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Abstract The softwargool SWEET accessible through Internet is described which rapidly converts
the commonly used sequence information of complex carbohydrates directly into a preliminary but
reliable 3D model. The basic idea is to link preconstructed 3D molecular templates of monosaccharides
in a specific way of binding as defined in the sequence information. In a subsequent step a fast routine
to explore the conformational space for each glycosidic linkage has been implemented. Systematic
rotations around the glycosidic linkages are performed, calculating thdevafals interactions for

each step of rotation. The user interaction is supddrsy an input spreadsheet consisting of a grid of
sugar symbol and connection type cells. Several ways to visualise and to output the generated struc-
tures and related information are implemented. Since interactivity is an absolute prerequisite for each
WWW application, the limitations of the approach are discussed in detail. SWEET will open model-
ling techniques to a broader range of users, especially for those who do not have access to the required
hard- and software equipment.

Keywords Carbohydrate modeling, WWWe-interface, Software development, Conformational search,
Monosaccharide library

broad range of monomers of which they are composed and
of the different ways in which the monomers are joined.

) ) . Even a small number of monosaccharides can create a large
Carbohydrates possess a potential of information conteniymper of different oligosaccharides, including many with
that is several orders of magnitude higher in a short sequengganching structes. The amber of all possible linear and
than in any other biological macromolecule 21, The di-  pranched isomers of a hexasaccharide was calculated to ex-
versity of carbohydrate structures is a consequence of thgaeq 162 [3, 4]. Not surprisingly, carbohydrates exhibit re-
markable biological specificity both as modifiers of pro-
teins and as ligands.
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Correspondence tcC.-W. von der Lieth



34 J. Mol. Model.1998,4

A few data collections exist where the sequence of conof the rest of the molecule. Imberty et al. [8,9] claim that any
plex carbohydrates is stored. The CarbBank, provided by tueurrence of interactions between different residues can only
Complex Carbohydrate Research Centre of the Universityre$ult in a reduction of the available conformational space
Georgia (http://www.ccrc.uga.edu), contains sequences émahd for disaccharides. It is highly improbable that a new
bibliographic data of all types of saccharides. It is estimatitkage conformation which has not been detected by a care-
that 15.000-20.000 records will be published each year, whfah conformational analysis of disaccharides will occur in
is about four times as many as were published in 19@bmplex oligosaccharides.

CarbBank is certainly the most elaborated attempt to estab-The aim of this research was to create a software tool
lish a specific data collection for molecules of this kind. &hich rapidly converts the commonly used sequence infor-
WWW-based interface is accessible at (http://www.boc.chemation of complex carbohydrates directly into a preliminary
ruu.nl/sugabase/carbbank.html). SugaBase [5] (httpblt reliable 3D model (see Figutg. This 3D model can
www.boc.chem.ruu.nl/sugabase/databases.html), developati@h be used as a starting structure for additional refinements
the Bijvoet Center for Biomolecular Research at the Univarembining computational and experimental results. Recently
sity of Utrecht (http://www.boc.chem.ruu.nl), combines 1B similar molecular builder for complex carbohydrates and
carbohydrate structures and bibliographic data #ihNMR  polysaccharides has been described [10]. We found that con-
and 13C-NMR chemical shifts.

There is a strong dichotomy between the numerous and
plentiful oligosaccharide class of biopolymers and the rela-
tively small number of available experimental 3D structurge-
The current release of the Cambridge Structural Databpse
[6] (http://www.ccde.com.ac.uk) has approximately one thoj-  INPUt of Carbohydrate—Sequence
sand entries of 3D structures for mono- and oligopyranodes. through WWW-Interface
The Brookhaven Protein Database [7] (http://www.pdp.
bnl.gov) contains less than twenty unique carbohydrates, but
the number of entries representing protein-carbohydrate com-
plexes exceeds one hundred.

Unlike proteins, carbohydrates cannot yet be described in v
terms of their three-dimensional or secondary structural njot
EE.aThﬁer?rer,nClcjiﬂlng% nctJr kntO\;vIedgfe ﬁased mhetfr}ggz ca | honosaccharides

ppiied 1o model 5L Structures ot oligosaccharides. - linkages and branching points

Nevertheless - as a first approximation - one can make fhe_ g pstitutions

assumption that each glycosidic linkage shows conformatiopgl Conversion of 2D sequence information

Analysis of the Carbohydrate Sequence

behaviour which is independent from the structural featurfes to a linear string
Neu5NAc(2-3)aGal(1-4)BGlc Al o
(slalgls({iqgtgg) Substitution of
_D- —(9-3)—5_D— —(1-4)—bh—D— : monosaccharides
a-D—-Neup5NAc—(2-3)-a-D-Galp—(1-4)-b—D-Glcp monosaccharides

Calculation of van der Waals interactions
for each linkage ("rigid rotation™)

( SWEET | \
1

o-D-Neu5NAc v

OUTPUT.
Figure 1 Graphical illustration of the purpose of SWEET: i PDB-Format ‘;/ \\ Protocol
converts the commonly used sequence information of carbo- VRML RASMOL
hydrates directly into a preliminary but reliable 3D struc
ture. For systematic reasons all structural features like D-
and L- and pyranose (p) or furanose (f) ring form of the sugRIgure 2 Schematic representation of how the different com-
units have to be explicitly given in the sequence ponents of the W3-SWEET approach are linked together
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Figure 3 Graphical illustration of the rigid rotation ap- knowledge-based modelling of proteins by homology [17]
proach. Only the conformational space of téhe ¥ torsion (http://www.expasy.ch/swissmod/SWISS-MODEL.html) can
angles of the glycosidic bonds are evaluated systematicablg.realised using WWW facilities. This development will open
The van der Waals-interaction energies are calculated for aflodelling techniques to a broader range of users, especially
grid points from -180° to 180° with an increment of 20° (tdjor those who do not have access to the required hard- and
left). Grid points with high energies are neglected. The casoftware equipment. During the last few years some activi-
formational map is calculated from the generated enertjgs have been started to develop the virtual resources in
hyper-surface by projecting iso-energy contours around thb/cosciences [18]. (see e.g. the glycoscience network page:
minima found into theb, ¥ plane (bottom left) http://www.vei.co.uk/TGN/welcome.htm) However, com-
pared to the broad range of databases of protein and DNA
sequences and the availability of software tools to look up
struction of reasonable geometry of oligo- and polysacchariées! to analyse these sources of information via WWW [19],
using commercially available general purpose moleculhe development of adequate data bases and software tools in
modelling software is often laborious. A normal hexose coglycosciences is still at its infancy.
tains five stereocenters each of which has to be assigned cor-
rectly. Additional knowledge about the conformational pref-

erences of specific glycosidic linkages is needed to Obtai[h]aThe WWW interface of CORINA works with SMILES
9°°T‘;'1 startl'rcligdgeolmetry for ?\%R/f/?/auenﬁ rgflnemerétsh strings as input. Unfortunately these strings become quite
The rapid development o techniques and the aval ymplicated for oligosaccharides, since each atom and each
ability of new public-domain tools to handle, visualise a reocenter have to be assigned correctly. A valid SMILES
manipulate graphical and/or structure-oriented data [11- ing for a-D-Glep(1-4B-D-Glc is: O[C@@H]L[C@@H]
as well as the increase of information offered in the web @)[C@@H](O)[C@@H](CO)C[C@H]lO[C@@H]2
dramatically changed the way of scientific communicati @H](CO)O[C@@H](O)[C@H] (O)[C@H]20
Id“”.”g the 'T_‘ft fe‘r’;’ ygarsi(r’l\‘o""adgys SBe"era' large dlatzioﬁnd SMILES string for-D-NeupSNAc(2-3p-D-Galp is:
ections such as the Brookhaven Data Base can easily C@H](0)[C@@H](NC(=0)C)[C@H]([C@H](O
cessed and searched by WWW-based interfaces [7]. Eyg H](O)]C(O))([)[C@@]1]((C(:(())(:2))))([)[C@(cl%(ﬁ]Z[C@gg@li]
quite complex modelling procedures such as conversmn( [C@@H](CO)O[C@@H](0)[C@@H]20 It is obvious
2D chemical formula to 3D spatial structures [14-16] (NtRY+ 4jready for disaccharides a lot of experience is necessary
/schiele.organik.uni-erlangen.de/corina/corina.html [a]) & be able to input a valid and correct SMILES string.
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&ngles over: Phi=H1-Cl-0-CZ2 Psi=Cl-0-C2-HZ

A +
| Phi |
| +abcdefghijklmnopgr+ |
[+t + P2l PHI

| +—————————— +

| | HEHEET g | lan. 0 | a = -180.0 |
| | BHEHHHKL Bdd| 140.0 | b = -160.0 |
| | HHEHEHEK 454 120.0 | o = =140.0 |
| | SEHHHEHT 4537 100.0 | d = -120.0 |
| | SHHHKHI 447 go. 0 | e = =100.0 |
| | 115HH®He | 6.0 | f = -80.0 |
| ] T4 | 40.0 | g = -60.0 |
|| + | 20.0 | h = -40.0 |
| ] | 0.0 | i = =20.0 |
| ] | -20.0 | i = 0.0 |
| 19689 | =40, 0 | k= 20.0 |
| | HHHHEH | -60.0 | 1 = 40.0 |
| | SHHHHE a6 | -80.0 | m = 60.0 |
| | HHEHEHEK 455 =-100.0 | n = g0.0 |
| | BHEHHHEHE 4533 -120.0 | o = 100.0 |
| | CEHHHEHT 6L | —140.0 | p= 120.0 |
| | 43HHHKH 4d4]  =1e0.0 | g = 140.0 |
| | HESHHLHT | =180.0 | ¥ = 160.0 |
| +——————————— +

[ 1L+

| +abcdefghijklmmopgr+ |
B e e +
| = [ 0.0 bis 25.0][kecali/mol] | = [ 25.0 bis 50.0)][keal/mol]

| = [ 50.0 bis 75.0][kealimol] | = [ 75.0 bis 100.1][keal/mol]

| 4 = [100.1 bis 125.1][keal/mol] | 5 = [125.1 bis 150.1][keal/mol]

| & = [150.1 bis 175.1][keal/mol] | T = [175.1 bis 200.1][kecal/mol]

| 8 = [200.1 bis 225.1][keal/mol] | 9 = [225.1 bis 250.1][kecal/mol]

| Hex= [250.1][kealimol] | + =[] 0.0][kcal/mol] |
e e +
| Minimum at: Phi = 40.00 degrees and Psi = 20.00 degrees |
e ———————————————————————————————————— +

Figure 4a Global conformational map of G&f1-2)Gal3 ages are performed, calculating the dan \Waals interac-
based on the rigid rotation approach. Using a grid size tibns for each step of rdtan. Theobtained energy profiles
20° the interaction energies between the two sugar moietikedine the allowed and forbidden conformational regions for
of the 324 grid points are calculated and visualized usingeach disaccharide. Figure 2 displays a schematic representa-
Ramachandran-like representation. The energies are dividezh how the different components of the W3-SWEET ap-
into 10 intervals between 0 and 250 kcal/mol which are ingliroach, which will be discussed subsequently, are linked to-
cated by numbers and colors as given in the legend of gether.

plot. The d@solute minimum of the grid that was found is

indicated by a cross and its values are given at the bottom of

the legend. For a comparison with a conformational mapnkage of Monosaccharides

where all exocyclic groups have been relaxed and optimized

see Siebert et. al. [33] SWEET can handle linear as well as branched structures and
can detect cyclic structural paths. 2D sequence information
is converted to a linear string representing branches by in-
creasing nesting levels using a context-free grammar. The
linear notation is used as serial information for construction
of the 3D structure. Linear notation consists of sugar sym-
; bols, linkage information and, implicitly, branching infor-
General philosophy of SWEET mation. Therefore, fiiner processing of the linear notation

) . , requires some additional sources of information as follows:
SWEET [20,21] is an interactive tool to convert the sequence

information of saccharides into reliable proposals of 3D strqr%-y ture templates. Each r symbol represent 3D
ture (conformation). The basic idea of our approach is to li ucture templatés. Lach sugar Symbol represents a
ar structure which must be available for generating the

pre-constructed 3D molecular templates of monosacchari g
D" structure of the macromolecule. Correctness and com-

in & specific way of binding as defined in the sequence inf teness of the macromolecule require availability of all the

mation. In a subsequent step a fast routine to explore 9%% late structures which are resgnt in the 2D sg uence. Of

conformational space for each glycosidic linkage has beeh'P . P q :
urse, practical needs such as fast performance and storage

implemented. Systematic rotations around the glycosidic Imcdnsiderations will not allow to maintain a library of tem-

Method and materials
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angles over: Phi=H1-Cl-0-C2 Psi=Cl-0-CZ2-H2

e ————————————————————————————— +
| Phi |
| +abedefghijklmopgr+ |
[+t + PsI PHI |
| +=—————————— + I
| 188899999991 9999999 37.8 | a = 2.0 |
| R Ien| 35.6 | b = 22.2 |
| |S555555555050000606060] 33.3 | o o= 2d .4 |
| 1444444444444444555] 31.1 | d = an. |
| ]dd 44 28.9 | e = 28.9 |
|14 | an. | f = 31.1 |
|14 | 2d .4 | g o= 33.3 |
|14 | 22.2 | h = 35.6 |
|14 | 2.0 | i= 37.8 |
|14 | 17.8 | i = 4.0 |
| ]dd | 15.6 | k= 42 .2 |
| |54 | 13.3 | 1 = 44 .4 |
| 1544 + | 11.1 | m = a6.7 |
| |a5hd | 8.9 | n = 48.9 |
| |e5h4d | 6.7 | o = 51.1 |
| |enbdd | 4.4 | P = 53.3 |
| | 70554 | 2.2 | q o= 55.6 |
| | 7o65dd | 0.0 | r = 57.8 |
| +=———————————— +

[+ rErrrrrrrrrrrr+ |
| +abodefghijklmopgr+ |
B T B e +
| = [ 0.0 bis 0.1][keal/mol] | = [ 0.1 bis 0.3][keal/mol]

| = [ 0.3 bis 0.4][keal/mol] | = [ 0.4 bis 0.6][keal/mol]

| 4 = [ 0.6 bis 0.7][keal/mol] | 5 =1 0.7 bis 0.9][keal/mol]

| & = [ 0.9 bis 1.0][keal/mol] | T=1 1.0 bis 1.2][keal/mol]

| 8 = 1.2 bis 1.3][keal/mol] | 9 =1 1.3 bis 1.4][keal/mol]

| H== [ 1.4]1[kecalimol] | + = [ 0.0][koalfmol]
e T T +
| Minimum at: Phi = 48.89 degrees and Psi = 11.11 degrees |
e ———————————————————————————————— +

Figure 4b Fine conformational map of GA[1-2)Gal3 oms during condensation etc.. Several common bond mecha-
around the global minimum (see Figure 4a). For 324 gritisms are implemented (condensation, substitution, and elimi-
points around the global minimum (grid size = 1.8°) the imation). Bookkeeping of atom numbering is made for resi-
teraction energies between the two sugar moieties are caldues and for macromolecules. Original numbering must be
lated. The energies are divided into 10 intervals betwekept for identification of atoms within residues, whereas a
minimal and maximal energy value indicated by numbers atmhsistent numbering of the macromolecule must be created
colors as given in the legend. The absolute minimum enedgying formation. Single template structures are stored in the
of the grid that was found is indicated by a cross and valdégaries in minimised form.

of its torsion angles are given at the bottom of the legend

Exploring the conformational space for each glycosidic
. . linkage. It is generally accepted that carbohydrates are flex-

plates of all sugars and functional groups found in Natupsie molecules [22] containing several bonds which can freely
Compromise approach has been chosen by creating a teffite. Thus they represent a particularly challenging class
plate library of approximately 300 basic structures of mogf molecules for conformational analysis, that is, for experi-
osaccharides and functional groups, in accordance with ghéntal methods as well as for theoretical approaches [23].
content of SugaBase [5]. Satisfactory conversion rate of 9§%e determination of conformational preferences of
of SugaBase entries has be_en achieved within the benChr@ﬁﬁbsaccharides is best approached by describing their pre-
test of the approach. Additional needs, however, could fared conformations on potential energy surfaces as a func-
met by building a ‘self-learning’ system which adds any newon of the glycosidic linkage, W torsional angles [24]. A
constructed nonstandard monosaccharide into the tempigdgprehensive conformational search for larger oligosaccha-
library. rides including all possible degrees of freedom takes even

with state-of-the-art computational power several CPU hours
Bond information. Positions of ring atoms which are involvedo days [25]. Therefore, to fulfil the requirement of an inter-
in a certain glycosidic linkage are indicated in the sequerssgive program, two principle different possibilities can be
information. Connecting 3D residues requires parametersgonsidered to obtain the approprigteW values.
bond angles and bond lengths which are taken from appro{i) A datebase of possible values for the torsional angles
priate lists. Information about bond mechanisms is requirdd¥ can be created using more elaborated techniques to ex-
for correct processing of bond formation, i. e., omitting gtlore the conformational space of oligosaccharides. Data from
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Figure 5 Beginners’ input o
mode guides the novice hov | g
to input correctly a carbohy-
dﬁﬂeSequence.A(:mbBanH&cmmn:Ihttp://www.physik.uni—hildesheim.defleute/bohne/sweet/j
representation of a linear car-

bohydrate has been displaye¢ What's New?| What's Cool?| Destinations| Net Search| People| Software|

at the top to illustrate the way
how the normal carbohydrate

sequence has to be filled intc Example page for the beginner version:
the spreadsheet. The name ¢
the carbohydrate templates
and their linkage positions
have to be inputinto separate. §gecharide in nomenclature:
boxes. For the beginners’ver-
sion a restricted number of
frequently occurring mon-
osaccharides and linkages
can be selected from a pop
up menu. Playing with this d
mpode, it becgmgs immedi. Input for the web-interface:
ately obvious how to input

carbohydrate sequences cor
rectly A-D-MANP — | 1-4 <| A-D-MANP | 1-4 | A-D-MANP -

Z

Edit

o

F o]

£t

Horme

G

Fieload

S

[[TEOES

=

Cpen

i | | W

Print Fitid e

a-D-Wlanp - (1-4) — a-D-IManp - (1-4) - a-D-NManp - (1-4) - a-D-Ilanp - (1-4) -

SENDl

the literature [8,9] could also be used for this purpose. WHen each disaccharide in two pge At first, for acomplete
joining the 3D templates of monosaccharides accordingrttation from —180° to 180° with 20° increment, the van der
the sequence information, the approprideW values for Waals-interaction energies, based on the MM2 (87)-
each linkage have to be looked up and applied to the stpp@arametrisation [27, 28] are calculated (Figure 4a). In the
ture. case of a 1-6 linkage, the torsion angle is also systemati-
(ii) Creating interactively two-dimensional Ramacally evaluated. A simple protocol has been implemented to
chandran-type energy profiles evaluating only the non-bondidl all minima on the calculated energy hypersurface. A given
interactions during a systematic rotation of the torsion agrid point on the map is assigned to be a minimum if all
gles of the glycosidic bond for each disaccharide and usedld@cent energy grid points exhibit higher energy.
minima on these maps for the buildup protocol. At second, a ‘fine’ conformational map with 18x18=324
The most simplifying and fast approximation is to estgrid points around the minimum of global map using a step
mate the 3D structure of oligo- and polysaccharides from giee of 1.8° is calculated (Figure 4b). Thamed ®, W val-
knowledge of thebd, W glycosidic torsional angles by deterues of the global minimum are subsequently used in the
mining only the conformational freedom around these amidildup protocol of the oligosaccharide 3D structure (con-
gles. The sugarings themselves and the exocyclic groudsrmation).
are kept fixed in their appropriate conforina. The COC This procedure selects only one conformation out of a
bond angle of the glycosidic linkage is fixed to a value afanifold, although it is well known that oligosaccharides nor-
117°.This procedure is often call rigid rotation approach (Fignally exhibit several conformations in solution. The interac-
ure 3). tive version of SWEET has an option to select per glycosidic
It has been found that the non-bonded interactions, esjigkage which of the minima found on the global map shall
cially van der Vdals interactions, have a dominating inflube evaluated in mordetail. The eason not to enable this
ence on the conformations of many oligosaccharides. ltojstion in W3-SWEET was to keefhe WWW interface as
well-known that it is relatively easy to rank conformations isimple as possible so that it can be used without any addi-
their order of increasing or decreasing d&n Waals repul- tional explanation.
sion [26].
In the current implementation of SWEET, the non-bonded
energy profiles are obtained from the rigid rotation approach
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File Edit Yiew Go Bookmarks Options Directory Window

Ay aa
<o N 2| @ 2| & |
Back Home Edit Reload Cpen Frink Find

Location: http: //www.phvsik.uni-hildesheim.de/leute/bohne/sweet /input /swe

What’s New? What’s Cool? Destinations Net Search| People| Software

This page is the expert version for Sweet.

More Examples: Saccharide and a Asn connection — Saccharide and a Ser connection

Saccharide in nomenclature:

a-D-Manp - (1-4) — a-D-Manp - (1-4) +
I
a-D- Manp —(1-4)-b-D-Galp-(1-4)-a-L-Fucp
I
a-D-Manp - (1-86) +

Input for the web interface:

a-D-Manp 1-4 a-D-Manp

a-D-Manp 1-4 b-D-Galp 1-4 a-L-Fuc

a-D-Manp

Figure 6 The expert mode allows to generate easily any cdine W3-SWEET interface will be discussed. Interaction is
bohydrate sequence by typing the desired template namgsported by an input spreadsheet consisting of a grid of sugar
and their linkage positions into the correspondingdsoxA symbol and connection type cells (see Figure 5 and Figure
CarbBank representation of a complex carbohydrate has b&nWe have cré¢ad a beginners’ version (Figure 5) to guide
displayed at the top to illustrate the way how the normpbtential users how to use the expert version (Figure 6). The
carbohydrate sequence has to be filled into the spreadshbeginners’ version offers a restricted number of frequently
occurring monosaccharides and linkages which can be se-
lected from a list. For the expert version the systematic name
Input and the linkage have to be typed aﬂ.tédditionally, an
example of a branched hexasaccharide can be activated that

) ) ) ) ) illustrates the correct way how the different structural fea-
The interactive version of SWEET (which will be made availyres of carbohydrates have to be filled into the spreadsheet.
able soon, see http://www.dkfz-heidelberg.de/stzglyco/) afhe nomenclature of the structures and linkages follows the
fers several ways to input sequence information. Here only
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g Netscape: Sweet-Resuit

|| Fle Edit View Go Bookmarks Options Directory Window

Sweet Result

You called the programm SWEET:
The Input was interpreted o followed: [J[A-D-MANPI{[{1-4][A-D-MANP]{}}

Link Topic MIME type Link Comment

Saccharide JAVA file  [(Mone) Followr.... | (None)

Saccharide VRML file (z-world/x—vrm!l) Follow. . i(Netscape3 + Wind

Saccharide PDB file (chemical/z-pdb) | Follow... (use Rashol for vi}

accharide PDB file (ASCID Followr.... ((None)

Create PovRay file, (raytrace/z—pow) |- (Mone)

i} Conformation map file ;(Mone) Followr.... {(Neong)

Manipulation of the file :(lone) Follows_.. i (None)

!7Babe1 13 al] Ef?bel iiwmfdr ‘m‘r E(None)_ (il tale a little t

G2 0 =]

Figure 7 Typical screen view of a SWEET session. The vdidce of the vamer Waals interactions for each disaccharide

ous output modes offered by SWEET are indicated by snsalbunits. Theasult output consists from the following ele-

icons on the left side. The 3D structure of the carbohydrateents:

sequence, which has been input through the expert mode of 3D coordinates of the resulting pre-optimized carbohy-

SWEET (Figure 5), is shown on the right. The generated clvate structure in PDB format.

ordinates are transferred back from the server and are imme-« simple representations of the ungary ®, W confor-

diately visualized using the favorite 3D-browser (RASMQOhational maps to analyse in more detail why a certain con-

in this case) which has to be assigned using the mailcap d&frmation has been selected by the outlined procedure.

nitions. The 3D-browser is running on the local machine * ASCII-file containing a protocol of the SWEET proce-
dure. Errors and failures are also reported here.

« direct visualisation of the generated oligosaccharide us-
definitions as used for CarbBank and SugaBase. Therefiiga molecular display program like RASMOL [11]. (http:/
all structural features like D- and L-isomers and pyranose {pyww.umass.edu/mirobio/rasmol) as an external helper ap-
or furanose (f) rings, which are often omitted in the literglication.
ture, have to be explicitly noted in the sequence. To support a file containing the information as required for the Vir-
the user in finding the correct name of the sugar buildingrtal Reality Modeling Language (VRML 1.0) (http://
block, a list of all implemented templates can be activateg.vrml.org).

In this way the complete saccharide sequence informationFigure 7 represents a typical view of the screen during a
can be easily created by users who are familiar with the CAWEET session.

bohydrate nomenclature. This sequence is performed by

SWEET as it has been outlined in the above section. No user

interaction during the process of optimization is Cu”enth/esults and discussion

implemented.

The main purpose of W3-SWEET is to offer an easy access
to 3D-structures of carbohydrates using Internet tools. It pro-
Output vides the rapid conversion of the generally used sequence
information of carbohydrates into a preliminary but reliable
The current implementian of W3-SWEET produces only 3D model. Interactivity is an absolute prerequisite for each
one of many possible conformations based on the energy $UwW application to be a useful tool in this environment.
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Table 1 Comparison of thed, ¥ torsion angles assigned by SWEET with values taken from the literature applying more
comprehensive approaches. Some biologically interesting glycosidic linkages have been selected

Linkage Ref. (O (O Remark
Ref. SWEET
Glca(1-4)GId3 26 40/15 -22/-24 CHARMM, highest population
-60/-40
-5/-40
Mano (1-3)Marf3 28 -45/-5 -49/-9 Results from distance mapping
XylB(1-2)Marf3 28 25/30 63/-33 Results from distance mapping
ManB(1-4)GIdq3 28 55/0 60/0 Results from distance mapping
10/-55
Galp(1-4)GIB3 29 54/2 50/5 MM3+ highest population 99%
adiabatic map
36/180
180/-18
Neu5Am (2-3)Gap 30 -161/-25 175/-11 GM3, distance mapping, MM2,CVFF
84,34
-78/19
GalB(1-2)Gap 31 40/20 - 50/10 RAMM-MM2[87], CVFF
-78/19
40/-40
180/0
Galp(1-3)Gap 32 40/-60 60/-15 RAMM-MM2[87], CVFF
60/-30
40/30
Fud3(1-2)Gab 33 40/15 40/15 ®: 30-50¥: 10-40 CICADA7/MM3
Galp(1-3)GabiNAc 33 50/-10 50/0 ®: 60-40¥: 0- (-20) CICADA7/MM3
Galp(1-3)GaBNAc 33 50/-10 55/0 ®: 60-40W: 50- (-60) CICADA7/MM3
Galp(1-4)GId3NAc 33 45/5 50/5 ®: 40-50W¥: 5- 20 CICADA7/MM3
Fuax(1-3)GIf3NAC 33 40/30 50/15 ®: 35-43¥: 25-35 CICADA7/MM3

The perception of carbohydrate sequence information as viredj all conformational degrees of freedom for oligosaccha-
as loading and joining of the 3D templates are very fast priles places extraordinary demands on computer time.
cedues. Thecalculation of the non-bonded interaction is by These considerations clearly demonstrate that rather re-
far the routine which demands the majority of the needstlictive assumptions (rigid rotation approach) had to be made
computational power. A regular grid analysis involving 360f order to fulfil the requirement of an interactive program. It
rotation in D increments about N different rotable bonds iras been found that treatment of pyranose rings of carbohy-
oligosaccharides requires a calculation of (360/D) N confalrates as rigid is often a useful simplification to scan quickly
mations. When advancing from a monosaccharide (N=6) ttha general topology of the potential surface of a glycosidic
disaccharide (N=10) to a pentasaccharide (N=22), the numbdsage. However, the constraints of a rigid geometry reduces
of conformational microstates which need to be calculateahsiderably the accessible conformational space. The con-
increases dramatically. Thus, a regular grid search considermational flexibility of the pyranose rings and the exocyclic
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groups play an important role for a number of carbohydratelected examples tlies W values of the minimum found by
physical behaviour, especially in lowering the barriers bdwe SWEET procedure are quite similar to values as found
tween two conformations [29]. with the more comprehensive methods. For two reasons, an
Thus, the user of W3-SWEET should be aware of the fagiact correspondence cannot be expected: Firstly, the sim-
that there is absolutely no guarantee that the generated sfplifying assumptions made in SWEET are drastic and reduce
tures exhibit the most favourable confotioa. The onlyguar- the accessible conformational space considerably. Secondly,
antee which can be given is that strongly unfavourable ce&ach®, W grid point in a two-dimensional conformational
formations will not be produced by the applied proceduremap represents an entire family of conformations with about
The needed computational time to pre-optimize oligosa®°, 10° orientations of the exocyclic groups. Thus, a differ-
charides using the W3-SWEET approach increases dire@hce in®d, W of about 10°, 10° can be regarded as the ‘intrin-
with the number of glycosidic linkages in a linear chain. Usic noise’ of the method.
ing increments of 20°, the energy values of 18x18= 324 grid An alternative way which could reduce considerably the
points have to be calculated for the normal glycosidic linkeeded computational time has been described recently [10].
ages. This mmber increases to 18x18x18=5832 for a 1-khe authors have stored adiabatic glycosidic linkage poten-
linkage since three degrees of freedom have to be optimidatl energy surfaces calculated on disaccharides for glyco-
simultaneously. Consequently the optimization of a 1-6 lingidic linkages in a data base. For linkages which are present
age will take approximately 18 times longer than a normalthe data base only the corresponding torsion angles have
glycosidic linkage. To optimize branched oligosaccharidds, be looked up and applied to the structure. If a linkage is
all adjacent residues next to a branching point are includaissing in the data collection, the values for the characteris-
in the calculation, since the time required to calculate ttie torsion angles have to be added by hand. Our idea is to
van der Waals interactions increases roughly with the squareate a similar database for the most frequently occurring
of the number of atoms to evaluate. It may also be prohiglycosidic linkages and perform a calculation of the non-
tive to generate highly branched structwrsing W3-SWEET. bonded interactions as outlined above only for those link-
For these CPU-time demanding cases we plan to instaligees where no entry can be found in the data base. The gen-
batch mode. The user can generate the sequence informarated conformational map can be used as the basis of a new
using the standard interface and the results will be sent banky to the data base. The conformational map has to be
later via electronic mail. analysed automatically, the characteristics of that specific
The current version of SWEET is implemented on a 486kage have to be extracted and converted to the format as
PC (33 MHz) using Linux as operating system. The requirededed to add a new entry to the database.
computational power is directly proportional to the number
of glycosidic linkages to be rotated. The complexity of this
problem is A if bonds to new substituents have to be deriv%nclusion
and 1 if the bond is stored in the library. The amount of bytes
to be transferred via the net depends on the size of the gener- . )
ated molecule and the selected visualisation option. It rang&§ Program SWEET [20, 21] has been designed to assist all
in the order of a few kBytes. Thus we think that modeling g}ycosmentls'gs dealing with structural and conformatlonal
oligosaccharides up to the complexity of a hexasaccharid@3gects of oligo-and polysacchi@s. TheWWW interface
a reasonable size which is still acceptable for WwWw appht SWEET offers access to its main purpose: the rapid con-
cations. Up to this structure size, computing time plus trai¥§rsion of the generally used sequence information of com-
ferring time do not exceed a feseconds. Aranalysis of plex carbohydrates into a preliminary but rellable 3D model..
SugaBase showed that 65.5 % of the 1300 entries consist ¥ advantages of W3-SWEET for potential users are mani-
di- to hexasacchites. Another 3.5% are hepta- to decasado!d: the program can be accessed worldwide by a standard
charides. 55% of the structures consist of linear chains, 4B¥grface using many different hardware platforms. No addi-
are branched structures and 10% have a 1-6 linkage. THi®l work to implement and to update the program is nec-
numbers indicate that, in spite of the inherent limitation 8fSary. To guide the user, a beginners’ version is offered that
the interactive vesion W3-SWEET, approximately half of €xplains the novices how to find their way. The pre-optimised
the entries collected in SugaBase are in principle accessflgctures can directly be downloaded in PDB format for bio-
with this tool. logical macomolecules. Tus the structures can be visual-
Probably one of the most interesting questions f{ﬁed, analysed and changled by all standard molecular mpd-
glycoscientists is to know how ‘realistic’ the structures gefling programs and submitted to other more comprehensive
erated with SWEET are. Table 1 lists theW values gener- cOmputational methods. . o
ated with SWEET for some glycosidic linkages of biological Despite of the applied simplification and time restrictions
interest and compares them with those derived from mé@scribed above, for a great variety of glycosidic linkages
comprehensive methods to explore the conformational sp¥¢8-SWEET is able to produce realistic 3D-models of com-
of oligosaccharides (relaxed and adiabatic maps, CICAIEX oligosacchades. The pocedure to explore the confor-
[30], and RAMM [24, 25] approach). As it has alredmben r_natlonal space for each linkage §e!ects only one conforma-
emphasised, the current versioku&-SWEET generates onlytion out of. a manifold, althqu_gh it is well known_that .oI|-
one conformation out of a manifold. However, in most of tf@saccharides normally exhibit several conformations in so-
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lution. Since this is a severe limitation for a detailed confdt8. Hardy, B. J.; Wilson, |. B. H3lycoconjugate J199613,

mational analysis, which may even prevent potential users865-872.

from applying this tool, we will probably add this possibilityt 9. Benton, DTrends Biotechnoll996 14, 161-172.
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W3-SWEET supports working in small local groups and, W. (eds.) Medizinische Informatik, Biometrie und

nevertheless, sharing common knowledge and material. Thu€Epidemiologie - GMDS 971997, MMV Miinchen, pp
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21.Bohne, A.; Lang, E. and von der Lieth, C.-W. in Hofestadt,
R.; Lengauer, T.; Loffler, M. and Schomburg, D. (eds.)
Computer Science and Biology, Proceedings of the Ger-
man Conference on Bioinformatjt896, Leipzig, pp 176-
178.

22.Woods, R. JCurr. Opin. Struct. Biol.1995 5, 591-598.

23.Dwek, R. A.Chem. Rev1996 96, 683-720.

24.Kozar, T.; Petrak, F.; Galova, Z.; Tvaroska arbohydr.

Res.199Q 204, 27-36.

von der Lieth, C.-W.; Kozar, T.; Hull, W. E.Mol. Struct.

(Theochem)1997, 396, 225-244.

26.Tvaroska, IPure & Appl. Chem1989 61, 1201-1216.

27. Allinger, N. L.; Kok, R.A.; Imam, M. Rl. Comput. Chem.

1988 9, 591-595.

Allinger, N.L.; Yuh, Y. H.; Lii, J. H. J. Am. Chem. Soc.

References

1. Sharon, N.; Lis, HScientific Americari993 74-81.

2. Gabius, H.-J. and Gabius, GlycosciencesChapman &
Hall: Weinheim, 1997

3. Laine, R.Glycobiology1994 4, 759-767.

4. Laine, R. A. in Gabius, H.-J. and Gabius, S. (ed§%
Glycosciences, Status and Perspectit€87, ’
Chapman & Hall, Weinheim, pp 1-14.

5. van Kuik, J.; Vliegenthart, Larbohydrates in Europe
1994 10, 31-32.

6. Allen, F.; Kennard, GChemical Design Automation News28

1993 8, 31-37.
; : . ; 1989 111, 8551-8566.
" §;Zm5p;é%73" Felder, C. E.; Sussman, Nature1995 29.Ha, S. N.; Madsen, L. J.; Brady, J.Bibpolymers1988

. 27, 1927-1952.
8. Imberty, A.; Gerber, S.; Tran, V. and Peréz, ' . . .
Glycoconjugate J199Q 7, 37-54. %O. Koca, J.; Peréz, S.; Imberty, A.Comp. Chen1995 16,

. 269-310.
9. Imberty, A.; Delage, M. M.; Bourne, Y.; Cambillau, C.; . ] — )
Peréz, SGlycoconjugate J1991, 8, 456-483. 31.Dabrowski, U.; Dabrowski, J.; Grosskurt, H.; von der

10.Engelsen, S. B.; Cros, S.; Mackie, W.; PeréBi&poly- Iiggg ﬁ;zvzogg?\g& TBiochem. Biophys. Res. Comm.
mers199§ 39, 417-433. :

: . . . 32.Martin-Paszor, M.; Espinosa, J. F.; Asensio, J. L.; Jiménez-
11.Sayle, R. A.; Milner-White, E. Jrends Biochem. Sci. N ' i 10 ’
1994 19, 374-376. Barbero, JCarbohydr. Res1997, 298 15-49.

. 33. Siebert, H.-C.; Reuter, G.; Schauer, R.; von der Lieth, C.-
12.Hogue, C.; Ohkawa, H.; Bryant, S. Hends Biochem. ) ’ J S T '
Sci. 1996 21, 226-299. W.; Dabrowski, JBiochemistryl992 31, 6962-6970.

- - . . 34.Siebert, H.-C.; Gilleron, M.; Kaltner, H.; von der Lieth
13.Richardson, D. C.; Richardson, JT&nds Biochem. Sci. o - y o o o
1994 19, 135-138. C.-W.; Kozér; T,Bovin, N.; Korchagina, E. Y.

o . i Vliegenthart, J. F. G.; Gabius, H.Biochem. Biophys.
14.285a§11<)wsk|, J.; Gasteiger, Ohem. Revi993 93, 2567 Res. Commurl996 219, 205-212.

15. Sadowski, J.; Gasteiger, J.; Klebe, I5.Chem. Inf. 35'\/?/'!I?<rggérM:lf .She;;gts; HK" 'If/la?trll%rrlcﬂa.{g\iﬁg OIIEerYL_'eéZ’Vﬁ"
1 Comput. SCI:.L994 34, 1004-1008. N.V.; Gabius, H.-J.; Vliegenthart, J. F.Bur. J. Biochem.
6. CORINA available from Oxford Molecular Ltd., Medawar 1998 in press
Centre, Oxford Science Park, Sand ford-on-Thames, Qx- gt ] ) . o
ford, OX4 4GA, England. Oo“)és.lmberty, A.; Mikros, E.; Koca, J.; Mollicone, R.; Oriol,

17. Peitsch, MBiotechnologyl 995 13, 658-660. R.; Peréz, SGlycoconjugate J1995 12, 331-349.

J.Mol.Model. (electronic publication) — ISSN 0948-5023



