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fABT I. HABilTIYE QESCRlfTIOH 

l. SUftftlRY OF lCCOftPLISHft!HTS 

We have built, and operate as a service resource, an 
effective interactive computer resource for seeing, manually 
aanipulating, and coaputationally aodifying aatheaatical 
aodels of coaplex aolecules. We believe that our present 
resource, called GRIP-75, has been shown to be as complete 
and useful as any in existence; we are aware of aany 
inadequacies and needs. 

We are buil.ding a second -generation version of this 
systea, nov called GRIP-X, designed to be aore comprehensive 
in the biocheaical probleas that can be attacked, more 
powerful in the matheaatical tools available, saoother in 
the user interface, and constructed as product-quality, 
docuaented, exportable software. 

Fundamental to our approach are the following objectives: 

• The GRIP systea is designed to help cheaists get results 
froa their research, and its success is aeasured only by 
theirs. · 

• GRIP is designed to help the cheaist visualize his 
aolecules, his density maps, etc., so that he can use 
his knowledge to guide coaputation processes. That is, 
it is an aid to, not a surrogate for, huaan thinking and 
manipulation. Hence a strong eaphasis OD buaan factors 
research and on huaan engineering of the systea. 

• GRIP is designed to serve many users, not one or two, so 
it · must include an araory of alternative tools and 
techniques. 

• GBIP is designed to interface saoothly with any batch 
coaputations its users must do, and to !~corporate 
on-line facilities for all coaputations that can 
reasonably be done "while you vait." 

• We as coaputer scientists are interested in GBIP as a 
test-bed for research in aan-aac.hine systeas design, in 
aan-aachine interaction, and in the design of 
distributed coaputing systems. 

2 
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A corollary of t~ese objectives is that we are heavily 
dependent on observation of and feedback from real users 
attempting to solve real probleas. 

Oar users are alaost exclusively workinq on the 
structures of aolecules of considerable bioche11ical 
interest: proteins and nucleic acids. We aia to advance 
health-oriented biocheaical research by enhancing the 
productivity of individual reseachers througJa better tools. 

~hanges_iu_Res2Y~~~~ion ond Problems 

1979 has been for the GRIP !olecular Graphics Project a 
year of transition, and in soae sense, frustration. Early 
in the year came word of the Council recoamendation of 
five-year renewal funding for the project and of provision 
for the first tiae of funds for equipment to be dedicated to 
GRIP Service and Development. Budgetary difficulties at 
DRB, however, forced the deferral of any equipaent 
acquisitions until alaost the end of the calendar year. 
Procurement processing time means that installations will 
take place in the spring and suaaer of 1980. The saae 
budget difficulties aeant that ve could not proceed to the 
new budget levels for personnel, but instead operated for 
aost of 1979 at the saae level of funding as vas originally 
authorized for the OS year. Due to substantial inflation in 
all our costs, it vas necessary for us to in fact lover the 
number of personnel on the project in order to operate 
within this budget. 

As a consequence, ve cut back the service to visiting 
cheaists. We suspended advertising or promoting the 
availability of the facility, but ve continued to serve our 
existing client base, both local clients and visitors vho 
returned for repeated vork sessions. Ve also took new 
clients who sought us out. 

The other aajor event during the year vas the mitosis of 
the project, originally a UNC-IB! collaboration at Chapel 
Bill, into two separate projects continuing to cooperate but 
at much greater distance. Dr. iilliaa v. irigat, vho had 
been the IB! collaborator and other senior investigator on 
the project, had his work recognized by IB!, vas given a 
project vith a total staff of three and separate equipment 
of his own, and will be operating in the IB! United ~ingdoa 
Scientific Centre at Winchester and serving a clientele of 
British biochemists. He will continue, with ais staff, to 
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collaborate vith us in the design and in the construction of 
GRIP-X. 

The collaborative contributions of Dr. w. v. Wright here 
during the past years ~ave been aade without charge to the 
project under a joint study agreeaent with the International 
Business Kachines Corporation. We are in the process of 
foraalizing a nev joint study agreement for the nev 
co 11 abo ration. 

Dr. Wright's departure in June brought to an end some of 
the active development underway on our campus; due to the 
difficulties of transition, staffing, and equipping his 
laboratory and ours, the development vork, in fact, only 
began again at the end of the year. The first joint session 
between the two projects vas held on Hoveaber 26-27, and 
many aatters of technical decision vere discussed. .The next 
joint session will be held in ftarch 1980 at Winchester. 

ftr. John E. Leonarz, vho had been serving as Acting 
Director of t .he resource •s service operation also left the 
project during the year. Polloving the recomaendation of 
the Special Study Section, ve shall fill that post with a 
trained and experienced biocheaist, since our teaa has no 
one vith such knowledge. ftr. Leonarz aade valuable and 
valued contributions, both in keeping our facility operating 
saoothly in the vicissitudes of hardware troubles and staff 
turnover, and in providing a caring personal interface to 
our clients. 

Our five-year renewal and prospect of a nev facility has 
occasioned auch exciteaent on the project. Kuch effort has 
gone into planaing the nev equipaent and the layout of the 
nev facility. All aajor items of equipment funded for this 
year except the vector-drawing graphics subsystea have been 
ordered, and tllat vill be out on bid within t .he aonth. 

The use of GRIP by our clients exceeded 1100 hours during 
1979, up about 1 per cent over the previous year. We had 
six new user groups during 1979, and eight returning groups. 

Porm 11 identifies the fourteen service projects which 
made use of the GRIP systea during 1979. 
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Table I suaaarizes the use of the GBIP systea for all 
purposes since we began demonstrations and productive 
operation on July 15, 1975. Ve aave not tried to estimate 
the system tiae spent on developaent before tae beginning of 
productive operation bat know it to be many hundreds of 
hours. Becaase ve changed fro• aanaal to machine loqging of 
GRIP sessions in aid-1976, we believe the true buildup of 
systea usage to be substantially greater than suggested by 
these data. We have observed that users tend to 
overestiaate the tiae they spend using GRIP. 

Table I. GRIP Use by Tear (Hoqrs) 

1212 llli ll11 ll1!l 1979 Totals 

Production 329 581 781 1034 1108 3833 

Deaonstratio.ns 12 so 161 137 43 403 

De velopaent 297• 186 198 213 345 1239 

Totals 638 817 1140 1384 1496 5475 

• Systea development July 15, 1975 throagh December 31, 
1975. 
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Table II gives the use of the G!IP systea bJ year for 
each teaa of biocheaists. These teaas are identified by 
their principal investigators. 

TABLE II. -- GRIP PIODOCTIOI TIME (flours) 

J!§ti: ~ llll .ll11 1978 !ill Total. 

Heraans 7 29 42 13 1 1 102 
Kia 200 321 105 24 49 699 
Richardson 83 79 91 188 38" 825 
Lipscoab 12 102 11" 
Carter 21 21 4 5 57 
Jensen 46 62 108 
Tsernoglou 85 11 96 
Jaaes 19 19 
Lov 55 191 65 311 
Davies 85 92 177 
Schiffer 35 28 26 89 
laaa 163 35 198 
Wright 41 96 137 
Hendrickson 72 80 34 186 
Schevitz 74 74 
Love 94 94 
Kartha 109 109 
Taylor 89 89 
Rich 78 78 
saraa 188 188 
Olson 20 20 
Buqg 39 39 
Preailat 24 24 

Total Hours 329 581 781 1034 1108 3833 

Table III is a list of the biocheaists whose research 
teams have used the GRIP systea and their institutions. 
These are listed in the order of their fi~st use of GRIP. 
For groups sending aore than one biocheaist to use our 
systea, the principal investigator is given first and the 
naaes of his colleagues follow indented. The institutions 
of these colleagues are given only where they differ from 
the principal investigator's. In four cases, Saraa, Rich, 
Love and Sigler, the principal investigator has aade little 
or no direct use of GRIP hiaself. 



TABLE III. 

J. Heraans 
D. R. Ferro 

J. E. ttcQueen 
T. Kuntz 

tt. Vacatello 

s. H. Kia 
J. L. sussaan 
a. i. War rent 
s. a. Holbrook 
G. tt. Church 
w. Shin 
c. J. Alden 

D. E. Ricbardson 
J. s. Richardson 
E. D. Getzoff 
J. A. Tainer 

w. B. Lipscomb 
J. L. crawford 

c. w. Carter 
a. A. Jones 

L. H. Jensen 
K. i atenpaugh 
a. E. Stenkaap 

D. Tsernoglou 
G. A. Petsko 

!!. Jaaes 
L. T. J. Delbaere 
G. Brayer 

B. W. Low 
A. Sato 
fit. Kim ball 

D. a. Davies 
ft. c. Liu 
E. A. Padlan 
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GRIP USERS (1975-1978) 

University of North Carolina 
Istituto di Chiaica delle 

Macroaolecole 

UniYersity of California School 
of Pbaraacy, San Francisco 

Institute of Cheaistry, 
University of Baples, Italy 

Duke University 

Duke UniYersity 

HarYard University 

UniYersity of Hortb Carolina 

UniYersity of wasbington 

Yale UniYersity 

wayne state University 

University of Alberta 

Coluabia UniYersity 

National Institutes of Health 

• 
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M. Schiffer 

E. L. 11111a 
B. L. Girlinq 
B. c. Paslay 

H. T. Wright 

i. Hendrickson 

P. B. Sigler 
A. Podjarny 
B. v. Schevitz 

i. E. Love 
w. E. Royer 

G. ltartha 

H. c. Taylor 

1. Bich 
H. Woo 

B. saraa 
1. Laudin 

A. Olson 

c. Bugg 
B. llaassy 
J. ron tecilla 

s. Premilat 
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Argonne National Laboratory 

University of South carolina 

Princeton University 

Naval Research Laboratory 

University of Chicago 

Johns Hopkins University 

Boswell Ke•orial Institute 

Berkeley Springs Research 
Consortiua 

ftiT 

SUNY, Stony Brook 

National Resource for 
Coaputational Cheaistry 

University of Alabama 

Universite de Haney 
France 

~~bproiect 1~~~~-I~r§e-Diaensional Cues for Kol§cular 
~[~phics. Ja~es s. Lipscomb has, for his 
Ph.D. dissertation, investigated the relative power of a 
variety of cues usable in a aolecular graphics systea to 
induce three-dimensional perception. He not only coapared 
cues, he studied the subtleties and non-linearities involved 
in iaplementing taea in a way most effective for the user. 
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He found that the kinetic depth effect is the single best 
depth cue for graphic displays of 3-D objects such as 
molecules. Surprisingly, it is mo re powerful perception aid 
even than stereopsis, the display o f different i mages to 
each eye. 

Lipscomb found that the kinetic depth effect achieves its 
full pover only if the rocking or rotation of the image 
appears smooth to the viewer. It has been known for some 
time that this requires very frequent (about 12 times per 
second) updates to the displayed image. Lipscoab discovered 
that this is not sufficient: the illusion of saooth aotion 
also requires that image updating and image refres.bing be 
synchronized, and best effects are achieved when there is 
one update per refresh. 

Besides Lipscoab's work, one other pilot project explored 
the used of a bead-mounted display for molecular studi es. 
Such a display vas simulated by mounting a miniature ~V 
receiver on our manipulator arm, vith its picture generated 
by the Vector General and fed into a camera. As the arm 
aoves, its position is sensed and the picture on the TY 
changed to represent vbat one would see from that position 
if looking in that direction.. One can zoom in, for exa11ple, 
on one residue in a molecule, or even fly through a benzene 
ring. As technology matures, such a display appears to be 
likely to become feasible and economical. 

Subproject 2, Yt£i12£A~ Sir,or 3-D pisplay. Jon Cohen 
investigated, as his aaster•s thesis project, the use of the 
vell-knovn varifocal mirror for three- dimensional images. 
Present plotting speeds rule out such a device for 
molecules, but the reconstruction of 3-D images from slices 
of a 3-D space should be feasible vitb present technology. 
Cohen built a varifocal mirror system in which a 
microprocessor synchronized the firing of xenon flashbulbs 
in a set of projectors, one per slice. Each vas fired at 
the proper point in the excursion of the •irror. The 
several source images ~ere all focussed on a single screen 
by the use of a mirror-tunnel designed and lent by the 
Picker X-Ray Corporation. 

Cohen's pilot system didn't work very well because the 
light losses in the optical systea were too great for the 
power of flash available and the light duration tolerable. 
We plan to try again using a more powerful lights source, 
shuttered by Kerr-effect shutters. 
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~ggpro1e~t 3, Specifxiag !anipulations by Data Tablet 
Dragging. Dirt Voss has undertaken as his aaster•s thesis 
investigating the integration of our Suaaaqraphics data 
tablet into the GRIP system as the input device for aaaual 
aanipulation of molecular structures. If successful, this 
will enable us to replace two joysticks with three input 
axes each and eight knobs by this sinqle input device, thus 
improving the tactile continuity of the GRIP man-aachin e 
interface. Later we hope to expand the function of the data 
tablet to replace the light pen, the progra••ed function 
keyboard, and the slide potentioaeters of the current 
systea. 

Other projects aimed at iaproving the hu•an factors of 
the manipulation of objects perceived throuqh coapater 
qraphics included a pilot systea whereby the GRIP user moves 
the aaster arm of an electrical ·remote manipulator to 
specify the aotion of a residue or side chain. The 
manipulator arm combines three translational degrees of 
freedom and three rotational deqrees of freedom in one 
device, controlled in a natural way by one hand. GBIP-15 
uses two three-deqree-of-freedoa devices to specify such 
manipulations, which is not very natural. 

The arm project worked after a fashion, but it was only 
at a pilot stage. We do aot plan to integrate it into a 
production version of GRIP. 

Lack of meaory on the PDP11/45 really precludes the 
integration of any of the features of our exploratory 
systems into the production systea. such will have to wait 
for the VAX. 

~~Qp[o1ect !&_iiggg=!!nt.%~nigyes o{_lnitial Pittina_~ 
~q§ities. Toa Williaas has taken as his Ph.D. dissertation 
project the development and evaluation of a set of 
ridge-line techniques whereby initial interpretations can be 
made of electron density aaps. Such techniques have 
previously been explored by Greer, at Columbia, and by 
Carroll Johnston at Oak Ridge. llilliaas has iaported the 
Johnston package froa Stanford and will be using it as a 
standard test-.bed against which he can compare the 
techniques he has devised and will devise. His very first 
results, done on a real but very clean map, are aost 
encouraging. Practical techniques aust be not only 
effective but also robust in the presence of noise. 

~bproject 5, !ew !~[Si2n of GBIP-75. Durinq 1979 we aade 
few changes to the GRIP-75 prograa itself, satisfying most 
user requests by building new coaaands, or even whole new 

10 



RB 00898-06 !larch 7, 1980 

menus of comaands, by stitching together existing 
pre-programmed functions. The flexibility o·f GRIP's 
multilevel comaand language developer lets the systea•s 
appearance to users be tailored by developers and shepherds 
vi th reliablity and speed. 

Suppleaenting the shared standard aenus, eacla user group 
can have its ovn aenu of selected or custoaized coaaands, 
ones such as "LgCon2Da", which contours a region larger than 
the current viewing cube froa density aap set t2, shoving 
the resulting contour lines dashed. We keep menus assembled 
for out-of-tovn guests off-line in readiness for their 
return. 

We continue to improve the human factors of GBIP-75 vhen 
that can be done without major rebuilding or redesign. 
During 1979 ve reworded many error aessages, arranging for 
the aore serious errors to flash the text as an attention 
drawing warning. To aake screen aenu items easier to read 
ve use both upper and lover case letters: coapare 
'CENRESNUft' and •cenBesHua•, for example. We added a 'Boll 
Stack• coaaand so users can inspect coaaand · parameters 
without disturbing thea; it is especially useful for editing 
targets and veig.hts during on-line geometric idealizat.ion. 

l fev other coaaands have been added or improved to aake 
contouring, fitting, and on-line idealization easier and 
faster to use. Previously GBIP-75 required a user to load a 
molecular aodel even if the user only visaed to viev a 
density aap; we have lifted this restriction. Dynaaic 
fitting has been enhanced by allowing the user to pick the 
atoa to becoae the logical center of bond-twisting; the 
'dog•, so to speak, relative to which vag the various tails 
of bonded atoas. By default the flying residue pivots about 
that atoa as well. This lets the user keep relatively 
stationary whatever part of the residue is best defined by 
the density, twisting the other atoas around to fit thea in 
as vell as posible. The nuaber of the knob which will cause 
turning about each tvistable bond is displayed on the bond 
line, offset toward the aore fixed end of the bond. We have 
eliainated the need for separate 'Fit Protein residue• and 
'Fit nucleic acid nucleotide• coaaands. Users vho need only 
simple geometric idealization to clean up a residue after 
fitting it have been offered the 'Bef3Bes• command. 
'Bef3Res• idealizes ("Refines"] the three residues 
containing and iaaediately adjacent to the atom aost 
recently picked by the user, saving hia the 36 keystrokes 
and button pushes peviously required to set up this 
coaaonly-vanted action. 

11 
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We have improved the way the GP.IP-75 systea can display 
to the user input paraaeters or resolts· of coaputations. 
The GBIP-75 operand stack holds three kinds of data: a 
nuaber, a direction in space, and an identification of an 
atoa in the aolecular aodel. GRIP displays each of these on 
the screen in an appropriate vay; for exaaple, the atoa is 
circled if it is in view. But soae coaaands interpret these 
data in other ways not previously displayed: the atom as a 
bond, and the number-direction pair as a point in space. 
GRIP nov brightens the bond associated with the circled atom 
and draws a tiny hash-aarked box at the specified point in 
space. lhile generally helpful, these tvo enhanceaents have 
aade on-line idealizaton in particular easier to use. For 
example, the biocheais·t can nov unaabiguously see what bond 
he is cutting free or aaking fixed, and can see the points 
in space to which atoas have been targeted to aoYe. 

»xnaaic Upgate Sp~g~. The PDP-11/45 computer has 8K 
bytes of 500 nanosecond-cycle, !OS storage and 401t bytes o·f 
1200 nanosecond-cycle core storage available for GRIP-75 
prograa execution. By rearranging the order in which parts 
of GRIP are loaded into the PDP-11, ve have placed the aost 
heavily used subroutines into the faster !!OS. Keasureaents 
show the aachine nov spends about 801 of its execution time 
in this 15~ of its memory space. This has yielded an update 
rate iaproveaent of roughly 401, giving our users saoother, 
better-perceived motions during viewing aad manipulation. 

We also tried to iaprove the Vector General display's 
refresh rate to increase the nuaber of lines visible vit~out 
flicker. By rearranging physical aemory modules ve gave the 
VG a dedicated aemory and controller, hoping it would run 
faster by no longer sharing a aeaory controller vith the 
PDP-11. No measurable improvement resulted, however, either 
because the display vas already drawing lines as fast as it 
could, or because it still must coatend with the PDP for the 
UNIBUS. 

Subproject 6, Pa~ilti~§_and pesiqn for GRIP- x. In order to 
solve a nuaber of architectural and iapleaentation problems 
inherent in the current systea, ve plan a complete ground-up 
redesign of the system to be called GRIP-80. The major 
design ' objective for this systea are: 

Architc:ctl.lrj 

GBIP-80 will retain all functions which have been proved 
useful in GRIP-75, but soae functions aay be provided in a 
nev form. 

12 
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The aathematical aodel of a aolecule will be an abstract 
linear qraph which corresponds aore nearly to the physical 
structures than the tree data structures used in GRIP-75. 

On-line aodification of aolecular constituents and 
connectivity will be possible. 

If technically feasible, real-time zooa and pan of the 
view area will be proYided. 

The display of electron density data by means of contour 
aaps will be supplemented by a technique for aarking the 
peaks and ridqes of hiqh electron density. 

1 facility for displarinq the surface of a molecule as an 
opaque shaded colored object will be provided but not the 
real-time animation of such pictures. 

!tany of the input devices of GRIP-75 will be replaced by 
a single locator deYice, probably a data tablet. This will 
improve the tactile continuity of the GRIP man-machine 
interface. 

Coaaands in GRIP-80 will be specified in prefix order, 
i.e., operation followed by operands. 

The system will be able to proapt the user to guide him 
through the specification of the operands required by an 
operation. A description of the function of each verb will 
also be available to the user at the work station. 

The systea will distinquish among several types of 
objects (e. g. • atoas, bonds, angles. residues. and peptide 
units) and will require the user to specify the appropriate 
type of object for each operand. 

The system will store 
for controllinq display, 
optimization operations. 
needed. 

sets of paraaeters called erofiles 
contourinq. manipulation and 

The user can call these up as 

A quick. easy aeans will be provided for adding new 
function to the system. 

Generalized tools for constrained aanipulation will be 
provided which enable the user to change any aspect of the 
molecular geometry while holding other features fixed. 

The scope of the system will be enlarged by bringing in 
more types of application data and functions. For example, 

13 
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structure factors, hydrogen bonds, R-factor calculation and 
optimization, and aini•ization of the potential energy 
associated with a structure. 

llplementation 

Two implementations of GRIP-80 are planaed, one in the 
Department of Computer Science at UMC and one in the IBM/UK 
Scientific Center in Winchester, England. These 
implementations will be based on different hardware 
configurations thus assuring a degree of hardware 
in dependence. 

In both these systems more functions will be i11pleaented 
on the dedicated satellite coaputer than with GRIP-75. · In 
particular all coamand interpretation and execution of all 
trival and frequently invoked functions will be done by the 
satellite co11puter. A user's data and his private 
extensions of the systea function will be stored on a 
private disk pack which will be mounted on a drive near the 
work station. 

Since Drs. Wright and Brooks have each eabarked on a 
project that assuaes that the aolecalar structure 
application is an area of vast potential payoff for coaputer 
graphics in the decade ahead, it is fair to ask why we think 
so. Is there indeed a future for molecular graphics 
research? Why work on aolecules instead of any of the other 
exciting applications of coaputer graphics? Why should 
those who support 11olecular studies support graphics work 
instead of any of the other exciting developaents in data 
taking and analysis? 

Prom the point of view of the computer graphics 
researcher, the molecular application has very high 
potential for many years. 

First, the application is i•portapt. The structures of 
proteins and nucleic acids must be understood if the 
functions are to be understood, and the functions lie at the 
heart of all life processes • 

. Sec~nd,_the molecular structure prebiem is inherently a 
Y!§ual!zat&on proR!~· Hence co11puter graphics are 
inherently pro11ising. 

14 
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Third, the molecular structure problem is iaherentlx 
ibree-dimensio~l- The structure anst be perceived and 
understood as a geometric object in space. Ploreover, 
aolecules have structures that are "coapletelyM 
three-dimensional, in contrast with most man-aade objects 
that were designed from tvo-diaensional views. Visualizing 
such structures will require many and subtle techniques of 
illusion; only computerized graphics have the logical power 
such require. 

Fourth, both the fitting of molecule aodels to data and 
the study of the action of aolecules requires models that 
are flexible and_easily moYed and changed. Of all graphic 
aedia, only computerized graphics offers this fleEibility. 

Fifth, the molecular structure problem requires 
mathematical manie~!~1i2D· Only computer grapaics yiel~s 
representations which can be immediately subjected to 
algorithaic processes whose results in turn are imaediately 
displayed. 

Sixth, the aolecular structure problems for biochemical 
macromolecules are ~ry Qarg, requiring the powerful 
pattern-recognition and information-retrieval capabilities 
of the human brain for the foreseeable future. There is 
little chance that purely algorithmic aethods will get very 
far. Hence computer graphics will be needed to transduce 
visualizations into the human head and to transduce 
manipulations from the human hand back into the mathematical 
model. 

All of these reasons illustrate vhy the potential 
usefulness of coaputer graphics will be great in the 
•olecular structure application for some time to co•e. The 
application of graphics is not limited to fitting x-ray 
density maps. Crystal packing, molecular dynamics, 
active-site deformation, docking, folding -- all of these 
are distinct and important applications for computer 
graphics in molecular studies. 

Plerely to list those applications answers tae last 
question: Has all the important work already been done? 
Nov that many crystallographic centers have 
minicomputer-based computer graphics systems for density 
fitting, vhy keep working on fancier systems? In fact, the 
most powerful of today•s systems merely begin to address the 
density-fitting problea. ~ost of those other applications 
have hardly been ttacked at all. Certainly no systea 
provides an integrated attack on all of the geometric 
problems of molecule structure and action. so there is 
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plenty of e.xcit.ing work t.o keep us busy for a decade, 
without beginning to exhaust the aolecule structure and 
action proble•s· 

B. HIGHLIGHTS 

1, Sup~ige Qi§autase ~trqc\ute oeteraine~ 

The structure of the active site of the superoxide 
dis•utase aolecule vas deterained by the tea• of Richardson, 
Richardson, Getzoff, and Tainer of Duke University. 

Bov it vas dqg~. The Richardson tea• used GBIP-75 to 
aanually fit a aodel of SOD to an experiaentally deterained 
electron density aap. Coaputer graphics enabled thea to fit 
the entire crystal structure of four subunits, totalling 
about 5000 atoas, to superiapose these fou.r subunits, and 
then to arbitrate apparent differences·a•ong thea. 

on-line idealization, on-line checking of bond lengths 
and angles, on-line display of Ra•achandran plots all aided 
the work considerably. 

The quality of the aap vas tJaen i•proved by refineaent at 
Wayne Hendrickson's lab, using a process that is highly 
sensitive to the quality of the initial fit. The resulting 
aap is good enouga to resolve long-standing questions about 
how groups of atoas in the active site are associated. 

!Aat it means. SOD neutralizes destructive superoxide 
radicals which arise from noraal metabolisa, and it converts 
thea to harmless oxygen and peroxide. Soae people suffer 
froa aneaia when a lack of SOD allows superoxide to build 
upand attack cell valls. Researchers have tried for years 
to synthesize aolecules that act like SOD. Perhaps now that 
the structure of the active site is known, its aethod of 
action can be deduced well enough to illuaine these efforts 
at synthesis. 

16 
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2, Saooth Kinetic Motion fQYDd tQ be the ftO§\ Helpful Depth 
~ue in ftolecular Grtehi£1& 

Jaaes s. Lipscomb of the University of North carolina 
Departaent of Coaputer Science found that the kinetic depth 
effect is the single best depth cue for graphic displays of 
3-D objects such as aolecules. Surprisingly, it is more 
powerful perception aid eYen than stereopsis, the display of 
different iaages to each e,ye. 

Lipscoab found that the kinetic depth effect achieYes its 
full power only if the rocking or rotation of the iaage 
appears smooth to the Yiever. It h•s been taovn for soae 
tiae that this requires very frequent (about 12 tiaes per 
second) updates to the displayed iaage. Lipscomb discovered 
that this is not sufficient: the illusion of saooth aotion 
also requires that iaage updating and iaage refreshing be 
synchronized, and best effects are achieved when there is 
one update per refresh. 

These results vill be useful not only to coaputer 
graphics workers everywhere, but also to the designers of 
11edical iaage display systeas. 

h <In progre§sl._iilP-7.5 ~xste11 Proyes Usgfyl for Ngcleic 
Agid studie.§ 

!any coaputer graphics systeas for aolecular studies are 
designed for handling chiefly protein aolecules. So11e such 
syste11s are implemented on ainicoapaters where aeaory size 
or coaputer speed 11akes the handling of Yery large 
biological macro11olecules impractical. 

Since GBIP-75 uses a large co11puter and a large aeaory 
region (38ij kilobytes), it is capable of handling not only 
proteins but also the large nucleic acid aolecules. Por 
this reason it continues to attract clients studying these 
large aolecules. sung-Hou Kill, of the uc-san Francisco 
Kedical School and foraerly of Duke, coaple ted during 1979 
the structure determination of Yeast phenalaninetRMA. His 
results included the atoaic coodinates of about 3000 atoms, 
deposited in the National Protein Data Bank, and an 
elucidation of the interaction of the nucleic acid with 
protamine. 
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Other researchers vho baYe used the GRIP-75 system for 
nucleic acid studies include: 

1977 H.T • wright, Princeton; GJ.x~oge tlli 
1978 1. Podjarny, B. Scheritz, Chicago; zaEl: t!UfA 
1979 A. Rich, •• woo, f!IT; IIi tj.A ~sn: :tiNA 
1979 s. Preailat, u. Nancy; M! 
1979 c. Carter, B. Jones, OIC; ~gee'~2il~sl Dl! 

These nucleic acid structures carry the genetic blueprint 
for all of life, or they decode the blueprint and use 
itsinforaation to control body growth processes. 

C. ADYISORJ CO"~ITT!E AND ALLOCATION OF RESOURCES 

ie currently offer the GBIP-75 facility, and such help as 
we can give, free of charge to any cheaist: · 

• who has a scientifically interesting problea, as 
assessed by our Resource Advisory Coaaittee, 

• whose work is at a stage where our facility aight be 
useful, 

• vho is willing to coaait his tiae, traYel aoney, and 
effort to a serious use of the facility, and 

• who is willing to give us written and oral feedback from 
his experience. 

We have extended this offer publicly on aany occasions. So 
far, ve have had as aany users as ve have been able to 
handle. 

All service projects were healta-related, and we charged 
none of our clients for their use of the systea. All local 
user groups (Duke and UNC), however, paid the ONC 
Computation Center directly for soae batch processing of 
their data and its storage in our host coaputer. These 
direct payaents to the Coaputation Center are not included 
in the financial data in this report. 
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Advisocx Coaaittee lleahers 

~~ ~£U IiS:l~ ~IS[tli!Dt ;tnsti tut~on 

F. P. Brooks Ph.D. UlfC-CH Kenan Coaputer 
Professor Science 
& Chairman 

J. Heraans Ph.D. Professor Biocheaistry UMC-CH 

D. Richardson Ph.D. Professor Biocheaistry Dulce u. 

J. Richardson li.S. Assistant Anatoay Duke u. 
Professor 

w. v. Wright Ph.D. senior UK Science IBB England 
Systeas Centre 
Architect 

D. DISSEftiNATION OF INFORftATION · 

During 1979 we aade no effort at publicizing the 
resource's availability because of our liaited capacity to 
increase our service level. There vas one substantial 
exception. We deaonstrated the system to the biochemists, 
cheaists, and crystallographers attending the Southeastern 
Crystallography Society Conference at Duke University. 

some 43 hours of resource tiae were used in 
deaonstrations. Dur inq 197 9 we also deao.nstrated GRIP to 
the followinq coaputer scientists, plus a few others. 

Dr. Gene Aa dahl Amdahl Corporation 
ftr. Peter D. Atkinson 
Dr. Williaa Roy Baker, 
r!r. s. Balasubraaanian 
r.r. Charles Brack 

IB! UK Science Centre, England 
Jr.National Institutes of Health 

Shell Oil Corporation 

Prof. Richard Conway 
Or. Bob Engleaore 
Prof. Edward Feigenbaua 
r.r. John Gillett 
r!r. David E. Haynes 
or. P. Jeroae Kilpatrick 
f!r. J. Kuehler 
ftr. Lavigna 
Prof. Eugene Long, Jr. 

Evans & Sutherland 
Cornell University 
Defense Adve Res. Proj. Agency 
Stanford University 
IBft OK Science Centre, England 
University of North Carolina 
IBft Office Products Division 
IBft Systeas Coaaunication Oiv. 
Bolt, Beranek and Newman 
University of North Carolina 
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~r. Kenneth G. Pauwels 
or. Lawrence Sher 
Prof. Thomas s. Vallsten 
Or. Peter Voon 

E. CRITICISMS OR SUGGESTIONS 

BR 00898-06 !arch 7, 1980 

Uniwersity of North Carolina 
Bolt. Beranek & Newaan 
Oniwersity of North carolina 
IB! Office Products Division 

From the point of view of this resource, we ha•e had anch 
encouragement fro• the NIH office vith whoa we vork. The 
chief difficulty ve have encountered has been a rather 
erratic fluctuation in support. This can best be seen by 
exaaining the goiqg £At! of operating budget (excluding 
equipment) support for our project over the past six years: 

Year 

01 74-75 
02 75-76 
03 76-77 
04 77-78 
OS 78-79 

06 79-80 

Period 

~ay-MoY (7 mo.) 
Dec-Apr (5 ao.) 
l!ay-Mo• (7 110.) 
Dec-Ape (5 ao.) 

Going Rate (dollars/year) 

S 75 K 
S 75 K 
S 51 K 
S 90 K 
S 51 K 
$144 It 
$109 K 
$170 J( 

As one might iaagine, this sort of fluctuation in the 
operating (aostly staffing) budget has 11eant an alternation 
between feast and famine. To the extent that we have 
staffed with graduate assistants, it has caused fluctuation 
in the nu11ber at vork. Twice we have had to lay off 
permanent staff people because of budget fluctuations, only 
to seek replaceaents for thea in a year or so. Stability 
and smoothness of funding support vould help the project a 
great deal, and 11ake it possible for the Principal 
Investigator to spend less tiae on budgetary worries. 
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BUGG, Charles 
University of Alabama 

CARTER, Charles W. 
HENDRICKSON, Wayne A. 

Naval Research Laboratory 
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KIM, Sung-Hou 

Duke University 
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~~~N~ST~I~T~U~TI~O~N~----------------------R~E-.P~O_RT~P~E_R_IO~D ______________ T~O~------------~ 
Fill out a separate for~ for each of the following categories: Check one 

[X] CORE RESEARCH & DEVELOPMENT c::J COLLABORATIVE R[;SEARCH & SERVICE CJ TRAINING 

Number Published: BOOKS 0 PAPERS 2 ABSTRACTS 
~------------------------1-------~--------+--------

0 

Number IN Press BOOKS PAPERS ABSTRACTS 
~----------------------~------~--------~~------~----------~-------L------~ 
Author(s) Title of Article, Journal, Volume, Number, 

Pages (e.g., 44-4R), Year Published 

* Lipscomb, J. S. , "Three-dimensional Display of Molecular Models, " 

* 

M.S. Thesis, University of North Carolina, Chapel Hill, North 
Carolina, 1979. 

Lipscomb, J . S. , Three-dimensional Cues for a Molecular Computer 
Graphics System, Department of Computer Science Technical Report 
#TR79-008, University of North Carolina, Chapel Hill, North Carolina, 
1979. 

See lnst ruct1 ens, Page ""lf 13 



• 

· .: :c-.• :n-u-,-s--Ec_..T ...... IO~N--=-c --------:G::.-RA~N:::-T NUMBER [P }4 1 I R I R I o _I o I sl 9 1s -To 16 I 
~ INSTITUTION UNC- Chapel Hill ___ REPORT PERIO:> Mav 1 1979 TO April 30, 1980 

·~FiLL out a separate form for each of the fol levi ng cat t!gori es: Check one 

0 CORE RESEARCH & DEVELOPMENT [D COLLABOi\ATIVE Rf:SEAF:CH & SERVICE CJ TPAINING 

N~mber Published: BOOKS 0 PAPERS 5 ABSTRACTS 1 

Number IN Press BOOKS PAPERS ABSTRACTS 

Author(s) Title of Arti~le, Journal, Volume, Number, 
~~~~--------------~--------------Pages (e.g., ~4-48), Year Publi3hed 

* Ferro, D. R., P!cQueen. J. E., Jr., KcCovn, J. T., and 

* 

Hermans, J., 1980: "Energy Mini•izations of 
Rubredoxin,• ~ol. Bio~, 11!: 1. 

Girling_, R. L., Houston, T. E., Sca•idt, w. c., Jr., and 
Amaa, E. L., 1980: "Macromolecular Structure 
Refine•ent by Restrained Least Squares and Interactive 
Graphics as Applied to Sickling Deer Type III 
Heaoglobin," (abstract), 6~ta. Crrst., Ali: 43. 

* Girling, R. L., Houston, T. E., Schaidt, w. c., Jr., and 
Aama, E. L.,1979: "Molecular Packing and 
Intermolecular Context of Sickling Deer Type III 
Hemoglobin," ~P!olecular Biology, 111: 417-433. 

* Kiaball, K. R., Sa to, A., Richardson, J. s., Rosen, L. s., 
and Low, a. · 1., 1979: "Molecular Conformation of 
Erabutoxin b; lto•ic Coordinates at 2. 5 A Resolution," 
Biocheaical ~n4 Biopbxsictl Research Communication~, 88 
{3): 950-959 (13 June). 

* Schevitz, R. w., Podjarny, 1. D., Krishnamachari. N., 
Hug~es, J. J., Siglar, P. ·a., and Sussaan, J. L., 1979: 
•crystal Structure of a Eukaryotic Initiator tRNA," 
~1Y~. ~1§ (5700): 188-190 (8 March). 

* Tsernoglou, D., Petsko, G. A., Hudson, B. A., 1977: 
•structure and Function of snake Yenoa curariaiaetric 
Neurotoxins,• A2!ecular Pharaacology, !!: 710-716. 

See Instruct1ons, Page 12 
!3 

_______________________________ _. 
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PART III --- PROGRAM SPECIFIC DATA FOR BIOTECHNOLOGY RESOURCES PROGRAM 

GRANT NU~ER (P 14 11 I R I R I 0 I 0 r 8 fg __ I_§ __ L··~JQ_J? __ f __ ~_EPO~T PERIOD . Mav 1 1979 

SECTION A RESOURCE SUMMARY TABLE BIOTECHNOLOGY RESOURCES 
.. ----- F-----r-- 4 1 2 3 

RESOURCE COMPONENT Number Number Number ll~;~af> 07 actor: 

Subproj Publica Investigators · Resource ~ourfl _t.esource 
frechnologi e~ Used taff Hrs 
All: 

CORE RESEARCH & Computer 

DEVELOPMENT Graphics System 

TOTAL: 6 2 1~ II 345 5425 

COLLABORATIVE RESEARCH 
& SERVJCE 

TOTAL: 14 6 27** II l108 4337 

TRAINING ' 
TOTAL: 0 0 0 X 0 0 

ADMIN/MISC 
TOTAL: ~ I - ~ II 43 1420 

' DOWN TIME 

TOTAL: >< ::::><:::: --- -- 288*) -- ~ II X 

GRAND TOT~~S: 29 II 1496 1l182 

* 12 24-hour days, not included in grand total, which is hours operated. 

** 1 from GRIP team . The clients represented 14 principal investigators. 

-

J/ Identify Resource Technology Used 
jU Give Hours Resource Technology Used 
See Instructions, Page 9 • .. 

--

.... .... 

TO : Anril 10 ta~n 

5 6 7 
BRP Funds Resource Other 
Allocated Fees (S) Funds 

s Collected s 

277800 0 0 I 

' 

64788 0 0 

0 0 0 

14104 - -I --
r--- ~ X ~ 

356692 0 0 

-- - ---- ---- --- - - -

·• I• 



r -~T Ill, PROGRAM SPECIFIC DATA BIOTECHNOLOGY RESOURCES PROGRAM 

~GRANT NUMBER I P ~ J 1 I RJ Rl o lo 8l9181-Jo)61 

SECTION B RESOURCE PERSONNEl. 
X of TIME or EFFORT 

NAME POSITION ~URRENT NEXT 
BUDGI:T PERIOD BUDGET PERIOD 

Percent Weeks Percent Weeks 

Brooks, Jr., F.P. Principal Investigator 25 52 33 52 

Fuchs, H. Senior Investigator 40 9 22 52 

Leonarz, J.E. Acting Resource Director 52 9 0 0 

Brown, Jr.' F.L. Research Assistant 100 13 0 0 

Cohen, J.S. II II 100 7 0 0 

Lipscom"Q, J.S. II II 63 49 63 52 

Pique, M.E. II II 63 49 100 52 

Voss, D. II II 100 13 0 0 

Wakabayashi, A. II II 100 10 0 0 

Williams, T.V. II II 73 49 63 52 

Hoffman, D.M. II II 50 36 63 52 ? 

.• olmes, D. H. II II 45 36 63 52 ? 

Lumsden, M.W. II II 13 6 0 0 

Seaver, T. II II I 50 36 63 52 ? 

Smotherman, M.K. II II I 13 36 0 0 

Cronin, M.T. II II I 50 18 0 0 

M:irldleton, D.J. II II I 
50 18 0 0 ? I 

I 

I 

Stancil, P. Electronics Engineer 
I 

I 100 11 100 52 
Cuthrell, D. Secretary (part-time) .I 50 17 0 0 
Sams , J. Secretary 

I 

100 20 100 52 I 

Prevatte, L. } Student Assistant 
, 

10 34 0 0 I 

ITnur::~m T. ! 
SECTION C RESOURCE EXPENDITURE~ 

TOTAL COSTS 

BRP ALLOCATIONS TOTAL RESOURCE EXPENDITURES 

. . . . . . . . . . . . . . . . BUDGET PERIOD· •••••••• • •••• ....... -....... BUDGEl PERIOD .......•.••• , 
ACTUAL PREVIOU~ CURRENT ~STJ,.-.ATEO NEXT ~CTUAL PHEVIOUS CURRENT STIMATED NEXT 

-05 -06 -07 -05 -06 -07 

$ 127,582 $ 358,493 $ 241,226 $ 127,582 $ 356,692 $ 241,226 

. t 

· See Instructions, Page 9. 1.5 
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