
FEA TUFt&#39;ES

- Comprehensive, 
integrated molecular
modelling system

- Flexible molecule

construction, data entry,
display, and analysis
lanilities

- Mulll-tasking, 
transparent access
to local and remote
computing resources

- Supports small molecule,
polymer, and protein
design with intermolecular,
solvent and crystal ellects

- Open Interface
permits development
al complementary
applications

QUANTA� is a comprehensive software system for the construction.
graphical modelling and analy s ofmolecular structures. QUANTA is
designed to accommodate all classes of molecular and macromolecular
systems, including the particular requirements of small organic struc-
tures, proteins and peptides� crystal and polymeric systems. with com-
plete support tordrug design applications. Availableon zirangt: Ufhlghr
perfortnance color graphic systems and Whfkklall�ns, QUANTA pm�
vidcs mcnu�driven, intcructivc, local and remote access to Polygen�s
CHARMm&#39;�� system and its cxtcnsivc s-ct ofenergy minimization and
molecular d)/�¢&#39;ll�lC\ simulation luncttons. Committed to helping pm�
tcct the u\er\ htirtlwiire investment. Polygen offers a pluilned upgrade
path. allowing the user to take full advantage ot new 1|l]\&#39;lIrlCL�\ in
graphics worksttitioti hurdwlirc and network computing software

0UAN&#39;|&#39;A�s Opctl Interface and exlethive dam llillldllllg tut-iiiiiev
permit Pnlygeii its wall in QUANTA uxerx l0 integrate pi-upriei.iry.
rliiritpuny Lind QCPE t|pp|tcat|I0n\. \ut:h its (�NDO and AMP/\(�. Wllh
complete access In QUANTAK gr:IpltIL�\ iiiiit-iioiis 1ll\dlldV�.|n(�L�\l user
Inlcrflite Fulld�tunlelllilllnllllndllnkl|hlt�UhJ¬L�| llhriinesurciiviiiimie
ltlxuppnrllhe dcvcltipntcnlprtlc \\. otlANTAnt~t~epis ll1[I\ll1|lI\lL�I.|lI
gciicrule »|ruL&#39;|ur.i| dziln It\ till ~llIt\(l.�Ird I1IU|L�L�|ll£tf le inriiinis. Incllldllltj
Br(7(IH�IU\�Cl&#39;l. Cniiihriiige. MUPAC and Ptllygcti t�iicrnNnii»&#39;*� lkl�thll,
Lmwusi. dlxlrlhlllcd um� ltv QUANTA I\ i nii.iliit- lhnlltgh
Pulygen\(�l=.NTRtwi&#39;� rest-rirt-liinturiiiiiiiiiiisystem (�l:NTRllM
is siippnricd on it VJTICI) in desktop vmrkstniiini» us \\t�l| .i~ Pfniiiiicltcil
In riclvvtll&#39;k�h.i\L�d scrvcrs

An Integrated,

Multi-tasking 
Graphics
System for

Molecular 
Modelling, 
Simulation
and Analysis



QUANTA &#39;5 user interface includes
pulldawri menus, dialog boxes, a
rapid access table of commands.
and a message wirii:/ow

OUANYA can generate high quality
ray»Iraeed rsnderirigs ol the molecular
system being displayed These real-
islic images. which include specular
highlights and shadow casting, are
suitable Ior publication In Ihe picture
above. a section ol DNA 75 displayed
and colored by atom type

QUANTA was developed by an interdisciplinary team of Polygen
suit-nusi~. graphic» and \yslemS engineers working in collaboration
with industry. academia and Po|ygen&#39;< molecular graphics group tit the
University of York. England. QUANTA is bVgS¬d upon Lind data �le
conipaiible with its predecessor, the HYDRA program QUANTA
ltntl HYDRA are now installed at over 200 academic. govemment and
lnduxtriitl research silt: worldwide.

QUANTA FUNCTIONALITY

QUANTA I5. designed to provide both the first�time user and advanced
thcoretici-an with a convenient and powerful way of interactively eon»
\lruC|lng, Vhualtllng, and analyzing the behavior of molecular and
mzicromoleculitr systems in the chemical. pharmaceutical and materials
ictcnccs.

QUANTA�: mouse-driven user interface, using lVl�dCi|"lIOI\&#39;lI�ilk¬ pull�
down menus, graphical icons and dialog boxes. provides unparalleled
c;ise�of�use. Completely integrated interactive structure sketching
facilities. 2�dimensiontil to 3�dimensional geometry conversion. and
pulymerit: sequence generation facilitate data entry. Automatic input of
machine-readable structural data in standard file formats is also

provided.

Mcnu�driven. interactive access to CHARMm for energy minimization
and molecular dynamics enables a QUANTA user to quickly generate
energy minimized structures using either local or remote CHARMm
host computing resources. QUANTA�: uniquely �exible coloring
iriciiiiy Ltllovis an unlimited numberofsmztll or large molecular systems
to be colored on a wide riinge of structural attributes. and graphically
manipulated in any logical combination. QUANTA provides full
interactive support foradvanced 3�tliniensional stereo viewing systems.

Mulli-structure interactive docking and structure coinparison features.
coupled Wllll QUANTA&#39;s realrtime geometry Lind energy analysis.
provide powerful automated support for the drug design prut. .
QUANTAK automatic. iemp|;ite�driven. §lI�|lCIUflll feature generation
and minipuiaiion Capability has broad Ltpplltulmlt in the fields at
polymer and materials .\Cl¬l&#39;lCC LN well as protein engineering.

Support for laser and color printers llnd plotter output. helps QUANTA
u\er.\� easily document and communicate vuliuiblc research results
lhroughCENTRUM QUANTA&#39;\fu||y�~upp0r|ed�C":titd FORTRAN
development environment El\&#39;.IblES LlLlV�illlCEd users and interniil mod-
°�&#39;"S Wpport groups to integrate Cxlxllllg .~ni&#39;twure and develop new
:m.cnrion.. taking full advantage tii�QUANTA&#39;» udvilnted uxer tiller-
inee environment and graphic» liincuoniility



ll
QUANTA

QUANTA APPLICATIONS

Drug Design
QUANTAK interactive molecular construction facilities allow devel�

opineni or molecules by sketching new structures, dynamically con-
necting 3-diinensionul fragments and by modifying structures from out-
side sources, such its the Cambridge Crystallographic Database. These
new molecules can then be studied through rea|�time molecular me�
chattics or quantum mechanics tools, offering powerful support fordrug
design.

QUANTA provides it full range of molecular surface generation facili�
ties. including Connolly, electrostatic potential, solvent accessible and
van der Wtials surlaces: 3-dimensional �wire" grids, and electron den�
sity maps with complete user control over color selection. These visu�
:iIl7:.ition features help define and improve understanding of molecular
shape and similarity.

As another Llld in drug design. QUANTA provides the ability to
calculate Lind display probe maps. Multiple energy levels can be
contoured. with user-selectable is nergy levels. and drawn around the
molecule asasenesof3D�wire"grids. From theseprobe maps.the user
can detertnine lines of possible approach to a molecule, areas of
relatively lower energy which might serve as binding sites for the probe,
and intemal spaces where the probe could fit inside the molecule.

QUANTA also otters a powerful method of graphically comparing
multiple structures or panicular conformational features in order to
identify similarities and explain eorironnaiioiial changes. Flexible
selection facilities permit the user to identify particular features to be
compared or �tted, and an extensive set of analysis tools allow results
to be rigorously evaluated and graphically displayed. Multiple struc�
tures can be interactively moved and rotated relative to each other with
real-time display of resultant distance and energy characteristics, par-
ticularly imponant for studies involving en7ymevsu|>s|r:tte binding.
lnlegrzttion of third-party and proprietary surface generation and struc-
tural comparison software IS fully supported by QUANTA&#39;s unique
openarchitecture environment.

Funher integration has been pl�0\&#39;Id¬d for interactive setup and submis-
sion of CNDO/INDO and AMPAC calcullttions. QUANTA can take
data from the resulting CNDO Calculation and apply the computed
piinial atomic charges to the molecule. Dina from an AMPAC calcula-
tion can be used to generate and display molecular orbitals. Another
useful tool in drug design is confornutttonlil search. QUANTA allows
the user to search and analyze conformational space with a variety of
search techniques.

A probe map t.7i�N-methyl acetamide
using a proton probe, Two contour
levels are depicted.

Binding of me!/iolrexale, colored in
pink. la the DNA double helix





Polymer Chemistry
(lv..&#39;I&#39;\L&#39;rlL [mlymcr xtructurex can he butlt ustng the mouse-drtven se-
qucntc gent-rutur Slrtndilrtl montvmcn ztrc tncluded tn Zl fragment
Ithrttry which |J\L&#39;r\ t~..n augment umtg QUANT/\&#39;Stn|er�.1£.�li\&#39;e Chem|�
tul xtructurc \l\t.�lClIl�)_1 luctltty Userx have �exible control over
|.JL�|II..�I|y.pt!~Il|tIn.Jl I\tlmL&#39;n~ll\urldllIlIIL.\lt.Unl(Jr��Iu|l0n. The»: polymer
L . Ix Lull ht: Il\lcrL|cII\&#39;t,&#39;ly studied using CHARMm�\ molecular me�
tltttlltultmlxdtrvcllylrumlhc()UANTA wtwrkstuttnn Slmulallonscan
he mutlu «In l~tIlt||t.�d tl\.JIl]\.p�.1CkCLl chums. nmututed polymer melts or
cryxlttlx lll mu p|�L&#39;\L&#39;|IL�L� ttfuny \|ll\/(I&#39;ll cnvtronmcnt. The~e Icchntques
L�1|ll he u\L�ll UI tttttty cllutn llexthtltly. hydrodynumtc properties. Inter»
chum Cncrgcllcx and unttll multrculc tnobtltty tplasttctzers, Cross»
Itnltcrx. cttl.

Materials Science

QUANTA cztn also be uxed to model Crystttlllne or amorphous S()lld\
L�t\llIp0\CLlUlh0|l1lr|0fgllr|lC and organic mltlertals. Unll cellsofcryxlals
cztn he In|t�r;|t,&#39;ll\I.�ly dmgned and then used [0 construct more extended
~tructurc~. These can then be modelled using CHARMm to examine
thctr structural cncrgcllcs, vtbrattunul mode.» Lmd defect structures.

QUANTA FEATURES

Sketching, Construction and Data Entry
QUANTA prtwidc~ n fullyfeatured. interactive. mouse�drtven, free�
hand structure xketching and 3-dimensional to 3�dttnensional conver-
.\inn fttciltty. penrtitttng rllpld atnd �exible construction of proprietary
and tton-stattdurtl lmgmenh or enttre molecular systems. Comprehew
xlVL� rtmllntts for the input. output. and management of structural dam tn
nuchtne-reztvlahle fnnu. follnwtng standard ftle formats. are also

provided.

- User Interface

QUANTA hm n nntple. t-onmtent user mterrncc Appllcalions are
\clt:ClL�tl (mm a menu l71||� WlI|Cl1|lIL�0|"pOrul¬5 pull»d0wn menus at the top
0&#39; the screen as well as 2| rapid acceistahlc txffrcquetttly used comnmndn
on the xtde. Additional .~e|¬t:II0n< are available lhmugh pt)p�up diztlng
boxex and gr;|phtc.1lIt:0n».us wcll 1I»LICOmnI:lnd Itne tnput. 0n�.«crt-en
ttntl tun CJI1 be used to rotate. Inlllslule and acute uruclures. A manage
u tndtm at the hotttmmtthe screen displays informauon on the pmgmm
xlztlus ur the type tut� input requtred

- Constructitm and Sketching
QUANTA prU\IdC\ the meilnx It) \KL�[Cl1 n new nmtecutc or frugmcttl
frtmt xcrtllch. or In retrteve an extsnng structure from any �le dtrectnry.

Poly/soprene rncorporating a su/Iur
bndge between palymer strands

Malecular clusters such as Mg(0H), �
5l&#39;SlO(OH)G &#39; can be used In examin-
ing the binding Iarces of complex
crystal structures for studying prob-
lems in siltcate crystal chemistry.





- Display and Coloring Options
Vufl()|.|\!ype50flnf()l&#39;Y�£lllK)nCl.tl&#39;l be as � *usociated with amol - I
ll\ criteria for selecting and coloring atoms This I-HCllllcLE�:|el)al"d mad
and effective representation of such imponani atomic �nd El� ealwmo ecu zir
properties as surface accessibility. electrostatic potential and crystallo-
graphic thermal parameters. &#39;

QUANTA has the ability to calculate and display nitit" ]�(:pre§en[;;|i0ng
01 U WHPIE van der Wuab (VDW> or Connolly surface with the am;
�exible coloring and selection facilities described above This capabil�
iiy to represent the molecular surface is very useful when studying how
multiple structures interact with each other. The shape depth and
chemical characteristics of receptor sites on the surface are critical in
understanding how substrates bind.

QUANTA alsocalcultltesanddisplays ribbons and grids. Bydisplaying
a wimp] iflcd representation ofa protein backbone, ribbons help visualize
the topology of chain folding. QUANTA provides the capability to
interactively contour and display data from a 3�dtmensional grid along
with the molecular structure. The grid can be calculated within
QUANTA to provide a computationally efficient and visually effective
method to display molecular surfaces. Grids can also represent the
electrostatic potential calculated from 2 QCPE package, the energy
potential calculated by QUANTA, molecular orbitals calculated by
AMFAC. or an electron density map resulting from a crystallographic
analysit.

QU ANTA also contains a number offacilities fordtsplaying molecules
generated by crystal symmetry. For crystallographic studies, the user
can view a region ofa molecule together with all symmetry Contacts. or
generate crystal packing diagrams.

- Multiple Structures
QUANTA can display and manipulate an unlimited number of inde-
pendent molecules or molecular fragments. These can be interactively
added to or removed from the display. joined or split to construct new
3�dimensional molecules Ur fragments. Each molecule or l.tSct&#39;-Speck
tied group of molecules can be moved or rotated dynamically. In
addition, interaction energies can be calculated in real time between any
two molecules or group of molecules.

&#39; Stereo Viewing
QUANTA suppttrtx the latest stereo viewing technology. TltlSlI1L�iutJE.~
Stere0Graphtt:~ �Display and ZScrcen and Tekttonix SGS-ol0viewing� � _ &#39;- . i
devices. which pruVId¬ t&#39;lickcr�frce stereo VIE:/Idllgstereo ullowx the chemist to better PCILCIVL _- tine . � I _ »
�Ind u\~|\I in those application i�lf¬LI\. such as decking and �iliitulr-rig
� *�   ,..�inutiiptc tntilcciiles. where 3>dlII1§.II~|0l�IZ|l Vlkudltl Illnn l~ Lwen ll

l

The highest occupied molecular
orbital on benzene is displayed using
OUANTA�s so contouring facility.

A series at rripeptides displayed
simultaneously on the screen The
second residue in each peptide IS
colored according to amino acid type

,.._...- ....  ..une



QUANTA &#39;5 inleriace, which includes
menus and dialogue boxes, is inte�
grated with CHAFlMm&#39;s energy n-iii-ii�
mizalion and molecular dynamics
calculations.

Docking ol the benzamidine inhibitor
to the active site of beta Irypsiri. Inter-
aclion energy and distances are
displayed in real irme.

- Data Plotting
QUANTA alxo provides 2�dimensional data plotting facilities. This
capability allows for the plotting of any set of x,y dzita. Automatic
display oipiott rroni CHARMm moleculardynamics simulations. such
as energy and temperature vs. time, are provided. These data plots can
he displayed on the screen or written out to an extemal file in HP-GL or
Pn§|SCrIpl ftirmut. In turn. these plots can be incorporated into a
CENTRUM document.

Structural Analysis
QUANTA�: completely integrated menu�driven interface to Polygen�s
CHARMm energy minimization and molecular dynamics sy.ieni pro�
vides the i�irst�time or expert user with direct access to a broad range of
.\.lI1.|C|UlLIl analysis and simulation capabilities. From simple minimtzar
non of newly sketched structures to complex real-time docking and
molecular dynamic: studies, QUANTA permits easy access to local or
remote CHARMm host computing systems. including remote super-
Computing rexourccs. QUANTA&#39;s close coupling of an energy calcu-
lation with a graphic display helps assure the scientific integrity of the
modelling and simulation process. QUANTA&#39;u Open Interface eases
development and integration of proprietary analysis applications.

- Energy Minimization
Accessed directly from a QUANTA menu, CHARMm can determine
global minimum�energy configurations for small systems or local
minimum-energy configurations for larger systems. Atomic. intemal
coordinate. dihedral, NOE and target constraints can be interactively ap-
plied to the molecular structure prior to minimization.

Minimization methods may be combined with intemal or generalized
coordinate constraints to study barrier crossing or intemal reanange»
ment in system: where dynamic analysis may not be feasible.

- Molecular Dynamics

ThroughQUANTA,CHARMm&#39;smoleculardynamicsczipahtlitysimu- 
lalcs the evolution of a molecule over time and produces it trttjectory or
«cries of coordinates and velocities which describe atomic motion

within the system. This information enables the analysis oflticitl atomic
�utluatliona and certain lype� of intemal rellrrllng�lllenlh, CllARMin
perlurrns molecular dynamic. imulations oi molecules in vacuum llfld
t-ryuuliine cnvtrnnrnenls. Atidiiionui t-nputiiiitie» are prrwiried tnr Ky»
temt in ii Volvaled environment. Target molecules are inserted in ll
bounded region ofsolvenl and properly adjusted. CHARMm t-urrie. out
dynamicsximulallonitinalullorlimitcdtnolecularxyxtem ovcrarunge
oi� temperature». automatically eliminating unnece iiry tlegreex of
freedom. reducing computing requirements. In addition. restmiiietl Ltlld

.. __ ____.._-_



V seru

quenched molecular dynamics simula� 
. tions can be rfmolecular system. De Ormed 0" me

- Docking

QUANTAK docking Capability allows me user to move and rotate one
mole &#39; I &#39; I� - - . ,lhsmztuec  .IllVL to another while displaying the results of real-time

. . J . , .. . . . . .mum� ;nerl__yt..llcul.ttI0n.s. Tl�I|�\ function isuseful for studyingthei V s .0 . . . ."mt nzl etWt:Ln molecules as in enzyme substrate and pl�0le|n�
L au complexes. Multi-substrate binding can also be studied.

- Structural Comparisons

Comparison of structures is imptinant for ralionalllltlg changes in
cunlurrnation hetween closely related molecules and for identifying
\Im|l£Ir|Il¬\ between less closely related structures. Comparison is also
usetul in identifying structural patterns among the increasingly large
number ol crystal structures available. QUANTA provides powerful
tools for grilphlt. Ily comparing similar structures, using a least squares
algorithm to optimize the overlap between two structures. Flexible
routinea allow the user to easily designate which parts of the structures
are to be fitted to each other. Extensive facilities are provided to analyre
the resulting fit between the two structures.

- Protein Modelling

To assist the protein chemist. QUANTA allow: rapid construction and
modelling ofprotein structures based on sequence and structural homol-
ogy. Interfaces are provided to structural fragment libraries as well as
a full sequence database facility. Commands to mutate. insert and delete
residues are available. It is also possible to eitliercnpy the cnnfortnaticin
of a known structure onto a sequence or map a sequence onto a 3�
dimensional structure. In addition. an automatic facility to generate a
protein from a known homologous structure |S provided. Also included
it a regularwation method for rationally inserted or deleted residues.

- Conformational Searching
QUANTA includes several facilities for performing confomtational
searches. Using Iorsinn angles as variables. systematic search. Monte
Carlo \�.)mplII1}_1 and xllnulaletl annealing methods tit conformational
search are made available to the user. The coniorniatioiis produced by

be automatically sent to CHARMni for energy
calculatiomencrgy ininiiiiiration and other conditional tasks. Analy-
\I\ facilities are included to inspect the various ctintomiatioiis that are
produced during the search procedure. allowing the uscrin view \l�..\l�l0|l\
coiironnatinns. cnnipare conitimiatitins. and determine Cnllltlnmllmnill

-dinicnsitinal data plots can be produced andcluster». Several lype\0t 2
viewed. Exantplex oi thesis plots incliitle: CHARMni energy lriltc.
ner l1I\ln ram of ii \¬|t1&#39;kL�0n&#39;OI&#39;lYlill|Ul\\ energy contour maps. andc 1 g . .nil plots that xlttivi Ihc [0l�\IUn�\l space covered, The search pftt«.�:��NC�. � �

the xeztrclt methods can

QUANTA provides a versatile protein
modelling environment. A lragment
chosen Iram a protein database is
displayed as a beta turn al crambin.

Energy (race of a conlormational
search using the Boltzman Thermal
Jump procedure.








