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B. Highlights- 1962-1983 

Multiple VIsualizations of Molecules Demonstrated 

27 February 1983 

We and our scientific collaborators have developed and imported programs 
for producing many dillerent geometric and parametric visualizations or molec­
ular structure. This year we brOUf(ht this 1vot·k t.ogethcr in n focussed c:fTorL Lo 
apply a ll available techniques to a single molecule. Cu,Zn supcroxioe dismut.a~f!. 
In this way the vunou~ graphtcs techniques can be compared for their in~lghl­
inducing power and lheir costs. Moreover. combining all tcchm<Jues on one 
molecule offers maximum insight into ils structure and runclion. 

Michael Pique proquced a !?-minute videotape, ' 'IVhaL Docs a Protein Look 
Like?", Lhat embodies some 40 visualizations of t.he SOD mole;culo;. This togethe r 
with Q companion paper by F.P. Brooks, "Views or Unseen Worlds," was one or lwo 
invtled keynote addresses at Science Magazine's Conference on Computers tn 

Sctence in Chicago. in December. These works have been submitted for publica­
lion lO SIGGRi\PH'83, ils proceedings (an issue or Computer Graphics,) and lhe 
ACM S/GCRAPH Video Review, a VIdeotape journal. .John Tamer "nd Elizabeth 
G~lzofT or Duke University were Biocbernist Consultants for Lhe work. 

Semiautomatic Density Map lolc rpretation 
Tom Williams' system for computer-aided initial inlcrprclalion of electron 

dcnstly maps has been built and tested. Using a ridge line representation or the 
map. tn which line segments connect. local maxim<~ , he has deve loped a method 
which saves a great deal of labor in Lhe problem of going from Lhe first e lectron 
density map to rough moleculru· coordinates. This r·educcs u step which nor­
mally lakes weeks to a fe1·. days. Others have tried ridge line represcntaUons 
before, but not as an aid to hurnan inleraclion. The ridge hoc represenlalion 
appears lobe lbe long·soughl rcprest:!nlalion or electron den~1ly which permits 
eornpulcr graphicR users to sec large volumes or map wiLbouL exceeding the 
capabiHt i ~s or their d1splays, or. a ttcrnal.i vely, to use standard displays instead 
uf expensive specialized ones. 

Real-Time Images or Space-FilliDg Models 
~L Pique demonstrated real-lime, joysliek·conlrolled motion of spa.cc-tllling 

(Cl'K) computer gra.phics molecular model~ of up to 50 atoms! While Lbis is slill 
shorl of the si'l.eS needed for prote in-enzyme research, il is a majo r technical 
achi(Jvernent and otTers pronuse for larger· molecules in lhe ruture. 

Cltll' (mostly) Transported to VAX Computer 
Our local CR,P·7a molecular graphics syslern, which h:t~ been extensively 

usud Cor b lll<,;hemicl)l research. has been large ly converted from an idiosyncratic 
l1urt1warc-sofLwan: configuration Lh.1l "ould not be readily duplicated etscwhern 
lu « progr»m in C. running undcr the t:NJX operating $ystem on lhe Dt.:C VAX com­
puler". ~lost of lhc system now works and 1l can be u;cd on V.\X-11/780 and 750 
computers. Completion of this project ..-ill enable lhis useful software loot lobe 
rcadtly exported. 
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IlL Narrative Description 

A. Summary of Research Progress 

1. Objectives and Operalion 
W c have buill, and operate as a service resource, an effective interactive 

computer resource for seeing, manually manipulating, and computationally 
modifying mathematical models of complex molecules. We believe lhat our 
present reRource, called CRIP·75. has been shown lobe as complete and useful as 
any in existence. One impttlssive measure of the power and util •ly of GJUP·7~ is 
lhal al lees l seven of our clients have obtained t heir own graphics systems as a 
direct result of their successful work here. 

Our rt!sourcc has dual objectives. We are a service center providing po,.er· 
ful computer graphics facilities and experl computer assistance lo chemists 
studying macromolecular structure. We a r e also computer scientists dedicated 
lo advancing the a r t of interactive computation and inte ractive, three­
dimensiona l graphics. The ObJOct.ives a rc complementary. Our chemis t clients 
pr·ovide t he essential fol.!u~ and a real , complex. a nd inte r·esting driving problem 
for our· corn puler science research: our computer science research in turn pro­
vides our t'lients with more. po,Yerful tools t o improve their insight into very 
complex structures. Our overall objectives are: 

I. To help our chenL biochemists obtain the most accurate structural informa· 
llon lheir data will supporl. with the rnosl etiicient use of their lime, and 

2. To ndv11. nce the art or interactive graphics Lo the point Lhat our cl ients arc 
ab le cosily to perceive Lhc significant chemical informf1lion in their slruc­
Lures, at all levels of del;,il. 

Our most valuable product is insight. 

Seven years of experience with C!!i!'·?:, have shown us a number of inadequa­
cie~. We arc now buihl~ng a second·generatton version of thts system, called 
GRil'·X. des•£ltted to be more comprehensive in Lhe biochemical problems t hat can 
be attacked, more powerful lit Lhe ntalhematical tools available, more varied in 
Lhe Vtsuulizttt.ions available for molecules and maps, smoothe r in the user inter·· 
face, and constructed as protluct·quality. documented, exportable software. 

Fundamental to our approach are the following principles: 

• The GRI!' system is designed to help chemtsts get results from their 
research, and its success is measured only by theirs. 

• CiU? is designed lo help Lhc chemist vis ualize his molecules, his density 
maps, oLe., so that he can us e his knowledge Lo guide computational 
processes. That is. it is an aid to. not a sur-rogate for , human thinking and 
manipulation. hence a strong emphaslS is placed on human factors 
research and on human engineering of the system. 

• c :u:> is designed to serve many users, not one or two, so it includes an 
armory of alternative tools and techniques. 

• GR";> is designed to tnterfacc smoothly with a ny batch computations its 
usu t'S rrn~st do, and to incorporate on·llne facilities for all computations Lhat 
can reasonably be done "while you wait." 

• \'it!.'-" computer scientists are in teres Led in CRrP as a tcst·bed for research 
in man·rnachine sy~lems design, in man-machine interaction, and in the 
de~ign of di~Lributed computing systems. 

A corollary of these objocllves is that we arc heavily dependent on observa· 
tion ur llnd feedbH.ck from real users atlemptln~t to solve real problems. 

5 
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Our users are almos t exclusively workin g on lhe str uctures of molecules of 
considerable biochemical Ulterest: proteins and nucleic acids. We advance 
heallh-oricnlcd biochemical research by enhancing lbe productivity of indivi­
dual researchers through better tools. GR!P-75 was the trailblo.zing system in 
man•pulaling a molecular model lo OL comp lex experimental data. Our c lients 
h<Jvc published over lhirty papers in the biochemicallilerature cont<lining 
,...,suits derived from the G'llr system. ~'eatures pioneered m CR!P are ftnding 
their way into other molecular graphics systems. !'he presence of the facility at 
t: \C has been inslrurnenlal in ma1ntaming a clo~c collaboration with biochem­
Ists al Duke, who como over regularly lo usc our system. AI. least one of our new 
f;wull.y mem bors. !J r. R. S nodgrass, based hls d!lcis ion to corne t.o UNC on the 
Gil!" system, wh•ch demonstrated to him our ability to build large innovutive sys­
lcrns. 

Our facility con$ists or a VAX- ll/780 computer. a Vector General3303 vee­
Lor d1splay urn I .. an Evans & Sutherland PS 300 vector dis play unit . and a fu ll 
complement or inLe racLivc input devices: a nd a PL>P-11/,~5 computer with aVec­
tor General VG3 vector display unit 11nd a high-speed connection to the Univer­
~•ly or Korth Cdrolina Computation Center mY 4341. Our present production 
•yst"m· Gill?·?(>. runs on the 113M 43-t I and the PDP-ll/15. Tbe VAX-11/760 sys­
tem Is for lhc development or our next system. 

The Compulcr Sciet1tw Department obtaint!d money from :\SF' for another 
VAX for depurl.mental use. lly pooling resources we have co10e up with a s•lua­
l•o•• in ·::hieb everybody wins. In exchange for some of the then-surplu8 capa­
city ur uur VAX we obtained. through the Computer Science lltlpartmentand the 
M lt,roeleclroni<:s Center of North Carol1na. t he usc of 1.25 MO o r memory (i n 
c~thl•lum lo the 7:>0 KB we bought) and il rnagnclic Lapc drive. We shnre Lhe CR£P 
VAX w1th olher graphics users in the department: in return we gel the use or lbe 
lkon<>s ra~lcr graph•cs system and lhc full rc.:sources of the depart mcnl VAX -
ror cxam!Jlo:, the Versatec prmterfplollcr and a HowleLL-Packard iour-pcn 
ploller. 

Our effective conliguraLLOn on the VAX s ystem is 

• v AX-Il/-IBO Wtth u-;mus bul no ~1\SSBUS: 

• 
• 
• 
• 
• 
• 
• 

• 
• 
• 

the .;:>~IX1 operating system (fourth Berkeley vers1on for the VAX) 

2 Mtl memory 

GOO M 11 disk storage 

600/1600 b;>i dual density tape drive 

Vector General 3303 vector r,raphics display 

Evans & Sutht~rland Picture System 300 vec tor gntphics disp lay 

lkonas RDS-3000 •mage processing and display syslurn, with 1024 by 
1024 p1xel!i al 0 bits/pixel (or 512 by 512 at 24 bils/pixel). color map. 
two 1nl.ernal high speed processors, cross-bar switch for r"mapping 
pixel values, v•tleo digitizer . und wdtc mask 

Summugn•phics dala tablet 

16-chunncl (expandable to 32) tmalog lo digital converter 

tul(h speed parallel link lo dcpartrn enl VAX. which has hard copy 
plotters, printer. (lrtd a dial-11p connection lu Lhe national "USJ;~l'\J::T" 
UI\'X not work 
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The usefulne~s of the USENET network of UNTX systems can hardly be over­
>Laled. News and mail can be exchanged with over l50 computer systems 
ac ross the country. including systems at Columbia University, the University of 
Califor·nia at San Francisco, the University of California al La Jolla . a nd Lhe IBM 
UK Scientific Centre in Winchester. England. The syst.ems mentioned specifically 
arc all doing work in interactive computer graphics; sever a l of them receive 
researc:h support from lhc Division of Research Resources. 

Anolher large gain from pooling resources with the department VAX has 
been redtwl.ion of maintenance cosls. We can usc each machine to verify fa ults 
in tile olher machine. Rapid identification of defective circuit boards translates 
direclly to shorter and cheaper service calls. 

7 
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2. Summary of CRIP-75 Use by year, 1975-1982 
Table I summarizes lhe usc of the C:l!IP-75 system for all purposes since we 

began demonstrations and productive operation on July 15, 1975. Wo have not 
ll' i ed to ()Slirnate the system Lime spe nt on development before the beginning or 
productive operahon but know it to be many hundreds of hours. 

Table I. CHI?-75 1J sc by years 

1975 1976 1977 1978 1979 1980 1961 1982 Totals 

Produclion :J29 5Bl 781 1034 J108 f>f.>6 349 130 4868 

Demonstr11loons 12 50 161 137 43 57 76 52 588 

Dcvclopnuml 297 l l)(; 198 213 315 109 51 75 .1474 

Tnlals 636 817 1140 1384 1496 7::!2 476 257 6930 

8 
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'!'able II gives the use of the GRIP-75 system by year for each Learn of biochemists, 
These teams are identified by their principal investigators. 

Table TI. GRlP Production Ttme (Hours) 

L:ser 1975 1976 1977 1978 1979 1900 1981 1962 Total 
Jlcrmru1s 7 29 4~ 13 11 102 
Kim 200 321 105 24 49 42 741 
Richardson 83 79 91 188 384 297 169 57 1348 
Lip~comb 12 102 114 
Carter 27 21 4 5 16 73 
Jensen 46 62 108 
Tscrnoglou 85 l 1 96 
J<1mcs 19 19 
I .ow !>!> 191 65 153 464 
D,1vi~s 85 92 177 
t'chitfer 35 28 20 28 15 10~ 

Arnn td 163 35 198 
Wright 41 96 137 
I :endrickson 72 80 34 186 
S<ohcvitz 74 74 
Love 94 94 
Karlha 109 109 
Tny1or 89 45 17 44 178 
luch 78 78 
~..trrna 188 186 
Olson 20 20 
Bugg 39 39 
l're•nilat 24 24 
·\mzcl 98 98 
l.ardman 27 27 
F.ggleston 3 3 8 
Roth 7 14 2 1 

1'oLal !-fours 329 581 781 1034 1106 556 349 tOO 4868 

9 
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Table Ill is a list of the biochemists whose research teams have used the GR!P sys· 
L<'tn and Lheir lnslitutions. These are listed in the order o( Lheir first use or GR!P. 
For groups sending more than one biochemist to use our system, lbe prmcipal 
invesligalor is given firsl and the names of his colleagues follow indented. The 
in$llLuLioos of these colieague~ are given only where Lbcy d!ITer (rom the princi· 
put invesl.igator's. ln five cases - S11rrna, Rich, (,ovc. Sigler, and Anl'l.e l - t.he 
principal ~nvcsligator has made lillie or no direct usc of CR!P himself. 

J. Hermo.ns 
;. E. MoQ'Jeen 

D. R. Ferro 
~ 0. Kuntz 

M. V '""le~o 
S. H. K rr 

J. ..... s ,l!$3TI\a:D 

R W \VarronL 
S. I~ Holbroo'< 
C. >I Church 
W Snm 

C. J Alden 
0. C. Itohordson 
J. S. Richardson 

E D. Cetzoff 

•· ''· .n:ner 
J. MeRoe 

W. "'· ! ~pr;;cornb 
J !,, C~O.WfOTd 

C. V.. Co'"\er 
R A. Jones 

:.. h. Jensen 
K. \'I<1Lonpaugh 

r~. E. St.cnk~mp 
0 Tser·1og:ou 

G. A. ?ocs;.o 
"'!.. :r1:ncs 

1. •• T. J. Dolbaero 
C. Drayer 

3. Vi. !.ow 
A. s~1.o 
M fGmhl~" 
!), <~ 11net 

D ll. IJnV1es 
M C. lu 
E. ;. Pad . .:u 

M. !::ch:!!cr 
1-:. L. ;\mn:n 

!:l . 1 .. Glrlme 
ll C. Puslay 

H 1. k.ct" 
l'i. Hendnexso.n 

Table 111. Cll!P Users (1975·1982} 

lotltuto dl Ch;rnicu delie Mucromolecolc 
Unlvcrsity of CnL!omle School o~ ?':\atrniJ.<:y. San Fntnc;seo 

L'l!'i'u'e o! Chemistry, \;!livenuty of xapleo, llaly 
:l•ke Univer~ l1 

Duke Univcnllty 

HorvP-rd University 

Univcrsn.y o1 Wash:.ngto-:1 

Yule Univerait..y 
Wayne State University 

Univ<.:rm!.y o! Alberta 

Co1umbta Univc~s:Ly 

N'CLional lnstlt.utes or Heaith 

Arnonne Nat.onol Lo.boretory 
Unlvorsity of South Carolina 

Prl,.cc!.o:t t..:tive=-s~:.y 
1\ave.l Reseorch Lobora,ory 

10 
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P. 0 S:g1er 
A. Po<lj6!':1f 
1!. W. Schevlu 

W. f:. Love 
W. E. Royer 

G Knr:ba 
H C. Ta)•.or 
A. Ru:ll 

N. 1'/oo 
R. Sar:na 

A. t.Judi:1 
A 01son 
C. Bugg 

R. A.mn.ssy 

J "o:1tec..-.!a 
S. Pr~rni.a.t 
M. An:zel 
K. Hardn"cn 
0. !.wes:o:~ 
0. !loth 

M. Corey 
L. Kuyper 

M. CoMo:.y 

University of ChiCBjlO 

Johns Hopkins University 

Roswe~: Men:onal ~sEl~le 
Bcr~cley Springs Researcb Consort~~-n 
Mussach~seLt• ln•l>tute of 1'cohno:ogy 

SoNY, Stony Brook 

27 February 1983 

Nutio!l"W Resource !or Corr.:putntiona.l Cherr.:.st::ry 
Unh•crsily o! Alflbo.mn 

Un ver&-..~dc l\tmey, Fxance 
Johns Hopkins University 
IBM Yorktown Hcighl:s Research Center 
O.:ruve~SltY o! North C8?'olina 
Burrough~ .... 'lielJcofT!.e 

Yo:c U~versity 

3. Changes •n Hcsource Direction 
The usage or GR:?-75 is rapidly declining. That is not unexpected. Computer 

graphtc~ systems which do the same job as GRIP·?~ are becoming ra.irly common. 
;·,e believe that none of the other systems are quate as powerful as CRIP-75, bul 
Lhcy arfl not thal f11r behind. 

In Lht' past we have devoted much or our eriort lo client service and to 
··esearch in how our client~ made e!Jective use or our system. {This is shown 
<framalicrdly by the ligures in l'able I comparing production use and develop· 
menl usc of GRlP·7~ during the per iod 1.977·1979.) We are now devoting nearly all 
of our .,fforts Lowflrds exploiting the things we have learned about human factors 
m the design and usc of graphics sy>;tems. and lo exploring advanced computer 
graphtcs techniques to be tncorporatcd into our new system. These efforts are 
described rnuch more rully in Lhe next section. Once we have developed our new 
system \'IC will again ente1· a tnajor client service phase, this time by export of 
software. 

Gifts for Resource Enhancement. 
Our· molecular graphics work has at.Lracted much attention. This has 

resulted this year· in subslanlial gift support for the Resource . 
• r:;,·,m~ and Sutherland Computer Corporation donated a one-megabyte 

PS :100 system to U'\C for lhe molecula r graphics work. This high­
perrorrnanco vedor· graphics msLrumenL htls a retail value of $09,000. 

• 1'clilronix don•ll~d lo our department two high per·(ormance color video 
monitors together worth $19.000. One of these is all<!ched lo the lkonas 
ra,lcr-scan system and is used for molecular graphicll. 

• Ve<clnx g<tve p~ t.wo low-speed 5l2·1ine color graphics displays t<>gcther 
worLit $10,000. One of these is configured so it can be used Cor molecular 
gro.~phics. 

ll 
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• lnte l Corporation gave us VAX memory worth S12,000. Half of l his goes on 
l.he Resource's VAX. 

• Burroughs-Wellcom~ gave us a cash gifl of $13,000 to support an add ilional 
graduate reser~rch assistant on the GRIP project for 12 rn.onLhs. 

4. Core Research - ::,ystcm Building 

As·Lbe users of our· GRIP-75 hardware-software have found it valuable, they 
have increasing ly in~tallcd molecu!<lr graphics equiprnenl. o[ thoir own. liene e 
the work of our team ha~ largely shifted from providing collaboraliv~ service to 
biochernish on our Ctrsl-generat.ion system to building our next-gcne r·allon 
molecular g r·a phics syslem, called GRIP-X. Tbis core research dominated this 
year's acllvH.ic~s. 

1.1. Multiple Visualizations of Molecules 

In GIUP-X. multiple Wi:IYS of vtsualizing molecules, not just Kendrc w (slick­
figu re) models w1 ll l><:: tmportant and possible. This year we imported and irwes ti­
galed ,ll! visualization techniques known to us. c:ulminating in a research video­
tape by Mrchacl P ique showing over 40 visualizations of Cu,Zn Superoxide Dis mu­
Lase. 

Views 5, 15, 16 were made by Tainer and Getzo rr: t he other pic t ures were 
done by Pique. 

Views 22 and 24 are enclosed as samples. ln view 22 the solvent-accessLble 
surface has been colore d lo show the thermal activity of differen t pa r·ts of t he 
molecule as determined cryslaUographically. The cool spot in the center shows 
t.hal the copper is verr rigidly bound. The cool spol to the le ft is where thw l wo 
parls of lh~ symmetric d imer (of which onLy one is shown) a t tach rigidly back­
Lo·back. View 24 shows a ribbon mode l of the backbone plus t he copper and 
zmc. The backbone is colored by segment. showing clearly the {3- ba rrel and the 
loops holding Lhe metals. 

12 
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Visualizalions in "Wbat Does a Protein Look Like?" Videotape 

V!ouolitotion Pro§ro.m Author 
Coo!"d:Yuttc 'l'eble 

2 Spm .. ~ng ~tu:k':o:ac 

3 WJ~h s5dc c hnins 
·1 w.th hydrocon:< 
5 Oall·nnd·st:ck modo! Ortep Carroll Jonmwn (ORKL) 

6 nepttdc p'l!'~lctoero.:n.s rt~vu P•qJc 
1 Shaded parol.elogra:ns YOV!f •. 'lYU H ,,..,;. Chr:Stio:1:<c n (3YlJ) 

B t.Jme-1epscd ~otation 

9 Smooth r~b :lOn SJ>lincd !libvu Pique 
10 •haded ~otMing MOVIE.IlYU Hunk C!u-isuansen (3YU) 

ll Sp:•erice~ reode; - co~o.: dt?!.h cue Sphereshade !':qu< 
12 color by alom 
13 with s:ido e:tA~ns C?K Thomes Port<·r (~IR DCRT) 
14 lrogmented sphc"es Modified RAMS ~heh•el Co:molly (Se:1pps) 
I!> Accessible su:rfeces- dots MS ijjehec! Connolly (UCSF) 
16 clipped secuon 
17 varying probe red)us 
16 Acccosibie su•·laecs ·smooth RN.1S Mlchnc l Connolly (Scripps) 
19 va..ryin8 pro:e rnd:u$ 
20 co .. o:- by 2Spcc:es--:.nvar-.&:'\ce 
21 ·oy hydro;:~obic-hyd •ophllie .. 
22 by thcrmolecUv!ty " " 
23 by bac~bont: segment. 
24 :t bbo:t. eo:orcd by bae~bo:te seg:ncnt MOVIE BYU Ho.n:C Christiansen (i3YU) 

z~ Surla~e oJ bnct. co.ored cy segment RM.!S ~Lchoel Conno),y (Scr:pp:<) 
2U Fluck snowinG P-sheet H-bondmg CPi< Thomus Porter (tviH DCRT) 
2'l l'~cctros:.c.~.c ncld errow~ Amber Paul Weiner (UCSF) 
28 A:1.:nnted e:c<::.roSt.e.t:c~ Psa:1.m ~.que 

29 .ec::ron densn.y eont.ours. 1 ylr.:.ne G;t;l'·., Bntton 
30 3 plnnes GRJ'·?5 Britton 
31 v1rrying 1cvc 1 CRIP·'16 Bn~ton 

32 Eiect:-on density r.dgc lines Cr!.~eil W ill!alT'.• 
33 eolo~cd by ln'~'1're<el!O!I 
34 varying level 

35 C~osc .. conteot pii.re.metr1c plot MOVIB.!lYU llenk ChrisU<>n•en (DYU) 
36 Rcciproca1-spdce Fourier map Dunce,., McRee (Duke) 
37 Re.mechan4ra:~ plo: C:t:l' .... :.!KC ~cam 
38 dynam.:.c :5can .. 
39 3·d rotutJon " 

4.2. Ridge-Line Vcnslty Rcpresenlation and Syslcm for In ilia! Interpretation 

Tbomos V. Will •a.ms completed construction and lesling of a prototype 
rnan·nuwhine syslcm for in ilia! interpr·etation or density maps of proteins. a feat 
nol hcrcloforc accomplished by compuler graphics. l'he breakthrough was the 
,.hoicc or Carroll Johnson·~ ridgelinc reprcscnlalion for electron densily instead 
•>f lh" convcnl.ional conlour representation. TbJS allows the biochom ist to zoom 
baek LHJtl forlh bel ween global and loc.;tl l views und to dynomically llhange Lhc 
level of UCTISity VISible. 

13 
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Dy initial i:n.terpretation we mean estimating from an e l<1ct1·on de nsity map 
the positions of Lhe rnainchain atoms a nd perha ps lhe carbonyl a nd C-bela 
alorns. This m ethod produces alornic coordinates for all of the a toms in each of 
lhe n:sidues that have been located, using the amino acid sequence if it is avnil­
ablc. 

\'illliarns's system is R man-machine system. Ear lier allcmpts to interpret. a 
map by a computer ulone have not been very successful. Humans a r e very good 
a l. pallcrn recognilion. They can bl'ing together dive rse sources of specmlized 
111formalion Lo determine whether some fealure matches a pattern. TI1ey can 
balance a feature's malch to a local paltern ••1th lhc feature's glob"! contcxllo 
rnake an O\'erall deci~ion. These arc things that computers do with much 
diff~t:ullly. Compulurs however are capable of accurate sloragc and recall or 
large amounts of i nformation, pellcrn recognit ion for local. wcll-dcf:ined pal­
terns. 11nd nurrwricfll calculations. 

Thb computer's lask then is to remember the current slate of interpreta­
tion and display it al alll1mes. The r1dge line graph and model are shown on a 
graphics screen with the edges color-coded by type. The ctifferenllypes or 
ed~;es are moleculur model , uninlerpreted map. and map interpreted as each of 
l.hc rcnl tlres maincho.ln, sidechain, carbonyl. and br·idge. The bridge type dos ig­
natcs dlsulflde bond~ and hydrogen bonds. This e ncoding he lps the user to sec 
at a glunce Lhe porllon of the mainchain traced so far, which edges altachcd to 
U1e mainchain h .. ve not been accounted for yet. and many other useful p•eces of 
infor·malion aboulthc current interpretation. The current d1splay implcment.a­
lion docs color hne drawing on an lkonas raslcr graphics system. 

The user ide nt tflcs features in lhc ridge lines ilnd lells Lhc c omputer which 
fcalurr~ t.o associaltl with which parl of the molecular mode l. The computer 
color~ the fealurlls occordingly. The user adds edges as needed: the computer 
trace" connected patter ns. Exlemuvc Vndoing fealures perrnil easy backing out. 

The system concept and command structure were set forth in del.aU in last 
yoar'H report: we will nol repeul. Since last year's report the syslem was Lcsled 
on biOchemist usor·s and other maps. AU the rosulls a re very cncoUI·ag ing. 

Williams and Bri.;.n Van Duzeo have t his yeor devoted considerable effort to 
turning Williams's system from a workmg prototype into a robust product. We 
~hall contirlue that in the commg year. 

Ridgc·l.ine Representation or the F:lectron Density Map 
The rnost commonly used representation for electron density is contours 

drawn m sets of parallel planes. The contours show surfaces in the electron den­
sity function either alone or a srn<tll number of dcnsrty values. The dil!icully 
wrth usmg contours for inilial filling is that many lines are needed lo accurately 
show the surface and a global overvrew is often necessary lo resolve am bigurtics. 
There Is a limil to lhe number of lines that can bo comprehended a nd inter­
prel<•d a t once. There is a lso a II miL to the n umber lhat <=an be displuyed 
Otekcr-free and dynamically rotated. 

R1dge line representations of lhe electron density map were first suggested 
by Dr. Curroll K. Johnson of Oak Ridge National Laboratory. A ridge line 
repr«scnlalion shows the e ssential in formation about the locatwn of high den· 
st ly iind ho" il is l:onnecled, using many fewer llnes than doeM a contour 
rcprc-sl:nlalion. Ridge lines. named by analo~y lo geollraphic terrain, for·m a 
network or g1·aph connecting peaks (local maxima) through passes. If there was 
one and only one peak for each atom in the molecule then producing the ridge 
lines would completely solve the problem - each graph vertllx would correspond 
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loan o.lom and eaob edge to a bond. For molecules t he size or proteins this 
never occurs because of insutricaent map resolution, ph ase errors. noise in Lhe 
dat.t collection process, a tom mobality in the crystal. etc. The problem hus been 
reduced to determining the correspondence between the ridge lines and the 
model. Some edge$ or the ridge line graph will lie along bonds, some edges are 
spua ious and do not correspond lo any part of the model. and some edges arc 
missing, leaving bonds una(,countcd for. The task l hen [~ Lo match LhtJ two 
ga·aphs. LI.Je molecular model. and lhe ridge lines. 

System r or lnilial Interpret ation 

The use or ridge-line density map representations so reduces the number of 
lines to be displayed Lhal Williams was able lo build his prototype on the raslcr­
Rcan Ikon as i11st.~ad or t he vector-drawing Vec:l.or Graphics 3ri03. This gavtl him 
c:olor·, which radical ly simpli!icd his u~er interface. 

fwo o.:orollarics emerge for c:ur-x. Fir:;t, we need color on our ve<.:lor sys· 
lcms, so lhal we can ~how quite complex molecule density maps and dol sur· 
faces. Pence we are cutting back cverywh ere lo squeeze sucb a color lube into 
Lhe budget. 

Sc<:orad, Williams was able to deal with real maps using raster scan tcchnol· 
ogy. This is radtcally cheaper lhan vector-drawing technology because many of 
Lhe component,; 11re mass-produced for television. IJy using ridge-line reprcsen· 
ll•lion~ or density for filling as well as for inlerprclalion, we hope to be able to 
budd a full-functton version ofC!llf'·X that will run on a color workstation costing 
undl•r $35.000, Stlch as the SUN. 

Our cxpel'itwce with Williams's prototype suggests three exciting possibi li­
ties lo be explored--none has been demonstrated: 

• Jane Richardson's experience suggests lhallhc overvi.ell' zoom and 
variable contour level features or the system may make it possible 
to inlcrpret lower-resolution or noisl2r maps Lhnn heretofore 
eould be inlerpr!<I.C!d at all. 

• Tbc high quality of some or Lbo initial interprctalaons suggests 
that it may be possible to skip entirely the usual manual tlttmg 
slep for proteins, and go directly to algorithmic refinement by 
computer. 

• The reduced picture compi<.Jxlty may permtl us lo move molecular 
graptah:s from high·cosl instruments into l.he mainstre3m of com­
puter· graphics technology. permatling most protein structural 
chemists to have systems in their own labs. 

l"encc our plate is full ! 

1.3. Space-Filling (CPK) Mode ls 
t\ major goal Cor CRIP·X is Lo allow real-time moving and docking or CPK (solid 

>phcncal) models or molecules. We this year demonstrated real-Lime motion oi 
molecules of up to 50 interseclmg atomic spheres! 

Just as contonrs are not the only nor ltecessarily the best representations 
of Cl<:<.:l.ron densit.y, so stick-fjgurc (Kendrew) models are a1ot tbc only n<presen· 
lulton for molecules. Biochemists routinely use p lastic space-tilling models 
corn posed of spherical atoms (CPK models) as 1vell. particularly when investigat­
ing pdcking and docking. 

\', tlh computer graphics, rt has heretofore been possible to use sltck-ngure 
models with dynamic motion or colored an<l shaded spbcriCitl models for static 
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viewing only. Tbe calculations for spherical models could not be done in the 
1/30 to l/12 second necessary for dynamic motion. 

On C'.RI?·X we want to achieve dynamic motion fol" space-filling models, clOd 
we Lhmk we can within the next rcw years. 

Ttl is year Dr. Barry Zt:eberg or liNC used the facility l.o continuo develop· 
went. of a l.er.!bnique suggested by Pique in which caeh atom is represented by a 
cirr.!ular disk parallel to lhe viewing screen. The disks are painted to look like 
shaded spheres. Of course, they aren't: at any given lime one disk rnay partially 
overldp another, but ils en lire surface is in front of or behind the ol her's: lherc 
arc no irtlersectwns visible. As lhc molecule is rol.atcd, di sks jump discontinu· 
ously in front of or behind each other. Xevertbeless, it is a more rapidly com· 
puled approximation to a sp .. ce·tllling model. 

Pique e xplored ways l.o use tile lkonas display·~ very fasl int.ernal processor 
lo construct reuli,lic pictures of properly intersecting spheres cap.1blc of 
uynamic movement. In January he demonstrated dynamic movement of 
Jnoleculcs of up to 50 <lloms. While still an order of magnitude slow for proteins, 
l.his i~ an exciting and encouraging achievement. 

4 .4. CRlP.75 Conversion 

In spring. 1982, " COMP 14-f> sludenl Lt:am consisting of J . Drapor, M. Miller, 
!-'.Taylor, and M. Wright undertook l.o convert parts ofCRIP·75 from PL/1 to C. 
from the IB~I System/360·75 lo the DEC VAX-11/780, from the OS/~IVT operating 
system lo lhe v~:X opeJ"<ILing system. ll worked mueh better Lhan we had 
C'X!)e(:l.t:d. Substantial parls of CRlP·75 ran (:orreclly on the VAX by LIH: end of Lhc 
spring l.crm. 

Thal Learn used lhc pUoc PL/1 lo C translation aid buill by lhe spring 1981 
CO~P 115 student. learn of C. Burns, A. McDonald Ill. M. Moore , and H. Smith. 
They used a powerful u~x tool called YACC. which they fed Lhe PL/1 syntax tables 
n• lh• V1enna Definition Language. straight out of the report of the IBM Vienna 
l.aboratory. 

!luring Ltu~ year Pique, aided by Rieh Ham mer. have conlinued this work. lt 
now appears that we may be able to run GRlP-7:> entirely from the VAX within 
anoth~<r year. Moreo,·cr, this conver~ion permits u~ to take GR!P-7a code bodily 
wto CRif'·X as that seem~ wise. 

1.5. Collaborallvc GUIP-'X Design: Database and Adjunct Language 

We continued our collaboration with lhc IB'A UK Scientific Centre (UKSC) in 
Winc:h~sler, F.ngland, who are building a CT!IP-X·Lypc syst~rn in PL/1 for a n IBM 
host anti a Vector General display. Brooks visited there in May: Dr. William Wright 
lind D!'. Geoffrey Robinson visited here in September; Dr. Wright will be here 
agllin 111 'Jarch. \', e confer weekly by a conference ct<ll between the two team!;. 
We finally have I'Ciiablt~ electronic ma1l via the U/IIX UUCP·ncl connected to tho 
111M VNI•:T. We huve spent days discussing overall system d~sign, Wright's agent 
com:cpl, and how the system partitions. 

Database. The UKSC team carne up with a simply superb idcla·· to mcoJ·ponJtc an 
c·>: i ~t.Jng r•:lational databo;~.sc sy~lcm wtthin CR!P-X instead of L>uilding elaborulc 
~tito;yncrulic dala manar:cmenl fac1lilies. We ~cc it workin~: this way· When a 
new v~<u<>liLation (or vieu; in the dalaba~e scns~) is called for. a query goes to 
the dal<Jbasc sy~lcm, which produces lhc relalionN requested. These are lhcn 
c·omptlalive ly lrunslaled into an intermediate form from which piclurcs can be 
rapidly generated and in which manipulations can be rapidly eficcled. Upon Save 
or Qutt commands, new data are posted back inlo the database. 
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Stephen Todd a nd Andrew MoriTew of the UKSC team did tests with a system 
UKSC had buill earlier. the Peterlee Relational Test Vehicle. These tests showed 
that even without any tuning, responses to demanding que r ies Could be made in 
15-30 seconds. which seems acceptable considering the low frequencies of 
queries we tnpect. 

The UNC team imported and began investigation of Stone breaker's INGRES. 
a Unix·based rela tional database system. 13eca.use the user inte rface seems 
better. we dropped INGRES and have imported Wasserman's TROLL, a nother 
UNiX-based relational system. We plan Lo investigate it more in the c oming 
year. 

Adjunct Language One of the powerful attributes of GRiP-75 is its implementation 
and use of a geometric manipulation language b etween l.be menu language and 
lhe PL/1 {or C) level. This bas enabled us t o build new menu commands for users 
very qu ickly. adapt ing l.be system lo user needs. 

Pique , Lisa Weber , and other team members have p ursued various issues in 
the design of an adjunct. larJguage for GRIP-X. We do not yet have a design, but we 
know scmc important components. 

4.6. Advanced Graphics Techniques 
At all times we keep exploratory efforts going on advanced ideas and tech­

nology. Ofl.en these a r·e done a L no cost. to lhe GRJP project; they are carried on 
by olber funded pcojecls or by student team efiorts in our COMP 145 course-­
Software I>.:ngineering Laboratory. The th ings that didn't work or don 't wor•k yet 
arc enumerated in the next section. Some of lhe ones lhat did are discussed in 
the section above. Ol.he •·s are ske tched heTc. 

SUN Terminals. Graphics workstations buill on lhe Motorola MC68000 proce$SOr 
oller high performance at low c ost . We bel5eve tbey will be a significant carrier 
for GH!f'·X. 

We bave selected Lhe worksta ltons of the Stanford University Ne~work (SUN) 
design for our exper iments. 'Jbis year Brian Van Duzee and Doug Schiff 
attempted t.o lran~port Tom Williams's system for the VAX to a dep;u-t.ment­
owned SUN workstation b uilt by Cadlinc. Due to operating system inadequacies 
in the Cad line Unix Sys l.e m, we suspended this e ffort until our project's our SUN 
workstation built by SUN Mic rosysLerns Incorporated ar-rives . In lhis w·ay we will 
t.iebug the soflwarc on lhe machine we plan Lo use, one with a colot· sys lem. It is 
due for installation next week. 

I'ixet-Planes. Prof. Henry Fuchs, a department faculty membet·, has inven~ed a 
custom VLSl chip that should radically speed u p precessin g of polygon 
defrnition, hidden surface calculations, and polygon color interpolation. A secoJJd 
prototype version is now running; a third is aboulto be fabricated. 

F3t-ooks studied how t his might be a pplied lo molecula r graphics. The chip 
c;,n be programmed t.o evaluate expressions of t he form Ax+ By + Cat all pixe ls 
concurnmtly. Brooks devised a program for Lbe chip Lh;.tl allows multiple ci rc le 
definiti on~ Lo be evaluated in a.bout lhe same lime e<tcb as one edge or a 
polygon. The surprising result is that ei re I e evaluation can be <Lone at all with a 
linear expression evaluator. 

Brooks also devised an a lgorithm by which Pixel-Planes can be pr·ograrnmed 
to do "bucnp-de~ect.ion," Lhe iu~lant detection oF an allcmpt l.o m ove one molec­
ular fragment inl.o a volume dement occ upied by another. Tbis promises to be 
useful for dtug-design studies. 

Varilocal .Mirror. Traub of MITRE Corporation in 1967 pa tented a l.rue 3-D 
d1splay made by the sync hrono us plotting of points on a vibrating curved mirror. 
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Hobgood and Brooks built one of these in 1970 and studied use r perceptions of 
it. Fuchs, Prof. S.M. Pizer, and Brooks arc investigators in another project to 
develop this technology. 

This year t.hat team showed for the first time Lh"t protein molecule stick 
figures can bo rotated in real lime while being thus disp layed. 

llcad-Mounled Display. In a separate project, Fuchs and Gary Bishop arc build­
ing in 1983 technology a reincarnation of Ivan Sutherland's 1960's head-mounted 
dtsplay, which neve.- quite worked well enough for productive use. 

The idea is that the user view$" virtual wvrld in which he is embedded. 
rather than looking at one through the porthole offered by a normal graphics 
scrctln. Separate displays arc otiercd to the left and right eyes through half­
~dvercd mirrors that superimpose virtual objects on the real world. As the posi­
tion and orientation of the head changes, the scene is updated in real time. 

8JShop bas r unrung a slow-moltOn pr·ototypc in which the user sees a protein 
molecule filling the space, "lifc-siz.,," as it w-ere. The hard problem is tracking 
the position and orienta lion of the bead. Fuchs and Bishop have a new scheme 
for that now under implementations. Brooks and Pique are advisors lo lhal pro­
jcrt. 

lwster Analylte Molecular Surfaces. Dr. Michael Conuolly of Scripp's Clinic 
Research Institute in La Jolla visited our rae ility for 10 days in August 196~ lo 
collaborate with Pique in developing Connolly's shaded-surface display or molec­
ular surfaces. !.ike his well-known dol surfaces, these show lhe molecular sur­
face accessible to a probe sphere of a given radius. Unlike t.hc dots. or tiled sur­
f<ules derived from the dots, the smracos generated by hi~ "1~\~S" program are 
~oullnuous, an<~lylically smoolb. and cover the molecule wllh no gaps or cracks. 
Th~ program runs on our.VAX computer and l(enerates images for Lhe lkonas 
color raster dtsplay. Each vtew of a typical protein requires aboultwo hours to 
calculate. About 60 ~uch images were tncluded in Pique's videotape, descr ibed 
nbove. 

4.7. Busts 

lie also tried some things lhal either dadn't work or else don't work yet.. Some 
of these we will come back to later. 

Molecular syntax. We investigated the codiflcalion into rigorous production-rule 
forrn of Jane Richardson's Ill formal rules for what topology and shapes do and 
don't occur in kno"'D molecular conformations. Too hard. 

Crystallographic computation package. We troed packaging and transporting 
iroto our· system a sel of btgh-performa.nce Fortran progmml! for crysl,allo­
graphie computations previously developed by Lynn Tenf.:yck. It t urned out lhat 
sorne of the component programs had bugs t oo dii'Ticult for our COMP 145 'ilu­
d•·nt Learn to solve durtng the seme~ler. and Lynn hasn't bad Lime to l<1ckle 
litem htmself. 

::ian clair color display for VG 3303. We provided a t.csl bed and collabor·olh.>n for 
Larry Sincloor lo come lest his newly-dcvelof:>ed color tube fot' the VC 3:!03. The 
tube worked and drew color pictures, but the power supplies for Uae dcfieclion 
cia·cmts were grossly inadequate. so the pictures shrank. Sinclair went back to 
California to work som" more. We dtd nol buy his system as budgeted. Jnsle>td 
Wt! bought " col<>r front tJnd for Lhe new SUN worl<station. 
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5. Collaborative Researc h 

5 .1. Wchardsons , 'l'ainer, Getz otT - Superoxidc Dism.utase. 

Work this year culminated io Ph.D. dissert ations by Tainer a nd Getzotf showing 
the detailed structure and mechanism or catalytic ac lion of Bovine Cu,Zn 
Supc:roxide Dism ut asc. 

5.2. Rlcbar dsons - Studies on Interpretation of Density Ma ps 
Drs. D. and J. Richard sou of Duke Univer s ity are continuing a rcsca rc:h pro­

Ject to ~tudy the effec t or resolution on the a cc urncy of Lbc interpretat ion of 
electron density maps. 1'hey believe that in maps with poorer than 3 A resolu­
l•on certain types or misinterpretations become common. They arc attempting 
l.o confirm !.his in controlled studies using maps cnlculated to diaerc nt. resolu­
Lwlls of known structures. There is surp rising ly lil lie s ystemattc k nowle dge of 
the effect of r·e~olution on the accuracy of a s tructure, parlly because it is very 
ditlicull lo separate the effects o£ resolution and phase errors. This s tudy 
should give ins ight inlo the nature of low resolution maps, a nd could a<: l as a 
valuable guideline for c rystallographers deciding how much work to invest in 
dala collection before the aUempllo inter pret their maps. 

5.3. Jlcr-mans, Carson, Wateopnugh, Vnn Guns lc rcn- Molecular Dynamics 

About half or the CPU cycles of lhe VAX-11/700. but none ofGR!P-7~. 1~as used 
extens•vely by this team for developing' 
• a package or software tools for 5tudyi ng th e d ynamics of prote in an d solve n t 

m olecules in crystals. 

• a new macromolecule refinement procedure with energy minimization and 
leasl-squares cryslallographic rcO.uement. 

• an e xc luded-volume theory of p olymel'-protcin stat is tics te sted by Monte 
Carlo Simulations. 

Dynamics of protein and solvent m olecules in c rystals 

Jan Hermans , Mike Carson, W. van Gunstc ren - Biochemistry, University of Nor th 
Carolina. 

After ex tensive program deve lopmen t , we are present ly performing simula­
tions or some ~cienli tlc Interest. 

A number of programs have been brought into a unified format: 

PREnATOR- prepares the data dcser ibiug a system to be simulated in a form 
usable by the other p rograms, from easy-to-unders tand input. 

CEDAR- performs molecular dynamics or energy minimitalion: lbc program 
allows for presence of any number or molecules in the system, has special 
fcn lures for rapid calculat•on of wat.e r -wa te r· inter a.u t ions, a.nd mainta ins 
crystal symmetry. 

\{Q\I'E:- performs 1{onlc Carlo calculations on the same sort of systems. moving 
""d •·eLating water molecules, 

AIIJALYSlS- V<lrtous features ~~ithin Cedar, and several sland alone programs per­
form: Calculation of str uctural parameters. calculations of average and 
rms v"lucs, calculation or simulated density maps , calculation or time 
corrclat.,on fu nctions. 
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CRAPHlCs- A program was wrillen that will perform playback of shorllime 
sequences of a molecular dynamics run, as Images of slick models wilh dol· 
ted hydrogen bonds, on the Evans and Sutherland PS 300. Another program 
shows a slick model With thermal paraUelopipcds at each alom location. 

Simulations in Progress 

Simulation of the Alpha Helix. Four simulations arc being performed: of an 11-
rcstdue molecule. (c•lanine)*ll, both in vacuo and in a box with water molecules 
<~l hquid water dens1ty. and of an infinite polyalanine molecule with 11-residue 
repeal ( =3 helical lurns). again both in vacuo and in liquid water. Pendmg a 
lhorough analysis, we can alr·cady say tbal Lhe structures vary more in waler 
than in vacuo; Ln fact.. Lhe 11-rcsidue molecules be<:omes so "messy" during 
~hort molacular dynamics runs lhat we believe they are undergoing unfolding to 
the random-coil conformation, or ratber, to different members of the enor­
mously large family of conformation~ that together conslilule "the" nmdom­
corl. 

Uuildlng Guessed Structures. AL Charlie Dugg's request. we have slmulalerl 
static conformations or t"·o proteins of unknown structure, according to his 
hypotheses. Both slruct\lies were buill by analogy wilb existing x-ray cryslallo­
,ltraphic structures or other proteins. For one of the proteins (a scorpion toxin) 
Lhis was an obvious analogy between proteins of similar Function but from 
di!Tcrent species. The olher protein, or ralber. peptide. "apamm" from bee 
Vl"nom. was built in analogy with a small part of the scorpion neurotoxin. The 
resultant structure showed a number of characteristics that agreed with recent 
L:onclusious based 0 11 2-D NMR measurements that were unknown to us when tbc 
simulation was pertormed. 

MACREF. a macromolecule rcfincmcnl procedure wilh energy miniml?.il.l.ion 
and lcasl-·squarcs crystallographic refinement. Jan Herm11ns. Mike Carson, 
UNC: K.D. Walenpo.ugh. UW. Seattle. 

ThP program contains both PREOATOH and CEDAR. Both programs have 
l>e"n extensive!}· ediled to be in conformance with the prescribed format or the 
\t••I·BO crystallographic programs. Mike Car son spend some time in Scatlle 
learning to do this from K.D. Watcnpaugh. and Jan Herman s is about t.o spend a 
week in Scallle to assess perfor·mance of Lhe program in refinement. The •vork 
" II be reported at the \'iest-Coasl protein crystallography conference in ~arch 
l9t3~~. 

J•:Koludcd-volum.e theory of polymer-protein interactions based on polymer 
chain statistics. 

An analylic<Ll theory has been developed and bas been thoroughly compared wilb 
re>ults of Monte Carlo simulalions of exclusion of spheres by random segmented 
chatn~ (and vrc"' versa). The og r·eemcnt is esscnlinlly perfect. Hesulls of the 
t.hcory also agree well with ave liable experimental thermodynamic data, of 
wh1cb some were obtained in our laboratory, and others elsewhere. 

One paper bas appeared, and one has been accepted. A technical paper on 
l.ILc sirnulal ion mel. hod remains to be wri Llen. 

J hcrmans. "Excluded-volume theory of polymer-protein interactions based 
on polymer cbain statistics", Journal Chemical Physics. 77, 2193·2203 
(1962). 

IJ. Knoll and J. Hermans. "Polymer-protein interactions: Compari~on of 
expenmenl and excluded-volume theory." Journal Biological. Ol.em.istry, 
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accepted for publication. 

These papers bear lbe following acknowledgment: "Computations were done 
with support from Lhe National Institutes or Heallh. Division or Research 
Resources (grant RR-00898)." 

This work has been/is being supported by grants from NSF (PCMBl-12234) 
and !\lH (HL-26309). '\SF supports molecular dynamics and simulations in gen­
eral. Nlll supports. amongst others, a study or polymer-protein int.eractrons. 

5.4. Rolh. Corey, Kuyper - Jotcractions of Drugs with Proteins 
We are continuing a collaboration with scientists at the Durrougbs-Wellcome 
Company In Research Tnanglc Parle, Norlh Carolina. to develop improved 
mclhods for studying drug lnleractions 'Yl th proteins and the evaluation or com­
pounds for possible biological activity. 

Initially we have aided in studies by Dr. Barbara Roth of the binding of 
trimelhoprin• to the enzyme dlhyd rofola te reductase. Su far this work has been 
a rather l.msic docking exercise with a small number· or d<Jgrees of conforml.l­
lional freedom in lhe Lrimelhoprim. We are using this simple intt.tal study as a 
prototype Lo determine whal Lools v;ill be appropnale for lhls task. 

Ur. Mike Co•·ey of Burroughs-WeUcome uses lhe PROPHEl system lo gen­
erate and maintain files of chemically related compounds as part or the drug 
design process. We have been discussing Dr. Corey's research problems with him 
lo determine jusl which parts of his work arc most suitable for automation and 
graph1calaids. Doris Knechl ls our liaison pc•·son with the Burroughs-Wellcome 
learn. As nn interim measure, a COMP 145 team has developed an interface 
between our VAX and PROPHE1' which enables a PROPHET user lo use our high 
performance three-dimensional graphics viewing system instead or Tektronix 
storage lube graphics. Scoll Hennes continued this v.·ork during 1982. 

5.5. Wolfenden - Molecular surface of SGPA 

Dr. R V. Wolfenden of t he UNC Dopartmenl of Biochemisll·y Is using the facility 
Lo aid lii" sl.udy of the molecular surface of I he SGPA enzyme, whose structure 
bas been determined by Michael James and colleagues allbe University of 
Alberta. SCPA ( Streptomyces griseus pro tease A) is a proteolytic enzyme with 
""quencc homology lo the trypsin family of serine prot.,ases only in lhe immedi­
l.ale vicmity of lhe active site. Our team used the published coordinates of SGPA 
as lnputto Michael Connolly's "MS" molecular dot-surface program, and 
displayed the surfaces with superimposed slick-figure mol.,cular models on lhc 
Vee Lor Cl<ncral 3303 and Pic lure System 300. Dr . Wolfenden is writing James to 
ask for coordinates for an SPGA substrate; when l hosc arrive we 1vill calcua te 
the >ubstrate's independent dol surface and see ho••nvell it fils lhe enzyme's. 
Eavin~ 11 color monitor for either the VG or the PS would greatly aid this work. 
Wolfenden ;, al,;o using the numerical ~olvcmt-accessroilily estrrnales from \IS lo 
guide protein-folding predtctions. 

5.6. Tapa! -Sequence-dependent Eaects or UNA Methylation 

Or. Michuul D. Topal of Lhe UNC Department of Pathology has used the Vee Lor 
General :l:J03 and Picture System 300 d1splays lo view molecular dol surfaces 
computecl by Connolly's MS program. He is trying to prcclicL lhe eacct on 0.\A 
conformal10n of adding methyl groups to particular rings in certain base 
~equcnl!es. llis work needed rnolecule-edit..rng powers beyond what we can now 
provtdo, so he is currently trying to open a Prophet account. We cxpecl to work 
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wLlh him again this spring. 

:5.7. Schi(Jer - :5 A resolution struct ure of Immunoglobin LOC 
l)r. Mananno Schiffer of Argonne Nalional Laboratory visiled UNC for four days 
to lry to lear·n l.he gross conformation of the lmmunoglobin LOC. Sta r ling wilh 
lhe refined structure of a similar molecule previously fiL on CRlP-75. BtHLce-Jcnes 
immunoglobin MCG, she used CRlP-75 and Williams's ridge line system lo lry lo 
idcnlofy lbe constant and variable domains in the new molecule's tow resolution 
map. The work was difficult, as neilher system was designed for such low rcsolu­
ll on maps. She wns ab le to locate tho con slant domains c onllde nl.ly, and lhe 
v.•riable domains tentatively, but decided Lo go home and work toward a beller 
map. She now has a 3.o A map, and is scheduled to V1sil us again the second 
week or \{arch. 1983. 

6. Training 
One visitLng scholar, Dr. 1'boma~ I! ern o f Bo,~ling Green SLate Univerl!ily. 

and live new graduate research assistants jomed the projecllhis year. The 
lr.•ining of new research a~sislants Wils a major project for lhe Fall term; Lisa 
l~cbcr did lbis t.raming. Several of lhcse will be wi th us for three or more years. 

We gtve our clients ~uf!icient training to u>;e the system when they arrive, 
but do not lram them in tbc operalion of the underlying computer systems. 
luslcad "e provide them wilh trained assistants as "shepherds" to L<~ke care of 
that. ~specl of their use of the system. We find lhat. it takes one to two dt1ys for a 
o·hunl Lo b.:cornc cornforlable with lho graphics and s t ructu re manipulallon 
re.,lurcs of GHI£'-"15, and lhe remainder of lhe visit can be d evo ted to produclive 
work. 
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B. Higblighls 1902~3 
Multiple Visualizations or Molecules Dem onstrat.cd 

We and our scientific colla boraLors have developed and imported progr ams 
for p roducing many different geometric a nd parametr ic visualizations of molec· 
ular slruclure. This year we brought this •~ork together in a focussed effort to 
<.~pply all available techniques lo a single molecule, Cu,Zn superOJnde dismulase. 
In l.his wo.y lhe various graphics techniques can be compared fo r their insight· 
inducing power and their costs. Moreove r , combining all techn iques on one 
molecule offers maximum insight iulo its structure and function. 

\lichacl Pique produced a 17-minulc videotape, "\'/hal Does a Protein Look 
Like?', that embodies some 40 vis ualizations or the SOD molecule . This together 
wilh a ~;om pan ion paper hy F.P. Brooks, "Views or Unseen Wor lds," was one of two 
invited keynote d<idresses al Science Mag azine'S Conference on Computers in 
Science in Chicago, in December. These works h3ve been submitted for publica· 
bon to SIGGRAP!l'B3. its proceedings (an issue or Computer Oraphir;s,) and the 
ACM SfGGRAPH Virteo Revie1JJ, a videotape journa l. John Tainer ami l~l i zabelh 
Getzoff of Duke U mversity were Biochemist Consultants for the work. 

Semiau tomatic Densi ty Map Interpretation 
Tom Williams' sys tem for comp ute r-aided initial interprcla lion or elec tron 

density maps has been buill and tested. Using ur·idge line representation of the 
map, in "hieh line segments eonoeclloeal mallima, he has developed a method 
which saves a great deal or labor in the problem of going from lhe firsl electron 
density rnap to roug l1 molecular c oordinaLes. Thls reduces fl step whic:h nor· 
malty lakes weel(s to a few days. Other s have tried r i<lge line reprcsenlalions 
before, but not as an aid to human interaction. The ridge line repre~entation 
appe .. rs to be the long-sought representation of electron density which permils 
computer graph1cs users to see larga volumes of map without excecdi ng the 
1:<1pabililies or Lheir displays, or, alterna t ive ly, to use s tandard displays instead 
of expensive spectalized ones. 

ltcal-Ttme Image s o£ 5'pa cc-Filling Models 
M. l'1que demonstrated real-lime, joyslic k·conLrolled motion of spac e·IHling 

(CPK) computer ~raphics molecular models or up to 50 atoms! While this is still 
shorl of lhe sir.es needed for prolein·cn;.yme research, illS a major technical 
achievement and otTers promise for larger molecules in the future. 

GRIP (moslly) Transported to VAX Computer 

Our local G!l!P-7:> molecular graphics system, which has been extensively 
used for biocbemieall"esearch, has bet!n largely converted from an idtosyncraU\! 
hardware-software conoguralion that could no l be readily d uplicated e lsewhere 
to a program in C, running under lhc UNlX operating system on the OE:C VAX corn­
puler. Most of lhc ~ystem now works and it can be used on VAX· ll/760 and 750 
cornpulcors. Completion of lhrs project will enable lhis useful software tool to be 
readily oxporto:d, 

C. Ad.aunistr alive Changes 

Tiff' nr;,jor administrative change is lbat Dr. Ten Eyck left in June to return 
Lo Oregon. His po"ilion was '"dv<.<r lised m S cience and Natu.TP., Scv<.:ral canoi· 
dales wurc interviewed; none were .entirely suitable. We ar·e leaving th is position 
unruled for- year 10 in order to make ends rneelllnd buy an essential piece or 
eqwprncnt uol planned in 1970. 
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0. Resource Advisory Committee and /illoeation of Resources 
Table JV ltsts the members oF our Advisory Commilte~. 

We currently offer the facility. and such help o.s we can give, free of charge 
lo any ehcrnisL 

• who has a ~cicntifically interesting problem, 
• whose work LS at a stage where our facility might be useiul. 

• who is willing lo commit bis lime, travel money. and eflort to a serious u~e 
of the facility, and 

• wbo is willing to give us wl'iLten and oral feedback from h is experience. 

Table IV: Advisory Committee Members 

Name Degree Tille Department Institution 

F P Brooks Ph.D. Kenan Computer UNC-CH 
Professor Science 
& Chairman 

j. Hermans Ph.D. Professor Biochemistry UNC·CH 

D. Hiohardson Ph.D. Professor Biochemistry Duke U. 

J. Richardson M.S. Assislanl Anatomy Duke U. 
Professor 

W. V. Wright Ph.D. Senior UK Scientific IDM England 
Systems Centre 
Architect 
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E. Dissemination of lnlormation 

The availability of GR!P-75 is widely known among crystallogr aphers. We pub­
licize Lhe facility by announcements and notices a t s cienti fic meetings, by 
demonstrations to all interes ted pa r ties . and by word of moulh. Dernonstralions 
are perh ap s the most c ll'e c t ive means. 

Announccmcnls or Availability 
Durin!\ Lhe 1982-1983 grant period the availability of CRtP-7$ was announced 

al the Wasbtnglon. D. C. meeting of the American Cr ystallographic Associalion in 
March, 1982. In ad dillon G~IP-75 was included in the List of molecular graphics 
racihties published by the Brookhaven Data Bank, and or course is in the list of 
Biotechnology Rese~:~rch Resources published by ORR. These announcements 
should reach all of Lhc scientists who might be interested in our facilily. Our 
experience: ind ict>lcs that. most or o ur c lients hear about otlr r .. cilil.y l'rom othe r 
crysl.allographcrs. then Look up our telephone numbe1· in l.he DRR Biotechnology 
Research Resources list. 

Michael Pique maintains an intcrnation<11ly recognized census or (over 60) 
molecular graphics installations. Al SIGCRAPE'B2. he organi<:ed a special infor­
mal session on molecular graphics. al which our installation was described. 
among others. 

Dcmonslratrons 

Some :J2 hours uf 1982 GRIP·70> resource lime were used in demonstrations, 
p lus many more hours or VAX time . Dur ing 198~ we demonstra ted GRIP lo the fol­
lowing biochemists and compute r scienbsts. 

\!r. 1'. Stover 
Dr. C. D. Barry 
Dr. Cyrus l..evmlhal 
Dr. \'/. Gilbert 
\Jr. J. McAllister 
Dr·. D. Rohrer 
Dr. James W. Fawcett 
Dr. Noble R. Powell 
Dr. Richard Economy 
Mr. Terry R. l•'owler· 
Mr. Geo!Jrey Robinson 
Dr. Thomas Hern 
Dr. Harvey Cragon 
Dr. Richar·d 7.ayrc 
Dr. Charles Johnson 
Dr. Thomas Pwrec 
lk John Rill 
Mr. ,J oscph CllbcrL 
Dr. Harold Almond 
\lr. Sleven Satterfield 
Dr. Sleven Anderson 
M.r. Et·ie Goldberg 
Dr. Howard Struble 
\!r. Richard l•'cldmann 
Dr. W. Viin Gunslcren 

Genisco Corp. 
Washington Univ. 
Columbia Univ. 
1-1 ass. In st. or Technology 
Washington Univ. 
Medical Hosearch Founda tion 
Gcner·a l F:lec Lric Electronics Lab 
General Elcc lric Electronics Lab 
General F:l~:~clric Simulation & Control Systems 
General Electric Calma Company 
IBM l!K Scientific Centre 
Bowling Green Stale University 
Texas Instruments 
Slanford University 
Univ or ~ortb Carolina Chemistry De pl. 
Robm & Hans Ph arrnace ulic&l• 
Rohm & Haas Pharmaceutieal~ 
Rohrn & Haas Pharmaceulicals 
McNeil PhMrnaccuticals 
US Naval Academy 
Yale Lnivcrsily 
Tektronix Corp. 
Duke l.in•verstly 
::\ational lnsls of Health 
Umv of Groningen 
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Dr. Krauss 
Dr·. J::lmore Millner 
Ms. Rebcceu Spilz 
Mr. Tim Bleakley 
Dr. f'. Richards Adrian 
Dr. Chien 
Dr. W. Wilner 
Dr Andrre> ,·an Dam 
Ur Vivian AI ured 
Dr. Gene l•'nulcon 
Ur. Lowell l!t.rris 
Ur Jon Camp 
\lr. Richd.r'd flrady 
j) r. J~o be r L St.John 

Frederick Cancer Resc. Center 
Union Carbide 
Evans & Sulherland Corp. 
Evans & Sutherland Corp. 
National Science Foundation 
National Science Foundation 
American Bell Labs 
Brown University 
Unl\· of Color<•do 
US l~nvironmental ProL. Ag. 
Mayo \-lcdicul School 
'.' ayo \lcdical School 
!:5id ... ell Friends School 
Cibu-Go:n~lY l'harrnaceut.icals 
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