from all regions shown in fig.1,

With this second run all threonine synthases,
s of the SWISSPROT

£ their C-terminal part to

Fig.la shows

Up to 5 mismatches (deviations) from the
allowed, but out of

no further

sequence segment was detected before '"noise" appeared.
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4 445 434 333304, 34 345,134.3..33 434 4.,

a. § TRL L L KE P BSKR A B K
THDLSECOLT 0 HHITYDLPYALDDY 1EAKGRLABRIYKAGHPRENYFEERC-~~~KGEIFLOFANNOR-THIF 14BAFNKLSSLTDAEKRUEVVACS-- B2
THOZ4ECOLT 0 NADSOPLIGAPEGAEYLRAVLRAPVYEAAGY AN OKHEKSSRE-~~~DNVILVARRDRGH-VHIF AL KBAVANHABL TEEDKAHBYITAS-- B4
THDHS YEAST KL TPDYVRL--~YLRSSVYDVINESE | SOBVRESSRE-~--NTNVILAREDLL #~VFAFEL AGAYNNIAKL DDSURNIGY IACS -~
THRCSBACSL 0 MAKEL I HOYKEFLPYTDATPALTLHEGN##4 LHLPKUSEQE-—~~G1 ELHVATEEYN-THEF DYGNVNAVAKIKEENDT IN-CAS— B2
THRC4BRELA 0 RYKBLLKRYASYLPVNEKTPDVHLMEBN#N4 IPLLNISKOH-~~~BVALYG#YAGANR-THIFEDIGHVNAVAKEKEEUSERT ICCAS-- B3
THRCSECOLT 28 GLFFPHOLPEFSLYEID--~-EMLKLOEVIRSAKILSAF I6-~ BCLELFHB#-TLAFADFE TH]ABDEP
sdhlshusan 0 MMBBEPLHY-KiH# IRDSNARSKNA----BTSVYLANDSAQE- 4 #F #1451 GHFCKRNAKDICHHFY-CSS-- 44
SDHL$RAT 0 wemenn ~=-HAAGESLRY-KHHARDEMAREKVA-~~~GTRVFLUNDSSOH-SHHF THBIBHLCKNKAKBACKHFY-CSVY b6
SHODSECOLL 32 TTTLAEGLPYYBLIEQDVODAHARL SRFAPYLARAFPETAATGE 11 ESELVAIPANGKRLEKEYOOP I--~-SBALLLIKDSHL #1548 1HAYBEETYEVLUHAEKLALEABLLTLD 148
TRPBSSALTY 1 TTLLNPYFGEFGEHYVPRILMPALNGLEEAFYRAGKDPEFQABFADLLKNYAGRPEASTKCONI TAGT~~--RTTLYLRRDLLH-GHAHNTNOVLEOALL AKRNIKSEITAETE-~ 110
TRPBSPSEPU 9 GPDANGLFGSFGERYVAETLMPLVLDLAREYEAAKADPKFLEELAYFORDY 1GRPNMAYFAERNTEHC-~-06AK IFFARNELNH-THAHOVNNCT GOVLLAKRNOKKRLIAETG-- 119
TRPESCAUCR 12 YPDAEGBRFGEFGBRYVAETLMPLYLDLGKAYADAXADPEFQADLKEYNTHYAGRPSNHYFAERKTEHF-~~GBAK ] YFARDELNH-TAXHIINNALGRILLONRNKTRI LAETE— 123
TRPBYBRELA 10 STLLPAYFGEFGBAFVAESLLPALDALEKAFVDATNSPEFREELEGYLRDYLERPINTECENYPLAREGKEF ARTFLARIDLYH-GHAHNTNGY] BOVLLAKRNSKTRIIAETG-~ 123
TRFBSBACEY 4 YPNEIGRYGDFGBKFVPETLNGPLDEIQTAFKGIKDOPAFREEYYKLLKDYSBRPRANTYADRVTEY#=--GGAKI YLARRDLNH-THIHE INNALGAALLEKKMEXTHI IAETE~ 114
TRPSYEASE 0 --KHPIRFGDFGGQYVPEALHACLREL EKGFDEAVAIPTFWEDFKSLYK Y I6RPSSUHKAERS TEHC---GBARINLRSDLNH-THIKNINNAL A R ET8-~ 109
CYSKSECOLI O MAKIFEDNSHT IGHTPLVRONR IENGRILARVESRNS-SFAVECHI BANNINDREKRIVLIPBVELY— b
CYSKSSALTY 0 NAKIYEDNSHTIGHTPLVRINR IGHERILARVESRNA-SFAVACHIBANNINDIEKRAVLAPEVELY-- 44
hhhhhhhhhhhbhh  hbhhhhhhhhhhh — bbbbh  ttt bbbbobb ¢ t  hhhhhhhhhhh bbbbbbb
3144 4,5 ,455545,5.44.4 4.3 3 33339, 33 .34,
BNGAA ANARLE K TI N P f A
THD2$ECOLI B2 ABRHADBYS-LECHNEY IDBKYVR=mnmmnem #KBAPK-=-EKVARTLD====nm-m=~ YSAEVVLHBDNFNDTIAKVSEIVE 143
THDISECOLI 84 AISHABGVE-FSSHMIVEALIVE -~ - ATATAD===TKVDAVRB === emmaem s FEBEVLLHBANFDESKAKATELSD 147
THOHS$YEAST 133 -~ UHAGEVY-FHRKHK I PANIVE - oo VLIPS~ [KYONVER-= ===~ L.BSQVYLYENDFDERKAECAKESE {94
THRC$BACSU 82 THTSANAS-AYEHANNACTVI ] =om e ANGK1AF -~BKLAQAYN--~~--~--- YBAEIIAIDENFDDALKIVRSICE 144
THRCSBRELA B3 THRTSASAR-AYHHEREMECTIV] -mommmmen HEBK IAH~~BKLAQAYN-~-~-=---~ YBAEITSIEGNFDDSLKAVRNINA 144
THRCSECOLI 432 TS4DTRARVEHAFYGLPNYAVVALY -=mmmm- ARBK ISPLAEKLFCTLB~===wm=n BNIETYALDBOFDACAALYKGAFD 198
sdhlshuman 64 AEARMAAY-YRDIIVPARIVY--- -—-—-- #6TTPALTIERLKNEGATCK~----~~ YVBELLDEAFELAKLAKNNPEWY (31
SDHL$RAT 47 QINGSRMRGRSHGDEOPHVRSAALLPDTPSPLTAKEARNATH=YHIREHLPAMVY -mmmemmem 45TTPALTIERLKNEBATVE-~---~~ VVGEMLDEAIGLAKSLEKNNPENY (46
SDHDSECOLI 145 DOY§~~-~=-=-- £LLSPEFKOFESQYS|AVESTHRLALS1E~THSN UL HF BVAVHY -mve =o - SADARAN- =K KAKLREm==mmme-n HBVIVVEYEQDYBVAVEEGRKAD 129
TRPESSALTY 110 AUGHAVESA-LASHLEALACRAYHGAKDVERRSENVFRNRLHGAEV IPVHSBSATLK-DACNEALRDNSGEYET SHYNLETA®S 192
TRPBSPSEPL 119 ARMHRYATA-TVAR4FALPCVAYRBATDI ERDQANVFRKLLGAEIVPYTABTETLK-DANNEALRDNVTNVEDTFYLIGTVEG 201
TRPBSCAUCR 123 ARRHEVATE-TVCHIF ALPCYVYRBATOVERRKNNVFRNNLLGAEVRPVSSE TETLK-DANNEARRDNVTNVHDTYYLIGTARE 205
TRPB$BRELA 123 ARBHATATH-LACHLHILECVVYNBAKDVARDRANYYRNOLHGAKVIPVESGSETLK-DAVNEALRDNTATFHESHYLLETRAE 205
TRPBSBACSY 114 ANGHAVAPE-TVHKFAFSCAVFHBEEDY ARBSLNVFRNKLLGASEVVPVTENETLK-DATNEA IRYNVAHCEDHFYNIBAWYE 196
TRPSYEAST 109 ARGHIVATY-THCHKF UL TCRVFHBAEDVRRAALNVFRARTL BAKVIAVTNG TKTLR-DATSEAFRFWVINLKTTYYVVEBALE 191
CYSK$ECOLI 66 EPTSHATHLALEYVINA-RYOLML TH--—-- PETHEIERRKLLKALBANLY-~—-----=~ LTEBAK---~BNKBA |OKAEEIVA 132
CYSKSSALTY b ~---ommmmmmmmmee EPTNIRTHLALEYVIIE-BYNLILTH =~ PETHBIERRKLL KALBANLY=~~------~ LTEBAK-~-~GHKBRIOKAEETVA 132
hbhhhhhhhhht t bbbbbb hhbhhhtt bbbbbb h hhhhhRhhhhht ¢t bbbbh
4 334 334,34, 34343, 513443543 43 3 343 .3 M3 343, 4 3. 433 3,
P P B A DV VEBE B K 1 5 A B A
THDZ$ECOLY  L44 MEB----~- RIFIPPYDDAKYIARGETLELEIMEDL--—-YDVENDIVP IGE#ALIARIAVATHS INPTIRVAG---YOSENVHEHARSFHERE--~-~ TTHRTTETLADGCDVSR 242
THDL$ECOL 148 0QB------ FTHVPPFDHANVIAROSTL ALELLAOD--~~AHLERIFVPAGGY SLAARVAVL THGLMPOTKVIA-~-VEAENRACLKEALDARH--~-~PYDLPRVBLF REGVAVKR 245
THDHSYEAST 195 ERB----— LINIPPFDHAYVIAKDBTVUNE ILROVR~TANKI EARFYPEEBEH] AN 1BAY 1XT#6-~-VETYRAATLHNSLORNO--~=-RTPLPYVGTFADBTSVRE 294
THRCSBACSU 145 KSH------- 1ALVNSYNAYRIENOKTANFEVCEDL --~BEAPKVLATPABNANNITAYWKEF AEYHEKNGTGL -PXNREFEA-EBARATYRNE -~V [ENPE--T TAIRIBN 242
THRCSERELA 145 EE4-=--~=--ITLUNSYNNYRIENQKTANFEICDOL--~ONAP¥VLATPAGNARNI TAYWKBF CEVEKEKGYKK~PR INBFEA-EGADALVERH=--- -~V IEEPE--T I4TAIRIGN 242
THRCSECOLT 199 DEE-LKVALGLNSANSINISRLLARICYYFEAVAQLPOE TRNGLYNSYPSENF DL TAGLLAKSLBLPYKRF4A-~ATNVNY TVPRFLHOSONS = ==nn PKATRATLSNANDYSR 303
sdhi$human 132 YIhormommmomv PFODAL INENHAS TVKELKE TL~~~HEKPSAIALE#BEHLLCHYVOGLAEVENGDVPY] -~ ANETFGAHSFORAVKERKLVELRTLPKI T-~BVKALGYNT 230
SDHLSRAT 187 YI§-mm=mmmommn PFODALINE#HT SLYKELKE TL~-~GAKPGATVLENGEHLLE RYVOGLREVENEDVPY ] -~ANETFBARSFHEAVKERKLVBLRTLPKIT--SVAKAL BYNT 243
SDHDSECOLE 130 SDANCFFIDDENSRTLFLGYSVARORLKOQFAQQBRIVDADNPLF#YLPCBVAHGPENVAFALILAFBORVHCF -~FAEPTHAPCMLLEYHY#LH-DAIBVADINL ~TARDGLAVER 343
TRPBSSALTY 193 PH#-------- YPTIVREFORNIREETKAQILDKE---~BRLPAATIACKGGHSNA #HFADF INDTSVEL I BVEPRBHE TE TBEHEAPLKHER-VE 1 YEGMKAPMNOTHDERIEES 294
TRPBSPSEPU 202 PHA------—- YPAMVROFOS1I4KETRYOLAEKE-~-~BRLPASLYACKGENSNANLFHEFLEEPSVR] IGVEAGGHEVHTDKHARSLNA#Y-PEVLHBNRTYLLODEDBRTTDA 303
TRPBSCAUCR 206 PHA----~--~ YPVNVROFOSVIRAE AREDILENE-~-~GRLPHANVACTGEWSNAI ALFHPPFLBDEGVR IGVEAABHGYS TDKHARSLTERR-PBYLHENRTYLLODDDGRT IDA 309
TRPBSBRELA 204 PHY-------~ FPTIVREFHKVISEEAKNOMLERT---~GKLPHVAVACKBBRENAT #NFADF 1 DDEBVEL VBAEPABESL BAGKHEHT I TNG-18 ILHGTRGYLMRNSDEQVEES 309
TRPBSBACSU 197 PHE--~-~-n- YPOVVREFGKNI#EEAKDALKR1E---~GTHPHK4VACK GG HSNANSNFOAFLNED-VEL IGAEARBKBLATPLHAKTISKA T-VBVINGSLTYL IADEFBOTIER 299
TRESYEAST 192 PH#--=----m YPTLYRTFOSVISKETKEGFAAMN-~-NGKLPJANVACHGE4SNSTHNFSPFEHDTSVKLL GVEABGDBYATKFHSHTL TAR-PEVFHBVKTYVLUDBDBAVHDT 296
CYSKSECOLL 133 SNH----EKYLLLOOFSNAANPELHEKT TBPEINED=~TDEAVEVF IAGHGTHATLTHYSRY T0GTK=GKTL#S—YAVEPTHAP -~ mm=mmmmmmmmmmm v VI#0ALABEE 218
CYSFSGALTY 133 SD#----KYLLLOOFSNHANPEIHE KT TBPE IHED-~TDGAVAVF ISR THNTLTRVIRYTAGTK-GKTLAT-VAVEPTHIP YI#0ALABEE 218
bbobbot thhhhhhhhhhhhih bbbbbbb  hhhhbhhhh  bbbbbbb
b. 4 3 33.4 333353, 4.3 5344433 4333354544 3 34.435334,4.4
L Y E A LEEE E AAAGL NTV LBE
THDZSECOLT 243 PG--m-~NLTY-------- EIVRELVODIALVSEDH TRNSHIARTORNKYY-~THGAGALACHALISEBKLDEY ]~~~ QSRKTHSI ISHENIDLSR-~-VSOITEFVDA~ 329
THDLSECOLT 247 1B-<---DETF=mmnmmmsi RYCOEYLDDT I TVDSDAT CARNKDAF 4DYRAYV--ARRSBALBINKKY TALHNT ~mesmmm e e RGERLAHI#5#ANYNFHELRYVSERCELBEORS 514
THOHSYEAST 297 18-----£FTF-mmsmmmm RVANRYVDEVALYNTDN]CARVKDIFADTRE -~ VAPSGHLEVEHKKY ISTVHPE-~~ -~ DHT KNAY4P 958 ANKNE DR RFVSERAVL BEEK) 576
THRC4BACSU 243 PAGH---DKAY=~--vnv KAAEESNBKIDEVTDDAILK#YOL IARVAHVF~~AAPBSCAST# #VHKQVKSBE ] ~-~-mn-—mv PKESKVAAVTENBLEDPN-TAVDISEIKPVTL) 352
THRCSBRELA 243 PASH---8YAV-~rn-mnn EAREQSHGE T4LYNTD#ICARYKDIFADTRS 1-~A4PRSNASIN#Y I KHVESEK ] - - —--—---- KKGEVIAVNTANBLKDPD-TIAISSNOLDIASY)352
THRCSECOLY 306 PNNWPRVEELF-~n--- RRKIWOLRELGYAAVDDETTOAT HREE-KEL 4YT-~S4PHASYAYRALRDALNPGE YL FLETAHPAKF KES-#EATL 4ETLDLPKEL AERA-DLPLL SH)Y428
sdhlfhusan 231 VG-----AQTL--=nnmn- KFYEHPIFSEVISDANAVAR IEKV-DDRKIL~~VAPACBABEAVYSHYI0KLG--~~LEGNLRTPLPSLAVIVCABENISLARLRALKERLBNTNR Y330
SOHLSRAT 264 YG---~-AQTL-~---=-~ KRFYEHPIFSEVISDRRAVTH IEKFYDDHKIL--VAPACGANI#AYYSGVYCRLA--~-AEGRLATPLASLIVIVCHBEN]SLAOLOALKAGLEL ~NE 353
SDRDSECOLY 344 AS--~--BFYG=n--~-~- RAMERLLDGEYTLSDGTHYDMLBREAREHS [R--L EPS~HL NP HPORVCASYSY OONHEFSAELRETHLYNATOBE HVPEEENNGYL AKER -~~~ 442
TRPBSSALTY 297 YSI5AB-LDFPSVG-PAHAYANSTGRADYHSITDDRALENFKTACRHI | [PALASSHALRHEL KAHREQPE-—n-ncmmm=man KEGLLAVNES¥RE DKDIFTVHDILKARGEI-- 394
TRPBSPSEPU 304 HSISAG-LOYPGIG-PEHAYHREVKRVEYASITDDALDFHATCRLIAT IPALNSSHELAER IKRAPKLR—=<n=n-nmmmmm KDHLN#VCHSIRRDKDHATVMNHNAABEK DA~ 405
TRPBSCAUCR 310 HS1SAG-LDYPGIG-PEHSF HHDIGRAEYASTTDTRALEAFKLCSTLIAT IPALAPANRLARVAEI AEL - --nmmmmmmmm KBXIVIRNRCOREDKDIFTVAEALBRKI ~=-= 405
TRPBSBRELA 310 YS1SA6-LDYPGYGHSTHTCTPPA-RTTLASPTPKPSKNS~SSHARYHH] IPRTG ILTRVRARLKRAKTAEEEG-—---—nn- BELAILYSESHRS DKDYDHRABTLEENPEL ILY416
TRPBSHACSU 300 YSISAG-LDYPGIG-PEHAYRHKSGRYTYDSI TDENAVDRLKL#SHKHIILPATASAHNLAKNEKRAKGHD-—m == m-mmmmmmm REOL ILYCSERIDKDYNTLMNVLEEEVKRHY 400
TRPSYERST 249 HSYSAG-LDYPGVG-PELAYNKSTBRADF IAATDAGALLGEKLESOLANT IPALASSHEVYERCERAKTHE D
CYSESECOLL 249 IKPGPHKIDGIGAB-F1PANRDLKLYDKVIBITHENAISTARRENJE4H1LAGISSGARVAANLKSGEDES FTRKNIAVI#PSSHERYLSTALFADLFTEKELD 323
CYSKSSALTY 147 IKPGPHKIOIGAG-F IPGNRDLKLIDKVAGITNENATSTARRAMAENVFLAG] SSGANVIAALKAGEDEG-mn -~--nnnnn FTAKNIOVI#PSSHERYLSTALFADLFTEKELD 323
hhhhhhthh  bbbbbb hhhihkhhhhihh hhhhhihkhhhhhhbh bbbbbbb hhhhhhhhhhhhih
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Fig. 3, Metabolic map of amino acids and pyridoxal-

phosphate-dependent enzymes.

To verify the indicated similarities among the detected
enzymes we have used our multiple alignment program PULIN. The
similar regions could be extended and we propose now an
alignment, wich reveals a similar folding topology in long
segments of the included enzymes (fig.2).

The similar sequence segments agree with structural findings,
because deletions and insertions mostly occur in regions between
corresponding secondary structure elements of tryptophan synthase
(fig.2). oOur alignment with O-acetylserine sulfhydrolase 1is
somewhat different to that proposed by Levy and Danchin (19). So
we have related the potential pyridoxal-phosphate-binding site in
O—acetylserine sulfhydrolase to a region in tryptophan synthase
around. the lysine-87 (numbering according to the enzyme from sal-
monella typhimurium, fig.2) as indicated by our property patterns
(fig.1).

Only in 3 positions amino acids were found to be absolutely
conserved in all sequences (marked by an exclamation mark in
fig.2). One of them is the essential lysine covalently bound to
pyridoxal-phosphate, the second is a glycine of the second motif
used for the pattern construction and the third is located in a

Fig. 2. Conserved sequences among pyridoxal—phosphate-
dependent enzymes.
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region surprisingly found to be the most conserved One
corresponding to residues 112 to 134 in tryptophan synthase from
salmonella thyphimurium (fig.2). This region comprises an e~helix
with a subsequent turn and consists of a cluster of tiny amino
acids. Further conserved regions comprise the motifs used for
pattern construction. All three most conserved regions are not
located in the B-sheet core so that they seem to have essential

functions in pyridoxal-phosphate~binding.

Discussion

The pairwise identities between enzymes of the different sub-
groups in fig.2 range between 15% and 19%. These values are
typical for the so called 'twilight zone' in which usually auto-
matic alignment procedures fail (20,21), but background infor-
mation argues in favour of their similarities. A1l enzymes
involved in our alignment and proposed to be homologous have sone
features in common: (i) they all need pyridoxal-phosphate as a
cofactor, (ii) there are some similarities in their reaction
mechanisms via an intermediate and (iii) they all catalyse
successive steps in biochemical pathways (fig.3). The third point
led to the hypothesis of an evolution of these pathways from an
ancestor pyridoxal-phosphate-binding protein. In fig.3 somne
successive reactions of the aspartate family and their connec-
tions to tryptophan synthase are shown. All of them are catalysed
by pyridoxal- phosphate ~dependent enzymes. Therefore we have also
investigated other enzymes of this scheme (fig.3) not found by
our pattern and alignment procedures. Homologies between cysta-
thionine r-synthase (EC 4.2.99.9) and cystathionine B-lyase
(4.4.1.8) were detected (22) and we have also found a high level
of similarity to O-acetylhomoserine thiolyase (EC 4.2.99.10). O-
acetylhomoserine thiolyase can catalyse the same reaction as 0-
acetylserine sulfhydrolase which is, in turn, homologous to tryp-
tophan synthase. Despite an amino acid identity of 11% (10 gaps
were introduced by PULIN, data not shown) a homology could not be
verified. The identical positions are in contrast to the align-
ment of O-acetylhomoserine thiolyase with cystathionine B-lyase
and cystathionine T-synthase.

Nevertheless, the evolution of these pathways can be ex-
plained as a series of gene duplication events. In various amino-
transferases or decarboxylases only the region responsible for
the recognition of the respective amino acid had to be changed
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after gene duplication to explain the different positions in the

pathways. In contrast, the family of similar pyridoxal-phosphate-

dependent enzymes discussed here reveals very early gene duplica-

tion events leading to the development of biochemical pathways.

unit)

The suggested homology between tryptophan synthase (8 sub-

and the other enzymes presented here can be used to build

topology models of all these proteins. The conserved regions and

positions show that despite the expected variability of

pyridoxal-phosphate-dependent enzymes (see introduction) there

seems to exist only a limited set of protein topologies

compatible with pyridoxal-phosphate-binding via lysine.
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