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Reseatch Wighlight =- GRIP Resource
RR-00898-05

University of North Carolina

Head-Motion Parallax Added to Computer Graphic System

An important means human beings use to percelve depth 15 called
head-motion parallax. As one moves his head, objects nearer to him
change angular position more rapidly than those farther away. For
example, as one drives down a straight road, the telephone poles fly
by, distant billboards appear to move more slm':-flv. and the moon stays
at a constant angle. This effect {s separate from stereopsis; even

one-eyed people percelve this depth cue perfectly.

The UNC GRIP Molecular Graphics Resource added a head-position
sensor to our system on an experimental basis. As dne moaves his
nead, the computer-generated itmage on the screen rotates as it would

if one were looking at a real 3-D object.

To our surprise, this cue alone is not an especially effective atld to
depth perception. It does, however, very powerfully enhance the
synthetic sterecpsis cue available on the system. The two together

given an effect much more realistic than either slone.
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Research Highlight —— GRIP Resource
RR-00898-05

University of North Carolina

Display of Molecular Surface Shows Up a Previously Unsuspected

Reactive Site in Erabutoxin

Dr. Martha Kimball and Professor Barbara Low, of Columbia, working
with the UNC GRIP Rescarch Resource, have discovered and proposed a

probable reactive site region for a powerful nerve toxin, erabutoxin,

An experimental system capabtlity, buflt by Michael E. Plque,
Lea R, Nackman, and Willlam E. Siddall, allows the using chemists to
plot an opague-surface view of the molecule they are studying, to
supplement the usual stick-figure view. Professor Low says,
"Van der Waal's interactions are most elegantly characterized by the
visual examination of the shaded-surface representation ,.. The
information about intermolecular interactions, so easily established by

display, has been totally unexpected."
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L1. BESOURCE OPERATIONS AND FFOGEBESS

A. DESCRIPTIGN OF RESOURCE OPEBATIONS AND PFOSRESS

General

The past year has been macked by an substantial expansior
in the awmount of productive systes use by -lients. Inleed,
we have reached a saturation point beyond whizh rclient use
canndt increase sithd>ut additional eguipment. Production
usage increased froz 781 hours in 1977 to 103+ hours in
1978. We served a total of thirteen groups 2f cheaists
during 1978, three 2f which vere nev users. OUOnly four of
our past users did not return during 1978.

Objectives _and Cperating Palicjes

¥e are buildirg a coeprehensive and effactive interactive
corputer resoutce for seeing, sanually manipulating, and
computationally modifying sathesatical rodels of complex
mo>lecules. HWe believe that our present ressurce has tz2en
shown to pe as complete and useful as any in existence; we
are asare of mapy inalequacies and needs.

Funjdamental to our approach are the follaving objectives:

== The GHIP system is designed to help chemists yet results
fros their research, and its success is measured only oy
theirs.

== GRIP is designed to help the chemist visualize his
molecules, his density maps, etc., so that he can use
his knosledge to guide cosputation processes. That is,
it is an aid to, not a surrogate for, numan thinking anid
manipulation. Hence a strong esphasis on human factors
research and on human engineering of tohe syste:n.

== GRIP is designed to serve many ussrs, not one or t¥o, so
it must include an arassry of alternative tools and
technigues.

=- GHIP is designed to interface smoothly with any batch
computatisns its users must do, and to incorporate
on-line facilities for all computations that can
reasonably be done "while you wait."™
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== We as coaputer scientists are interested in GRIP as a
test-bed for research in man-sachine systeas design, in
man-mpachine interaction, and in the desijn of
distributed computing sSystems.

A corollary of these objectives is that we are heavily
dependent on observation of and feedback from real users
attespting to solve real probleas. Hence when budyet cats
have been necessary, as they were in the first half of 1978,
ve have heretofore cut development in order to keep on
getting user experience.

We currently offer the facility, and suca help as wve can
yive, tree of charge to any cheaist:

=-- who has a scientifically interesting prtoblem, as
assessed py our Resource Advisory Comaittes,

-=- woo0se work 1s at a stage vhere our facility might be
useful,

== who is5 willing to comnit his time, travel money, and
effort to a seris>aus use of tne facility, and

-- wh? is willing to give us written and oral feedback fror
his experience.

We have extended this offer publicly on many occasions. 59

far, we have nad as zany users as ve have been able t>
handle.

Our users are alasst exclusively wvorking on the
structures of solecules of considerable biochenmical
interest: prateins and nucleic acids. We aiaz to advaace
health-oriented biocheeical research by enbancing the
productivity of individual reseachers throujh better tools.

Admipistrative_and_Scientific Organmization

Pigure 1 shows the current organization of the GRIP
project. At present, Nr. Lesnarz is not only managing the
Graphics Laboratory but also serving part time as the Acting
Resource Director. In this capacity, he arraages all client
secrvice and supervises the graduate assistant team that
furnishes it. The pr>ject continues to need a full-tirse
person skilled in computers and biochemistry for that role.
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Our research assistants spent the full-time eguivalent of
about 41 man-sonths 2n all work carried out unier this
grant. This time was used for preparation of the users'
data, shepherding thea through interactive sessions, ani
systes developament.

Care Research_angd _Developaent

Most development work in 1978 consistel of pilat polels
of new user facilities, sosec of wvhich will be incorparated
in our production version of SRIP-75, and athers of which
vill be incorporated in GRIP-BC. &We are curcently
identifying the systez rejuirements for GRIP-3C.

This work is descriped in Section 1IV.

Collaboratjive Research

A list of the users follows in this section, and sketches
of their wvork are given in Section IV. Most of our users
were gjuite successful, achieving sore or all >f their gonals.

We append letter reports vwritten by several of our
visiting users since our last report. They indicate a jreat
deal anout the lessons to be learned fror such collaborative
tesearch.

Service

—_—

We have again this year majde a nusber of ajditions and
refinements to the GRIP systes and its supporting utility
programs to improve syster reliability and convenience to
the user. These are described in Section 1IV.

Tcaining

our chief training activity is teacning our clierts to
use GEIP. This is an integral part of the secvice ve 2ffer
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all visiting users, and it is a major consumer of our human
resources. &e believe it 15 essential to the effective use
of our systen.

The GEIP project has played an iaportant part in tkhe
educational progras 3f graduate students in the Departaent
of Comsputer Science.

Suppott

Most of the hardvare used to iaplement SRIP-75 wvas owned
by the Departmsent at the beginning of the project. The
salaries of our student research assistants, -narjes far our
use of the host computer, ard maintenance of our hardware
vere paid from this grant. Dr. Brooks receivedl hLis salary
during June and July 1978, Dr. Fuchs received six weeks of
1978 sumsrer salary, 3nd Ar. Lecnarz received slightly pore
than half of his salary during 1978 froes the same MF grant.
The services of Dr. W. V. Wright were made availaple without
charge under a joint study agree2ent with the International
Business Nachines Corporation.

NIH's BEFB originally stressed to us the isportance >f
getting a usavle, useful, and used systez as juickly as
passivle and demonstrating cherically significant results.
This has been done. The natural next steps are the
construction 2f a praduct-juality, second-jeneration systen
and the enlargement of a service-oriented msulti-user
facility.

To accomplish this we now have NIH suppart comnritted for
the next five years at a level adeguate to move forward, to
continue our colladoration with GEIP users, and to purchase
mev hardvare to seet sur growing needs. We are euch
gratified at this repewal and excited at the prospect of
being able to work at a better rate. The planned systens
are o>t flashy or esoteric; they will, hovever, be carefully
designed, uyser-oriented, and copstructed to professional
standards of juality.

The plapns are set forth in some detail in our 197%-19RuU
renewal application of May, 1978. VWe will not repeat thenm
here.
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B. SUMMNARY OF RESCORCE USAGE

PREODUCTIVE USE OF THE SYSTESN

The use of GPRIP by our clients exceeded 1000 hours during
1478, up about 33 per cent over the previous year. ®e had
only three nev user groups during 1978, but the nusmber of
returning groups was ten. Only four of our previous rlients
did not return during 1978.

Table 1 identifies the thirteen service praojects whi=h
nade use of tne GEIP syster during 197A. The first line of
each project identification gives the last name of the
principal investigatat and the chemical sutstances(s)
investiyated. This project title is used to correlate the
information in this table with the details of computer usa;s
given in Taople 11 and the narrative description of these
service projects in Section IV.

Tables II and 111 summarize the computer usage for all
ptojects carried out under this grant. Computer usaze by
each service project for data preparation, data storagje, anid
interacztive sessions 15 given in Table [I. The computer
resources regquired f>r the entire project are giver in Table
II1. The batch computing time in these tables is repoarted
as the number of minutes that were or would have been
regjuired on a S/370 model 165, the fastest of four computers
available to us at the UNC Computation Center. BecausSe our
PDP 11 is alvays connectel to the S/360 host tarougasut ar
interactive session, dedicated coeputer hours and
time-sharing connect hours are the same. An analysis of 19
sessions showved that about toree minutes of hast CEU time
are reyuired for each sessiorn hour. This ratis> was used t>
calculate the host CPU time for each service project. Host
core memory utilization was also calculated fror the total
connect time for eacn project because 374 K bytes of core
are allocated to 53REIP thkroughout the session.
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Azma -- Deer Hemoglobin
Investigator: Elaer L. Amma

Department: Chemistry
University of Sauth Carolina
Sponsor: BIH HL-15158
Carter -- Hign Potention Iron Sulfur Protein
Investigator: Charles W. Carter
Department: Biochesistry

University of North Carolina -
Chapel Hill
Sponsor: KIH GN-21991

Davies -- mb03 FAb
Investigator: David Davies
Departeent: folecular Biolojy
National Institutes of Health
Sponsor: NIH Internal Project

Hendricksar =-- My>aezerythrin
Investigator: Wayne A. Hendrickson

Department: Structure of Matter Laporatory
Naval Research Laporatory
Sponsor: KRL Internal Project
Hermans -- Neurotoxin/RKubredoxin
Investigator: Jan Her=mans
Departaent: Biochemistry

Oniversity of North Carolina -
Chapel Hill

Sponsor: PCEH T74-216313
Fartha -- Bovine Pancreatic Ribonuclease - A
Investigator: Gopinath Kartha
Department: Roswell Park Merarial Institute
Buffalo, New York
Sponsor: NIH GN-22490

Kiz =- Phenylalanine tBNA
Investigator: Sung-Hou Kin
Department: Biochemistry

Duke University
Sponsors: NIH CA-15802
NSF GB-40814

Lipscosb =-- ATCdse
Investigator: Williaas Lipscosb

1979
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Department: Chenistry
Harvard University
Sponsor: NIH GR-06920

Lave == Hemoglobin 5
Investigator: Warner Love

Departaent: Biophysics
Johns Hopkins University
Sponsor: NIH AM=16448

Low -- Erapatozxin
Investigator: Barbara Low

Departoment: Biochemistry
Coluabia University
Sponsor: KIH N5-07747

Richardson =-- Superoxide Dissutase
Investigator: David C. Richardson

Department: Brochermistry
Duke University

Sponsor: KIH GN-15000

Schiffer -- Rcg Bence-Jones

Investigator: Marianne Schiffer

Departaent: Biological & Medical Research
Argonne National Laporatory

Sponsor: Argonne Internal Projezt

Sigler =-- tENA f HNet.
Investigatar: E4arl Sigler
Department: Biophysics
University of Chizago
Sponsor: FIY GH=-15225

1579



TABLE 11: COMPUTER UBAGL FOR SERVICI PROILCTS

Project Identifier

Batch Minutes
on 5/370
Model 165

MNodicated Hours
on PDP 11745 &
Connect Hours
tn 5/360 Maodel
75 Host CPNN

Host CPU
Minutes

to Servicoe
Interactive
Commands

Host Core
in Mergabyte
-Hours

Host Disk
Space in
Track-Months
of 1BM 3330
Tracks or
Equivalent

Carter ——— 1 12 1.5 -——
Hermans -— 13 19 4.9 -——
Richardson L2 118 L6d4 70.% 28
Kilm vl 29 72 9.0 14
Amma-Girling 17.02 35 105 13.1 76H6
Davies-Padlan 20,12 G2 270 34.4 906
Slgler-Podjarmy 18,88 74 222 ar.7 H50
Love-Royer 24, 14 94 2672 15,2 1087
Kartha 14,44 109 327 40, H 669
Schiffer 12.07 28 HAa 105 544
Lipscomb=Crawford 22.29 102 1046 8.2 1004
Hendrickson 16,72 Ho 240 29.9 753
Low=Kimball 10,53 191 %73 1.4 474
Totals 157.56 1034 Jinz IHR,9 7095

BL6T YUS3EN (2
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TARLE T1I:

COMPUTER USAGE SUMMARY

Project Class Batch Minutes Dedicated Hours  Host CPU Host Core Host Disk Space
on 5/370 on PDP 11745 & Minutes in Menabyte in Track-Maonths
Mode] 165 Connect How's to Service =Hours of IBM 3330
to 87360 Model Interactiyve Tracks or
75 Host GPUY Egquivalent
System Development 204,38 213 19 79.7 24,422
Service Projects 157,56 1,034 3,102 386.9 7,095
Demonstrations - 137 111 51.2 -———
Totals 361 .94 1,384 4,152 517.8 31,517

BLBT UYSIEN 12
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SUMMAEY OF GEIP USAGE BY YEAR, 1975-1978

Taple IV summarizes the use of the GEIP system for all
purposes since we began deaonstrations and productive
operation on July 15, 1975. #We nave oot tried to estirate
the system time spent on development before the beginning of
productive operation put know it to be many hundreds of
hours. Because we changed from manual to machine logging of
GEIP sessions in 2id-1976, ve believe the true buildup of
sSystes usdage to be substantially greater than sugjested by
these data. We have observed that users teni to
overestirate the time they spend using SRIP.

Table IV. GRIP Use by Year (Hours)

1375 1916 1377 1978  Totals
Production 329 581 781 1034 2725
Demonstrations 12 50 161 137 360
Development 297+« 18¢ 198 213 A9u
Totals 638 R17 1140 1384y 31979

¢ Systex developrent July 15, 1975 through December 131,
1975.

14
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Table V gives the use of the GEIP system by year for earh
tear of biochemists. These teass are identified by their
principal investigators. We have re-tallied the GRIP usage
for 1975 to obtain a breakdown by user group and have
arrived at a total for the year whichk is about 10 per cent
less than that guotel in our previous reports. For the
previous total we rounded the durations of the individual
sessions; this year we rounded only after calzulating the
total usaye by each group.

TAJLE V. == GRIP PRODUCTIVE TIME (bours)
Usecr 19715 131¢ 13771 1318  Jotal
Hermans i 29 L2 13 91
Kim 200 321 105 24 £SO
Fichardson Bl 75 91 188 (T |
Lipscomb 12 102 114
Carter 27 21 uy 52
JeEnsen 4L &2 108
Tsernoglou 8BS L 9&
James 19 15
Law 55 151 2UE
Davies 8B5S 92 177
Schiffer 15 28 61
Amma 163 35 198
Wrignt 41 'R
Hendrickson 72 80 152
Schevitz T4 Ty
Love 94 54
Kartha 109 109
Total Hours 323 581 781 1034 2725

Table VI is a list of the biochesists wvhose research
teans have used the GRIP system and their institutions.
These are listed in the order of their first use of GEIP.
For groups sending m>re than one biocherist to use our
syster, the principal investigator is given first and the
nases of bis colleagues follov indented. The institutions
of these colleagues are given only vhere they differ fror
the principal investigator's. 1In three cases, lowv, Love and
Sigler, the principal investigator has made little or oo
direct use of GRIP himself.

13
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TABLE VI. ~-- GEIP USERS (1975-1978)

Hermans
D. F. Ferro

J. E. McQgueen
T. Kuntz

M. Vacatells

H. Kim

J. L. Sussman
A. N. ¥Warrent
5. R. Holbrook
G. M. Church

E. kichardson

J. 5. Richardson
F. Getzoff

J. A Tainer

H. C. Taylor

N. Lipsconab
J. L. Cravford

. Carter
E. A. Jones

H. Jensen
K. Watenpaagh
P. E. Stenkansp

Tsernoglou
G. A. Petsko

Japes
L. T. J. Delbaere
G. Brayer

¥. Low
A. S5ato
M. Kimball

R. Davies
M. €. Liw
E- l- Pﬂdlﬂn

University of North Carolina
Istituto di Caimica delle
Bacrorolecols

University of California Srhool
of Pharsacy, San Prancis-o

Institate of Chemistry,
University of Naples, Italy

Duke University

Duke University

Harvard University

University of North Carolina

University of Washington
Yale University

Wayne State University

University of Alperta

Colusbia University

Fational Institutes of Health

16



Schiffer

L. Amma

R. L. Girling
B. C. Paslay
T. Wright
Hendrickson

B. S5igler

A. Podjarny

H. W. Schevitz

F. Love
¥. E. FRoyer

Kartha

21 march 1979

Argonne National Laboratory

Oniversity of South Carolina

Princeton University
Naval Research Laboratory
University of Chicago
Johns Hopkins University

Roswell Memorial Institute

17
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Some 137 hours of 1978 resource tise were used in

deponstrations.

During 1978 we have demonstrated GRIP to

the Eollowing copputer scientists.

Mr. John Backus

Mr. Steven C. Bruell
Dr. Eric Carlson

Mr. Jim Chaaberlin
Mr. Robert J. Douglas

Prof.

Prof.

Andrei Ershov

Kency Fuchs

Dr. FRudiger Hartwiy
Dr. CLarles Helvey

Dr. M.

Willias Krueger

Mr. Mark 5. lLaventhal

Prof.
AL Ala

Mr. Willjias M.

Fonald Levy
B. Macdonald

Mr. Dale Madden

Prof.

Akira Nakapura

Hr. James Parkes

Ir. Horst Fettenmaier
Mr. John A, Silvester
pr. John Szilard

Mr. Thomas Tulinsky
Mr. Vince Vitagliamo
Mr. Bruce Weide

Mr. Ed Winn

Hclarmack

ILBY 5an Jose

Purdue University

IBX San Jose

IBA White Plains

University of Wiszonsin

Soviet Academy of Scierces,
Novosibirsk, Siberia

University of Texas, Dallas

IBN Heidelbery

Learning Dev. Corp., Nashville

University of Wiscousir

Mass. Inst. Technolojy

Harvard University

Kestern Electric,Princeton

Syracuse University

IBM ¥hite Plains

Hiroshkira University, Japan

University of Florida,
Prograsaing Services

Siemans,Munich

UaCalaka

Uriversity of Technology,
Loughborough, England

Michigan State Univeristy

IBY ¥hite Plains

Carnejie-Mellon University

IBM Raleigh

During 1978 we also desonstrated the systes to the
following biochemists, cherists, and crystallographers.
31so included in this list and the following paragraphs are
a number of computer scientists who are primarily engaged in
the developsent of cosputing systeas for biocheamical

research.

Dr. C.

Prof.

Prof.
Prof.

David Barry
H. Berendsen
P. M. Crothers

Dorothy Crowfoot-
Hodgin

Washington Oniversity,
St. Llouis

University of Groningern,
Netherlands

Yale University

Uxford University, England

18



Mr. Eichard J. Peldsann
Prof. Hencty Hartbury

Dr. Minoru XKanehisa
Prof. Joseph Kraut
Fobert

Dr. Ladner

Dr. Michael Llevitt

Dr. Bernice Lipkin

Prof. MAkeley filler
Prof. G. N. Famachandran
Dr. Georye Heeke

Dr. Douglas Ficharison
Dr.
br.
Dr.
Dr.
Dr.

Thoras Steitz
Lynn Teneyck
Kenoneth Thomas
Michele Vacatello
David Zipser

All

Service projects vere
nane of our clients for their use of the systen.
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National Institutes of Health
Dartmouth Medical School
Johns Hopkins University
University of California,
San Diego
European Molezular Biolagy Lab,
Heidelberg, Germany
Yedical Research Council,
Cambridge, England
Mational Institutes of Health
Utah State University
Indian Institute of Science
Rockefeller Unmiversity,
Nev York
University Colleje,
England
Yale Oniversity
University of Oregon
Washingtan Univecsity
University of Naples, Italy
Cold Spring Harbor Laboratoary

Londoan,

health-related, and we charged

All local

user groups (Duke and UNC), hovever, paid the UNC
Casputation Center directly for some batch processin; of

their data and its storage in our host computer.

These

direct payments td the Computation Center are not included
in the financial data in the next section of this report.

L

Graphic Facility.

Because we use our departmsent computer graphic system for
projects unrelated t> this grant and because the systenm is
sopetimes down for maintenance, repair and systen
developaent, it is nat always available to our clients. We
have not determined the total number of hours available to
our users.

EQUIPMENT

The resource continues to operate as part of the UNT
Department of Cosputer Science, and it uses the Departament's

This is a molti-purpose fazility used for

several other research projects and learning activities in

the Department.

Funds fro® this grant vere used chiefly to

purchase a large disk to hold user data, a terminal
interface and terminal, a suitable camera for recordirg
molecule pictures, and larger air-conditioninj eguipment.

18
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D. PREVIOUSLY UNEEPDRTED PUBLICATIONS BASED ON WOREK DONE ON
GRIP-75

Perro, D. K., McQueen, J. BE., JC., BcCown, J. T., and
Hermans, J., (t> be subsitted), "Enerjy %inimizations
of Fubredoxin," J, Nol. Bjiol.

Girling, F. L., Houston, T. E., Scheidt, F. C., Jdr., and
Agma, E. L., (submitted), "Macromolecular Structure
Fefinement by Festrained Least Sguares and Interactive
sraphics as Applied to Sickling Deer Type 1I1
Heaoglobin,"™ (abstract), Agcta. Cryst.

Molbrook, 5. F., Susssan, J. L., Warrant, F. K., Thucch,
3. K., and Kim, S. H., 1977, "BKA-ligand Interactions:
{(I) Magnesius Bindiny S5ites in Yeast tFNA Phe," Nuclei:
Acids_peseacch, 3 (8): 2811-2820 (August).

Love, ¥. B., Pitzgerald, P. 4. D., Hanson, J. C., and Foyer,
k. E., 1978, "Intermdlecular Interactions in Crystals

International Meeting op _the Developzent of Therapeuti:z
Ageuts _for Sickle Cell Djiseases, 19-20.

Mopnac>, H. L., Crawfoard, J. L., and Lipscoab, W. N., 13978,
*Three-dimensional Strucrtures of Aspartate
Carbamoyltransfecase fros Escherichia coli and of its

(November) .

Stenkamp, B. B., Sieker, L. C., Jensen, L. H., and McQueen,
Jd. E., Jc., 1978, "Structure of Methemerythrin at 2.8-2
Resolution: Computer Graphics Fit of an Averaged
Electron Density %ap,"™ Biocheaistry, 11 (13):

2499-2504 (June).

Sussman, J. L., Holbrook, S. B., Warraant, R. W., Church,
G. M., and kims, S. H., 1978, "Crystal Structure af
Yeast Phenylalanine Transfer BNA: I. Crystallographic
Refinement," J. Mol. Biol., 123 (4): 607-630.
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PUBLICATIONS ABCSUT GFIP-75

Britton, E. G., 1977, A _Metbodology for the Ecgonoric Design
of Interactive Computer Srapbics Syste?s, and Its

University of North Carolina, Chapel Hill.

Britton, F. G., Lipscoab, J. S., and Pigue, WM. E., 1978,
"raking Nested Rotations Convenient for the User,"
Broc. 1978 _Ac-rR _SIGGRAPH Conf., Computer Graphics, 12
(3): 222-227 (August).

Brooks, Jr., F. P., 1977, "TLe Cosputer 'Scientist!' as
Toolsmith: Stuldies in Interactive Computer Graphi=s,”
Informatjonr PBrocessing 77, B. Gilchrist, ed.,
Morth-Holland Pub. Co., Aasterdam, pp. 625-6134,

Foley, J. D. ard Wright, W. V., 1975. "An Interactive
Molecular Graphics System with a Satellite Terminal
Closely Coupled to its Host," (Panel discussion
position paper), Proc. ALM 1575 Arnnual Conference,
BB-BS.

Lipscomb, J. 5. (in progress). "Three-dimensional DPisplay
of Molecular Moiels,” M. 5. Thesis in progress,
University of North Carolina, Chapel Hill, North
Carolina.

Pigue, H. E. (in projress). ™hested Dynamic Rotations for
Computer Graphics," M. S. Thesis in projgress,
University of North Carolina, Chapel Hill, North
Carolina.

Wright, w. V., 1571, An_Interactive Cosputer Sraphic Systes
of Molecular Stuldjes, Doctoral Dissertation, University
of North Carolina, Chapel Hill.

Wright, ®¥. V., 1972, "The Two-Dimensional Intecface of an
Interactive Systes for Molecular Studies,™ ACM_SIGPLAN
Notjces, 7 (10): 76-85 (October).

Wright, W. V., 1976, “An Analysis of the Limitations and
Present Use Parameters of GRIP-I Facilities of Display
and Analog-Manual Input," GRIP Technical Document
No. 1, Department of Computer Science, UNC-Chapel Hill
{1 Dctober 1976).

21
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Wright, W. V., 1977, "An Overviewv of the Current GRIP
Implenentation,” GRIP Technical Document No. 2,

Department of Computer Science, UNC-Chapel Hill, (11
July 1977).

OTHER COMBMUNICATIONS

As in previous years, the GEIP system wvas described to
many sroups and individuals. The highligants vere:
description of the system by Wright to the national
convention of the Aperican Crystallograpners Association in
Norean, Oklahoma; the keynote speech by Braoks at the IBM
conference in YHucrsley on Advanced Graphins Hardwvare and
Applications; and Wright's participation in a task forse
sponsared by the Natisnal Resource for Computational
Chemistry to enerate a proposal for that agency's
a~tivities in the application of comsputer yraphics to
crystallography.
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I11. RESOURCE EXPENDITURES

A. Summary of Resource Expenditures
Calendar Year 1978
(Parts of Budget Periods RROOB98-04, 03, & 0551%

l. Personnel

a. Salaries & Wages 570,08h.90

b. Fringe Benefits 2,857.71
Subzotal 72,944 .61

2. Consultant Services 200.09%

3. Equipment
4. Maln Resource ———
b. Supporting Equipment 15,541.15

. Maintenance B,386.42

Subtotal 213 ,9827.57

4. Supplies 1,994 88

5. Travel 1,421,29

6. Publicarion Costs f74.01
7. Other

a. Computer Services 5.306.35

b. Other L47.28

Subtoral 5,753,683

8. Subtotal--Direct Costs e10k,915.99

* The figures presented irn this report represent the expenditures
from Grant RR-0D0B9%8 supporting the I™NC Molecular Graphics Facility
during calendar 1378 and are drawn from the official accounting
reports of the University of North Carolins at Chapel Hill., Singe
neither the -04, -03, nor 0581 budger pericds coincided with calen-
dar 1978, these figures will not be the same as the officizl reports
of expenditures for those budget periods.

23



21 March 1979

E. Expenditure Details
Direct Costs Only

Effort Amount

1. Personnel
Brooks, F. P. {Principal Investigator) 197 58,924 .00
Fuchs, H. 17" 3,666, 65
Leonarz, J. 46T 10,503,481

Graduate Research Assistants:

Alspaugh, T. 207 2.150.01
Bittinger, D. 223 2.,300.03
Browm, L. 41% &,Inn. 01
Cohen. J. e 2.,150.n)
Jin, G. a" 2,725
Lipsconb, J. 207 1,999, 98
Xackman, L. &% 649,98
Plque, M. 207 1,999,08
5iddall, W. rd 2,800.07
Sierplen, C. 20% 1,999,98
Snipes, H. 20r 1,999,898
Trawick, R. 201 2.150.01
Voss, D. 39% 4,123.08
Wakabavashi, A. 2n% 2.:150:01
Williams, T. 61 6,450.02

Clerical & Technical Support
Barlowe, K. 218.49
Cornwell, M. g24 .00
Dwyer, K. 188.75
Parrocc, J1. 675.48
Reinties, P. 4 220 49
Uhlig, 3. LA .06
Subtotal --- Direcr Salaries 70,086,890
Fringe Benefits 2.,857.71

: Total Salaries & Wages 72,944,581
2. Consultant Services
Dr. John Szdilard 200.00
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3. Equipment
a. Main Resource Yone

L. Supporting Equipment

Photodiode Array (Reticon) B33, 56
Terzminal (Hewlett-Packard) 1.118.10
Modem (Expandor) b4, 17
Camera [(0lympus) 887 .47
Cable (DEC) 251.K/9
Modem (Penril) 1,580, 80
DUP-11 Interfe:e (DRC) 1,654, 78
Air Conditioning Equipment (UNC Phvs. Plr.) 1,BR4L.55
Printer Installation (Versarek) T&T BT
RKD6 Disk (DEC) 5,867 .79
Lens [Vivitar) 271,39

Subiotal 15.541.1%

€. Maintenance

Contract 5,985, 00

Ocher 2 .401.42

Subtotal B,3RR.42

Subtotal--Equipment 23.,927.57

4. Supplies 1,804,808
5. Travel

Cohen, J. Conn. l11a_32

S1ddail, ¥. Mo, 43,25

Pilzer, S. M. Conn. 158012

Brooks, F. P, DC 164,35

Lipscomb, J. Mo 124,39

Fique, M, Mo INE .45

BIDﬂkE, Fi?- Dkt 2?5#65

Pigue, M. Mo, 81,584

Pique, M. bLC 35.10

Lipscomb, J. DE 106.17

Subtoral--Travel 1.,421.29

6. Publication Costs £74.01
7. Other

a. Computer Services 5.306.35

b. Other (Communications) 447 2B

Subtotal -—- ﬂtyer 5.153.63

8. Grand Total---Direct Costs £1PA,915.949
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IV. CORE EESEARCH AND DEVELOPHENT

A. DEVEIOPHEST ¥OHK COMNPLETED DURING 1978

Head-Motion Parallax VYiewing

Several newv facilities vere developed for the SFIP systes
during 1578. Of these the rost interestiny and potentially
useful is heal pmotion controlled stereo display. V¥We
determine the position of the user's head by having him wear
a headband with a small battery-powered light. A norizonal
row of pliotodiodes is aounted jJjust apove the display screen.
A zask is eounted in front of this rovw of diodes abhout ore
inch away and with its vertical edge in front of the center
diode. The skalos zast on the Jdiodes is used to deterrine
the anjular position >f the user's head relative ton the
screen, and this infasreation is used to control rotation of
the displayed molecule and zap apout a vertical axis.

Our preliminary experisents with this Jevize have been
somewhat surprising. Wwith a 2-D display, when the user
movesS his heald tue imsage appears to rotate in the oppasite
direction relative to poth the user and the Aisplay unit.
That is, the user perceives the display unit as the fixed
object and everything moves relative to it. It is not clear
yet whether this is a useful mode of operation, but if it is
we probably want to scale the image rotation so that it is
s2veral times the angular movensent of the user's head
relative to the display unit.

With a two-eye stereo display and with careful adjustaert
of the rotation scale factor relative to the stereo
separation angle the imaye appears to remain fixed in the
laboratory space wvhile the user scves around it. VWe presurs
that the rotation scale factor necessary for this effect is
sucn that head msotion egual to the distance betwean the
user's eyes should cause a rotation egual to the stered
separation angle.

Eapachandran Plots _On:Line

¥e have added a new mode of operatiorn ta SEIP which
displays a generalized three-dimensional form of a
Ramachandran plot showing the conformation of a molecule.
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In this plot eachk amino acid residue of a protein structure
is represented by a point. The seguence number of a residur
apd the dihedral angles associated with the two twistable
bonds in its main chain determine the x, y, and z
coordinates of its point in our generalizel Ramachandran
plot. By sighting down tae seguence number axis, the SRIP
user can identify -belical or -sheet seztions of the
structure. This facility has already proved useful to sur
clients, and we are considering its extension to display
other conformational parameters of protein structures.

sthaded Molegcular Syrfaces

M. E. Pigue, 1. R. Nacksan and K. E. Sijdall bave
developed an 5ffline facility for GEIP woich generates
shaded opague plots of molecular surfaces using a VEFSATEF
Frinter/Plotter. One GRI? client has found this facility
very useful.

Ugpzline Vert and Menu Definition

During the spring ter® 14978, a tear of students taking a
course in saftvare engineering developed a farcility for GFIP
which enatles the user to emodify the systez verbs and to
create nev verbs during a workiny session. Tuis facility
kas not been integrated into SEIP yet, nor has its
usefulness been evaluated.

UELX

We have purchased an R¥0€ disk storage unit fror the
Digital Ecuiprent Corporation and installed it in the UNC
computer graphics systes. This has enabled us to bring up
the UNIX operating systea on our PDPI1/45 processor. The
GEIP system, however, continues to operate unier Digital
Equipment's DOS, and we have not decided whetner we will
convert it to run under UNIX, or whether GRI-BO will run
under UNIX or another operating systen.
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Brookhaven Library Data

puring 1978 wve converted five solecular structures frop
the Brookhaven licrary to the GEIP format. The
heterojeneous nature >f the Brookhaven data reguired s> auch
hand work on each ®»>lecule that we have discontinued this

project until a need arises for data on individual
molecules.

29
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B. DEVELGPMENT WDRK UNDEERE HAY

Data Taplet Integcation

Dirk Voss has undecrtaken as his master's tnesis the
integration of our Susmagraphics data tablet into the GRIP
systes as the input device for msanual manipulation of
molecular structures. This will enaole us to replare two
joysticks with three input axes each and eight knrobs by this
sinyle input device, thus improving the tactile caortipuity
of the GAIP man-macnine interface. Later we plan to pxpand
the function of tne 3ata tablet to replace the light pen,
the projrasmed function keyboard, and the slide
potentioreters of the current systen.

¥e nave compiled a numper of documents don SRIP to form a
first draft of a lonj-overdue users manual for the current
systen,

Display Detail Control

e are develapinj a newv senu of verbs to specify the
amount of detail o5f a molecular structure that is displayed.
The names Jjiven these verds and the order in waich they are
invoked Ly the GFIP user are designed to form an irperative
sentence. For example, "HIDE MAINCHAIN" and "SHOW ALL
RESIDUES." 4#e believe tune use of these new verps will be
more intuitive than tnose on the current menu.

Eobanced Contouring Functions

We are alsp developing a new menu for controlling the
calculation and display of contour paps. Included are verbs
for contouring a region which is larger or saaller than the
current view cube without redraving the molecule at a
different scale. Als> the addition of a new primitive verh
which puts the specifications of an existing map in the
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operand stack will enable us to build verbs wnich can
re-contour a sap after a cnaoje of scale or view center
without reguiring the user to re-enter this information.

R
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C. DEVELOPMENT WOEK PLANNED

In order to solve a number of architectural and
isplementation probless inberenmt in the rurrent systea, ve
plan a copplete ground-up redesign of the systes to be
called GFIP-Bi. The majoc design objective f£or this systen
are:

Architecture

GFIP-b0 will retain all functions whicn have peen proved
useful in GFIP-75, but some functions say be provided in a
new fors.

The mathematical mddel of a molecule will oe an abstrast
linear graph wanich corresponds sore nearly to the physical
structures than the tree data structures usel ir GPIP-T75.

On-line podification of molecular constitarnts ard
connectivity will be possible.

1f technically feasible real-time zoo=z and pan of the
viewv area wvwill uve provideld.

The display or electron density data by seans of zontour
maps will be supplemented by a technigue £5r marking tte
peaks and ridges of high electron density.

A facility for displaying the surface 2f 3 molecule as an
opague shaded colored ohject will be provided bat not the
real-time animation of such pictures.

Many of the input devices of GHIP-75 will te replaced by
a single locator devire, probably a data tablet. Thie will
improve the tactile continuity of the GRI? man-mackine
interface.

Commands in GRIP-80 will be specified in prefix order,
i.e., operation folloved oy operands.

The systex will be able to prospt the user to guide hir
through the specification of the operands rejuired by an
operation. A description of the function of each verb will
also be available to the user at the work station.

The system will distinguish arong several types of
objects (e.g., atoss, bonds, angles, residues, and peptide
units}) and will require the user to specify the apprapriate
type of object for each operand.

iz
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The system will store sets of parameters called profiles
for controlling display, contouring, sanipulation and
optizization operations. The user can call these up as
needed.

A guick, easy seans will be provided for adding nes
function to the systes.

Generalized tools for constrained zapmipulation will be
ptovided which enable the user to change any aspect 5f the
mo>lecular geometry while holding other features fixed.

The scope >f the systee vill be enlarged by bringirg in
mote types of application data and functions. For exarple,
structure factors, hydrogen bonds, R-factor calculation and
optimization, and minimization of the potential energy
associated wvith a structure.

lzplerentatjion

Tvo implementations of GEIP-80 are planned, one in the
Department of Computer Science at UNC and ane in the IBM/U¥
Scientific Center in Winchester, Fngland. These
inplerentations will be based on different hardware
configurations tnus assuring a degree of hardware
independence.

In both these systeas more functions will be implerented
on the dedicated satellite computer than with SEIP-75. In
particular all cosmand interpretation and execution of all
trival and freguently invoked functions will be done by the
satellite computer. A user's data and nis private
extensions of the systez function will be stored on a
private disk pack which vill be pounted on a drive near the
vork statior.

D. COLLABOGEATIVE PRJJECTS

We consider all our syster developrent which stems {ronm
the use of our pilot syster by chemists as collaborative
work. Almost all the systee developsent during the past
yYear was of this class.

i3
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SERVICE PEOJECTS (A SAMPLING)

Anma -- Deer Headjlobin

Professors Elmer L. Amma and Rowland Girling have use?
GRIP on four sccasions to correct and improve a model of
sickling deer hea>globin, to fit this model to a new
electron density map, ard to make photographs for
publication. This is a very large molecule, 5120 atoms
including the heme group, and parts of adjacent
molecules were included in the model s that
interrolecular interactions could be studied. The
resulting model of B168 atoms vas divided into ten
overlapping substructures of about 2000 atoms eazh so
they could be haniled by our systes. Through the
corbined use >f GRIP and a simpler conmputer graphics
system in their own laboratory, Professors Asma ari
Girling were able to solwe and study this molecular
stricture without constructing a mecnanizal endel or a
"Richards Box."

Davies =-- MED3-FAB

br. David Davies and his co-vorker, Dr.-Eiuards Padlan,
of the National Institutes of Health used GRIP to
positior side-chain and make some minor aijustment to
the main-chain of their node of the imaunoglobulin
M603-FAs. They plan to refine the resulting model using
the Connert-Hendrickson progras.

Hendrickson == Myohemerythrin

In Septeaber 1977 an? again in October, Dr. Wayne
Rendricksan used SRIP to fit a model ta his maps for
myouererythrin. This oxygen-carrying suszle protein
contains 118 residues. Dr. Hendrickson has not built a
nechanical ms>del 2f this polecule, but before coring to
our laporatory he had obtained a copplete set of
coordinates fror his electron density maps. Using GEIP
he made a number of pajor changes to his trial modal.
Since using GRI?, Dr. Hendrickson has carried out an
algorithmic refinesent of his aodel and has corputed a
better elctron density map. He returned to our
laboratory in 1978 to inspect and adjust this newv map
and model.

Kim -- Phenylalanine tRKA

au



6.

21 march 1379

DPrs. Joel Sussman, Stephen Holbrook, and Wade Warrant,
and Mr. George Church working under the direction of
Professor Sung-Hou Kim used GRIP in cosbination with
their constrained-restrained least squares method to
refine the 3-dimensional structure of Yeast
Phenylalanine Transfer RNA.

Professor Kim's group also investigated three RNA-ligand
interactiosns associated with this epolezcule:

1) Metal binding sites in Yeast Pheylalanine Transfer
RNA.
Drs. Susssan, Holbrook, and Warrant discovered why
ragnesium ions are essential to the astivity of this
tkNA polecule. By displaying a difference map on
our salecular graphics systee, they were able to
identify the number and the coordination jeometry of
the essential magnesius ions and study their
specific stereo-chemical environsents.

2) Protamine -- double helix interaction.
Dr. Warrant investigated how Protamine becomes
alpha-helical upon interaction with the tRNA and hovw
it stabilizes the packaging of twdo adjacent double
helical segments of tRNA's.

3) Aromatic wmutagen =-- tENA interaction.
pr. Warrant identified tentative binding sites for
several arormatic sutagens on the tRNA molecule.

Lipscombt -- Aspartate transcarbasylase

or. James Crasford, workieg under Prof. William Lipscosmt
of Harvard University, used GRIP to opbtain an ab ipitio
fit to nis electron density map for aspartate
transcarbamylase. Alpha carbon coordinates for this
molcule vere otained from a seall-scale map, and a
complete model was built using our prograsn. (See Low --
Erabutoxin b.) Dr. Crawiord has completed a pass
througn bosth the regulator and catalytic units of this
molecule using GRIP. He found soae errors in the
seguence for the catalytic unit. Once these are fixed
and the geometry of both units is idealized using

Dr. Hermans's REFINE2 program, the rodel will be put
back in GRIP for further adjustment.

Low == Brabutoxin b
In April 1977, Dr. Atsushi Sato (Chenmistry, Tohoku

University) and Mrs. Jane Richardson (Anatormy, Duke
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Oniversity) wocrking under Dr. Barbara W. Lov interpreted
a 2.5 A map of the sea snake neurotoxin erabutoxin b.
This is almast certainly the same molecule that

Drs. Tsernoglou and NcJueen fit using our systes in July
and August 1976. FRemarkably different methodologies
vere used by these tvo groups, bowvever. Dr. low's group
started with a md>lecular model built from the residue
seguence and approxinmate coordinates for tae
alpha-carpbon atoms taken from a msini-map. Our model
builder, improved since our experience with Professor
James's group, built a sequence of residues with ideal
internal yeocaetry and then positioned them in the model
space using the given alpha-carbon coordinates. Instead
of leavin; these residues in the orientation in which
they vere yenerated, as our earlier prograsm 4id, our
present a>del builder makes use of the alpha-carbon
cootdinates for the adjacent residuyes to approximate the
correct orientation for each residue. Starting wvith the
resultiny conformation Dr. Sato and Ars. Bichardsan wvere
aple to manually fit the model to their electron Jdensity
map.

The resulting conformation was used as the starting
point for further refineaent to this structure ky Dr.
Martha Xisball. Using M. Pigue's experisental surface
display, Drs. Kisball and Low identified a suspected
active Site not priviously identified..

7. ERichardson =-- Superoxide Dissutase

Dr. David and Jane Richardson and their students have
used GRIP since Septeaer 1975 in their study of
suproxide dismutase. An interpretation o5f one of the
subunits >f this molecuyle is finished, and the metal
sites of all four subunits have been conmpared.

#rs. Fichardson also used GEIP to make illustrations for
one chapter of Principles of Eiochemistry by Wkite,
Handler, Smith, Lehman, and Hill.

8. Schiffer =-- Mcg Bence-Jones

Dr. Marianne Schiffer has used GRIP on two occasions to
study and adjust her aodel of the Bence-Jones dinmer.
This sodel of 432 residues vas guite alvancedvhen it was
first place in GRIP, baving been completely fit to its
pap and refined. Dr. Schiffer's map of 2.3 A resolution
was calculated with phase angles Jerived from this
soddel. Using GRIP Dr. Schiffer checked the entire
structure and adjusted some of the side chains and the
main chain at a fev points. The manual adjustmsents whih
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Dr. Schiffer made to her model during her first trcip to
our laboratory creduced its R-factor from 33% to 32%.
The results of her second use of GRIP have not yet been
evaloated. Dr. Schiffer is the only GRIP user wh> has
elected to display contoar maps on two sets of
orthoyonal planes. All other users have chosen either
one set of planes or coaplete "cage"™ contours using
three sets of ortaogonal planes.
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DEPARTMENT OF HEALTH, EDUCATION, AND WELFARE
PUBLIC HEALTH SERVICE
NATIONAL INSTITUTES OF HEALTH
BITHESDA WARYLAND X0i4

June 7, 1978

Prof. Fred Brooks

Prof. William Wright

Prof. John Leonarz

Computer Service Department
University of North Carclina
Chapel Hill, NC 27541

Gentlemen:

I wish to thank you and your staff for lerting me use GRIF

and for helping me build an atomic model of the M603 Fab. We had
calculated, in 1974, a 3.1 A electron density function for this
molecule from x-ray data, had built a tentative (only about 700

of the amino acid sequence was known at the time) atomic model using

a8 Richard's optical comparator and had measured the coordinates for
alpha carbons and carbomyl oxygens. With the almost complete sequence
now available and using the measured alpha carbon and carbomyl oxygen
coordinates, we had generated coordinates for the rest of the atoms in
the structure using Diamond's model idealization program. This was

the .set pf coordinates I started with to build a better model of the
pedel UsThg GRIP. The side groups, understandably, bore no relation

to the map in the beginning and this made fitting of model to map very
difficult. This difficulty was compounded by the fact that the electron
density function is at 3.1 A resclution and is not particularly good.
With GRIP, I was able to build a complete atomic model of the molecule
which closely fits the electron density and, more importantly, obtained
s set of atomic coordinates for the more than 3400 non-hydrogen atoms
in the structure. Model building and the measurements of coordinates
by conventional methods are particularly tedious endeavors and I would
estimate that the 1l days I spent with GRIP are equivalent to at least
6 months of work using the old techniques. 1t is clear that the use

of computer graphics in protein model building is the way of the future
and we, protein crystallographers, greatly appreciate the effort

you have invested in developing GRIP and your letting us use the system.

It would be highly desirable to have GRIP developed to the
stage vhere a model can be built from scratch, where residues can be
added or deleted and where the identity of the residues can be altered
directly on the display. At the present time, knowledge of the
sequence is an absolute requirement to be able to fit side group
density. In this connection, I would like to suggest a scheme
which might be built into the present system and that will allow
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fitting an electron density map with or without sequence information.

It is not an ab initio model building procedure but it should suffice
to get an apprc:inlte imate model that can subsequently be fitted more
closely to the map. Suppose the map is of sufficient clarity to trace
the course of the backbone but the sequence is not fully determined.

A polypeptide chain is now superimposed on the map but for each residue
is substituted the following structure:

J'Ir o j I'\ d'"'r : ?r"“d' t.-du-.'_vc-.

where £l1, €2, C3, C4 and C5 are tetrahedral carbons, 1.5 A apart, and
where there is free rotation about each 'sidegroup' bond. This
structure can be made to approximate any of the 20 residues. Fitting
this pseudo sidegroup structure to electron density corresponding

te Gly, Ala, Ser, Cys, Met and Cys is obvious. Further, C3 can be
made to approximately represent the 0Dl (Diamond nomenclature) in
Asp or Asn, and C4 the 0OEl in Glu or Gln. Even the aromatic side-
groups can be approximated. For example, by making Cl1, C2, C3, C4
and C5 coplanar, one can approximately fit density for His:

with €1 = CB, C2
or Phe (Tyr):

L]

EG, C3 = DL, C4 = CEl and €5 = NE2;

-LFE -

with C1 = CB, €2 = CG, €3 = CDl, C4 = CEl and C5 = CZj



or Trp: .

with C1 = CD, C2 = CG, C3 = CD1, C4 = NEl, and C5 = CEZ;

or by making Cl, C2, C3 and C4 nearly coplanar, one can fit Pro:

{; T,
k) = -
'.t Y
=
C A :
“n

with C1 = CB, C2 = CG, C3 = CD and C4 coinciding with N.

The pseudo sidegroup structure canm only give the approximate location

of the corresponding atoms but it should suffice to enable an idealiza-
tion program to generate & proper sidegroup (or the rest of it) for later
refitting. Val, Thr, Ile, Leu and Arg could be better fitted by adding
more atoms to the pseudo sidegroup, thus:

C2' can be used to better fit density corresponding to Val, Thr or Ile;
C4' for Leu; and the planar C&, C5, C6 and C&' for Arg.

If an ab inirio model building procedure is going to be incorporated
into GRIP, 1 would suggest that the user be able to invoke helices or
extended chains of any desired length - it is much easier to bodily fit
a stretch of preformed helix rather than twist a stretch of residues into

a helical configuration.

At the present stage, GRIP is more suited to fitting a model to
electron density map rather than to building a model to fit the map.
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Builders reqguire a large view of the map and model (to see the inter-
relation between the different parts), whereas fitters can work with a

much more limired view (since the model already closely fits the density
function). Stereo viewing is a great help to builders, yet buffer re-
guirements for sterec Tun counter to those for large view display. Fitters,
on the other hand, especially those who are working with difference maps,
would benefit frow the ability to display map features contoured in the
conventional manner - in the final stages of fitting, the density gradient
becomes very important,

A complete documentation of the operation and consegquences of the
various commands is highly desirable. In addition, "tricks" that permit
a more efficient usage of the system should be documented. (1 learned
from Bill Sidsll, for example, the trick of contouring as large a part
of the map as feasible and then isolating smaller regions by adjusting
the scale - the object here being to save time since contouring takes
a long time to accomplish.) 1 would suggest thar the experiences of
all those who have used the system be pooled and made available to po-
tential users.

Listed below are some personal experiences and suggestions:

(1) Operations, which detach and translate groups (e.g. FITRES,
FITCO, FITRANGE), necessarily build in distortions., It is not saasy
to assess the departure from ideality by simply leooking at the image
on the screen, nor is it practical to demand the values of the bond
lengths and angles after each fitting. Afrer becoming more familiar
with the system, I noticed that the residues I had fitted during the
first two days were frequently distorted and had to be subjected to
extensive refitting. 1 also noted that the 'toothpick' works in labora-
tory space and that distortions from using the 'toothpick' can be avoided
by properly positioning the model before applying the rotation (e.g. enc
on view of the bond for clockwise and counterclockwise rotations, etc.)

A display of the instantaneous values of the length of the "rubber"”
bond (at least) would be very useful. Furthermore, idealization at the
preliminary steps of building should probably be very restrictive (i.e.,
CA should be made strictly tetrahedral, the peptide link planar, etc.)

(2) The TWSTBOND can have dire consequences on atoms that are out-
side the viewing area. Potential users should be warned of this.

(3). FITRANGE and TWSTRANGE can cause the lengthening of a bond
which is difficult to reverse, if at all. I ended up saving the file
prior to using either of these verbs.

(4) One should be able to specify the atom (bond) about which ro-
tation is accomplished in TWSTRANGE (or FITRANGE) - this becomes desirable
when fitting backwards from the C- to the H-terminus.
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{5) 1In FITRANGE or TWSTRANGE, the operation is not confined to the
light-penned atom; certain atoms appear to be linked to each other (list
dependent?). This should be documented.

(6) The image on the screen sometimes changes hand and in my case
this led to confusion in the beginning. This is compounded by the in-
ability to rotate the view a full 360". I was once so confused that I
started flipping the peptides arcund. This was before I realized that 1
can display all the surrounding residues (by invoking SHOW) to see more
clearly the interrelation between neighboring segments. The cause of this
image reversal should be decumented and a warning given to potentlal users.

(7) While the side group rotations are disabled in proline, the
ring can be broken in two and the individual parts moved separately (with
FITRANGE) . This should be documented.

(B) Afrer several hours of use, a part isolated by FITRES, FITCO,
etc. may start to drift; I found that holding the 'toothpick' at an extreme
positien for a second and then relﬁuin; would usually stop this driftc.

(9) Also after several hours of work, the air in the room would
seem drier with frequent 'sparking' between fingers and light pen causing
s noticeable disturbance in the system. (I may have crashed the system
once by such sparking.) Would a humidifier help here?

Trouble-shooting procedures should also be documented. For example,
1 learned from Dirk Voss that, if the screen does not respond to the
light pen, one should try increasing the tube intensity. Further, I
learned from Carol Serpien that, if the systex does not respond to "mode”
selection, one should try pulling on the buttoms.

1 am sure I share with other users the hope that you will continue
to improve GRIP. Of course, as it now stands, GRIP i{s already a fantastic
system,

Finally, I wish to thank the graduate students, in particular
Bill Siddall, Dirk Voss and Carocl Serplen, who were always sround to help
when I ran inte problems. I also wish to express my deep appreciation for
the patience of Bill Siddall who got me started, did all the idealizations
and file handling and without whose help 1 would not have accomplished as
much.

Yours truly,

. Pl
Eduardo A. Padlan = ANPEr -
E@EW]@
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HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

12 Oxford Street
Coméridge, Massackusers: 02135
UsA.

June 19, 1978

Dr. F.P. Brooks

Chairman, Dept. of Computer Science
. of ¥. Carclina

Chapel Hill, X.C.

1 have just finished a very successful stay in Chapel Hill
to use your department's graphics facility and would like to
comment on the CRIP system and the work 1 accomplished.

1 am working on the protein aspartate transcarbamvlase, an
allosteric enzyme that catalvzes the reaction of carbamoyl-
chosphate with asnartic acid tc form carbamoylaspartate and
phaovhate and is the first step unique to the pvrimidine bio-
synthetic pathwav. The melecule is a 310,000-dalton complex of
f copies of each ©f 2 unique polvpentide chains, called the
regulatory (R} chain and the catalvtic (C) chain. The crystal
form 1 am currently working with is in space grouo P321 with 2
conies of the B and C chains in the as'mmetric unit_and with the
inhibitor CTP bound tc the enzyme. An initial 2.8 4 map was
calculated usine multiple iscmorphous rewvlacement phases. This
map was then averaged about the non-crvstallegraphic 2-fold so
that the final map had only one unicue 2 and C chains. The gualitv
of the map differs dramatically between different recions. Over
the majoritv of the mao, the gualitv is very good with all side
chain peaks and many carbenvl peaks apparent. However in
approximately one-fourth of the mar, including 100 of the 152
residues of the R chain, the density is weaker, gane are apparent
in the main chain, and the side chain peaks are obscured by
noise peaks. 1In addition the seguence is either unknown or in-
correct for about 75 out of 300 residues of the C chain.

At Harvard 1 had measured ac-carbon coordinates for all the
residues from & crude Kendrew model built in a Richard's box.
The main goal for my work at the graphics facility was to accurately
build the 275 residues for which both the mar is good anéd the
sequence reliable, and to accurately builé as much of the main
chain as I could where the seguence is unreliable. I am pleased
to report that I was easily able to accomplish this geal in the
ten days I spent at U.N.C. I found the system very adeguate for
my task and for the most vart have only praise for the system
and for the pecple there who heloped me, in particular Bill
Siddall.



I would like to make a few suggestions which would make the
system even hetter. The most serious defect is the lack of a
user's manual which could be sent to a user before arriving at
Chapel Hill. 1 know that I wasted at least half a day learning
all the key words available and I never dié learn all the ontions
available. Second, since our sequence is not accurate or comnlete,
it would have been very useful to be able to edit residues with
the system; that is to add, delete, or chance residues. As 1t
was, I could not test anv sequence changes and those which I
knew were obvious I have to make at Harvard. Third, I would
suggest putting in verbs to build a model c-helix between gzven
residue numbers and rotate and translate this helix as a unit.

I'm sure for our resolution map a model helix would be better
than my building. Finally, it would be useful for comparing
structures or mans if two atom files could be disvlaved at cne
time and if two mans that are disnlaved could be rotated and
translated relative tc each other. 1 had no need for such
features this time but would find them useful when we get maos
of other forms ¢f the molecule.

In ¢losing 1 would like to sav that I thoroughly enjoved
my stav in Chapel Hill and certainly hope 1 can return acain soon,

Sincerely,

i

uames L. Crawferd

EGEIV

Computer Sc.ence



THE UNIVERSITY OF CHICAGO

DEPARTMENT OF BIOPHYSICS AND THECRETICAL BIOLOGY

CUMMINGS LIFE SCIENCE CENTER
210 EAST S3TH STREET
CHICAGD = ILLINDI1S &0837

June 26, 1978

Professor Fred Brooks
Department of Computer Science
University of North Carolina
Chapel Hill, X. E.

Dear Professor Brooks:

Thanks for the help. We don't know vet the bottom line of the
mode]l building effort but it is clear that Podjarny and Schevitz, perdons
of high technical standards, found the persons at the facility cordial

and technically first-rate, and the Ffacility very well conceived and
managed.

I hope our experience. which is detailed in the enclosed report,
helps vou to further develop vour fine program. Please feel free to
solicit further testimonials if necessary.

Thanks again.

Sincerely,
" Pl TS
Paul E. Sigler -qhh

Professor

PBS:dw
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Report on the use of the graphic facility at the computation center at the

University of North Carolina
Molecule: veast tRNA?ét

Map: 4.5 A MIR map with direct methods and density modification.
Users: A, DB. Pedjarny, R. Schevit:

Date: June 1-4 and June 13-21, 1378

The laboratory of macromolecular crvstallography at The University of
Chicagp, Department of Biophvsics, has been working for several years in the
strocture of a eukarvotic initiater tRNA, thA?E!, Due basically to weal high
resolution intensities the structure has been particularls difficult 1o solyve,
and :only in the past six months has a map suitable for model interpretation
emerped,

Large portions of the structure of tRNA are helical and have 3 very
definite structure. Also, the structure of this initiater tRNA should be
locally similar to that of tREAPhG. though significant overall differences might
be expected. Therefore, a system which allows the superimposition of large
portions of the map with substructures of known stereochemistry is highly
desiTable.

A Richa: 1's box was set up and a physical model was built, but though it
followed most of the map it did not have satisfactory stereochemistry. This Was
traced back to the problem of lack of rigidity in the secondary structure and a
failure to maintain the known stersochemistry.

To overcome this problem, a static graphic system was implemented in
Cﬂicagu. The hardware consisted of a 370/195 computer with storage tube CRT
terminals (Tektronix 4010 or 4014) or refresh graphic terminals (HP26484) The

software consisted in a set of Fortran IV subroutines originally developed at
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Columbia University, at the laboratory of Professor Cyrus leventhal, and
adapted for map interpretation at the Wei:mann Institute, Rehovot, lsrael,
and then in Chicago, by A. D. Podjarny

Using this static system. several portions of the tRNAPh' molecule
were rotated and translated as rigid beodies in order to fit the electron density
map. We also had located by means of heavy atom markers the positions of
three residues in the unit cell, which were used to anchor the interpretation
Some bond angle changes were made in regions between rigid substructures, but
in general that was not the case, We ended with a model that fit most of the
density, but the static svstem was clearly not flexible nor fast enough to
accurately fit the densitv. The task was made even more difficult by the farct
that only three views of the map and molecule were available, and only nne 1f
a large portion was displayved.

It was at this moment that we approached the North Carolina facility,
Our main purpose was to implement i more flexible svstem that would let us
make a better fit of the map and also have a better view of the current interpre-
tation. As several other alternatives were feasible, we wanted to be able to
compare them in a real time system, The reason for choosing the North Carclina
facility was that (a) the previous experience in dealing with tRNA and (b) that
it was available to NIH supported scientists,

We sent our map and molecule in advance, and one of us (A. D. Podiarny)
arrived at Chapel Hill for the first of two sessions on June lst and staved
for four days. The system was practically ready te go, and it was possible to
start working within half an hour of arrival. We regard this fact as a proof
of excellent support of the visiting researchers, and this was reaffirmed during

the whole stay. In three days, from the first to the fourth of June, a complete

pass on the molecule was done. The general strategy used was to move rigid
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substructures as rigid bodies, and then independentiy fit the connecting
residues. The map was good enough to locate the rigid substructures, but not
for locating individual residues. In the three loop regions of the molecule,
the strategy consisted of fitting the whole range of the loop by individual
bond rotations; the range to be fitted was advanced by one residue in order
to access sequential bonds, until it was completed. A new verb (Fitrngno)
was created in order to define more easily the range to be fitted. In
general, this worked gquite smoothly; the only problem was the need to break
helical portions in two strands. because of a software limitation which made
it impossible to simultanecusly fit residues not comnected in sequence

The interpretation brought from Chicago was sustained, with miner
changes for better fit of the density, for 56 outr of 75 residues. For the
other 19, a better interpretation was found. The most important advantages
of this system over the static graphics system were (a) the ability to look
at a continuous rtange of viems, (b) the ability of real time fitting in a
much shorter time and (c¢) the display of solid tvpe contours

A very important constraint of this crystal structure are the symmetry
elements, in particular the dense nerwork of dyad axes. In regions where the
density encroaches on the dvad the intermolecular contacts were quite accurately
defined. The first approach to displaving the svmmetrry was to display the
symmetry axis, and thar was enough for the first page.

On June 13th Podjarny and Schevitz arrived at Chapel Hill for a second
session. A strategy to display symmetry related molecules was discussed with
one of the members of the supporting team (Bill Siddall) and it was agreed that
the best was to generate a file with a pair of superimposed melecules and then
rotate one of them on-line into the desired svmmtry related position. MWhile
this was being done, A. D. Podiarny corrected some stereochemistry that had

been incorrectly placed during the first pass and Richard Schevitz locked at
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the current interpretation and tried all the possible alternatives that seemed
apparent. It should be stressed here that while A. D, Podjarny had previous
experience with graphic systems, Richard Schevit:z had not. Therefore, his
opinion as a newcomer to the field must be of particular interest to the
facility. He found the system easy to use, though designed for better qualirvy
maps. In particular, he found that it was not well suited for fast screening
of different alternatives within reasonable time.

The net result of Pr., Schevitz's trials was that no alternative could be
found that made a better fit of the density and had a comparable stereochemistry
Therefore, the current interpretation was upheld as the mest likelv one

Meanwhile, the symmetry related procedure was operational and it was
used to investigate the packing in the contact regions. The packing is quite
right, but very reasonable. Small adjustments have to be made to the residues
which are involved in the packing.

A set of photographs was taken in Kodak 3-X film using the Olyvmpus OM2
Camera with a Vivitar zoom lens set at 200 mm, The automatic exposure facility
of the Olympus was used, presetting the f-stop at f-8. This meant a speed of
1/8 of a second with automatic normal exposure and of 1/30 of a second with the
-2 option. This film was developed ar Chicago and the result was satisfactory.
Prints are being made to decide which exposure (Standard auto or -2 auto) worked
best.

The system suited our needs, bor sonme modifications would improve its
performance when dealing wit. substructures of known stereochemistrv. It would
be" very useful to be able to rotate and translate as a rigid body a portion
of the molecule which forms an independent structural unit in three dimensions
but is not connected in seguence; in our case, the candidates are the helical

segments of the molecule, whose stereochemistry is very well defined.
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When treating the loops, we found the need to accept a given conforma-
tion and advance our fitting region by one residue in order to have access 1o
the following bond angles. This combination of verbs could be improved if it
were combined in & single very that would accept the given confirmation, advance
by one residue and then start fitting again. It would also be useful to have
the option of deciding which bond angles are connected to the fitting knobs,
instead of having them connected to the available ones in sequence.

Besides being useful for manual fitting, a syvstem of this kind could be
improved if it were also served as an interface for a higher level of feedback
than visual fitting. For example it would be advantageous to call for the
caleulation of ‘a standardized numerical indicator of the ''goodness of fit"
between the model and density and a short (one or two cveles) computational
refinement or adjustment of the mode! to maximize the fit, The idea is ta be
able to invoke (albeit with much longer delayvs) a computed fit (refinement)
after visual adjustment. Various other graphic estimates of validity could also
be invoked as high level feedback. For example the investigator could call for a
phase calculation besed on the well fit part of the model. A new map of a test
region of the density (generally not used in the model calculation) would then
be displaved and compared with the eriginal density to see if the phasing had
been improved. Such packages are sufficiently well understood and appreciated

by the 'structural community' to be useful standard tools.



HARVARD UNIVERSITY

DEPARTMENT OF CHEMISTRY

12 Oxford Serees
Cambridge, Masrachusetts 02138
UsA.

September 15, 1978

Dr. F.P. Brooks, Jr,

Chairman, Dept. of Computer Science
U. of N, Carolina at Chapel Hill
New West Hall

Chapel Hill, N. £. 27514

Dear Dr. Brooks,

I would like to repert on my visit to Chapel Hill to use
the computer graphiecs facility during the week of August 14.
This was my second visit to use GRIP and was as successful
as my first visit in terms of accomplishing what 1 wanted to
do.

During my first stay in May, 1978, I fit asproximately 273
of the 450 residues of the enzyme aspartate transcarbamylase
from a 2.8 electron density mapr averaged around a nen-
crystallograshic 2-fold axis. After two cvcles of Diamond
real space refinement starting with the coordinates I brought
back from N. Carclina, a structure factor calculation based
on 60% of the atoms in the protein gave a crvstallographic
R-factor of 44.1%. I calculated a new map from observed
structure factors and phases which were the MIR phases combined
with the calculated phases, This map was not averaged around
the non-crystallograshic axis and I brought to ¥. Carclina two
maps including both copies of the polypeptide chains,

At N. Carolina I accomplished four things. First, I com-
pared the Diamond-refined coordinates with the original map to
see that the refinement had adjusted the atom positions cor-
rectly. Second, I compared the original map with the new maps
to see if there was any improvement in the quality of the map.
There was a definite improvement in the poorest regions as
best indicated by the more apparent coiling and chain connec-
 tivity in several ill-defined helices. Third, I compared the
“electron density of both copies of the polypeptide chains with
each other to see how closely the molecule obeys the non-
crystallographic symmetry. All of the protein appears to obey
the symmetry with the possible exception of some of the side
chains in the region of the map which is still too poor to even
tell which peaks are side chains and which are noise. Fourth,



I built the main chain for most of the remainina residues,
bringing the total number of atoms built to 75% of the protein.
The side chains not yet built include all those in poor areas
of the man and a stretch of about 70 residues for which there
is no accurate sequence.

The improvements to the GRIP system which I would have found
most useful during my visit were the same as those 1 commented
on after my first visit. These suggestions include a compre-
hensive user's manual, an editor within the GRIP system for
changing the seguence, an easy way to make a model ae-helix in
a snecified portion of the nclyoeptide chain, and a way to
display two maos so that one can be rotated relative to the
other and so that one of the slide knobs could be used to
alternately see one or the other of the maps.

In the future 1 hove to improve the cuality of the man by
more cycles of refinement and structure factor calculations
and to determine a better seguence before returning to use
GRIP to build the remaininc portions ¢f the molecule.

Sincerely.

i A L

James L. Crawford
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C Jcteober 1978

Dr. #illiam V, wWright

The University of Nortr Carolina at Chapel Hill
Dept. of Computer Science

New Aest Hall 075A

Chapel Hill, N.T, 27514

Lear Ur. sright,

This letter is to repcrt uvn oy use of the GRIF-75

molagculay Fraphics system this surmer in the refirerment of
the siczle cell hemcglobin siructiure.

1 had twg purposes fer ceming dowr to Chapel Fill to
uee the GrlP-7% Bysten. Cne vas tr refit the rest peerly
fit resigues irn tte sTructure tcoc irprove tre overall agreerer’
betwier: the mndel ard the xX-ray deta. The otrer purrcse was
examive ard refit regirns ri crrtact betwesr neighborirg
Femcelabin Tolecules.

I breustt severr. electiron dersity raps of the type

shigh we call "frrirert dels
rortirns ¢f the mecdel from t
t0 niss treir rlacemert in t
difference raprzs, 4 determine
(zbrut S» cf ke s Tucture)
rup for these verclicues

r”, These rayps rercve decired
e phase calculation, so s not
re dersity rer. From standard
d the mest peorly fit 54 residues
2nd calcul=ted » frrrrent delta-¢

= Using GRIP=-7%, 1 xas akle tc fit &7
of these tc Brod dernsity. In additicn, 1 refit about 50 rezldues
whicsh are irnwvelved in varicus contzct regicns ir the crystal
structure, Calculaticn £ new difference elecircon density
mats, using the nea medel cocrdirates In tie calecul=tions, @
th=t the riew pc=it._ore gre nmuch mere accurate thar the prev.
crnes, Ancther indicaticn of thke irprovement c¢f the overall
tructure was the decreazse in the 'n value' (a nessure cf
thke discrepancy beiweer the mcael =nd the x-rzy d2tg) frem
1392 o |3E?t

g
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L
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. Since we are ccrcerned with the molecular sggregetion of

sickle cell hemoglobin, I wag mecst interested in studying thre
contact rezicns betweex neighboring hemcglcbin melecules in

the crystal, (f particulsr interest is the structural 2djustments
which may te rnecessary fer the formation of & strong contact.

Using frzemert delta-r map of the “iishner Contact”, which invclves
the mutant residue, it was observed that the "donor™ side of tre
contact must undereo sienificant resrranzerent for the cortact

tc be formed. In & vater,sren to be sent for publication, we
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rrepose th=t the ability of 2 hemoglobin tc gel is deterrmined

by the rliability of this region of the hemoglcbirn. This propossl
is a direct result of otcervaticns mede using the GRIP-7¢
molecular eraghics sy stem,

The GRIP-7% system sas very well suited for my purjcser.
It not only allowed me to refit residues much faster trep
would have beer possitle with -ur syster, but alse enabtled e
to observe mclecular ccrnt=cts petter than I rad ever Leen
able to ir tre past. The accomplishments were we.l wzrth the
effcrt of preparing my data for the system and travelirs Stuth
irn the heat of i1he su~ner.

alncerely,



HARVARD UNIVERSITY
DEPARTMENT OF CHEMISTRY

12 Osford Street
Cembridge, Massachusetss oa1 38
USA.

NMovember 23, 197E

Professor Fred Brooks
Department of Computer Sciences
University of North Carclina
Chapel Hill, ®.C. 27514

Dear Fred:

I would like to express my great aporeciation for the advances
that we were able to make in solving the structure of the larage
regulatory enzyme aspartate transcarbamylase with the use of the
graphics system that your people have developed over recent years.
The ability to reorient the molecule within contours, and especially
to view specific regions in various crientaticns was very critical
in this study and has allowed more firm conclusions than we could
possibly have reached if we had done all of the work here. Thus
your oraphics svstem has provided us with a more searching and
vower ful technique than I believe 1is available anvwhere else 1in
the world for the study of orctein and nucleic acid structures.

I hope to be writinag to you within the next several months,
and perhaps after that, with respect to studies of a totally
different enzyme conformation of aspartate transcarbamvliase. I
also hooe that the graphics system will be available for us to
map out the complete structure of carboxvpeptidase A complexed
with the protein inhibitor from the potate, a study which we now
have very well under wav. Therefore I shall be writing again scoen
about establishing definite dates for these studies in cecllaboration
with your computer graphics groun.

Sincerely vours,

wWilliam N. Lipscomb
2bhott and James Lawrence Professor
of Chemistry



College of Physicians & Surgeons of Columbia University | New York. N.Y. 10032

DEPARTMENT OF BIOCHEMISTRY 830 WSt 1086 Situiki

December 11, 197B

Professor Frederick P. Brooks, Jr.
Chairman, Department of Computer Science
University of North Carolina at Chapel Hill
New West Hall

Chapel Hill, North Carclina 27514

Dear Professor Brooks:

As you know, 1 had hoped to be able to come down
with Dr. Kimball when she returned this time to continue
refinement studies on our molecule using the GRIP Molecular
Graphics System. Unfortunately several circumstances, in-
cluding a broken arm, have delayed my work here, I am further
hampered at this time by ad hoc University meetings tomorrow
and on Wednesday and Thursday mornings, all of which I ought
to attend.

I know there is to be a site visit from the National
Institutes of Health concerned with the funding of the System
and I wish I might be there to speak of my concerned and en-
thusiastic interest.

I write with a sense of urgent need to tell you how
important the Chapel Hill Computer Graphics facility has been
to us in our work on erabutoxin:- a protein snake venom neurc-
toxin.

The structure of erabutoxin was initially established
by working with electron-density maps without even a Richard's
box. Having worked with the latter there is no doubt that
chain tracing is significantly easier with the Graphics System.
By far the most important and significant advantages of the
GRIP system, its unigue and ocutstanding features, are however,
in my view the flexible approach to model fitting and refinement
which it incorporates, and, even more fundamental, the develecp-
ment of an understanding of structure-function relationships
which the display system promoctes.

As I wrote to Dr., Baker in February of this year,
our initial Chapel Hill refinement run established most of the
intra-molecular interactions, both those of the dominant 8
structure, the multiple 3 turns, as well as the complex of
intra-molecular bonding.

After the initial Chapel Hill run I was able to
propose a probable reactive site region for the toxins and to
describe reactive groupingswithin it. As I think you know,
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erabutoxin was the first three-dimensional toxin structure established
and it may be considered as a prototype for the whole class of

nearly fifty snake venom curaremimetic postsynaptic neurotoxins

for which segquences have been determined.

Subsequent refinement runs have extensively exploited
two capabilities of your system,

l. The display of Ramachandran angles during fitting.
Without the ability to calculate Ramachandran angles the choices
made in chain fitting on occasion lead to improbable and essen-
tially "forbidden" values. This can now be easily avoided. This
is a very important new develcpment.

2., The map we are working with is not a high resolution
map; there are always some ambiguities in fitting side-chain
groups. The ability to calculate, at will, distances between
non-convalently bonded atoms helps to aveid overcrowding.

3, seof the reactive groupings in this molecule
involve hydrophobic residues. Hydrophobic interactions are not
vectorial. In defining hydrophobic regions overall fit must be
considered.

Van der Waal's interactions are most elegantly char-
acterized by the visual examination of the shded-surface repre-
sentations of the molecule which your new development for showing
Van der Waal's packing radii provides. This is an excellent study
aid., Such interactions could only be worked out more painstakingly
and slowly by other means.

The System has further capabilities. In particular it
can be used to display intermolecular packing between adjacent
molecules. The information about intermolecular interactions,
so easily established by display, has been totally unexpected.

It suggests to us possible modes of interactions between toxins
and/or receptors when the toxins bind to the subunits of the
receptor molecule. It also provides provocative insight into

the possible nature of the problems of crystallization experienced
with some toxins.

Use of the Computer Graphics System is, even after
several experiences, dependent on the organized critical help
of the Director, his associates and students. Although I have
not worked myself for long periods at Chapel Hill, Dr. Kimball
tells me that the support she has received has been exemplary.
It has involved not only technical help and instrumental instruc-
tion but also the critical interchange of ideas concerning
problems and their possible solutions.
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Finally in simple terms of my own research interests
and the budget which supports them,

l., There are many studies which it has been possible
to make on the Computer Graphics System which we could have
made only with very great difficulty, with the loss of enormous
amounts of time and several thousand research dollars from my
own research budget.

2. The kind of interactive study which is possible
with the Computer Graphics System provokes ideas and promotes
ways of thinking about inter-and intra-molecular interactions
which come less easily with other kinds of model building studies.

3, In terms of our own needs, the facility at Chapel
Hill is ideal.

The Department of Computer Science in developing this
system has interacted so strongly and positively with the protein
crystallographers who use it, that more fruitful developments
have been achieved and may be expected than could have been
hoped for even if each protein crystallographer had, at great
expense, had an individual computer graphic system in his or
her own laboratory.

2 system which is intrinsically well-developed, but
also responsive to needed modification rather than "locked-in",
and one which is also under the direction of experts both in
computer science and the needs of the crystallographers must,
be definition, be the best possible.

Yours sincerely,
6&"‘-‘3‘“?& L\-: .LUH:' :

BWL:xrd Barbara W. Low
Professor of Biochemistry



