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En relacién con el expediente de la referancia y dando cumplimiento a la dltima
providencia recalda sobre este asunto por medio del presente escrito me permito

manifestaries lo siguiente:

1. Entendemos que el Examinador considera que las reivindicaciones deben

definirse por el resultado deseado (sensibilidad alterada al inhibidor de

xilanasa) el cual puede lograrse utilizando técnicas conocidas

(mutagenesis).

Sin embargo, estas reivindicaciones no reivindican simplemente el
resultado deseado (es decir, la sensibilidad alerada al inhibidor de
xilanasa). La presente invencién describe exactamente qué estructuras
tendrian este resuttado deseado.

2. El Ejemplo 4 demuestra que una modificacion en todas y cada una de las
posiciones especlificas mencionadas en la reivindicacién 1 ha sido probada

en Bacillus sublilis y ha demostirado alterar la sensibilidad de una enzima
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de xilanasa B. subtilis a un inhibidor de xilanasa. Por eilo, el ejempio 4
provee soporte experimental para modificaciones a las posiciones

especificas mencionadas en la reivindicacion 1.

Ademés, el Ejemplo 4 (y en particular, la Tabla 10) provee soporte para
cualquier combinacion de estas mutaciones. Si una modificacion en cada
una de las posiciones afecta la sensibilidad de un polipéptido de xilanasa a
un inhibidor, puede observarse que si se altera més de una posicién se

afectaré la sensibilidad de un polipéptido de xilanasa a un inhibidor.

Por ello, el Ejemplo 4 provee soporte explicito en el sentido de que las
modificaciones en las posiciones especificas mencionadas en la
reivindicacién 1 resultardn en un polipéptido de xilanasa que tenga una
sensibilidad alterada a un inhibidor de xilanasa si se compara con un

polipéptido de xilanasa que no haya sido modificado de este modo.

Ademas, se ha modificado la reivindicacién 1 para referirse a un método de

alterar la sensibilidad de un polipéptido de xilanasa de la Familia 11. Se
sabe que las xilanasas de la Familia 11 comparten una estructura similar.
De hecho, la presente solicitud de patente indica expresamente esto (ver
pagina 12 lineas 15.17). Con esta carta también adjuntamos dos

documentos que respakian este hecho.

Por ello, si se altera un amino acido en una posicién equivalente en una
familia 11 diferente, la xilanasa tendria el mismo efecto que modificar un
polipéptido de xilanasa Bacillus subtilis en esa posicion.
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E! Ejemplo 7 reapaida esto. El Ejemplo 7 muestra que la modificacién de la
posicion 11 (D11F) aumentd el nivel de inhibicion de un polipéptido de
xilanasa Trichoderma reesei tal como lo hizo la modificacién de D11F para

el polipéptido de xilanasa B. sublilis que se muestra en el Ejemplo 4.

De este modo puede observarse que la solicitud de patente ofrece soporte
adecuado para qus una persona versada en la técnica modifique la
sensibilidad de un polipéptido de xilanasa modificando una o mas de las

posiciones que se mencionan en la reivindicacion 1.

Por lo tanto, consideramos que las reivindicaciones de método tal como
estdn presentadas actuaimente no se definen por un resultado deseado
sino por las caracteristicas técnicas (las posiciones especificas que vayan

a ser modificadas) que dan lugar a este resultado.

Creemos que las Reivindicaciones de polipéptido variante estan definidas

por medio de su estructura o secuencia quimica.

Estas reivindicaciones estdn definidas por-su estructura o secuencia
quimica porque una persona versada en la técnica conoce faciimente [as
secuencias de amino acido de las xilanasas de la familia 11 (por ejemplo, la
Figura 2 de la solicitud de patente provee las secuencias de amino #cido

para un nimero de xilanasas de la familia 11).

L~
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Por lo tanto, si se describe la modificacién especifica que se vaya a hacer,
una persona versada en la técnica puede hacer facilmente las sustituciones
en el polipéptido de xilanasa de la familia 11 (como los que se muestran en
la Figura 2) y determinar la secuencia de amino &cidos que resulta de

hacer dicha sustitucion.

Por ello, el lenguaje que se utiliza en las reivindicaciones del polipéptido
variante pueden verse como un resumen para describir todas y cada una

de estas secuencias especificas de amino acidos.

Por las razones anteriormente expuestas, todas y cada una de estas
secuencias de amino Acidos tendra una sensibilidad alterada a un inhibidor

Como pueden observar, se han eliminado las Reivindicaciones 23 y 24

Teniendo en cuenta lo dispuesto por el Conssjo de Estado en sentencia
proferida dentro del Expediente No. 7684 el 22 de Octubre de 2004 y
acogida por esa Superintendencia mediante memorando intemo de fecha
22 de Diciembre de 2004 dirigido a los funcionarios de la Delegatura de
Propiedad Industrial, no se hace necesaric acompafiar comprobante de
pago por concepto de modificacién de la solicitud por cuanto el nuevo
pliego reivindicatorio se presenta a instancia de la Superintendencia en
cumplimiento de lo ordenado por el articulo 45 de la Decisién 486.

(63



.

Castillo Grau & Asociados M'f

Renuncio al término faltante de traslado, y les solicito ordenar la publicacién del

axtracto.

De Ustédes Atentamente,

RMAN-CASTHLLO GRAU

T.P. No. 2.978.del S8~




Reivindicaciones :

1. Un método para alterar la sensibilidad de un polipéptido de xilanasa de la
Familia 11 a un inhibidor; dicho método comprende:

modificar uno 0 més residuos amino écidos de dicho polipéptido; y medir la
sensibilidad de dicho polipéptido de xilanasa a un inhibidor de xilanasa;

de modo que el polipéptido o fragmento del miamo tenga sensibilidad alterada a
un inhibidor de xilanasa si se compara con la enzima de xilanasa precursora, en
donde dicha xilanasa tiene al menos una de dichas modificaciones de amino
dcidos en cualquiera de las posiciones, 11, 12, 13, 15, 17, 29, 31, 32, 34, 113,
114, 119, 120, 121, 122, 123, 124 6 175 de la secuencia amino dcida B. sublilis
mostrada como la SEQ. ID No.1, o en posiciones equivalenies en otras xilanasas
homélogas, en donde al menos una de dichas modificaciones de amino éacidos
estd al menos en la posicidn 11, 12 o 13 de la secuencia de amino &cidos B
subtilis mostrada como la SEQ ID. No. 1 o en una posicién equivalente a otras
xilanasas homologas.

2. Un método para alterar la sensibilidad de un polipéptido de xilanasa a un
inhibidor, dicho método comprende:

modificar unoc 0 mas residuos amino écidos de dicho polipéptido; y
opcionalmente, medir la sensibilidad de dicho polipéptido de xilanasa a un
inhibidor de xilanasa;

de modo que el polipéptido o fragmento del mismo tenga sensibilidad alterada a
un inhibidor de xilanasa si se compara con la enzima de xilanasa precursora,

en donde dichas modificaciones son a dos o0 més de las posiciones 11, 12, 13, 15,
17, 28, 31, 32, 34, 113, 114, 119, 120, 121, 122, 123, 124 y 175 de la secuencia
de amino acido B subftilis mostrada como la SEQ ID. No. 1, 0 en una posicién
equivalente en otras xilanasas homoéiogas,

en donde una de dichas modificaciones de amino Acidos esta en la posicion 11.

3. Un método segin cualquiera de las reivindicaciones anteriores, en donde
dicha modificacion de amino écidos se hace por mutagenesis dirigida en sitio.



4. Un método para alterar la sensibilidad de un polipéptido de xilanasa a un
inhibidor, dicho método comprende:

modificar dos o més residuos amino acidos de dicho polipéptido; y

opcionaimente, medir la sensibilidad de dicho polipéptido de xilanasa a un
inhibidor de xilanasa;

de modo que el polipéptido o fragmento del mismo tenga sensibilidad alterada a
un inhibidor de xilanasa si se compara con la enzima de xilanasa precursora,

en donde dichas modificaciones son a dos o mas posiciones 11, 12, 13, 15, 17,
29, 31, 32, 34, 113, 114, 119, 120, 121, 122, 123, 124 y 175 de la secuencia de
amino acidos B, sublilis mostrada como la SEQ ID. No. 1, 0 a una posicion
equivalente en otras xilanasas homologas,

en donde dichas modificaciones de amino acidos se hace por mutagenesis dirigida
en el sitio,

Y

en donde una de dichas modificaciones de amino acido esta en la posicion 11, 12
o 13.

5. Un método segiin cuaiquiera de las reivindicaciones anteriores, en donde
una o méas modificaciones de amino acidos es cualquiera de: D11Y, D11N, D11F,
D11K, D11S,D11W, G12F, G13F, 115K, N17K, N17Y, N17D, N28K N29Y, N29D,
S31K, S31Y, S31D, N32K, G34D, G34F, G34T, Y113A, Y113D, Y113K, N114A,
N114D, N114F, N114K, D118K, D118Y, D119N, G,120K, G120D, G120F, G120Y,
G120N, D121N, D121K, D121F, D121A, R122D, R122F, R122A, T123K, T123Y,
T123D, T124K, T124Y, T124D, 1175E, 175S y Q175L.

6. Un método segin cualquiera de las reivindicaciones anteriores, en donde
una o mas modificaciones de amino acidos en cualquiera de: D11Y, D11N, D11F,
D11K, D11S o D11W.

7. Un método segln cualquiera de las reivindicaciones anteriores, en donde
una de dichas modificaciones de amino acidos es D11F.
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8. Un método seglin cuaiquiera de las reivindicaciones anteriores, en donde
dos de dichas modificaciones de amino 4cidos son D11F y R122D.

9. Un polipéptido variante o un fragmento del mismo que tiene actividad de
xilanasa, que comprende dos o méas modificaciones de amino 4cido, en donde
dichas modificaciones de amino acido estdn en dos o méas de las posiciones 11,
12, 13, 15, 17, 29, 31, 32, 34, 113, 114, 119, 120, 121, 122, 123, 124, y 175 de la
secuencia de amino acidos B sublilis mostrada como SEQ ID. No.1, o en
posiciones equivalentes en otras xilanasa homélogas, de modo que el polipéptido
o fragmento del mismo tenga una sensibilidad alterada si se compara con la
xilanasa precursora, en donde una de dichas modificaciones de amino acidos esta
en la posicidn 11, y en donde dichas modificaciones de amino acidos son
cualquiera de: D11Y, D11N, D11F, D11K, D118, D11W, G12F, G13F, 115K, N17K,
N17Y, N17D, N29K, N29Y, N28D, S31K, S31Y,S31D, N32K, G34D, G34F, G34T,
Y113A, Y113D, Y113K, N114A, N114D, N114F, N114K, D118K, D119Y, D119N,
G120K, G120D, G120F, G120Y, G120N, D121K, D121F, D121A, R122D, R122F,
R122A, T123K, T123Y, T123D, T124K, T124Y, T124D, 1175E, 175S y Q175L.

10. Un polipéptido variante o fragmenio del mismo que tiene actividad de
xilanasa, que comprende dos 0 mas modificaciones de amino &cido, en donde
dichas modificaciones de amino dcido estan en dos 0 méas de la posiciones 11, 12,
13, 15, 17, 28, 31, 32, 34, 113, 114, 118, 120, 121, 122, 123, 124 y 175 de Ia
secuencia de amino dacidos B sublilis mosirada como SEQ ID. No.1, o en
posiciones equivalentes en otras xilanasa homoélogas, de modo que el polipéptido
o fragmento del mismo tenga una sensibilidad alterada si se compara con la
xilanasa precursora, en donde dichas modificaciones de amino écidos son
introducidas por mutagenesis dirigida y en donde al menos una de dichas
modificaciones de amino acidos esta en al posicién 11, 12 6 13, y en donde dichas
modificaciones de amino acidos son cuaiquiera de : D11Y, D11N, D11F, D11K,
D11S, D11W, G12F, G13F, 115K, N17K, N17Y, N17D, N29K, N29Y, N29D, S31K,
S31Y, §31D, N32K, G34D, G34F, G34T, Y113A, Y113D, Y113K, N114A, N114D,
N114F, N114K, D118K, D118Y, D118N, G120K, G120D, G120F, G120Y, G120N,
G121N, D121K, D121F, D121A, R122D, R122A, R122F, T123K, T123Y, T123D,
T124K, T124Y, T124D, 1175E, 175S y Q175L.
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11.  Un polipéptido variante segin cualquiera de las reivindicaciones 8 ¢ 10, en
donde una de dichas modificaciones de amino acidos es D11Y, D11N, D11F,
D11K, D11S o D11W.

12. Un polipéptido variante segin cualquiera de las reivindicaciones 9 a 11, en
donde una de dichas modificaciones de amino acidos es D11F.

13. Un polipéptido variante segin cualquiera de las reivindicaciones 8 a 12, en
donde una de dichas modificaciones de amino acidos es D11F y R122D.

14. Un polipéptido variante segiin cuaiquiera de las reivindicaciones 8 a 13, en
donde dicho Inhibidor es un inhibidor que se encuentra naturaimente en los tejidos
de las plantas.

15. Un polipéptido variante segin cualquiera de las reivindicaciones 9 a 14, en
donde dicha sensibilidad a un inhibidor es reducida.

16. Una composicién que comprende un polipéptido variante segin cualquiera
de las reivindicaciones 9 a 15.

17. Un método para degradar o modificar una pared de célula vegetal el cual
comprende contactar dicha pared vegetal con un polipéptido segin cualquiera de
las reivindicaciones 8 a 15, 0 una composicién segln la reivindicacién 16.

18. Un método para procesar un material vegetal, el cual comprende contactar
dicha pared vegetal con un polipéptido segin cualiquiera de las reivindicaciones 9
a 15, o una composicién segin la reivindicacién 16.

19. Una secuencia nucledtida que codifica un polipéptido variante segin
cualiquiera de las reivindicaciones 8 a 15.

20. Una construccién que comprende la secuencia nucledtica de la
reivindicacién 19.
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The endoxylanases from family 11: computer analysis of
protein sequences reveals important structural and
phylogenetic relationships

Amalia Sapag®', Johan Wouters®, Christophe Lambert®, Pablo de Ioannes®,
Jaime Byzaguirre »**, Eric Depiercux ®
» Lobaratoris ds Boquivicn, Depariowesty de Genitics Molexdar y Microblologls, Pontificla Untersided Catblica de Chile,
Carifle 114-D, Sontiage, Chile
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Abstract

arnino acid sequences of the catalytic domeding of matnre sadoxylmmases belonging to famdly 11 haw
been aligned taing the programs MATCISOR and CLUSTAL. Thoe saumnoes range in lecgth from 175 to 233 reskines.
The two glutxmaies acting as catalytic residum wre conserved in all sequonoss. A very good comrelation is found
botween the prosancn (at position 100) of an asparsgine In the so-called “slknline’ xylacascs, ar an aspmtic acdd in
thoss with a wore acidic pE{ optimun. Forr boxes defining sagments of highest simiiarity were detected; thay
correspond to regions of definad sscondary structure: BS, BS, BS and tha carbexy! and of the alpha halix, respectively.
Cystaina resicues are not sommmen in these saquences (0.7% of all residna), md Hyelfide bridges e not importaut
in explainiog the stability of sevaral thermopkilio xylanases. The alignmant allows the classifieation of the enzymes &
Foups according to esquence similarity. Fangal avd bactorial ensymes were formd to form monly separate clnsters
of higher dmilmity. © 2002 Elseviar Scienie B.Y. All sights rogerved.

Xgywenir: Fanby 1} endoxylanass; Pacter snalysis clagsificaton: Saqnence aignmants Structary] ralationships

1. Yutrodaction

Xylan, & heterogiycan, Is the main constitnent

of plant bemicelluloses. It is composed of a Hnear

mm.m_- o+ S62-636-2664; fax= + 362 chain of xylose residuss linked by B(1 —+4) glyco-
Eovl oo romgBpmatio i 0. Brgind.  ©onint o x soue Toakoan, o8 oL, 1992
1 Pmemt addresr Laboratorio de FParmacotensgis Géndm, e >
Faczhad dp Clencits Quimiems y Fermaobthms, Unvarsidsd ~ Biodégradation of xylan is accomplithed by a
de Chfle, Sxmtingn, Chile, complex set of enzymes generically called “xy-

0168-1656/12/$ - now fromt wxtter & 2002 Eigevier Scimce B.V, All xighta rescrwnd.
PIL: E0168-1656(02)00002-0
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lannges’, which are prodoced by fungi sad bacte-
ris (Biely, 1985).

The hydrolysis of the xylan backbone is pex-
formed mainty by the action of the endoxylanases
(B.C. 3.2.1.8), which liberate xylookigosaccharides
of different length (Biely, 1985) A large number
of endoxylanssrs have been described, porified,
charpctedzed and sequenzed from different mi-
croorgatizng (Sunna and Antranikiag, 1997), and
based on sequence similarities and hydrophobic
doster anslysia, they have been grouped iIn
families 10 (or F) and 11 (or G) of the giycosyl
bydrolates (Gilkes et al, 199]; Henrigsat and
Davizs, 1997). Faxaily 10 xylanases bave a cata-
Iytic dommin with molecular weights in the mnge
of 32-39 K. Tho stracture of the catalytic domaio
of several family 10 xylanases bas been detex-
mined by X-ray crystallography and it consists of
muhtfoldﬂ/ubnndahmaetﬂ.nlmm

ily 11 xylanases, on the other hand, have a mh
sraller ic dogoain (eround 20 ¥Dua), with
an all p-strand sandwich fold strocture (Fmxmel
et al, 1997). Some amzymes of fumily 10 and
fmﬂyllpommlddﬂnn.ndhlonwxylm
binding domaing (T8rrSoen and Rouvinen, 1997).

The endoxylanases have been found to be use-
fal for several different biotachnological applics-
ticns (Section 3.4). Thexefore, for the design and
protein  engineering of endoxylanases, & good
mowledge of their sequence and structars is of
groat mportance.

For this purpose, & comparative analysls of the
soquences of 82 catalytic domaing of family 11
glycanases hay been parformed in this work. The
large number of sequences available atlows 4 fine
xnulysis of sequance sinilarities, with the parpass
of establishing strucinral relationshipz, detenmine
location of conserved (and possibly sasential) z»-
quences and establish phylogenetic relationships.

2. Materials aod mathods
Scquences ware obtained from the literators

and from the public databages (SwissProt, Gen-
Bank sod CAZy (http://afmb.cars-mrs.frf ~

ND.433 P 11

(Y0

pedro/CAZY [ghf htwl)). The 82 sequances were
aligned by the method desxibed below,

To define conserved residues in & reljable aligo-
ment of muoercms saquevees of very different
length end of poor similarity is not trivial (de
Fays ot al,, 1999). Although alignmenty are widaly
used, the rate of false positive functional sitadlari-
tice dednced from ekewsd aligned positions is not
easlly overoome (Briffenil et al, 1998). In this
study, an original mathodology has beent appliad
to obtain refiabls aligmments allowing & preclss
defineation of the corresponding relevant residnes
in the diffarsnt sequences, despite the fact that
some ssquences ghare a very low percentage of
identhty (10%).

The fixet step of this methodology is based on
the locsl alignment method wmaTCHBOX (Deo-
pleroux and Feytmans, 1992). Defanlt parmmetexs
were used to delineatr conserved boxes (defining
Predicted Structural Conserved Regioms, PSCR)
with an estimated level of confidence (from 1 1o 9)
at each position of the alignment (Depirenx et
al, 1997). In this work, PSCR's are defined for
reliability scores balow 5 on more than 2 non~re-
dundant sequences, which corresponds to a mte
of confidence of over $0%. This ensures leta than
IO%MTnhemm'lﬂpedpodﬁm & remark-
ahis rate ot this level of low &

Thamdmdhpwudmubmdm
the global alignment method cLSTAL (Higglos of
al, 1592). It is used to align the ragions nserted
between the anchor points defined above. Thus,
thnﬂuldimt&tdmdbyth:mghﬂpm-
cedure takes advemtage of both
NATCHBOX for definition of the boxes (PSCR's),
and CLUSTAL for the multiple alignwent of the
scgments outside the boxes.

The proposad classificstion of the family 11
endoxylanases is besed on a principal coordinstes
analysis computed from a slmilarity matcie be-
tween the soquences (Deplereux and Foytmans,
1991), Ths method takes advantage of a grouping
of the sequences independent of any alignment
stops and thus avoids a wisclassification dus to
mizalignments. Boefly, the similarity cosfficient i
based on matchee, for a given threshold, botween
short unaligned sagments of the sequences com-
parsd; eigenvectors and elgenivalues are computed
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by matrix diagonalizetion, and sequences are plot-
tzed for factors 2 and 3, factor 1 being poorly
discriminant. Eigeovettor soordinates have been
submitted t0 & cinster znalysis, Ward's method,
rom op STATIETICA 4.] (Statsoft, Inc) and plotted
in =0 BXCEL spreadsheet

PSCR. delineation and factor analvds have been
peformed by the programs Align and Explore on
the MATCHBOX sexver hbttp://www.fundp.as ba/
salences/blalogle/bms/matchhox,_subrxit. shbml
and global aligmment on the Clustal server http://
dot.imgen.bam. tmc.edw:9331 multi-align {Optiona/
cingtalw himl,

3, Rewits pxa Jlpcomdon

Table 1 lists the 82 enzymes uved in this stady.
It Inciudes 36 sequeaces from bactxda, 43 from
fongl, 2 from protozoa and 1 from imsects.
Twenty-two baoterial and 8 fomgal enzymes are
multidomain proteins; they comrespond meioly to
anaeroblo microorgenms Only the sequence of
the catalytic domeain of the matore enzymes is
considered in this analysis. The emino terminus of
ths mature enzymas was taken to bo aither the
experimentslly dotermined terminug, when re-
ported in the literatnre, or the predicted tenminus,
detecmined by means of the progam SIGNALY
(Niglgen ot al, 1997). The enzymes from FI-
brobacter succinogenss, Neocallimastix frontaks
and Neocallimastix patriciarum have two family
11 catalytic domains each; these domains ars con-
sidered separately in the analyzie. The size of the
catatytic domain of the multidomain enzymes iz
somewbat arhitrary; in Fig. 1 the sequences be-
Ionging to these enzymes wre marked with a star
at the beginning and/or end to indicate this fact

The enzymes enalyzed (not coagidering the
mmitidomein proteing) mbge in moleculer mass
from 19035 (Trichoderma reesel) to 25908
(Closrridhon  acetobusylicwm), and in sequence
length from 175 (Polypastron multivesiadation
Xyn A) to 233 amino acld residn:s (C. aceto-
batylicen). A shortex sequence (Xya 4 from, As-
perglilus niger; 153 rosidues, accession number
1J397835) was not included in this study becansa it
aligned poordy to the other sequences due to it

shorter length, although it is comsidered part of
family 11 by CAZy. .
Table 2 shows the pI's, pH and T° optima of
thoss enzymes Som the abowe Hit which have
been purified and characterized. The pI vaiuss
given are valnes meqsorad in the labomatory; no
theoretical estimatione have been icindad. A
wids range of pl valnzs has been found: from a
low of 3.5 for Asperpillus kawachil and Aspergilius
nidulonr to 3 high of > 1025 for Streptomyces
Nofdans xcylanases. Basterlel enzymes show pH
optima ranging from 5.5 to 7, while those from
fongi show a moch wider range (from pH 2.0 to
l.O).ﬂumqonwhlvhgandpropﬂm;
The three-dimengional strocture of family 11
endoxylanases has been determined for seversl
enrymes, from both bacteria and fungi (Table 3).
Tha catalytic domain folds into two B shosts (A
and B) constimted mostly by antiparalld p
strands and one short alpha helix and resembleg 2
partially closed right hand (TOmrBoen and Rou-
vinen, 1997). The loop between strands B7 and BS
forms ths ‘thumb’ and the loop linking strands BS
and B9 is the ‘cord". A great cimilarity iz found in
all these stroctures. Fig. 2 presentz a topology
disgram showing the sequence of the seondary
structurs cloments found in these enzymes. Two
glutamic acld residnes have besn foumd to be
cataiytically essential and are Jocated in strands
B4 and B, respectively (TOrr8nen and Rouvinen,
1997).

3.1. Multple saquence alignment

The original algnment methodology teed in
this work is aimed at delineating structural fea-
tures shared by all tho xylanase ssquences In-
cludad in ths analysiz. First, boxes obtained from
the MATCHEOX alignment program have bemm
shown to accugwtely outline conserved structural
motifs (De Bolls et al., 1995; Vinals et al, 1995;
Bertrand et al, 1997, 1998; Depierevx et al,
l997).1'h=h=tthﬂ‘thmpredlntd:&nchmny

checksd by oompariton of the three-dimensional
stractures of the 11 xylanages of known crystallo-
graphic strocture (Tabls 3) vsing the HOMOLOGY
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Takin 1
Fumily 11 xylanasey voed in this sudy

NO. 433 P

13

Organiss Prohin Gas Amestices No.  Catalytio domain =~ Riafarenpes
Laoglk* MW
Bactala
Asromenas caviay Xylanase X xymd DA204E bl £} 20212 REgbate w ol 0997
Rexifliiy gperodmereny Xylzae A4EXS b ] 24681  Babiod ot al. (1999)
Bocilhcy cireulovs XLNA xhed X07723 185 2032 Yang et al (1980)
Manille pumiley XYNA md 06D 01 41515 TPokomk et ol (19845)
Bocilhe xp. Xylumes Y* oY BT a0 2301  Yu et al (1993)
Basillu gp. Xylanam § xmS X55058 s 20854 Yy et al (1998)
Bocilha m. Xyhmase e USIGIS 185 20220 Jeong ot al. (I999)
Bacilles 5p. D3 Xylsoem =N 18 2063 Hemls ot al 097
Heailher ap. 41 ML Xylaoase I xmJ ABOD319 199 22098 Nakel ct ul (1999)
Bodiky XYNA i 15985 191 21003 Cho ond Chal (1995)
stemrothermophilug
Bacifiey nbtilis Nylanase A omd M3664S ) [1] 21451 Pede et ol (1989
Cakitraldasirapior wp. p o xmD AFO3&928 199 22158 Mocyis ot al. (1999)
. U7 B
Calhdamons fand XYLD" ol X157 198 20451 MIDward-Safler o al
(1994)
Cellgiiwia wixtuy XYLAY omd 248925 a7 2550 Millwerd-Sadier ot al
(1995)
Clostridhm Xyisosm B amB  MIITS 33 25908 Zappe ct ul (1950)
aastobuyBcxn
Clagtridium steroorarion XynA® xymd prlktvl] 193 0130 Bakia wal (1993)
Choriridion thermocalom Xylamam UY £ /g AFO4T6] e 22341 Uspubiishad
Clogtridian thermocellzm  Xyhanam V* ¥ APOATI 204 2787 Unpublished
Clastridiam thermecellion  XynA* omd  ABOIOSSE 200 22445 Hayeshd et al. (1999)
Clastridion thomocallun  XynB® ouB  ABO10SSE 200 71368 Esynshi ot al (1599)
Dictyoglomn Xylaoess B* xmB UTES45 n 204 Morrls ot ol (1996)
tharonopkihm
Fitvoboacyr puccinogener XyoC (damA)* ol unas? a4 25330 Parudk ot al (1993)
Pivobactar rutchwogenns  XyuC (demB)*  xpl unas? 216 4487 Tandsctal (1993)
Pandomonay floovescas XYLE® omE ZARSZ7 nm 22130 MUlowrd-Sadler of al
(1995)
Raomdvocscrny alteay XynA® aomd U0 76 26314 Unpublihal
Ruminocecoat XYLAY ond  ZL12Y an 24M6 Zhang and Flint (1993)
Rumtinoepang flongfasiems XynB® xnX fralv sl 26 24216 ZThang ot al. (1954)
Juminomsacr flagfacing  XYLDY xmD S61204 an 24031 Flot ez 2l (1999)
Joondescecory wp. " Xylarmee 1Y xm] ZAT0 213 2904 Unpuhlished
Straptomponr Brkins pall: xhB MeAs52 192 21064 Sbhareck ot ul (1991)
Straptomgyces Boldans XInC xhC ME6455% ) 20715 Bhareck st al (1991)
Strpromycay wp. ECS Xylanass xin X31045 4| 20931 Muzy-Servals ot o, (1996)
Streptompoms p. §38  Xylaoun oll  XPashie 1% 20583 Georls ot ul. (1999)
Straplomyces 5. 368 Xybmass 192 20973 Nagashkima ot ul. (1989)
Streptomyeny STX-II* sex-11 DS 150 20738 Twglibo et ol (I997)
thermouniclzcmar
Themomonogpora fusca  TERAY A o134 190 20900 Trwin et sl (1950
Fungl
Aseockyia pisi Xylspaso =pll Z6R891 208 2185 Libeok ot ol (1957
Axporglilig awomor! EXLA el X115 184 19576 Fexing ot al (1994)

L
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Tablo 1 (Conthmad)
Organisga Frotsin G Acomgion No. Catalyds domsln ~ Referenees
(GemBank)
Lenghs MW
Aspurgifiar keoaki? Xyhaen B B pagRIF 207 22250 Unpubilehad
Agperytius kwochl XynC c D1434k 14 19876 Tio mal (19920)
Aperpiu nidds xn ohd ZA9n T} 20335 Pone-Gonxfiler ct al (1996)
Agporgila widlont 4 . zinB ZASR9N 112 20077 Percr-Gomdinr at al (1996)
Agpergiiicy Xylanam A =pld Al993S 134 19890 Moat ot ol (1993)
Asperyiiiur niger XynNEB pmNB  DsOT) 122 008 Xincahlte of 2l (1995)
Apeyiic niper Xyns XINS UM 195 21148
Aperyilinr oryzoe XyaOl omGl ABDII0RS 139 20529 YKhoom et al (1998)
Aspoyile hbipmyiy XYLA xinA 12500 154 19857 do GraafT & ab (199D
W Xylanase B A58 207 22340 Pebt WO §149¢5-A (1994)
pillemy  Xynh xymd o 187 20074 L wd Linngiahl (1994)
Chasiowdum graclis CgXA oA D4585D n 20149 Yosleo ot al (1995)
ek gn, S ban w o oAm desaem
Cocklibeer rerbe xxﬁ'“ & L1356 191 20856 Apdietal (1
Cochlioholax carboum ~ Xy1d Xrra VNS m 211% wom : and Walton
Cochlisbely oxrbouzm Xyt XrLy Usple 1 19253 Wﬂ“h
Crppiococe ap. 5-2 ’chm #uCﬂ DETIR2 :113 gzﬂg iy R .:f(l!!l) @
- a
mmn.l:l Xyll ﬂ: X6047 208 23814 Wﬂm
Aognoperthe gritas XyNn =iz L7529 i 21427 Wu el (199,
Neocalimostix fromtalls  Xylsoams 2 TINI  B4BRGS 02 21933 'UnpuHng 9
Neocolimastly framialis XYN3 (domA)  xou$ XE2266 ny 24354 Durand e sl (1996)
NaaoalBmastiy fromelly X!.'N!(dn‘)r Zmy XRXIS6 ny 24531 Dmnnd et ol (1996)
Neocalbmeastlx pairicianm XYLA deanl mAd XE3526 o] ] r 30 Glllntlnl.(lg
NeocslBimartix petrisianan XYLA (domdf* xyed XES526 s U7 Gibert o al. (K
Orpinomycar gtradn PC2  XynAY xynd sy s 24810 Lie«tal Q90
Pascllowyas variot! x py 1Ecl 194 11 365 m:n%
Ponicilan op. 40 XyoA uAd AB031540 150 20713 Khoara at al
Pandciifmm prpoogein  Xynh el Z500350 113 19371 Dixxetal {19970
Pichla stipitis Xylanesm A xynAd AF15111% m 26291 Unpublished
Dirompyeat g (oactiv)  XYLA® ond X0135% ny 25 8 wuu.ztm
Pirongyeas 3p- (aotive) XYLA® ymd Xo1es8 s ] 4803 Pamurt et al, (19%9)
Thermanqpers laeugisogus  XynA A Xnd gﬁ llg g:ﬁ muﬂlm
=
Trichoderma karzlomgt ES820 kD Xylasase MITE 190 20650 Yagochl et al (19978)
Trichodarma receel xy xyul X954 1n 19038 TOrrdnan ct al (1992)
Trichoderms resesl XYND 2 X857 150 20 82» mnﬂﬂ%
Tvichoderma reaset Aynl Xm2 s 10 2071 Ea Grangs et al (1
Trichoderma ciride Xyturase TIA AS45D4 19 079 Yagwhl et ul (19925)
Trichodems wiride Xrisnam ITR Ad4595 190 20743 Unpublished
Proteaoa
XYNA ud AJOOSE28 10y 25192
Polyplastron Ugyublished
Polyplarron Xylanasa polyX ABOI12M4 175 19 394 Unphﬂled
Inpect
Phosdon cochirariet Tylzaw Y17908 00 0T0 Unpnblised
& Nwmober of amine add residocs,
» Multidomein protuis,
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Tublc 2
Leodlactric point, pE snd T* optiovim of family 11 xylansses of known equente

Oxganium Kylanase 4 P opthowm  Opthmen T*  Reflomnce
Bactaria
Acomonay axcios Xyleoam I 7.1 7.0 -] Kubate et sl (1992)
Bociliuy agrodhagrey 11 Lt ad nd Sabind ot al (1999)
Boetlles pumitia XYNA 2d 65 45-60 Pabengred ot a1 (198%)
Jacifley gp. D3 17 40 s Harxis & al. (1997)
Racilloy ap. 41 M1 Xylacass J is5 p.o 50 Nakuzmey o ul (1992)
Bacile pleilis o A 8y ad nd Pai of al. (1985)
Calitoylislosinptor sp. Xylcoaso ad 13 y, ] Marels &t al. (1599)
Rif5A.1
Clostridion acetabutylioen  Xylmoas B Ls 53¢ % Lan et al. (1987)
Clostridium sarcororiees XynA 45 10 ] Sakn ct sl (1994)
Cloptridium thermocelhen XyA nd, &3 & Hayashi 2 al. (1995)
Dictroglownar tharmophibon  Xylazas B nd 65 85 Marrds £t al. (1995)
Fibrobacter sucoinogames XynC &2 s ad Paradis ot al. (1599)
Rumdwococos fomfades  XYLA 50 55 5 Plint o ol (1991)
Gamb-Campmye o ol (199%)
Streptomycas Bcidans Xinh 4 65 55 Kinepied st ol (1990)
Streptomyces Buidan: Xl >102%5 60 87 Khoephd ot al. (1992)
Serqptoncyces 1p. BC3 Xylanase 9.1 nd nd Muxy-Scrvis ¢t ol (1996)
Straptcycay op. 538 X 0 60-45 58 Geods a2 31, (2000)
Sitreptomyars STX-II Lo 70 & Trofibo o al (1992)
sharmosiolocosy
Thormomanaspora fiyon TiA 10 10 nd Trwin ot al (1994
Fexg!
awanori EXLA 87 nd nd Hatsing e al. (1954)
Aspergiiin kenvauhit XyC 3s 20 % Ho ot al (1992)
Asporgiliue ridulons Xn &4 55 a Fernkodes-Epivar ot al (1993)
Apergilha siddamy 4 35 55 ] Ferndndes-Bapivar ¢t al (1995)
Asporgillr niyer XHA(xDd 17 50 nd Maxt et al (1992)
Krengsl snd Difkstra (1996)
Aspergilias niger XyuNB nd 40 od Kinoshits. at al (1999)
Aspergifias subigenniz XYLA 36 ad nd do GraafF ot al. (1994)
Asrwoboxidiom pulluleny XynA (AEX I) 9.4 48 54 1 ot al (1995)
Cochlicholus carbosmm X »>53  4.0-B0 4 Holdan snd Waltan (1992)
Codhliobaler carbomm Xyl2 end 3 »93 4D nd Holden and Waltoa (1992)
Cryplococcat 1. 8-2 Xyn-CS2 24 20 40 Teivll & ol (1996)
Mogusporthe prissa X¥YN22 9.7 ‘ol nd W ot al (1999)
Poocilomycar variotl VX 29 1470 (4] Esldmergurtty apd Vidhaynthdl
(1989)
Fanicllthen sp. 40 XynA 47 240 50 Kinrore ot al. (200Q)
Poxiolum prmosgmen. Xyl 59 3.5 50 Babenolo ot 2l (1999)
Schivophylloat comruwmc Xylaruie A 41 10 ] Jurisck and Pulce (1988)
Thormomyers bwgireny  XynA 41 65 &5 Guomes ot sl (1993)
Soblacher: o ul, (1596)
Trichaderma barzizngn E5S8 20 kD xylapmic 94 30 50 Woug and Saddler (1992)
Trichederma rossel XYNI sa 154 ad. TorrSnen ot Al (1592)
Tyichodoma recsel XYNI 9.0 45-55 nd Thrrfineg ct al, (1992)
Trichoderma wride Xympam JA 93 50 s Wong and Saddles (199%)
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Tabls §
Famify 11 endssylimtin of known thres-dir etiionsl srertns
Orpaicn Protain PDB oods Rafbrenms
rim Ighé o al. (1599)
JBarilluy apavadhasrens Xylsnaso Sabini
Bocillu cireudant XLNA Lenb Wakarohmk a sl (1994a)
Bacilly wp. D3 Xylanasc* Farrs ot al. (1997)
Dintyogiawmas thormaphifum Xynl® 18 MoCarthy o al. {2000)
mmm XmC 1114 Fushinchn et sl (1995)
Atporgilius wigor Xy ar A tukr Koropel and Difks (1996)
Pascllonycay parict] Xylanam® 1pvx Evwmar a al. 2000)
Thermomycss ksmuginors XymA®* lyan Gruber ot al. {1958)
Trichoderma hersianam B5E Xylspaye Iand Camphbell ut al. (1955)
Trichadermp rocosl XYMl 1xyn Thrrom «od Rouvinen (1995)
Tridhodenmna ressel XYNKX 1xyp TorrBoen ot al (1954)

* Thermophiflc protein.

package (MSI, San Diego) or the F3sP program
(Folm and Sander, 1996). In addition, the e of
CLUSTAL to globally align the regions ingerted
betaesn thesa anchor points allows to highlight
several key residues in less conserved reglons. In
ghort, the alignmect obtaived on the basis of

tiex smong the endoxylanases.

The alignment it shown in Fig. 1. The residues
ars numbered om top; the aumbering excoeds the
length of any individns] sequencs since it includes
all gaps assigned by the slignment, The secondary
structare dloments are nmnbered ag shown in Fig.
2,

Four baxes (¢$haded @ Fig. 1) are found along
the whole set of 82 sequances and correspond to
the PSCRs. Interestingly, the sequence alignment
providey s pattern of aligned segments and gaps
congistent with the observed secondary structure
clements. Indeed, the lowest seqruence homology is
found In the regions between beta strands
(rmidory 94-103 between A3 end B3; residucs
111130 batween B3 and AS; residnes 23§-254
between B7 and A6). The region commtsponding to
the thomb, (between strands B7 and BE) s, how-
ever, very well consarved along all the sequences,
except for Piromyces sp. XYLA. This last eozyme
is reportad to be the Inactive form of the protein,
in contrast to Plrompces sp. XYLB, tha active

form, that also contains the concerved segment
dofining the thomb region. The cord region (be-
tween B6 and B9) Is also conservnd. Ths PSCRs,
in partioalsr, eotxespond to secondary structure
elements: box 1 to BS, box 2 to BS, box 3 to B8
and box 4 to the helix.

The amino tarminal regions of the aligned seo-
quences chow no aimdlarities in the first 30 or so
recidues. One sequence i particularly long in this
reglon (C. acetobutylicum). One of the seqnances
(P. multivesiculatum, AB011274) staxts omly at
residoe 81, aud lacks strands Bl, B2 and part of
A2, jaggesting that Bl and B2 may not be neces-
sary for enzymatic activity. Residue 40 is 2 G In
60 sequences, and is missing in 15. It belongs to
BI in the struetare of T reesel XYN II (Torrinen
et al | 1994). Its xrportance is unclear, since B1 is
migsing totally or in part In the indiewted 15

sequences.

The segment corresponding t0 B2 shows good
simflarity among the sequences. Position 52 iy in
mO4t casen an aroenatic residue: 63 sequences have
a'Y, while 14 show a W or & I, At poxition 55, W
predomxinates (70 soquances), while 62 sequences
heve a D in position 57. Between B2 and A2, two
long Insertions (probably forming a loop) re
found in the endoxylanases from Penicillbon sp.
and Pichia stipitis. 50 (s are observed in poszition
76 and 50 in position 77. Strand A2 shows low
sixilazity except at position 81, where 24 Y and




13, APR. 2007 16:09

D YOUNG & CO

A. Sapay o al [ Journal of Blotechnology 95 (2002) 109-131

35 M are found. In the loop linking A2 and A3,
61 G" mrc obezxved in position 86 and 67 In
position 87, bot not necessarily together in the
szpe saquenca. In A3, a highly cozserved For'Y
{79 sequences) is found in position 89 and 75 W in
93; in thiz last case, the few replacements are F or
Y; only ons nom-consexved repiecement (H) iz
observed in P, stipitic.

Residuos 100 is In all cases 8 D (27) or N (65); as
we Will soe below, this residue is related to the pH
optoovnn of the snzyme. At the end of B3, G109
is present in 79 sequences (it is replaced by 2 K In
Bacillus agaradhasrenc) and aflows a special twist
to the chain (TSrrénan and Rouvinen, 1997).

AS is not preseot in P. stipirls, which ghows o
big gap between 110 and 144; in this sequence: B3
and B5 are probably linked by a ahort loop. BS

NC.433 P 22

i

conresponds to the first box detected by MATCH-
BOX, indicating a highly conserved stretch of the
sequence, particolady YGW (152-154), present in
all 82 enzymes ‘Y152 ip strongly hydrogen bonded
to EIS7; it seems 10 be of great functional fmpor-
tance since its mutation to F (in Bacillus circxdans
XLNA) lsads to a totslly Insotive enzyme
(Wakarchuk et al., 1994a). At peaitian 150 21 Cys
are pressnt, the highest number fonnd at a partic-
nlar location in all the sequences (see below).
‘The next box corresponds to B6. It is preceded
by a highly conserved Pro at 164 (pressnt in 74
sequances) and Len 165 (74 soquences). B167 is
compmon to afl saquences and conmeponds to one
of the cutalytic residues (the nuoleophile); it is
followed by two highly eonsexved Y's (75 in podl-
tion 168, replaced in the rest of the enzymes by F-

LA

217

Bé|

B7

BS

180

194

—[ HELIX
258 250

BS

¥lig. 2 Topalogy dngram of the fmily 11 exdoxylanaset. The resldnn sumbering rafirs to thet of Plg, 1. Ths figarn is adapind fmm

Tourfoes ot al. (1994).
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and commmon to all in 169) and by two aliphstie
bydrophobic residnes i positions 170 and 171, Tyr
169 linkz both catalytic giotamates, scting as a
charge stabilizing residne (T3rrinen aod Rouvinen,
1997), and its mutation to F in XINA of 3.
chreulans loads to a large decresge in mctivity
(Wakwrchok et el, 1994a).

The “cord’ shows low shmilasity, exoept for a Pro
{found in 70 sequances and missing in 7) in position
135. B9 iy & stretch of very low slmilarity and varies
considersbly in length, but it is followed by the
third high similarity boxz, corresponding mainly to
B8. Between BY znd BB, two highly consorved
regidues are appareat: D204 Gn 76 sequences) and
G205 (in 80 sequanoes); this last cegidue is consid-
ered important in hairpin formation (T&rrénan and
Rouavinen, 1997), Y208 iz present in all 82 se-
quences, R215 m 72 and N217 in 69 (thiz laxt
reidue is missing in § sequences).

The ‘thomb’ is well copserved; it has & consengus
soquence PSIXG whezo X is ahnost any residus and
the others chow few and mainly hemnologous re-
placoments. Pro 219 gives a twist to the strand at
the beginning of ths thumb. B7 is also well eon-
served; residos 227 s & T in 77 sequences and 228
is F in 21 cages; a consenros sequence QYWSVR
tan be proposed for residnes 230-235 (R is re-
placed by K in one ipstance and the other residues
show mainly conservative roplacements),

The loop oonnecting B7 and A6 differs in length;
tho longest baing In the enzyme from P. sripitls,
which also shows the Jongest Ioop between B2 and
A2 'No sgnificant simnilarities are apparent in AS,
which is immediataly followed by the helix.

The last box of high similarity comprises the
carboxyl end of the a-helix and the following 6—7
residues. F1262 is present In 79 sequences, W263 in
80 wud G270 in 79.

B4 does not show high simjluritics, except for
B287 (boldface in Fig. 1), & residue present in af!
sequences, which corresponds to the add-base
glutamete participating in catalysis, and which ia
followed by a highly consexrved G (70 sequances).
The last well defiged secomdary strocture iz Ad. A

' highly constrved consensus sequence SSGS pre-

cedes and starts this strand,
The carboxy! termizus of the sequences I highly
varighle in length The longest is found in 5.

aparadhaerens snd P. mwltivesculaten, stretching
25 and 22 residnes, regpectively, beyond the end of
AA.

3.2. Acidopkgly and thermogtablity
S

A mmber of family 11 endoxylanases have besn
reported to be acidophfic. It has been postulatad
that for xylanases that function optimally under
acidic conditions, residues spatially adjacent to the
acld/base catalytc ghotamate infloence the pH
optinrum. (Térrénen aod Rouviney, 1995). In par-
ticular, the substitation of N100 (underlined in Fig.
1) by D shifts the pH optimum from 5.7 to 4.6, as
hzs been demonstrated by mutational, kinetle, gnd
stroctural studies of N100D in B. cireulms XYLA
(Foshi et al., 2000). This agreey with the mutational
analyils of xylanase C of A. kawachil, in which the
single rubstitution of Asp 100 to Asn at this key
potition dramaticelly clevates its pH optioom
from 2 to 5 (Fushinobu ¢ al, 1998). Structurl
stndies of xylanase A (or I) from A, ziper led to a
gimilar conclusion. In the crystal stracture of this
enxyms of low pH optimum (Rrengal and Dijkstra,
1996), Asp 100 is assigned a critical rols,

An examination of the enzymes of known -
quence for which ths pH optimum hag been deter-
mined (Xable 2), shows that this correlation holds
true with only ane exception. The enzymes showing
a pH optimum below § have D at position 100,
while N is present in those with pHEl optima of 5 or
more. The exception iy XynC from F, suecinopenes,
an Anserobic bacterium from the romen, This
enzyme shows & pH optimum of 6.5 but haz a D
st position 100. This enzymz has two estalytic
domaing, and the pH optimam reported in Table
2 corresponds to the native enzyme; the separate
domains have s pH optimum of 6.0 (Zhn et al,
1954).

In concluson, thereis a stropng correlation in that
the residue hydrogan bondad to the general acid/
base catalyst at position 100 iy asparagine in the
so-calied ‘alkaline” xylanases, whereas it is aspertic
asid in those with 2 more sddis pH optimum,

Therraostability i an important laraz in the
propertios of endoxylanages, due to their biotech-
nological epplications, particnlady in celfulose
biobleaching. Of the enrymes listed in Table 2,

182
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mdhmdonm(mnwm Caldicellu-

have Cyz at positions 188 and 213, v/hich may be
forming a yimilar bridge. The presence of this
dmlﬁdnbndpmmﬂumwthambﬂ!tyof

thase proteina, althongh it does oot give (at least
to the enrymes mmalyzed so far) a thermophilic
character,

OF tho seven thermophilic xylanases fisted, three
have no cysteines, and the three-dimensional
structure of the Dictyogiomus thermophilus en-
Zyme shows no §-8 bonds, although its sequence
has 3 Cys. On the other hand, T. lanuginosus and

P. variptl xylanases, both thermophilic, do have
au S-8 bridge Hnking Cys 203 (locatad in BY) and
Cyr 261 (o the o hafix). Cochliobolus carbomum
X313 and Schizopkylion conmume XylA 2o posr-
sess only two Cys and in the same positions; the
T® optimum of the former has not been reported,
while the latter hay & valus of only 50 *C (Table
2). All these reguits soggest that S-S bridges are
unlikely to be of importancs in the thearmophilc-
ity of fumily 11 xylanases

As pointed ont by Tarunen et al. (2001), ther-
mophdlicity (activity at high temperature) and
tharmostahility do not necessarily depend on the
same structural factors They introduced a
duulﬁdobddpﬂusoth:r-wmhﬂmlmf

xylanase,
mhhmmofﬁbﬂd;ﬂtom
wmxy affect both differenty.

Harrls et al. (1997) propose that the Bacilho D3
zylanase (lacking S-5 bridgss) Is stabilized
through ‘sticky patches’ between pairz of
molecules through the interaction of suxface aro-

matic residues. These regidues are Tyr 53, 78, 120,

201, 290, 295 snd Trp 207 and 214, When the
alignment is analyzed, it shows that Tyr 78, 120
and Trp 207 am unique to this ssquenos (oo
aromatic residuss axe present in those positions in
the remaining 81 saquemces), while Trp 214 is
shared by ouly 1 sequence (not thermophikicy and
nooﬁnmﬂemﬂdunmfbmdh&uhnr

. bilizh
the other thermophilic family 11 xylanases of
hmuquenn.
Shibuya ec al. (2000) nsing randem gens shuffl-
ing batween & meeophilic (S. Bridams XInB) and o

E
i
Eaf
.'5,
i
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Fig. 3. Romlis frzn the factor avalydls. Gruphical rgwessciation of the sequancis @ the plsoe of fhetars 2 and 3, Esch point
oorresponds o & sequenm, the position an tha plot belpg amociazad to a paemtyge af the toral vadability within the daty. st
Diistances mparsting each position fo the plor. ars dirsctly reiated o the tequunos bamglogy. Groups containing mainly sequances

of fungi (I, II, I, IV} axv marked by Slled symbols,

clexr similarity pattem is observed, mdicating that,
again, the proposed thermostahilizing factor may
be unique to the 7. fisca enzyma.

3.3. Classifieation of the famlly 11 xylancres

A factor mnalysh (Explore subprogram of
MATCHEROX) was performed in ordar 1o define
groups and sabgroups among the 32 sequences
under atndy. Sequences have been represented in 2
three-dimensional space, each factor being aseoci-
sted to a percentage of the total varlability between
the soquences. The first factor Is generally trivial,
and the grouping of the sequencey was pexformed
in the plape of factors 2 end 3 (Deplerenx and
Feytmang, 1992). Graphical representation of the
sequences in tha plane of factors 2 and 3 (Fig. 3)
was obtained directly from the progm MATON-
poX zud represented vian Excel. The distxnces
separxting each position in the plot are directly
related to the sequence homology, thus allowing a

dassification, Soquences close in the plane of fac-
tors 2 and 3 were grouped /dustered, lsading to the
clnssification presented in Tabls 4. A first clustor-
ing, based on the distance between coordinatesy in
the plave of factors 2 and 3, ld to the definition
of a total of seven groups. Those groups were
Inbeled (A, B, C, I, II, III, IV) a posteriori, on the
basiz of the origin (fungal or bactarial) of the
sequences belonging to0 them. The two larger
sroups (I and I), were further dividad into sub-
groups on the basis of the distance between coor-
dinates in the plane of factors 2 and 3 within the
goup, Grovp B, althongh containing many se-
quam(lS)mnotdiﬂdndmtombmluthe
disteibotion of points is narrow (factor 2
botween —0.453 and = 0.518; fastor 3 comprized
betwesn 0.015 and 0.087) in comparison to the
distribution ef, for example, group I (— 0431 <
factor2 < ~0240; —0.236 < factor 3 < —0.161).
This method svoids affecting the sequence ales-
sification by misalignments occurring in a previous

4
(8y
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step, and represents the atquences oo a plme
taking into acconnt Enclidian distance rather than
hicrsrchical merging. The graphical representa-
tion of the sigeavectors (sequence coordmates) in
the plsns of factors 2 and 3 (Fig. 3) alloms to
classify and group the saquances by eye, since the
distaneey separating each position in ths plot are
directly rejated to differences in the sequences.
The classification obtained has beez: validated by
a clustering (Ward method) peformed on the
coordinates

sequence
Iutereatingly, th:mplobmd&mthnﬁn-
tor analysis are highly homogemecms, meaning
that they montly contais only sequences from
elther bacteria or fongi, It is also notoworthy thar
some bacterial sequenceg are more homologous to

NC.433 P 26

sequences of fungal endoxylansses than to sa-
quences of other bacteria (see for exsmple group
D.

Io this work = robust classification methodol-
ogy bassd on factor mnalysis, withomt previous
mwmmmwm
phylogenstic inference is applied for the first tims
to classlfy & large set of sequences. Interestingly,
the classification of xylanases pressated in Tabis 4
oomparss favorably with previous cassifications
based on smaller saquence datasets. In partionlsr,
our megults are in good egreament with the clasaift-
cation presented by Georis et al (1999) daduced
from 2 phylogenetic tres analysis on 63 sequances,
According 10 their stdy, famnily 11 endoxylanases
were subdivided into sl main groups: three for

Table 4
Chasiication of fcmfly 11 xylosset hassd on a faotor axalysis
h Tera XYNI n Anmi XyiA 4 CaiXYLD
In TroeXYNI 1 4 Pe.puXynB 4 Thje.TPcA
In TraialiA 1§ Acrn XYLA A - TOF
In TrvlaIIB 11 Asni XynS A S STH
Ia Thia XysA I Aakn XynC 4 SLEYRC
Ia PospXynA 14 AsawEXTLA, 4 Bacl lxnb
Is Pavalpvx o AnguXyiA 4 F.EC3
Ia Ch g CgXE A A The
In Aso.pixyl I Nar XY3IA A Basexyid
n Aror XyCH Ila Naft XY38 A Batpxyid
Ia Annid o4 IIa NepaXVAL
In Aakaxylh Il Napa XYA2 ¢ Dithxylp
Ia Trha lend I OmpinXynA c SuATmb
In Aagid X231 c R XD
In Mg X¥n b FLALXYCA c Capal
Is Co.m Xyl mib FisnXyCB c Roip Xyit
In Chgr CaXA jris] PlepXYAL c Ruf Y ymd
I Antu.xylB pred] PlapXYA2
In Asxi XyxND I Nafrxyl2 B Beag. Jgh&
B Realmd
: Cla.paXyl t'lg FlstXynA : Po
Ib Comxyl B ﬂ
Ih SccoxylA 2 Basp xylr
Th Hr oyl J ] Bagp.xylY
b BaD3.BDX B dxplv
B Cla2ylA
I CemiXYLA B ClLihxpld
= Thooxyl 3 oyl
In B
¥ | Bepu XTYNA

of basterly] mzymes ars in ialics and evzymes produoed by motegoos or ol afe undeyiined. For sbbreviations me

Scxuencs
Tabla 1 and Fig 1.

I8
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fongl, two for Gram positive bacterin and ope for
Graxn pegative bactera,

A similar subdivision is found here: groups I, I
and III contain mainly fimgal enzymes. The en-
zymes fo groups I and 1T are mostly the 20 kDa
enzymes from Ascomycetz epd Sasidiomyceta.
Mont. enzymes of gronp ] exhibit a basic p. Those
in gromp XX show an scidic pl. BEnzymes of gromp
III are mainly predeced by anaerobic fongi. Like
in the classification proposed by Georis ot al. (1999)
two enzymex produced by F. succinogenes (XyCA
and XyCRB), an smoesobic Gram-negatve beo-
terium, also full in this group.

In addition to those three groups associated
mainly to fongal enzymas, 2 fourth group that was
not present In previow clessifications emarges from
the present factor apalysis. It only cootains two
enzymes, One iz produced by C. ca-bomon (Xy13)
and is clearly distinet from Xyi1 and Xy12 produced
by the same famgos. In the classification proposed
by Georls et al. (1999), this enzyme I Isolated in
the nnrooted phylogenstic tree. Tha second enzyme
in group IV is produced by P. stipitis (XynA); this
eozyme bag not bemn included in any previous
classification.

Bactetial enzymes are mainly divided into thres
groups (A, B, C). Gromp A contains mainly en-
zymes produced by members of the Actinomyc-
atareae and the Bacillacens families, strictly aerobic
Graxo-positive bacteria. Groups B and C are more
closely related and eontsin mainly enzymes from
snasrobic Gram-positive bacteria, such ae those
from Clostridium or Ruminococcus, which wsually
Bve in the ramen. Two bacterial enzyioes, XyIE and
XylA xylanases from P feoreycens ind C. mibxtus,
respeciivaly, rivicaly serobic Gram-negative bacte-
ria, ars found in subgroup Ic. In terms of sequence
mmilaritics, those two Gram-negative bactarial en-
Zymeé more closely rsemblo xylanases produced by
fungl (group 1) than other Gram-pogitive bacterial
enzymes (e.5. groups A, B, C). They were also
clargified in a distinet group by Geords et al. (1999).

3.4. Blotecknological rigrificance
Xylanases are finding an increaging oomber of

applications, both alone and in combination with
othar enxymes. Among them are callulose pulp

" md often umnatural

biobleaching (Buchert et al., 1994), bread-making
(Conxtin ot al., 1995) and sacchatification of Higno~
callulosic biomass (Les, 1997). Thess applicationa
roquire enzymes oapable of operating under specific

conditions. Parameters of
particuler interest are thermostahility and pH optl-
wostable end alkaH-stahle eazymes. Family 11
sylanages may be of particular Interest i
blobleasking dus to their smaller ghre: a fact which
may facilitats pemetration in the ceflnlose fiber

network.

Optimizing enzyme propertimy for u particular
application can be achisved by rapdom and shte-di-
rected mutagencsls, Amuse et al (1993) have
schicved a xignificant stabilization of Bacilha
pumilu XynA by mudom mratagencsls. Four heat-
resictant nmtents were isolatad, and the stabilizing
mutations were found to be ciastered in the N-ter-
mionl rogion. In three of ths four mutasts, &
mutation of G92 to § or to D was obeesved,
Rasldue 92 i locatad in the A3 strand, smd it is
elways » polar or charged residue except in B.
punius and Perdeillaon 1p. wheee it is a G (Fig. 1);
the introduction of an $ ora D at that position ey
aflow the formation of a stabllizing hydrogen bond.

An example of the use of site-directed mutagen-
esis is given by Turunen et al. (2001). They have
introduced a disulfide bridge by means of the
mntations §203C-N251C, thus increasing signifi-
cautly the half-ife of the enzyme at 65°. As shown
in Fig. 1, the thermophilic xylanase from T. lanug-
inomur possesses this bridge.

It has proved difficalt to maxipulate the proper-
ties of an enzyms in & predictable manner (T0x
rénen and Rouvinem, 1997). However, for the
design and protein engineering of endoxylanases
with properties suitable for their differant applica-
tians, a good knowledge of its sequence and strae-
tare i & necessary condition. The information and
sualynis presented in this publcation ghould be
useful for this purpose.

Acknowlslgenumty

This work was financed in part by grants from
DIPUC (Direccién de Investigacién y Postgrado,




13, APR. 2007 16+14

-
X

D YOUNG & CO

A. Supog st.ol, / Journal of Blotachmulogy §5 (3003) 109-131

Porithcin Usiversidsd Catéfica dp Chile) and
FONDECYT gmots 1960241, 3950015 aod
8950004 (Lineas Complcmentarias).

srotapueils, FEAS Lot 316, 123-127.
Relancin, A., Seorpa, I, Perang, A., Dim, R, Stsiner, J,,

Bely, P, Vrauaakd, M, Tealkanen, M, Kluspl, D, 3997.
Eodo-f-1,4-xytannpe fumiljes: &freaces In catalytic prop-
atim, J. Riotechuol. 57, 151166

Driffendl, P, Bandouzx, G., Lambart, C,, Ds Bollg, X, Vinak,
C., Paytmans, &, Deplareos, B., 1958, Comparativn xualy-

mophifr. ¥, Mamoblol. Biotechnol. 5, 117124,
Conctin, CIM, Roeants, A., Delconr, JA., 1999. Fraotiona-

NO. 433~ P. 18

tiop-rechmutiption experimenty prendde insight kndn
ol of in breadcuking 1. Aptic.
Chemn. 47, 1870-1872.

Dalbog, K., Beldi-Hansn, KT, 1994, A nove] muthod

D‘?"_"'"-E-Vnhhum:rvmn.lm

Riochem. 231, 314-219,
ds Fiy, K., Thor, A., Lambet, G, Vamls, C,, Do, P,
Balke, X., Wortsrs, J., Letssacm, 1.1, Depisrwe, ., 1999,
Btructure snd fuxction prediction of the Braseliz
P39 protels by somparative modding with margical m-
queaes gmilarhicy. Prot. Bag 12, 217-23.
de Oraaff, LT, ven dan Browk, B.C, vau Oafjm, A LT,

cobiol. Latt, 113, 23-138.

Pendndes-Erpinar, MLT., Valiks, 9. Pllags, F., Pirex-Goned-
lez, A, Ramén, D., 1996, Constroction of an Apengifiu
nidyfau onliisopy transformant for the xif gens and it
e in poelfying the minw Xy, zyfenss. Appl. Microhisl,
Blotawhnol, 45, 338-=341,




15, APR. 2007 16315 D YOUNG & CO

-
[

NC. 433

12 A. Sopag 5 ol / Jounal of Biotechnology 95 (03) 109131

FHnt, B.J, McPherwon, C.A., Martin, I, 191, Exprossion of
two xylanne geves from the romoen callulolyto bacteriem
Ruwingcoceus flsngfanimy cloned In pUCIS, J. Gen. M-
troblal, 137, 125-129.

Fint, H.J., Martin, J., McPharson, C.A,, Danial, A 8., Zhesy,
1K, 1998 A Yifusctional teiyra with weparsts Kylanne
xed B{1,3-1,4) gJumoss domains, wnonded by the XD
s of Rumbococow fioogfincians. J. Bactziol 175, 2943=
051

Pukumki, &, Panbangred, W, fikimnyo, A, Okads, H., 1984.
Tha complsts »wlsotids pequence of tha xylsnase gues
(xynA) of Bocis peniler. FERS Lett. 171, 197-201.

'M&MLME.WMT..M
H..I!!l.ﬁmlhmphe mwutations] snalyses of an

ﬁm-dldd-ﬂﬂaululmm&l-
of Asp 37 for
-hbllllupﬂ.htmu 11211128,

Gartha-Coxopayo, V., McCras, 8, Zhang J.-X, Fiot, BJ,
Wood, T)L, 1993. Mada of action, kinetlc propertiss xod
physicochamine) chamctabation of two diffirent damaina
of u bifonotional (1 —4)}-f-D-xylanase fronn JReminococenr
figfosims cxpressed ssparutely fn Echarickix eoll
Blochon. 1. 96, 235243,

Cutxia, 1, Glazmotts, F., Lamntts-Bresseur, I, Detron, B,
vin Beviozem, J,, Granier, B, Prien, JML, 1999. Baquance,
overproduction wod porifostion of the famdy 11 endo-
botn-1.4, xylanast enmded by the xyil jsos of Sirepio-
moyesy 5p. 538, Gena 237, 123-139.

Gaoeis, J, & Lamos-Estsves, F., Lamotte-Brassear, 1,
Bongeat, V., Devreese, B, Giamotis, ¥, Graniar, B,
Frize, JML., 2000. An udditional srestic imternction tme
povey the thumostahility snd thermophilinity of 2
mwsophdiin Bemnlly 11 xylace strooturs] basls and w0k
Inz tndy. Prot. Sal. 9, 465=475.

m&mumn--qu
1995, The xylanciytic systemm of Clanicgpe paurpares: oyto-
1ogical mvifemes for mcoretion of xylanass in bnfectsd ryn
tie and molectlar charscterimtion & two xylomx
peocs. Phytopathelogy 88, 10201030,

Oibact, H I Halewood, Q.F., Lanria, 11, Orpin, C.G., Xoa,
GP., 1992. Howologons extalyrn domalns jo & nmost
fomgal sylmast ovidemce for geoe depliedon and
prokuryotic origin. Mol Misroblol. 6, 20652071

Gilkea, N.R, Hosiaat, B, Kitarn, 1.G,, 1Miler, RC. Jr,
Waosn, RAT, 1991, Domting in mioroblal -1 4-ay-
omsss seqnence  consvatlon, fumetion, aod amymo
fiemiling Wicroblol Rav. 55, 303-314.

CSomes, I, Gomm, L, Krelosr, W., Entochmer, M, Sianer, M.,
Stainar 'W., 1993, Production of kigh hevel of cllnlamn-five
exd thermoutabin xylanase by o wid sintin of The-
monryess bnaginsas vsing beegireocd xylsn, J. Biotesh-
ool 30, 203-297.

Graber, K., Kiintehar, G, Hiyn, M., Sdhlacher, A, Stlser,
W., Kratky, C., 1993, Thromophite tyianam from Ther-

momycss lomginomes: bigh-resolution X-ray strmtmo snd
mmmn,um—:m

Harls, G.W., Jeakime, J.A, Coxmerton, 1, Pl-kersglll, R.W.,

1996. Refinad orystul sixuctars of the axtaytie damain of
ayianass A from Prudomonas fluorescans o2 1.8 A resclo-
don, Acta Crytaling. Bee. D 52, 393-401.

Haxris, G.W., Plckeragill, RW., Commartem, I, Debeite, P,
Towad, 1-P., Braton, C., Pérz, 5., 1997, Strotvrel basis
of the wopextios of aa indusrislly relevant thermophilic
xylamags, Protsine 29, 7746,

Hiyashl, ., Tukzhars, M., Nattorl, T., Kizmrn, T, Easits,
£, Bakka X, Ohmiya, K 1999, Nuzleotide squentes of
o contignous sad hgtly homclogons xylanams pemes
»nd xd xmP wd characteirgidon of XynA froem
gn;-mm Mixoblol. Biotwh 51,

Faxinst, B., Daviss, G, 1997, Structoral sad squence-based

Mignnel, MLE., Esrpius, P A, Sakos, I, Advay, 'W.E., Baker,
3.0, Yhemas B, 1997, Polysaccharidn hydrolas folde
Diversity of strusture sod convergens of fonction. Appl.
Blochem. Bitachpal. 63-65, 113124,

Holdm, R, Walton, 1D, 1W2. Xylauey fom the foopl
mabe pathegen Cochlisbols cardemme Physiol Mol

+ In, K, Opasswans, H, Bugimoto, T., Tekikawa, T, 1952,

Pudfication and propartiss of nold stable xylatoses Bom
A’g-}:l hewachil Riowd Biotechnol. Fiochem 38
r».l..h-.llh.!....l-nn,z..ll!h.unhnudm

ngen, AGJ. (Bds), Xyians and Xylxuams. Elsaviar, Am-
stenixm, pp. 1=15

P. 29]




¥4

13. APR. 2_007'16-:28

D YOUNG & CO

A Sspay ot al. / Fouraal of Biotechnology 93 (2002) 109-18]

Joabi, M D, $idim, G, Pot, 1, Besyor, G.D., Withers, 5.G.,
Melntoah, LP., 2000. Hydrogen bonding and oatalyiic 2
nowel expinoption for how a singie aruied 2 salytituion
oan changs the pf optiomm of 3 glycosdduge, J. Mol Bjol

mio-lAfxyimmm I fom Agepily siger:
molscalar bagly for ite Jow pI optiavem. . Mol Biol 243,
-7

Sumikd, T., 1952 Xylanase T of Asromonas covies ME-1
Isciatsd from the Intemting of & harbivorons nsect (Savda
cputkip pryari ). Blosel, Bictechnol, Blochem. 55, 1483

Kubat, BK., Eumis, T, Do, Y, Nalto, H., Exwmi X,
Takxmisswa, X., Horitsn, B, 1997. Glonleg and expres-
tion of xylanam T gros Cowd) of Awrsmoner cevisg ME-1
in Ercharichic ol J. Paoent. Bineng. 15, 292-295,

¥umar, P, Epsnramomthy, 5., Vitheywthl, PJ., Visvaml-
tmm, MCA., 2000. Tha teetiary strustore ot 1.9 A resolution

Lee, T, 1997. Blological conversion of lignoorlulosic hiomay
1o athanol. J. Motechnol. 56, 1-24,
Les, BF, Forsbag, C.W,, Rattray, JB,, 1937, Poiiication

NO.433 R 30

and charsterjeption of two endexylanawy Som Chartrid-
imm acetoburylimen ATCC B24. Appl. Buviren Mixoblal
1, =650,

Ll X1, Zung, Z.Q, Dean, 1F., Erfieen, KB, Ljuogdubl,
LG, 1993, Pwifcation and cowoterizatins of w pew
rytapase (APX-TT) from the fangus Awrsobazidion pull-
dmmr Y-2311-1. Appl. Baviron. Microblcl. 55, Y212-9218.

U, XL. Limgdabl, L.G. 194. Cloning, soquancing, aud
regulstion of u zylaname pwe fom the fongey Awroobasid-
how pulddany Y-2911-1 Appl. Buviron Miorohinl 60,
516031586 publithad et I Appl. Bgviron. Mioo-
hial 80 (1994) 4647.

13, X1., Chen, AL.7., Lunpdall, 1.G., 1997. Mogoomiric nod
polycsttric snasrobio fongl produce strogtarally relwead
celicluen snd 3ylsnases. Appl. Environ. Mershinl 63,

Libeck, P.D., Pavkin, L, Degefu, Y., Libuck, M., Alekbina,
L, Buist, B.A_, Colisgs, D.B., 1997. PCR dardng, DNA
muencing and phylopenatic azalysis of 2 xylsoage gone
from the phytopathogesio frmgus Arcodkys pisf L. Pays-
lol. Mol Plypt, Pathol 51, 377-389.

Maxz, J, Rom, M., Vichakel, I, Stxm, H., Santod da Sitwa,
M.J,, Bosm, M., Egremd, MLR., Fagenps, M.1.D | vaa
Gecoomn, RFM, Heming, JGM, wn do Hondal,
CAMI1I, vay Rotterdams, .0, 1992 Xylmnases snd
thar applicgtion in bakeyy. In: Viay, )., Bildmay, G,
Kusters-Van Bocomrm, MLA., Vorugm, A.Q.J. (Bda), Xy-
laus and Xylenases, Blssviar, Amstardam, pp. 349=360.

MarpSwvah, C., Moram, A, Geepd, C, Duwrt, 1., 1994,
Qoning and goelaotide squmoe of & oyixoss-maeodiog
jena Fram Strepioiyas xp. siraln BCY. DINA Seqaenon 6,
47-158.

MaoCarthy, AA, Moxis, D.D, Bergruist, P.L, Baker, BN,

reanlotion. Acta Cryst. D 56, 1366-1378

Millward-Sadlar, B.7., Pools, D.M., Menrimat, X Huplewood,
GP. Carke, TH, Olbat, BHJ,, 1984, Bridemoe fox a
gotral rols for bigh-affinfty non-catalvtin odinlos bindlag
domator fn microbial plost coll wall hydrolasss Mol
Mioohol 11, 375-382,

Millward-Sadler, 8., Dyvidson, K., Hzlevood, G.P., Black,
G.W,, Gifbet, )., Clarka, TXL, 1995 Nowl cellnlow-
binding dernains, NodB homologuss and copserved modo-
lar architectore (8 Xylanass from the smoklo soil baoterls,
Proskmensy fhrwoeny sobsp. oafiviesz and Callyibeio
mifvivy. Blochern 1, 312, 3948,

Moerle, DO, Gibbs, M.D., Chin, C. W1, Xoh, ML, Woog,
EX Y, Alficon, B.W., Naleoo, P.J, Bergquint, PL., 1992
Cloning of the xn5 gane from Dictyoyiawsy thermophihm
Rt 46 B.1 snd actitm of the gaoe prodoct on brxft pulp.
Apgl. Enviren Miaollol 64, 17991765,

Morris, D.O, Gibbs, MLD,, Foxd, M_, Thomss, J., Bargquist,
P.L., 1999. FamBy 10 and 11 sylanase peces Bown Cakiion-
fulotiruptor sp. etxtin Re6IR.1, Bxtremcpldles 3, 108-111,

I8




. 13, APR. 200716429

D YOUNG & CO

RO 437 P31

130 A Sepag ot o, / Jouraad of Bistechmelogy 95 (00D 105-131

Nagaskims M., Okumoto, Y., Okanlibi, M, 1549, Nuclsotide
ssquence of the pooe of actrasyllolar xytmam jn Sorepeo-
mypcar . No.36 & and congruction of sxuntion vestors
maing xyisnaes gane. Yroods Acinomgyectol, 91-56

Naksi, 1, Waknbaymbi, £, Asano, T, Acwo, R., Horlkoch,

Ok, T., Roy, C, Wansen, D.C., Walseehnl;, 'W., Campbell,
R, Yaguhi, M., Jorask, L., Puke, M.G., 1993, Asmino
aold peguence and thermestabifity of xylanams A fom
Scitzapkylhen commme. FERS Latt. 334, 266300,

Palee, KO, Bowboznsls, K., Dooodkers, M., Joamk, L.,
Ymﬂmlnaammmmm
muciantids poquancs and onperison with Baciffur pesnlfer
ot Arch. Miorobisl 144, 201206,

Puybengred, W, fkinmyo, A, Xinoakits S, Okads, X, 1943,
Pexifoption and propertics of andoxylsmse producad by
Dacilluy pondke. Agrin ol Cham. 47, 557-963.

Parads, FW., Zhu, H, Keell, PJ,, Fhiflips, P, Forsberg,
C.W., 1993. The ryeC gas fram Pibvobacter succiogenes
£23 oodes for a Tyimss whth twp smic misiytc do-
taina J. Baoteylol, 175, 7666-167L

Peres-Gonailax, J A, dc GranfT, LY., Viser, J., Ramin, D.,
1996. Molecular coming and cxpression in Sacokarostycas
creizior of two Aiparyiias siduleny xytasass groes, Appl.
Eaviron. Mioroblal. 62, 217921462,

Sabixd, B, Sclecbecher, G, Davter, M., Drmat, Z, Jor-
g=omen, PL, I:I:IHn.H..Dwan.C..Dnh. al,

enzyms Inteemadisto reveaied by the straot g of the Racil-
v oparadiserens hﬂr 11 xysoass. Them Bl 6,
45-490.

Sakd, K., Ko, Y, mr..xnh.&-:..mx.
Shimada, K., 1993, Nocleotlde mquance of tha Clostridhon
siercoraries synd geoe sucoding xylaness A: idsatifeation
of catalytic snd orflulom binding damaing. Rjoscl. Biotech-
nol. Mochem, 57, 273-177.

Sakis K., Xojima V. Kondo, T., Karits, 5-L, Siimads, K.,
Oloolys, K, 1994, Purifomtion and chaacteriention of
sytxnage A from Cluirtden sercorarhon F-5 and & ro-
cornbinat 2. coll Bloaci Bioteckpal. Biocham. S, 1496—
1505,

Schischer, A., Holumany, K., Fayn, M., Suinzy, W, Scrwab,
H, 199, Qoning and characteripation of the proc from
the thermostahie Tylanas XynA from Thomomycer eag-
ixope. J. Biotechmol. 49, 211~218.

Shareck, F., Roy, G Yagukl, M, Morosoll, X, Ehuepfd,
D., 1991. Sequmccs of thres gency specifying xylapascs in
Straptonycar Bplidery, Geza 107, 7582

Sibrys, ., Kassln, 2, Hyyatd, K., 2000, Eohancamegt of
the thexmontabllity aad hrydrolytic activity of xylanass by
rendom gome simibing, Bischem J, 349, 551656,

Bunna, A, Anwanikian, G, 1997. Xyhnolytc enzymes from
fong: and baotesia. Crit. Rev. Blotsckmol. 17, 39=67.

Toerinen, A, Mitch, 1., Messtar, R, Gonzfler, R, Exlkkd-
Bea, N, Haridd, A, Eubieck, CP,, 1982 Tha two major
sylanase Bom Trichoderwss ressel: characteriextion of
both enzymes sod penes. Bo./Techool 10, 146]1-1465.

Tirrbom, A., Bortid, A, Ronviom, 3, 1994, Thre-dime-
dlosal pmoture of endo-] A-f-ylmten XX from Trisko-
derma resysl’ two conformational states in the wrilve sts
EMBO J. 13, 4932501,

Thatinm, A., Rouvinm, 1., 1995. Stctmal compacisen of
twp majer sodo-14-xylanssm fram Trichodems resssl.
Riochamistry 34, 341856,

Teerfam, A., Rouvines, J, 1957, Structsal end fonctiousl

Twruaen, O, Btombo, K., Fenal, P, Velmasapad, I, W, X,
Rouvinen, J., Leisala, M, 2001. A comblnation of weakly
sabilizing mutarions with 4 disulfids trldys In the o-heliz
regiom of Tvickedera reesd’ cndo-1A-P-ayiemae 1T in-
creased the *harma] stabifty tirongh wyperpiam. J. Blotech-
zol 08, 3746

Vinal, €., De Bolls, X., Depiercux, E., Faytmuys, E, 1995
Kaowladgebamd modlag of the Dlactate dakyérogs-
mnn tcw-dmedions snctarn. Frot Seran.  Faget,
Genet, 21, 307=313.

wm-am.ww mu..mw.t..b-ma.:..
Yagochi, M., 1




13. APR. 200771630

»

T _—

D YOUNG & CC

A. Sapag w al. {Jownal of Notadmalagy P5 (2003) 108131

weight sylasmes frem Trichodewns siride, In: Viser, I,
Beldwam, G, Xugtws-Van Somerrs, MA,, Vomgm,
AGJ, (BEd), Xylam sod Xylansses Hlevier, Amsterdam,
P 145156,

Yaguehi, M., Roy, C., Watia, D.C, Roliz, F., Tas, LUIL.,
Sarvine, D.J, Saddisr, N, 1952h The ssino acid squencs
of the 20KD Xylasass fron Trishadgms Aosiaswm B5E
To: Vieeer, 7., Beddmasn, G, Kugten-Vau Someren, MA-,
Vorugm, A.GJ, (Bd), Xylms and Xylspasee Hlseviar,
Amstardam, pp. 45430

Yang R.CA., Mackanri, CR. Narang 5.A., 1088, Ngals
atide smqumece of 1 Mucille drosiow ik geas. No-
dsic Addds Ren 16, 7187.

Yeoshino, 3, Olid, M, Motfyama, R, Kxto, M, Tepkageehi,
N., 1995, Two Sexily G xylenass guoos from Chastoonim
pocik wnd thely sxprodlon i Apepilhs siinios Core
Geart. 29, 73-80.

Yu, JH, Park, Y5, Yo, DY, Kim, I3, Kong, LS., Bai,
DH, 1999 Niucleotida sequencn and amlyls of a xylanas

NO. 433 F. 31

13

pos (w5 frun alolitoleast Baciy sp. YA-14 and
momparison with other xpecans. 1 Miarobinl. Blotachoal.
3, 139--145.

Zappe, ., Jemes, WA, Wools, DR, 1990, Noclootids -
quencs of & Clossridiem acatolnaylcwn P262 Tyiauas: pion
(zonF). Nuclele Aclds Rz 18, 2179,

Zhang, 1-X., Fint, BT, 1992 A bifmetiooal xylenexc &-
ooded by he xymd poe of the mom calhinlytic bas-
taum  Msmsvomeny fapgfedewr 17 compeiss two
dsindlar domying Bnked by &n asparsgin/ghnataioe-rich
wqoence. Mol Maaroblol. 6, 1013=1033,

Zhang, J.-X., Martm, I, Fint, BJ, 1954, Identifioetion of
nop-catilytle sommxved region; 8 tyleguet mooded by
the 2yu® md xmD prass of the callnlolyic romen ataer-
ok Bsdeecooms Jlgfociens. Mol Gen Cepsr 244,
260264,

Iy, H, Paradia, F'W, Kndl, PJ, Piilips, JP., Forsbery.
CW., 1P, Exyymatic spocificitin wad modes of sctiop of
the two catalyte domals of the XynC sylomse Fom
Fiwobacter sscciaspenas 881, ¥, Bactelol. 176, 38953894

(91




iP

A

v\
13 APR. 2007 16:31

«

— "
D YOUNG & CC NO. 433 — P, 33

Acidophilic adaptation of family 11
endo-f-1,4-xylanases: Modeling and
mutational analysis
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Abstract

Xyl from Sorepromycas sp. 538 belongs to the low maolecnlar mass family 11 of endo-B-14-xylanages. Ins
thrre-Qipensions] structre has been solved at 2.0 A and ity optimem tempagstire 20d pH for enzymatic
sctivity axe 60°C aod 6.0, respectvaly, Asparyillsr kowackil xylanase XynC belongs to the seros family bor
is m acidophilic enzymo with an optisvm pH of 2.0. Stmeeaml comperigon of Xyil and XyaC showed
Gifferences fo residnes sarounding the tho ghitnmic acdld gide chwine frvolved In the outalysis that could be
respongdhls for the acidophilic adaptation of XynC. Mutations W20Y, N4ED, ALIME, sad Y195W were
fnroduced by site-divectsd amtageneyls and combined in mmltiple mxtents, Trp 20 and Tyr 193 ere invotved
in substrate binding. The Y193W munitica insctivetad Xyll wheeas W20Y decreased the optimnm pH of
Xyi1 1o 5.0 s slightly increaged its specific activiry, The N4ASD mmution also decrensed the optimvwm pH
of Xy11 by ons unit The ALE subgtitation &id not indncs amy change, bot when combined with N4§D,
3 syncxgistic effect was cbearved with & 1.4 vait decrease {n the ogtinmm pH. Modelisg showsd that the
oricotations of residne 193 wnd of the fujly conscyved Arg 131 sre Gffereut in acidophilic snd “alkaling”™
xylannses whereas the intmdnced Tyr 20 probebly modifies the pK, of the acié-base catalyst via residoe
Asn 48, mmd-mmmenmmwwmmmmmlm
XynC in subetrats hindisp, Hydrophobicity calculations showed a correlation betwesn ackiophilio adapte-
tion and a decresged hydrophoticity sronnd the two ghitemic acid elde theins invelved in catalysis.

Keywords) endo-f-14-xylsnase; acidophilicity; site-Glrected umtagenests; structonal analysls; bydropho-
blehy; docking

Xylan, the major oonstitoent of hemiceliuloss, is 1 hetaro-
geanous polysaccheride conslsting of & B -1 A-linked D-xy-
lose backbone substiinted t6 varying degrees with O-acetyl,
a~L-uhinefoeaposyl, 4-0-metirylglucornis acid groups ar
a-1,2-Hnked ghacvronic acids (Singh et az. 2003). s com-
ﬂnmmﬂgﬂdm amony which

Tepeipt ragousts tos fom-Marie Frire, Contre &' inpiains dos
mamnmhmummm

Axtldin WM
1!‘.1.1.“0’:”;&*‘.h -

Prowis Scieum (2004), 13:1209=12118. Pobllshed by Cald Spdug Barbor Labanseey Prens, Copyrighe © 2004 The Teowin Sechaty

epdo-8-14-xylsnases (BC 3.2.1.5) mre crucial for depoly-
mexization into xylo-oligomens of vartous lengihe.
Xylanases ao widaly used in many Industrial spplications
nﬂnﬂphnblnd:h;hhemhdﬂlwm
swecharification of Bgnocallofosic biomass, wioe making,
and froit fulce cladficaion (Sunns and Antraniiian 1997;
Woaters et al. 2001). On the bagls of amino acid sequence
gimfledties aod hydropholde cluster mmalysle, Xylanases
havo been clagstfied into farnilics 10 snd 11 of glycaside
hydrolagey atthongh psycimopbilic xylanases have besn -
contly dlscovered and clusyified ipto family 8 of glycosids
hydrolases (Wong et L 1988; Gilkes e al. 1991; Hegrissa:
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und Davies 1997; Collios et al. 2002). Famelly 10 xylanaces
and goms cellulnseg exxhibir molecnisr masses higher than
30 kD and (a/8), barrel folds wheress the M, valnes of
fuxally 11 nre genenlly lower and thelr structures cousist of
e sugle canlytic domain whih & seodwichifke fold. This fold
mesorphles & pardy closed right hand composed of two
B-sheets end one o halix, which form 4 kerge cleft whers 3
to 7 xyloss sulunity cyn be accommoduted (Torrontn and
Rontvinen 1995; Grober et al, 1998), Family 11 magabwers are
highly similar; they show chosely reistad three-dimensional
strootres and catalytic sie geomctdes (Toonea ot el
lm,TmMRmhnlm&ﬂmlmnbyu

docbls displscement mechamign whemby the anomedc
configiration of the giyoasidlc oxygen is mtxinad. Xt is
thougit to havolve two conpezved glutamic acids, fonction-
ing, respectively, ax mocleophile and as general acid-base
catulyst However, the optimmm pH {s highly vachable
within Gix family snd Xylansse sctivity cmn be observed st
pH valnes muging fiven 2.0 1 11.0. AcidophiBc and “alke-
Tine” xylanases mrn active 3o pH mages 20-5.0 md 40-
11.0, mapectively (Tomronen snd Rowvinen 1997; Jouh! et
al. 2000). It in of inte=mgt > underitend thess foatures in
relation to indogtrial applicadons where sndo-fi-14-
Xylanases e widely ed under extreme pH and teopens-

lofivenced by the nature of resldnes suzrounding the cats-
Itk ghutamic acide whase pK_ s ere figely tmed by a com-
plex. hpdrogen bond network (Tooonen and  Rouvinen
1997). Indead, compixizon of prinucy snd tertisry siructaras
have shown that, In the catalytic sits of acidophillc sndo-
B(14)-xylanases, an sspartic acid in hydogemn bondad to
the acld/hans catalyst wheress it in replacod by an aspace-
gins fn the alkaline xylmsses (Torromen smd Rouvinen
19945). Moreover, shte-diracted pmtagensyly stadies bave
shown the i of neighboring residoes in the finee
tuming of tha pX_a of these gintanates, in paxticolar, that of
the acid-base catalyst (Krengal snd Difiestsa 1996; Pushi-
pobo et al. 1998; Joshi et al. 2001). Interngtingly, confar-
mmtional changes indoced by cither substrate binding or pF
modification have been observed jn the earalyte sits (Tor-
ronen and Rouvinen 1995). Indeed, the asif-hepe catnlyst
can adopt two positions thar might comespand to differeat
pK, values so thar it can scepe or donale & proton (Tor-
roaen et al. 1994). Momcaver, cryxtal stractures and moleon-
lar dynamic stumlations of he canlytlc pithwny have nug-
gested an opening-closing movement of the active slte pro-
coeding by wwy of thres different conformetions (Mudln et
al. 1598).

Xyll from Strepiovsycer sp. S38 is o family 11 endo-f-
1,4-xylanase. It is onc of the most active xy’snases prescntly
feacribed {Genrls et 2l 2000). I optimum temperahire iy
60°C and its optimim pE about 6.0. It exhibily interesting
propeatics for eaching and deliguification wad its stroctnre

1210 Protuin Sclance, vol. 13

biay been solved a2 2.0 A (Wovtay e al. 2001). Inan
to botter wnderstend the adaptation of endo-f-14-
to acfe eavircuments, tha X311 structim was compered
those of two mmnﬂm
rgpansiibls for acidopbilicity ware ideatified and

duced in XyI1 by din-direciad mntagenesfy.

Resulty

Compariron of Xyll with
acidophilic endo-p-1,4-xylanasss
Aligmment of the amino acid mguence of Xyi1 with those ¢
other fymily 11 endo-£-14-xylananes Righhigheed ten groop
pls and the second acidophilic xylazases with acidlc pls aoh
lower optimum pH valves (Fig. 1). Xyl shares 51.5% an
43.9% ideutity, Teapectively, with the acidophilic
Iur bewachil XyoC 204 Trichodsrma ressel Xynl enzyn
Compariscon of the tree-dimensional stractnres of the e
Intaresting differencts:

1. At the odgn of the clalt of Xyl1, rexidues 48 snd 14 &
Asn md Als, respectively (Fig. Z) AsodS is consereed it
e alknline xylsnase grovp amf is assumead to be, {u part
responsibile fox the pH adaptation (Fig. 1: Toronen i
Rouviazn 1995; Fushinobu at al. 1998). As seen i Tabls
1, Asn 48 s located 3t & bomding distance of 3.6 A frow
the acid/base catalyst Gia 191 (dirtapce botwean haxvy
atowos; Table 1; Wouters at al. 2001). The coespodix
rexidos fn acidophilic xylanases i = Asp mlHn;
ﬁuuhwm;ubwlwlthui-hum

meare negative enxvironment along the edge of the acide-
phiilic enzyme cleft (Pashinobu et 3l 1998).

2. Arg 131, fully conserted among femlly 11 xylanases,
potnts towards the tremb in Xy11, wherzas & protrudes

toward the cord in acidophilic coxymes (Fig. 2).

3. The compered structores pwescnt Emmatic regidury
aicaly linad vp inglde the active site and o @ edgp of
e cleft, In partleular, Tyr 16, Tyr 83, Tyr 95, and Tyr
185 are conserved amemg all fumily 11 xylanases,
whereas Trp 148 I only congarved in alkalice xylanusay
and is usmally repisced by Fhe or Do in the acidophiilc
group (Fig. 1). Tyr 127 iv sabetitated by Trp in Xyn! and
by a Cyz formday a digniide inidge with Cys 106 i
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¥igurs ], Segemm alignmace of femily i1 rylaasn. The Base achiophifls coxyows sm foom Asperyiiler 2avackd] (XynC; ko ot i)
1992), Auperpillns niger (Xyif: Xrmgal ot ol 1996). wald Trichudermt recsal QUYNY, Torrommn et Al 1952). Tho so-saflsd “wkaitns™
myines mo from Trchodorme ressel (CTNZ: Toeroneg o1 al. 1997), Trichoderme Aarriass (Wang snd Jaidier 1993), Asperyillar
niger (XyaNB; Erengel s Diflatra 1996), Sowpeomporr i, $38 OXy1l; Gooels o al. 20000, Sirupaoepery Sulday (Xyni; Knepfel
ot ul. 1990), Srypeoenponr HCS (xylacase C; Mexy-Servaly ot al. 1996). Bacilur 103 (Heis o al. 1997), sat Boolie elrenlons (XynA;
Yeug ot ul 1999). The reskiom refter=d v b the toxt oy 2 bold, (hs aaialyric Giu retdnes nedertiond, sad v comeed rsldom o
Yol snd nodetined. The hvivideal nmrbaiag of wach amyms iy shiwn, In the vz, the sandand sucbading reyoking fom the

sHgment iy vsed aonsistendy. ol Net detarminat.

XyuC. Interestingly, in acidophilic xylansscs, Trp 20 and
Tyr 193 ame replaced by Tyr and Trp, respectively. Tyr
20 1a Xynl s involved ia a stacking Inerection with the
xylose ring at subsite =2 (Torropen md Roavines 1997)
In éhe same way, Tip 193 In Xyal i easumad to deter-
mipe subsits 42 (Toronen and Rouvinen 1997), This
Cifference between acidophilic and slailine xyleuspes is
cunterved smong 2l membery of the two groups (Fig. 1).

4. Two mit beidges are found o Xynl md thice in Xyll

4545
]
[ ]
[
&9
-‘I
¢
§
1

b ]
A3

(fr] -

and XynC (Table 2) One (A) iy common tp the three
entyaies and {3 the only one shamed by Xyil sod e
scidophfic enzymes. Salt bridge B, located in the thumb
is only fornd in thix Iatter group. Bt canni bs formed in
Xyll becanse of ths E134A substitation. Salt bridge C,
only found in XynC, is replaced by a hydoogen bond in
Xyil. Salt beidges D and E arc specific to Xyll.

wwwamolshudesceory 1211
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Iy 2 Md’lﬂdd#qt-nﬁnhhumhd’kﬂ:dlﬂl.&dhdﬁ.qﬁndﬂmmﬂih+
camiyis s of Xyl and XyaC. The goocmtty of the camplex was opthruized by micgy sbnimdvstion.

Sbs-diracted nusagenesls

On e basiz of thess ohservations, four meidoeg that conld
be responsihle for the acidophilic sdaptation wers chosen
and mutetnd in the wild-type Xyll enzyms. Foor verisot
wern comstrocted with misstions W20Y, NASD, A134E, and
Y193W and dhes combbmrions W20Y7Y193W, N4&DV
Al3B, end W2Y/NASD/ALME, mads in order to stody
fhe poswible intardcpemdence of these momifons and perdy
reprodnce the catalytic siin of mn acidophill: xylsnase, ALl
subetjturions were locatad in the catalytic: ghe, in the naigh-
bodhood of the two Gin reaidnes iavolved in the catalyxis.

Preliminary characterivation of the
recombinants proteing

The modified proteins were expressad in Strepiongyces par-
wur as peaviously degcribed (Georix et al. 2000). All re-
combinant ptraing exhibited xylanalytic activity when plated
oo 1% onts apelt plates with the excoptions of thoss pro-

Tabls 1, Some twportart bteratonio digences in $he eryollograpkic (XynA, Xyil-WT, TINI, and ZpnC) and modslod (Xyil

madanis) giractures cff tha proteiny

docing the Y193W and W20Y/Y193W munats.
of the two proteins was verified by Westat blot, bat
activity was datectad in the culinre supernatants.

mal activity ar 60°C, sdmilar to the wild-typa eozyme
ahoren).

Thermal unfoldmg carves wen eatablished ot pH 6.0
twesn 35°C and 85°C. The earves were obtained by
ing the decreage of Quoreccence st 323 om indnced by
teapesatars gradient of 1 “Clain. Thermal denstmration
the wildtype enzyme Xyll 1 rvevenfbic and i
T, wa povicusly evalmted ot §1.]1 0.1 *C upder
sxme conditions (Geogia et al. 2000). The spperest 7,

MyuA XY AIME WOVNMEDALME NGD  WIIT NEDALE  XYN1 X
Opdanan pl [ 4 [ i3 5 ] 47 ¢ T 2
NDAS0D]-(Ba191 01 LL ) 34 .9 35 Lm X} .47 19 1]
G191 RI~(W)O 397 19 am a8 in 7 258 T 1%
(Wil JO-Tye9SOR 254 208 9 a7 F3 ] 27 a7 26 267
Ty 9SCH-(Ras0Rt 7 75 2.7 an R i m 178 an
OIS0 -(WaI)O b1% n L8 | 5 a 1. b 1) i A7
IOR-Tyri 0K am 175 1% M mn in Fy. ] L5 T 1%
Ginf MOB1-(Wa)O - - 4 1M — -_ ;M s iy
Gl 108-(Wal )0 £7 LS an n L§ ] 82 L1 108 X
ArgI3INE-Tin1 91 CH 716 L1 120 Ly & (¥ LT .08 1022
AzgIINE]-N/EMB0DL an (1 3 a2 656 &850 (17 [T, 1045

XynA: Rucilley alreulons: XYNL: Trickederma ropsl; XynC: Aspergfhat huppehd; XyAl: Strupepsposs ip. 536 Wal i Wai2: waokr malecalion.

1212 Protsin Eclenes:, vol. 13
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Taklle 2. Skls-chaix interactionst in the wild-rype ogywess

Ssktddp XYNI Xyl Xyu Sul rumbaring
A FORITI ENRIN ARl 0188
RIMEN2 ROEELR  RIZL5IM 151=134
c NIOYRI0 DLIVBNS TIIRPIR) 138131
-] Q116k 1164 Ba-Em 19141
.| -/T109 NIOQN® R-DLIE 104-125

Sak heidps in che wlid-typo wn bn Ixld The ooretponding

esidoss that cmnot faon b me dhovn in LaBe, The individosl
smmbectey of wach cexypas is meed, boy the Jeat coluzn shows the sadacd
myyeing of Figere 1.

of W20Y was higher whoress thase of NASD, A124E,
NABIVAIME and W20Y/NASD/AL4E were slightly lower
(Tabls 3),

Ackd mability

The wild-type enxyme and the mutenty wire teated for thelr
stahilhty by measring thely residos! activities st optimmm
pH eftcr incobation ot pH 1.0, 3.0, and 6.0 at 20°C. What-
ever the nH, 100% activity wis mtained after g 24-h inco-
bation. Moreover, far- mnd nesnUV CD specta wers ro-
camdad betweea 195 and 260 pam from pH. 1.0 to 6.0 for the
wild-type enzyme md the mmmty sfier 10 min asd 24 h of
focubatian st 20°C_ No change In the spectrs was cheervad,
suggesting Owt all the proteine weye quite siable and that the
low pH did not induce major changes in ¢ metive strucomre
(moc showa).

pH profiles of the purified proteins

The activity of the five puificd proteing, W20Y, N48D,
ALME, NASD/AIME, and W2OY/N4ED/A134E, was a-
sayed =t pH values betwosn 2.0 and 9.0. The wild-type
cazyms optimom pH was cloge to 6.0 (Fig, 3). Ity sctivity
was rednced by 95% a2 pH 3.0 and was neglipitie ot pi 2.0
N4D md W20Y wexs optimally active o pH 5.0, More-
ovex, thay showed, respectively, 33% nad 30% of their

Table 1 Propertiey of the purified wild-sype cond
RSant profsing

Opthnom ~ Speciiic amiviy T,
o)

Diwianis) p /ag)

W upe 6 2100w 200 611201
MDD s 1180w 90 09%0.1
Wt 5 1340 = 200 2.7a03
AlS4E [} 30+ 60 6lall
NAZVALMER 4.7 8307 P10
WY NARDVA L M 3 $0ws) Ninol

Specifin acivivies (RUmy) of the prificd recen’inart end wild-typs pro-
tains sed T, valoag ostalned by fioormicemos (*C).

xeximmm respective astividas at pH 3.0 (Fg 3).
Al34E mutnt showed an activity proflls similer to that
the wild<yps enzyme although sUghtdly nerower.
logly, the Jouble Dt N4SDVALME was optimally
at pi 4.7 and retxined 37% of the maximum activity at
30, mggesting tht tha Al34E mtarion lowes ths opt
mum pH of Gis mutant but not that of the wildtype
zyma. However, the tripls mmtant showed an optbamn
of shout 5.0 Tiks N4SD and WI0Y, and thus it seems
the affects of some of the mutaziony are not adididve,
The specific activiry of the wild-type: cozymos was evalu;
atad a2 2300 & 200 IU/mg at 60°C (Cecria et al. 1999).
ths exospiion of e WY promin, which presented
slightly higher specific apdivity, all mutents showad
creased spocific activides at thelr respective optiesom pH
values (Table 3).

Madaling of the mutanty
All distances refierred to in tha text are qummarizad i1 Ta-

ble 1.

In the wild-type ecxyme, the Trp 20 side chein doea
interact with other residnay. Modeling of the W20Y
I3 relarivaly straightforossd, leading to the formtion of
T200-Asd80D]1 hydrogen bend, which ityelf nduces
2 shorteniag of the AsMEND2-Glo1910E! distence from
36Aw295 A

The replacoment of Ala 134 by Giu can give i
sovenal conformutions of te Isttey side chaln, All startag
ooofonnatioas lesd to models In which Axg 131 is stronply
hrydrogen bended w Gin 134 and 'Wat2 is also bydogen
bondsd t S mame residos. Bowever, the formation of tha
aal beldge only slightly reccients the Arg side chaln with
mepoct to fts position fn e wildgype Xyll. The
Arg13INH1-Asp4S0D] and Argl3INE-Glnl910E] dis-
wances docreass frorn 6.98 A 10 6.28 A and from 899 A w
£.20 A, respectivaly.

The distances between Watl and Tyr 95 on the onc band
and Gin 191 on the other sre similar w thoss found in the
will-gpe cxxyms. By contmast, s shormming of the
Tyr¥50B~(Wat1)O-GIul910E2 distances ia also obsexved
295 A72.85 A and 299 42271 A) in the N4ED model, and
this is oven more obviony in the cases of the NAKIVALME
and W20Y/NARIVAI34E piotamty,

The side chain of Tyr 193 is not Involwed in bydrogen
bopding intermctions with other residues of the wild-type
euxyme, and is Tocated o & posiden that doss not bropir
himnding of the wbstrate. The Y193W mutation ylelds two
possible stabls conformations of the residue: In the first one,
a hydrogen bond & foooed borween TYP1FINE! and
GR1910E2 (3.27 A) whereas in zpother one, 10 keal/mole
Tosy stable, 2 Trp193NE]-(in]1340R2 hytrogen bond (3.25
A) 5 cbserved, In both cases. G Trp side chain protrudes

www.prolsiascieneg ory 1213
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In both structieres, the xyloss zing lo Jubsdts +1 interacts
with Arg 131 and Tyr 55. In torn, Ge xylose in erbaits =1
Interacts with the caxbony! groop of the souserved Pro 135,
whereag the OF gronp of Tyr 183 I bydrogen banded to
xyloas ot sobelin -2

However, some Intevactions mre differenc Ar subsite ~1
the xylose residus is hydropen honded 1o the i
proap of Arg 131 tn Xy11, an intereetion that 33 not foond n
the case of XynC, In eddition, some hydrogen bend inter-
actions bevweea Xylose a —] (Tyr 20) mud -2 (Gin I8) 2re
not olmerved with Xyl1, duc to the follywing Biferences:
Gia 1B in XynC is rneplaced by Sex in Xy!1 and XyoC Tyr
20 iz & Tip in XYIL. In this larter cage, the stacking $nker-
action between the ring of residne 20 and the xyloss radicty
at subsie ~1 §5, however, conserved

Discossion

Xyu1 from Scrwptomyces sp. 538 belomga to family 11 of
endof-1 4-xylanases, Comparison of it stuctare with
those of acidophilic Xylanages of the same funily revealad
that acidophilic adsptation could be partly explained by ro-
placements of residuss surmmding the two ghetemir aclds
tnvolved in the camalysis.

Thr exviroument of the pucleophils G 93 i mare con-
served thim that of the acid-—base catalyst Gu 191, As pro-
viously described for Bacillur circudans XynA, the NARD
mmiption improved the soidophilic performaance of Xyll by
lowerlag its optimum, pH (6.0 to 5.0) tu: ut the cost of a
decrease of nearly 50% in specific activity, wheress in the
case of & cinlonr enyyme, this mutaticn yieldad am en-

zyme slightly mone active then the wild Jype (Joshi et AL

2000). However, the docressed specifie nctivity obeerved
bere might be doe to the utllizarion of » diffevent mbstrate.
This result agrens with ohservarions made by Foshincbu et
al. (1998) on the mumtional amlysin of the Asperpilfus
kawackll XyoC in which tw hverse I — N) mmonion
dragtically increased the optmumn aciviyy pH from 2.0
50
In the wild-type Xyl! enzyme, rosidua Asa 48 is con-
mwhﬂmmmlstnamaonl
longer bond thim the eanesponding hydrogrn bond betwaen
%ummisthm-dquhmca.ﬂm
Indeed, us previously suggested, Am 48 and Glu 191
oy function togeather ax the general xcid-haw catalyst ns-
ing » "reversc protonation™ mechanism (Foshd et al 2000).
In this comtexe, the QI48E rutation performed In the B
cirenlans XyoA lowared itr optimom pH by 0.6 umts. Rasi-
due 146 ks sitcaind pear the mucleophile Gt 93 wnd the
Introdnction of u casbéxylic gronp in posijon 146 lowars
the pK, of Giu 93. These murations biphlight the impartance
of the clotc nelghboring residnes in detenining the pH
activity rangs.

lddmﬁedmmb(ﬁhlsd-).lnxmc.ﬁnﬁdmh
Fumed © comzibam to the negative charge at the adgs of the
oleft 20d to pady detesmine ity low optimum pi (Push
aobu et ul. 1998). The nelghbaring Arg 13] is highly cox
served in fumity 11 xylacases, undertining it tmportso
(Sapag et al. 2002). In Xyi1, thic residne i nasumed to b
close enoagh w madntain & low pK, of the mclecphile Gt
93 (Wouters et al. 2001). Interestingly, Joshd et al. showag
that ths R131IN rootation in B, chewlans XypA resnlied {n
duanatic activity lom secompanied by an incgease of B
pE,s of the two glotarpates but expacially of the acid-base
an‘lyu(ﬂ’nﬂl whereas mpation R13LA in Thermo

dmmlilndﬁmhﬂlmﬂmc
lsads to o Aot arientation of i3 lamral chaln. Io Xyll
this yexidns pointy woward the Grmb, whereas, In the acf
dophilic xylsnase, it protrudes townrds the cord. In Xyn
thix residue Is conoected to Agp 129 and Giu 134 by two sl
beldpes. In Xy11, none of these anlt bridges can be formed
becmixe residne 129 and 134 are Thr and Ala, respoctivaly.

Docking experiments showed thet, tn Xyll, this regdne
binds the mbstrais st sobuiteg =1 wnd +1., wharew fa XynC
it only binds the xylose tng wr subsite +1. The A1S4B
mutgtion in the cafalytio site of Xy11 had no effect o the
optonmm pH of Xy1l bat decreased i specific activity by
75%. This substitution allows s patative formation of the
sak bridge Arg13IND]1-Gla]MCE! a3 found in XynC tut
not the fomation of the mcond one. Thny, becunge of the
Jack of the second salt bridge, complets reorientation of Atp
131 In the mutat ALGE probably conld pot ocour ay in
XynC and tha binding o thr xyloso ng in subsite =1 re-
muing the same o in the wild-type Xyl1. In fact, this reddos
makes % bood network with pelghbocing resldnes and the
substrate that is rvach of intereit and probably I mn lnopor-
tant Xry {0 the acidophilic afaptation of xylanases. How-
ever, combinstion of mmtationy AI3M4E snd NAID led 10 &
Inrger detremass of e optizaes pH (1.4 pH undt) than when
those mutations wem soparately infroduesd of with the ad-
didons] W20Y subsitation. This synergistlc effect still Te-
meing cbscura mnd it is not anderstood why the wiple mutant
does not present the Jargest decreass In optimom pH. Salv-
ing the three-Gmemsions! sroetres of mmtants will be nec-
esmry to underyiand and explain e exact cffecty of these
mmigticms. '

In the active site clafy of XyoC, five sbsiter (+3, +2, +1,
-1, and -2) have been identified whers Tyr 20 and Trp 193
xre locaind at subgites =2 and +1, respectively (Fostinobu et
al. 1998). In thiz way, the stuctre of the fnacttve mutent
E191C of B. ¢lroulans XynA, complaxed with xylotaieaose
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mvealad » gacking inteinction of Tip 20 with the xylors
tng at subgitn -2 (Wakerehuk ot al. 1994). Morsover, in
Trichodsrma reesel XYNI and XYN2 xylanaces, residos 20
B stsuged © bc pat of subsites -2 and myidos 193 of
subsites +] and +2, respectively (Tceronen mod Rouvinen
1995, 1997). The W20Y murtation lowernd the nptinmm pH
of Xyif by emo uait pif wnd alightly increased ity specific
ectivity, wherear Y193W insctivated the encyme. ‘We as-
s that the totroduced Tyr 20 ecty ir: the same way er Asp
48 to decrenss the opthunm pH of Xyi1. Actually, modeling
showed that Tyt 20 attracts realdue Axn 48 in a rocking
motion by formation of & kydrogen bond betweea Tyz200R
and AmMSOD] and fnduces & shortening of the distance
Betweon Gin1910R] and Asnd NI from 3.6 A 10 295 A
Tuteregtingly, the oregtation of residne 193 is differeat in
aidophilic s fo alicaline xytanases. Ia X311, Tyr 193 pro-

trudes Into the solvent, whaceay, in XynC, Trp 193 beads

inw the cleft. Tha Y193W substitntion ia Xyl may std-
cally affeet neighboring residnes, in particular rexidoe Asn
48, which is very closs, but also Asa 76, which ouy hinder
e correct positioning of the Try dog and ths probably
tdgger & morganization of the hiydrogen bond gatwoek, It
rempaing sotwwertlty Gat, in XyoG, Trp 193 influsncss the
bytrophoblcity arornd the Gl residues invalved in caraly-
#s md may probably infinence the pk;, of the acidibase
catalyst, With the exception of the triale mmtame 'W2OY.
NABIVAIS4E, calonlations have shown thar hydrophobicity

also mads in the case of the alkelophilic ianty of the
Neocallimastly patricizrem xyletase (Chen et al 2001),
Where mufstions increased bydrophobicity and slolophific-

Bacterial Aosty strains and plasmidy

Strepeoempcor IMET41380 wnd the Se-goeconyees plasmiid
wﬂlﬁﬁmhb&i@mmmm
(ohn Tooes Instings, Nexwith, UK). piML 1017 and aBMLIO12
'were tyed i previouily dasceileed (Gacei ot al. 1999), Zrcherich-

in, The K aofi-Shrapionyces

ol 50 gl In ovcrinyy. Ampleliliv (Sigan Cotical) wan
2 100 pgiml.

cubon sowoe and 25 pg/al. of fdostepeon (Squibb). Colyee
ware grown fn 1L Edepmoyer flasky coniining = stafolary pros)
spaing o toprove cxygen Exogfr snd 250 wl. of tondin:,
ware incnbated feor 72 Y 4t 28°C wd 220 rpem on § 0y shics
The production of xylsniye was tqobitorsd ok 8-b intervals,

Clwidng, rugagenesis, and DINA sequencing

ﬁmmﬂ?wm#mm
Kit fora Strstagene eenceding to the protocel resmmswodad ity
the mimubegrer il the fllowing poimets (Pewnecls LEB)X

qusncing kit (Amaatmr) with vpivesssl spd revarse primens. B3
parimetts we pixformed to an Al snromad Saoneyoent DI
seqecnces (Phagmacia)

pi-dapendence of xylanaes aoiiviry

Eado-p-14-xylausse (EC 3.2.1.8) wis meared by U
mmmmmmm {

Sodin. citrate (g 2.5 v 4.0), 0.05 M sodiom]
6.0 w 7.0) md 0,05 M TIVHCT (X 7.5 to 9.0
Oue imernational wnit {J0) is definad ax the srount of aceyms ther
rolewsas 1 peols of rednting @uper per winote,

E

Proteing pairificotion snd anglysiy

Cultars tapetoataras (3 L) wers hervesind by ocutimous centrifs
fption xt 10,000g fisx 20 min. Thoy wears lcrofilinred on 0.4 o
Millipare Siters (MEIUpors) end dilmed 10-fold with water, Afls
sdjostoent to pH S0, 500 g of moist cachoyzastinyicallalons
(CMC) equiliivatad in 10 mM sodizan clomis buffhe (pH 5,0) waz

Al
v
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Amanbun Phacacis Blotsch). The anzyme was slooed with &
Hoeer NaCl gradizt (450 o) froen O to 0.2 M. Fractiont cxhib-
fring xylmmaso activity were poolad, ccoconnated 3 mil, snd
sppliac caxo 3 molecolar sisve colmmn of Sephaeryt 3100 HR (2.8
% 95 cm, 500 mL; Amerskam Pharmacis Motech) equiliicaxcd fn
20 =M phogham buffic G 7.0), The Auctiont cooining
mmmﬁmﬂﬂmﬁuw
et Were estimaed by SDS-pelyscry’amide gei elactropho-
resit (Lasoamali 1970)

arion carves wern catsblished st Qeseribed by Pace: (1984).
P wud nean-0V CD spocts wers obtoed siog & JASCO
0 spectropolariteater by seanping fom 195 w 260 om
250 to 330 o, with 0.2 ron Steps 2nd 0 aver-
tive of § e/mn, at 25 *C. AR vilnat wers coxxectad S the
contribation of tha solvew, and qaxty cells cf 0.1 and 1 cm wero
waad for fi- el nea-UV, respectively, af & peotein concantration
of 0.2 mp/ml,

!
s

the ruspouss of the residus o chunget in the local cavirooment is
the quansity of intarcst. Og e basly of theso considaralions, the
ue the pdropbobicitiae of tha micrescvironnents in the prasent

|

Ma
Wa'ggdgmtr*iml)(ﬂﬁn ¢

whers WFHC, i ®s conibution of siom b to e
feagmenna] hpdrophoble constant, N, it te mmber of etome
goop A atsl &, = Qor 1Y stom b hat boen oocmted o

St

Modaling of the substrots

Broscals, Reigiom). FALE. is & fellow of FRIA, The pombass of
tha Jesco 810 equipment was supported In pert by & gt from the
Foadatnenials ot

Foods de 1s Bacherche Collative (FNRS., con-
trmct oo, 14545.01) Wo thank Da 1, Georls, M. Galleni. A
Matagnn, und P. Bouiliare for thelr haipdal advics,

The puibieation conts of s erticls wern defayad In pct by
peyment of page charges. This article must thevafors be beshy
marked “sdvertismment™ In accovdazcs ‘with 18 USE section 1734
solely 10 ladicats thls fict,
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