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Identification of a novel conserved sequence motif
in flavoprotein hydroxylases with a putative
dual function in FAD/NAD(P)H binding
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Abstract: A novel conserved sequence motif has been located
among the flavoprotein hydroxylases. Based on the crystal struc-
ture and site-directed mutagenesis studies of p-hydroxybenzoate
hydroxylase (PHBH) from Pseudomonas fluorescens, this amino
acid fingerprint sequence is proposed to play a dual function in
both FAD and NAD(P)H binding. In PHBH, the novel sequence
motif (residues 153-166) includes strand A4 and the N-terminal
part of helix H7. The conserved amino acids Asp 159, Gly 160, and
Arg 166 are necessary for maintaining the structure. The backbone
oxygen of Cys 158 and backbone nitrogens of Gly 160 and
Phe 161 interact indirectly with the pyrophosphate moiety of FAD,
whereas it is known from mutagenesis studies that the side chain
of the moderately conserved His 162 is involved in NADPH binding.

Keywords: fingerprint; flavoprotein family; NADPH-binding;
p-hydroxybenzoate hydroxylase; sequence alignment

Flavoprotein hydroxylases are monooxygenases that catalyze the
insertion of one atom of molecular oxygen into the substrate, using
pyridine nucleotides as external electron donor (van Berkel &
Miiller, 1991). These enzymes play an important role in the bio-
degradation of lignin-derived aromatic compounds as well as en-
vironmental pollutants, and in the biosynthesis of sterols, antibiotics,
and plant hormones. They lack a known fingerprint sequence for
NAD(P)H binding, but possess two fingerprint motifs for the FAD
binding. The first FAD motif identifies the dinucleotide binding
BapB-fold, which binds the ADP moiety of FAD (Wierenga et al.,
1986), whereas the second motif represents residues that are in
contact with the riboflavin moiety of FAD (Eggink et al., 1990).

PHBH (EC 1.14.13.2) is the prototype of FAD-dependent hy-
droxylases, and the only enzyme in this class of flavoproteins for
which a three-dimensional structure is known in atomic detail
(Schreuder et al., 1989). The strictly NADPH-dependent enzyme
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catalyzes the ortho-hydroxylation of 4-hydroxybenzoate into 3,4-
dihydroxybenzoate via the transient stabilization of an oxygenated
flavin intermediate (Entsch & van Berkel, 1995). The structure of
PHBH is unusual because there is no NADPH-binding domain. So
far, crystallographic analysis did not reveal a structure of the en-
zyme complexed with NADPH, and soaking experiments with the
coenzyme analogue ADPR resulted in displacement of FAD by
ADPR (van der Laan et al., 1989). Site-directed mutagenesis stud-
ies have pointed to the involvement of Arg 44 (Eppink et al., 1995)
and His 162 (Eppink et al., 1997) in NADPH binding. From this
and the properties of other mutants, a model for the mode of
coenzyme binding was proposed (van Berkel et al., 1997).

In the past few years, the number of flavoprotein hydroxylase
cloned genes has increased tremendously, and about 50 amino acid
sequences are known currently. Therefore, and in view of the
unknown binding mode of NADPH in this class of flavoenzymes,
it was of interest to search for the presence of conserved sequence
motifs. This report describes the identification of a novel sequence
motif in flavoprotein hydroxylases, which appears to be important
for the binding of both FAD and NAD(P)H.

Discussion: Sequence alignments have classified a number of gene
products to flavoprotein hydroxylases (Kilin et al., 1992; Kukor &
Olsen, 1992; Nakahigashi et al., 1992; Blanco et al., 1993; Filip-
pini et al., 1995; Haigler et al., 1996; Marin et al., 1996; Seibold
et al., 1996; Tsuji et al., 1996; Yang et al., 1996). These sequence
data, together with that of PHBH from Pseudomonas fluorescens
(van Berkel, 1992), were the starting points for a thorough screen-
ing of different databases. This search was performed with BEAUTY,
which is an BLAST-enhanced alignment utility that integrates mul-
tiple biological information resources (Worley et al., 1995). From
the 50 collected sequences, small groups were generated based
on the different types of substrates: p-hydroxybenzoate (phb),
2-hydroxybiphenyl (biph), phenol (phe), salicylate (sal), p-amino-
benzoate (pab), polyketide (poly), 4-methyl-5-nitrocatechol (cat),
epoxide (epox), 2-methyl-3-hydroxypyridine-5-carboxylic acid
(oxy), and a group of monooxygenases (mono) for which the func-
tion is largely unknown. A multiple sequence alignment was per-

2454



2455

Novel conserved motif in flavoprotein hydroxylases

‘de§ = — {sonpIsal [e = X {SonpIsal pagIeyd = O {SONPISAI [[BWS
= s ‘sonpisar o1qoydoIpAy = Y :9J8 S|oquIAS PuB $I0N19] 9SEOIAMO] ‘SANPISAI PIoe oulwe dI¢ argoxd oy I s19m9] osedraddp) SUONBJOIA (] UBY) 210U JOU dIB SIS YOIYMm ul soqijoid 2sotp) SB [[om SB Sonpisal
PAAISSUOD ATJOLIS 9poul JUSWUSI[R 9yl YIeauIopun umoys sa[ijoid Snsuasuod ayf, “xtgeu ZGINNSOTH 3 Suisn peIsa[) pue MVIVIAL Uka soouanbas g4 wol) paureiqo sem juswudije sidunu iy,

(9661 “Ie 1 [[oLeg)
(9661 ‘YoNSMS)

(F661 T2 19 UOSTIM )
(v661 1z 12 Bbspip)
(b661 “[¢ 13 Kopuroy)
(T661 “1e 19 WysedyeyeN )
(661 “Ie 15 WseSyeeN)
(9661 ‘TeynwEMEY)
(9661 “Te 12 ZopuelId])
(S66T 'STTIM 7 JAUISUTH)
(L66] “Te 12 UISISPUY)
(5661 “T¢ 12 eIRQDEYES)
(1661 “T¢ 30 ZMSOIpUE()
(9661 12 19 WIANOY)
(9661 “[e 10 ULBA)
(1661 “o8plang)

(9661 “Te 12 1Mns )

(L661 ‘Tyongem|)

(99661 *“[e 12 1ynzng)
(9661 “Te 32 2o7)

(s661 “[B 10 Agreqq)
{1661 “I¢ 12 nOX)

(L661 “T& 12 uakIeyD)
(9661 “Te 10 131eY)
(S661 “Te 10 BIEQ)

(9661 “[e 10 duey)

(S661 ‘SeeH ® 19%92Q)
(€661 “TE 10 1>2Q)
(S661 “BIESIBN % IIAIN)
(Y661 “Te 10 3uoy)

(s661 “Te 32 widdijiy)
(€661 “1e 12 0oUE]g)
(€661 e 32 oourlq)
(T661 “I8 1 UIEy)

(1661 “18 19 ¥ION)

(9661 “I& 1 AIOY)

(L661 “TOIN 19p UeA)
(0661 “'Te 10 SUDHad)
(9661 “T¢ 10 1213pY)
(€661 (& 19 19SIQ)

(L661 123N I9p UBA 29 PIUIYIS)
(9661 “Te 19 PIOqIas)
(€661 I8 12 OOTBNI(T)
(P661 “e 10 Buom)

(p661 T8 30 Suopm )

(€661 X1 %9 uBLIDYS)
(8861 “1e 12 Yosiug)
(7861 “Ie 10 10f1ap)

TXXSXXSXNXDXDXXJXXXHY VADYTUYXD

LI TIAVOTIVASLOOOS TdSIDADVADATVALI-T8L
S0€-TAIVAAIVINV VOOV TLdYOVHV YADOIIAYD-8LT
8EE-IATOATIOININOOD AAdANVYHY VADWTAING-80E
[Z€-"TATDARIDINADOONAIANVHY VADWTATAA- 16T
LEE-TIIAAIOININOOD AAIAINVHY VAD TTIVID-LOE
00£-"TSINATIND INADOOVIdH LLOVYNDATALIH-0LT
POE-TAVVAWID INADDOV TdHILHY VADA TV TIH-VLT
S 1€ INIVAYNOSNADOOOMAJNIHV VAIV TIAIA-88T
SIEINIVAANOSNADODOMAJINTHY VADVTIAYA-88T
0T TIHVAT TVIAY VOO INALNVHY VADI TAAYD-SLI
10£-"INAVAOAD INTDOODNIJHIHY VADV THAYA- LT
1€ MDIIAN TVALNOOOL IdHY INAVAD TTIADE- 10V
8SE-TIAAAHIOALWOOOLTIHINNTVADIAINDL-8TE
96€-TOASAIIVINODOOO INAOIWVHA SAD TILAID99€
S6£-TOASATIVINIOODY INAOWVHASAD TTLAAD-§9¢
[0F-TOASAAIYINDOODO INdOWVHASAI TILAYD- 1L
9SE-TIAVATNDAHVOVO THA TAVHY VAN TIAID-9ZE
91€-TADVAIIS.INYOOOHHA TAVHV YADTITAVID-98C
SECWHAVATTIOOOVOVOOHd TAVHY VADI TVAID-S0¢
8- THAVAT IDODVOVOOHI INVHVVADITVAID-80€
LEC-THAVATTOOV VOVOOHd TNVHY VADITAAYD-LOE
8£€-THAVAT TOODOVOVOOHd TAVHV VADI TAAYD-80¢
1€ TSHVNAINVYIOVOOV TVAONVHY VADATVAND- 18T
9¢£€-"INHVAOADINDOADOAJIAAHY VAD A THIID-90¢
9L INAVAOAY INIOOOOVA THIHY VADV TIAID-91C
0Z€-INAVAO T INTVOODIdNOOHV VADI VM TAYD-06T
10€ " INAVADIDLNIWOOOOVA THIHY VADVTTAYD-0LZ
RSE-INHVADIDONVOIVOVAdHAHY VAD YV TIAYD-8TE
1€€-TAIDAVAY YNOSWODLAALANY VAD YV THAYD-10¢
[£€-AQIDADIVINDONODIIALANVVADATIAID-10E
[€€-AQIDADIVINDONODLIILANVVAIATIALD 10¢
9EE-"INHVAOIDLNSDAVOLISWAH VSTV TIAID-90¢

08¢ INALANNSLNWOOOVAISHLHOVADVIIAYF-05E
15~ INASAOISINSDTOHSIdHIHIVADVIOAYD-1ZE
LECINAVADISINSDTONLIdHIHAVADINDHAUN-L0E
LECINAVAOISINS O IONLIdHIHAVADWDIAIN-LOE
PECINASAOISINSD TONLIdHIHAVADVIIAAD-F0E
1ZE INIVADIWOANINDSODSISHOHV VADV TIAND- 16T
12 INAVAOWDANINOSODSISHOHVVAIV TIAND- 167
9£€"INAVADASINTOTOOWd LHIHAVADWOIAID-90¢
CIE-TTIAANAVINTONVOLAJAIHY VADVTTTID-T8T
80E-TAVIASVV INTIONVOLAIAIHVVADVIATAD-8LE
60£-"TAHAQSVVINTONVOLAdATHY VADATATAO 6LT
60" TAHAASVVINIOAVOLIIAIHV VADATATID 6L
TIELLSAQSVVINTOAVOLIdAIHYVAD TTATID-C8T
60E-TLSAASVVINTIONVDILAIAIHVVAD VA TIOD-6LT
60¢-TLSAASVVINIOAVOLIdAIHVVADV I TID-6LT

AYXSOXHASSYYY2
€9I-IANSHTOAYOIATA-0ST
T9T-MAASHIOAIOVTIA-6¥1
PRI-JAVSAVOUDVIIIA-1L]
891-4ISSHYOADV TATA-SS]
SLI-4IVSAVOADDIAIA-T91
091-VIVSHLOAVVATAN-LY]
€91- A TMSNVIAVYOIANTH-0S T
181-JAISVOOAIVAIMO-89L
18T-4AASVODIAIVATMO-891
£9-JASSUIDAVOAATS-0S
8ST-UALSYDDAIDNTAA-SHI
062-YAASITOAVAALTA-8LT
917- 4 dSHIDADLLLTH-€0T
6VT-AANSUIDAVOATIA-9T
6FT-UANSAIDAVOATIA9£T
SSTUANSUIDAYOATIA-THT
881-ALLSAIDAVOATIA-SLL
991-HIASYADAVOIAAQ-EST
LOT-ANSSAIOAY VIVAU-HST
1L1-ATYSAIOAIOITIA-8S
691- ATV SAIOAYOITIA-9ST
OLI-ATVSAIDAYOITIA-LST
£9T-YAMSOADAVOAITA-0S T
€61-TIOSAMODUASVATAE-081
6VI-MALS-DDADDATAY-LEL
€8I YALLITDAIDAVAY-0L]
09T-MALSUODADOANTAL LT
POT-UASYADAV VI TAE- 161
98I-YAISUNOAVYOATADEL]
98 1-dIVSAIOAY VATAIELI
98- dIVSYIOAY VATAY€LI
¥81-4AdSUIDAYVATAA-1L]
L61-AAdSAIDAVVATAAH81
ZETIAMSHOOIUDDIAAN 61T
€1T-VANSUYIAVOITAN-00T
881-AADSNYOAVOITAN-SLI
88 I-ATISNYOAVYOITAN-SLI
SSI-AAASNYOIAVOITAN-TLE
081-UAASAADAYOIAMA-LIT
081-JAUSAADAVIIAMA-LIT
S81-VATSHYOAVOIIAN-TLI
691-4SdOHADADIDAAAL-9S]
SOI-ADADHADADOVIIA-CST
991-YSADHADAIOVLAA-¢ST
991-4SYOHADADDVIAA-£S]
691-4VAOHADADOVIAQ-9S1
991 -4SIDHADADDVIAA-£S T
99[-4SIDHADADOVIAU-£ST

SUUYDYUDSIUUUA
LI-VVVLIVASVISAAAP
LI-VVSTIDIDDIDVITA-¥
LI-VNTVIATOVOVIVAY
LI-VNVSDATODOVIAA-Y
ST-VVIDDATOVOIIIVA-S
SI-VIIVIOVINDIDIAIIAE
61-VAVIDOANDODAIVA-S
[E-VINNTOAIDVIVIVA-SI
[ VNINTIAIDVIVIVA-81

LI-VINTOIIDVIAIIA-
SEI-VIVSITADSIIIA-STI
PE-VADIDIADVIIAIV-1T
96-VAATIDIDODVATA£8
S6-VAATIDIIODVATIACE
101-VAATOOIDODDVATA-88
TTVILIDAIDVIAIVA-6
SI-VIVTODIDVINVI-E

[T VIVLOVIDODIIAVA-8
9T-VIVIISIDODAIVA-EL
£TVIVADSIDODIDIOI
T VIVADSIDDOAIDIOL
LTVVITAVADODVATY-V1
LE-VLSTOANWSODAITA VI
PI-VINTOLIIVOVAAN-I
-V INTILIDVIIAAA-8T
S1-VINTILIIVIVAIA-S
CE-VVSTOLTIODDAITA 61
1T-VLSTODTOVIAANTIAR
£Z-VLSTOOTIODAATAOI
£TVLSTODTIODAATAOL
Ot-SLSTOATISODAATALI
9¢-SLSTOANTSODANIAET
CTVVINTIIVADVIAITAOI
0S-VVSSDVADSOAITA LE
STLSYVDVIISIANTATI
STULSYVIVADLIAANIATE
CTOVSVIVADLIANIAG
0E-VVITILIDODAITAL]
0¢-VVITIIdODDAITALI
CTVSINVOVIDVIAITA-6
CTSTTIOVADVIIIOA-6
SI-OTTTDVADISIIIVA-S
S-DATTISIOISOUVA-S
SI-OTTTOSdISDIIVA-S
[TOTTTIISdOVIIIVA-S
81-OTTIDSIOVIIIVA-S
31-OTTTIISdOVIIIVA-S

20uanbas SNSUISUO))

(AYLEH SISOIN242GN1 Winlia1o0qod p)) OUowl gp
(stjugns snjj1ovg) ouow /i

(S'L9L0Y sup32)2 s11pqvYL0usD])) OUOU Of
(' L9L0Y sup8a)2 supqoyi0uav))) OUOW G
(9015102423 $206Wi0LDYIOVS) OUOUI i
(HWn Z1-3] 09 D1{OLaYIST) OUOW g
(DSTA TI-Y 1109 DIYOLdYIST) OUOW i
(OLIEM TI-N 109 p1yd14ay3ssg) OUOW [
(0Z§SD TI-Y 102 DIYILIYIST) OUOW O
(vsouidniav SpUOWOpNasd) OUOW 6§
(mba snoo0d0poyyy) ouow §¢

(ey) xoda 1¢

(amis1a042 $226ui010Y2908) X0d2 9¢
(wnnuup wnoisdp)) xods ¢¢
(vpofturSvqunyd puvronN) xoda pg
(wnguapnosa uo2isiadodd) xoda ¢¢
(snuods1q snovdy) qed 7¢

(10V sa1ads spuowoSuydS) 1es 1¢

(1-S vpund spuowopnasd) [es Og
(S1LA3 vpund svuowopnasd) 1es 67
(vpund spuowopnasd) 1es 8T

(LHVYN vpund souowopnasd) [es 17
(1-VIN spuowopnasd) £x0 97

(INQ $2102ds viaploypUng) 180 6T
(suaovfo2.4np s208wodaa1sy Kod g
(avjanzausa saskwoydais) Klod €7
(av1ppaf saokuoidaars) Ajod zg
(suaosaonp}8 saokmordaug) A1od 1g
(suaospandind saokwozdaais) Kod oz
(snisavo snaonad saolwordang) Kod 61
(snuoonad saokwoidass) Kod g1
(npassioy sadkwordans) Kjod £
(4010917200 sa2(wioydangy Kjod 91
(wnaupind uosodsoyor]) ayd g1
(1001.1SH sewads spuouiopnasd) ayd 41
(110vL58d ppund spuowopnasd) ayd €1
(vydouna vruoisipy) yd 71

(snydouna sauaSypory) suyd ]
(porgousydoaopyo spuowoBuiyds) aud o1
(sa100ds wmra1omgoanyy) ayd 6

(1dgH powjazo spuowopnasd) ydiq §
(£S4D sarads svuowopnasd) qud [
(1132000903 13190q012u1dY) qud 9
(00EANIN winapsoutnio8a) wmqoziyy) qud §
(ss19 wnvsourwodar umiqoziyy) qud ¢
(suaosasonyf souowopnasd) qud ¢
(vsourdniav spuouwopnasd) qud 7
(suaasasonyf spuowopnasq) qud |

90UdIJY

() yuudsoduy qvd

JIoW paAIISUO))

(1) wudieduy avd

(urens) swkzug

» SOSDIAX04PLY widgoadoavyf ay w1 s2oumbas snsUaSU0d 224y Y3 Jo guswudnw jdympy 1 AYEL



2456

Fig. 1. Ribbon structure of p-hydroxybenzoate hydroxylase from Pseudo-
monas fluorescens. MOLSCRIPT (Kraulis, 1991) picture highlighting the
conserved regions of the protein. GXGXXG sequence in red: DG sequence
in blue; GD sequence in green. The FAD and aromatic substrate are de-
picted in ball and stick representation.

formed with the programs MACAW (Schuler et al., 1991) and
Clustal W (Thompson et al., 1994) using the Blosum matrixes (Heni-
koff & Henikoff, 1992). From the alignment of 50 flavoprotein
hydroxylase sequences, three conserved regions could be deduced,
which are shown in Table 1.

The first FAD fingerprint sequence, shown in Table 1, is the
well-known Rossmann fold or BaB-fold (containing the GXGXXG
sequence), a common motif among FAD- and NAD(P)H-dependent
oxidoreductases (Wierenga et al., 1986). In PHBH, this fingerprint
(residues 5-19) is important for binding the ADP moiety of FAD
(Fig. 1). The structural properties of this dinucleotide binding fold
were reported more than 10 years ago (Wierenga et al., 1983,
1985, 1986).

The second FAD binding motif contains the GD sequence
(Table 1) with the highly conserved Asp residue, which contacts
the O3’ of the ribose moiety of FAD (Eggink et al., 1990). This

M.H.M. Eppink et al.

common fingerprint sequence among the family of FAD-dependent
oxidoreductases differs somewhat between the disulfide oxidore-
ductases and flavoprotein hydroxylases because the latter enzymes
have more conserved residues downstream from the GD sequence
(DiMarco et al., 1993). In PHBH, this fingerprint sequence (resi-
due 278-308) is located partly at the re-side of the isoalloxazine
ring of FAD, near the binding site of the aromatic substrate (Fig. 1;
Schreuder et al., 1989).

Table 1 shows that the newly defined DG amino acid sequence
is highly conserved among all flavoprotein hydroxylases studied.
In PHBH, this short sequence motif comprises strand A4 and the
N-terminal part of helix H7 (residues 153-166) of the FAD binding
domain, and is situated near the cleft leading toward the active site
(Fig. 1). Strand A4 (residue 154-157) is completely buried and
multiple contacts are made with residues of both the FAD binding
domain and a long excursion of the substrate binding domain.
However, as one of the referees pointed out, one could argue that
this excursion, together with the FAD and the interface domain,
forms one large globular domain and that the contacts of strand A4
are important for maintaining the integrity of this domain. The
large turn (residues 158—163) that connects strand A4 and helix H7
contains the strictly conserved residues Asp 159 and Gly 160. This
Gly 160 faces the putative NADPH binding cleft and its Phi/Psi
angles (62.1/—174.8) are allowed for glycines, whereas they are
disallowed for other residues. Also, a side chain at this position
would probably hinder binding of the cofactor. The structurally
important and tightly packed residues Asp 159 and Gly 160 form
hydrogen bonds with the backbone atoms of residues 163-165
(Fig. 2). Indirect hydrogen bonds exist between the backbone ox-
ygen of Cys 158 and backbone nitrogen of Gly 160, with the
pyrophosphate moiety of FAD via protonated water molecules
(Schreuder et al., 1989). From site-directed mutagenesis studies, it
is known that replacement of Cys 158 by Ser decreases the affinity
for FAD, probably by influencing the solvation of the pyrophos-
phate moiety of FAD (van der Bolt et al., 1994). Mutagenesis
studies also revealed that His 162 is very important for the binding
of NADPH (Eppink et al., 1997). Table 1 shows that this position
in the conserved sequence motif almost always contains a posi-
tively charged residue. Chemical modification of salicylate hy-
droxylase has suggested that Lys 165, the equivalent of His 162 in

Fig. 2. Stereo picture of the novel conserved sequence motif in p-hydroxybenzoate hydroxylase. Close view of the turn region from
amino acid 158-166, including the strong intradomain hydrogen bonds.
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PHBH, is important for binding the pyrophosphate moiety of NADH
(Suzuki et al., 1996a). Phe 161 in PHBH is not conserved in the
fingerprint. Mutagenesis studies confirmed that replacement of
Phe by Ala weakens NADPH binding, but that Phe 161 is not
structurally important (van Berkel et al., 1997). Helix H7 is not
regular (Schreuder et al., 1989) but, as in regular a-helices, all
peptide dipoles point in approximately the same direction, giving
rise to an overall helix dipole moment (Hol et al., 1978). This helix
H7 (residues 164-169) is located near the protein surface (Fig. 1).
The highly conserved residue Arg 166 in this helix forms strong
inter- and intradomain contacts with the backbone oxygens of
Phe 161 and Ala 287 (Fig. 2). Substitution of Arg 166 by Ser led
to significant structural changes in the Ca-backbone and destabi-
lization of the mutant (van Berkel et al., 1997).

In conclusion, a unique short amino acid sequence motif for
flavoprotein hydroxylases is presented that seems to serve a dual
function. Crystallographic analysis and site-directed mutagenesis
studies of PHBH from P. fluorescens suggest that this sequence is
involved indirectly in binding the pyrophosphate moiety of FAD
and that it is also necessary for the recognition of the NADPH
cofactor. Although the mode of NADPH binding in PHBH is still
unknown, helix H7 might be involved in binding the pyrophos-
phate moiety of the pyridine nucleotide cofactor. There are two
common characteristics of a dinucleotide binding fold (Wierenga
et al., 1985) that probably also occur here. (1) A glycine residue
near the N-terminus of a helix, to allow close contact with the
pyrophosphate moiety: Gly 160 is located at such a position near
the N-terminus of helix H7. (2) Favorable interaction of the helix
dipole with the negatively charged pyrophosphate moiety: In the
proposed model, the pyrophosphate moiety of NADPH is located
near the positive end of the dipole of helix H7 (van Berkel et al.,
1997). The newly identified fingerprint is highly specific for fla-
voprotein hydroxylases. Running BEAUTY with the sequence
DFLVGADGIHSXVR (based on the alignment results and where
X denotes all possibilities) yielded 48 of 52 flavoprotein hydrox-
ylases present in the databases, and 5 unrelated proteins. Our fin-
gerprint recognizes all different types of flavoprotein hydroxylases
that are encoded by a single gene, something the current finger-
prints cannot recognize. This shows that our fingerprint is able to
detect unambiguously flavoprotein hydroxylases, which will allow
the identification of such enzymes among the millions of genes
that are produced currently by the large scale whole-genome se-
quencing efforts.
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