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A. DESCRIPTION OF RESOURCE OPERATIONS ANO PROGRESS 

This year we have operated with "maintenance" funding of 
$51,000, in fact lower than in any previous year, and a 
skeleton crew. This forced a choice between continued deve­
lopment of GRIP and its operation as an experimental pilot 
service. We chose to continue pilot serv i ce as our chief 
activity. We have ~ade so~e minor modifications and impro­
vements to GRIP-75 in response to our clients • immediate 
needs , but we have done nothing on the further de velopment 
of GRIP-II (except write proposals). 

We are building a comprehensive and effective interactive 
computer resource for seeing, man~pulat ing, and computation­
ally modifying mathemat ical models of compl ex molecules. we 
believe t hat our present resource has been shown to be as 
complete and useful as an y in existence; we are aware of 
many inadequacies and nee~s. 

2 

Funda~ental to our approach are the following objectives: 

The GRIP syste~ is designed to help che~ists get results 
to their problems, and its success is measured only by 
theirs. 

GRIP is designed to help the chemist visua lize his mole­
cules, his density maps, etc., so that he can use his 
knowledge to guide comp utation processes. That is, it 
is an aid to, not a surrogat e for, human thinking and 
manipulation . Hence a strony emphasis on human factors 
research ar.d :>n human engineering of the system . 

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

GRIP is des igned to interface ssoothly with any batch 
computations its users must do, and to incorporate on-
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line facilities fo~ all computations that can ~easonably 
be done "while you wait"-

We as coaputer scientists ar~ interested ~n GRIP as a 
test-bed foe research in •an-machine systems design, in 
•an-machine interaction, and ~n the des~gn of distri­
buted coaputing systems. 

A corollary of these objectives is that we are heavily 
dependent on obser vation of and feedback fro• real users 
at teapting to s olve real problems. Hence when cuts vere 
necessary, we cut development in order to keep on getting 
use~ experience. 

We currently offer the facility , an4 such help as we can 
give, free of cha~ge to any cheaist: 

who has a scientifically interesting proble•, as 
asse$Sed by our Resource Adviso~y Comaittee, 

whose work is at a stage where ou~ facility might be 
useful, 

who is willing t~ comm~t his tiae, travel money, and 
eftort to a serious use of the facility, and 

who is w~lling to give us wcitteo and oral feedback from 
his experience. 

we have extended this otfer publicly at the Columbia Wor.l<.­
shop on llolecular Graphics (June, 1976), at the South 
Atlantic Protein crystallography Workshop (April , 1977), and 
by word-of-mouth at other occasions. So far, we bave had as 
aany users as ve bave been able to handle. 

Our users ace almost exclusively working on the struc­
tures of aolecules of considerable biochemical interest: 
proteins and nucleic acids. We aim to advance health ­
oriented biocheaical research by enhancing the po wer of 
individual researchers throu9h better tools . 

Figure 1 shows the planned ot·ganization chart for the 
project as proposed in ~~EE!~!~n~.l! to our 1976 renewal 
proposal. fiqure 2 sho ws ho~ ve have in fac t operated this 
year. w. v. Wright is not supported with grant funds. 1'. 

] 
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P. B~ooks and J. He~mans also ~eceived n~ suppo~t in 1976-
77, because of the funds sho~tage. All three ve~e , hoveve~. 
active in the project in the ~ales sbo wn. 
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The p~incipal changes in the administ~ative and scientif­
ic st~uctu~e have been: 

(1) The depalture of P~ofesso~ Poley, vho vas supervisi~g 
g ~aphics facility develop•ent and ope~ation . 

(2} The depa~tu~e of P~ofesso~ wallace, vbo was supe~vising 
explo~atory development of program~ing languages for 
interactive computer graphics . 

(J) The graduatbn of llr. E. G. Britton, who did a lot 
of the vo1:k on GRIP-75. 

(4) The ~eplace2ent of llr . J . R. Robb as associate 
chair11an by rcr . J. E. teona~z . 

(5) The co11ing to UYC o! Professor o. L. Parnas, a 
renovned e xpert on sottva~e enginee~:ing. 01:. Pa~:nas 
will joir. the project actively in the summet" of 1977. 

As 11entioned, ve did not p~ogress on the developmen t of 
GRIP-II, but ve did develop a substantial number of enhance­
ments to GBIP- 75 . The~e were generated in response to our 
use~:s• most urgent needs as they came to l~ght. 

!lost of these developments enhanced the facilities of 
managing the data libraries of many use~:s, including facili­
ties tot" b~inqing nev data on line. 

The other chief class of develop•ents conce~:ned ~olecule 
manipulation facilities, including on - line refinement and 
the buildLng of initial aodels froa molecular sequence and 
alpha-carhor coordinates. 

As ve serv~d •ore users this year, ve had •o~e va~:ied 
exper1enccs, some quite successful , so•e unsuccessful. The 
list of users and a sketch of each of thei~ scientific p~:o­
jccts lS give~ in Sectior. IV. 

7 
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The most dramatic success since our last report was 
accomplished by Prof. D. Tsernoglou of Wayne State Univer­
sity, who obtained in about 60 hours of system time a com­
plete fit, ready f!lr batch refinement, of a sea snake neuro­
to~in of 62 residues. This was almost an ~E !n!!!2 tit. 
They started with alpha-carbon coordinates read from a mini­
map. No physical 11odel or Richards box vas built. This 
appears to be a first for a molecular graphic system. 

The most serious failure was experienced by Dt:. Delbaere 
and Hr. Brayer, colleagues of Pt:of. 11. Jame:; of the 
University of Alberta. So ve learned the most from their 
visit. We tried a new model-builder on them; it vas clearly 
not ready for use, producing an initial configuration too 
far from the real one to be manually repaired ic the time 
availabl e. 

The new technical issues ra1sed by the Delbaere and Bray­
er experience have to do with when, how, and under what con­
trol departures fr~m ideal geometry are to be allowed into 
the molecular model being Eit to a density map. lie havt! not 
f inishe d our post-mor tem analysis of the visit. Because the 
valence bonds of a real molecule are under stress and 
because of e xp e rim ental error·, the geometry of the molec ular 
model which is the result ot a fitting p~:ocess is e~pected 
to depart slightly fr~m ideal. Different users will want to 
inject these discrepancies at different stages in the fit­
ting process and by different means. We leat:ned from the 
Delbaere and Brayer expe~:ience that a widely-used syste1 
must accommodate the preferred methodology of all potential 
users . So a general system must offer choice in this matter, 
as well as in the others (perception. •anipulation, contour­
ing) we have seen earlier. 

We append the letter reports written by our several 
visiting users. They indicate a great deal about the les­
sons to be learned from such collaborative research. 

The system has been ava ilable for molecular g raphics use, 
both develop111ent and set:vice, for 12 hours per day : 

8 

12-2 p . m. 
5-B p.m. 

1 0- 5 a.m. 
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Th1s t~•e has been substantial ly but not fully used, partly 
due to the inconvcn1ence of soee hours, but aostly due to 
our staff liait ations ~n the amoun t of support ve could fur­
nish. The detail ed data ace g1ven in Sec t ion II - B. 

This year has driven ho~ e a major lesson a bout service. 
From our 1975· 76 experience ve believed, as stated in last 
year ' s report, th a t a key ingredient in ou r users• success 
va s the s teady ava ~lability of a compu ter scien tist as 
"flight engineer, " or "shepherd" to assist vith all syst em 
problems. 

o ur 1975-76 e~perience sho~ed a co-existence , if not a 
causative relationship, between s hepherding a nd success. 
Our 19 76-77 e~perience conficas our conjecture by shoving a 
co-existence between poor shepherd~ng and aediocre success. 
Because of the funding cuts , and the substantial number of 
visitors, we atte•pted to find lo~er-cost alternatives to 
ru ll-shepherding of users . 

First, our local users - - s . H. Kim and his grou p, J. 
s. Richdtdsor # J . Her11ans. c . w. Carter , and J. .e. 
Mc Quee n -- had acquired enouqb experience to handle most 
sessions alone . The nev library facilities peraitted thea 
to qet by with even less bel~. This worked . 

Second , vi t h some of our visitors ve tr~ed the use of on­
call, ass lgned shepherds . The users were to phone the on­
call s hepherd for advice in case of difficulty; for real 
trouble, the shepherd woul d come in . This didn 't vork; our 
users were too consirlerate, and accep ted tro ubles and fai­
lure ra t her than phone a shepherd at l : JO a.a. 

Thirdly , several of our visito rs vere fr iends of local 
users , who volunteered to do tbe sbepherd in9 for them. This 
has had mixed res ul ts . The press of other duties has meant 
that some local users could not in fact stay up all night 
with the1.r quest s . Trouble was a result . In other cases , 
we th~nk perhaps the shepherding user vas somewhat partial 
toward the fitting techr. i 9ues tha t had worked best for hl~ 
problems, and did not encoura9e t he visitor to explore the 
full r an9e of t echn~que choices available. In still other 
cases, the 111ethod has been very productive. 

The l Psson is not nev but is very clear -- a n effective 
service includes people as well as machines a nd programs. 
our present OjJinl.on is that on- the-cheap snepherd ing 1.s f ar 
too cos t ly i n facili ty wast e and user time waste. Our new 
policy is t o invite only so aany visitors as ve can give 
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full-serv~ce shep herd~ng. 
one a ~onth at most . 

for next year, that loo ks like 

we are also devel,ping auch clearer guidelines about mdp 
qua l ity , initial model da t a , user ' s prev ious e xperience, 
molecule coaplexity, etc. These enable us to give inquirers 
more prec1se and, we believe, mor e accurate appraisals as t o 
whether their work is at a stage where our s ystem will be 
useful. 

contrary to our expect a tions , our user s ha ve not been 
dra wn chiefly fro m the nearby region geographical ly, bu t 
fr om the nearby parts of the disc ipline of crys tallography. 
This has changed our concept as to what the clien t pool for 
our servLce should be , froa regional to continental . It 
also forces us to eaphasize new develo paents to ainiaize the 
s ta y in Chapel Hill of those who have come from afar. 

This year we have bad to choose between service and major 
development . We chose service , for the lessons to be 
learned. No w we 111Ust go ahead with de velop•ent , and sacri­
f ice serv~ce if something has to be cut. El se we cannot 
(ee p a first•ra te development team together . 

Train! n!l 

Our chief t raLning efforts have been in train i ng users in 
system use and in trainin g our own graduate stude nts in the 
de s i gn and cons truction of man- machire systa11s. Neither of 
these efforts have been for malized ; both have been very 
t i Cle- consuming . 

Most of th~ har dwar e used to implement GRIP-75 was owr.ed 
by the Depart11ent at the beg inning of t he project . The 
sala•ies of our st udent research assistants, th e charges for 
our use of the hos t c~~puter , and maintenance of ha•dware 
were pa i d fco~ a gran t by the Nat ional I nstitutes of Heal t h , 
•R a- 00898 . Tbe services of Or . w. v. Wright we re made 
available under a join t s tu dy agreement with the Interna­
tional Business Machines Corporat ion, which wa s ren~ wed ir. 
oecewber, 1976, for the 1977 calendar year. 

1 0 
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NIH's BRB originally stressed to us the importance of 
getting a usable, useful, and used system as quickly as 
possible and demonstrating cheaically significant results. 
This has been done . The natural next steps are the con­
struction of a product-quality, second- generation system ar.d 
the establishment of a ser vice-oriented multi-usee facility. 
Each of these vill take a lot of money. Both together will 
t ake upvards of S1 aillion over a three-year period . The 
real , tangible and usable results to biocheaistry aay well 
exeed , however, those fro• all of the aillions heretoforP 
spent on aolecular graphics . The planned systems are not 
flashy or esoter1c; they will, however, be carefully 
desiqr.ed, ~§~£~2£i~U~~~. and constructed to professional 
standards of gual1ty . The pcobability of success is very 
high . 

we have the experience, the team talents, and the user 
~uidance to build such a major molecular graphics research 
.:esource. lie are ~:a~: ing to go . 

renewal The plans are set forth in some detail in our 
application of ~ay, 1976, in the two supplements 
in ou1: supplementary application of April, 1977. 
Lot repeat them here . 

to it, and 
lie will 

The next twelve months will determine whether or not t his 
effort will be aounted . lf it cannot be supported and 
moun t ed t hen , we shall have to turn our resea.:ch efforts in 
another direction. 

a. S UMMARY OF RF.SOU~CE USAGE 

Table I identifies the nine service projects vbich made 
use of the GRIP systea during the past year. The first line 
of each pro ject identification y ives the last naae of the 
principal investLgator dnd the che5ical substance(s) inves­
tLgated . This pr oject tLtle is used to correlate t he lnfor­
ma tLon in this table WLt h the details of cJaputer usage 
gLven in Table II and t he narrative descriptions of these 
ser vic~ projects in Secti?n IV. 

Tables II and lri sum~ar ize the computer usage for all 
~rejects carried out un der this grant . computer usage by 
oach service project for da ta preparation , data storage, and 

11 
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interact~ve sess~ons is gi ven in Table II. The resources 
requi red for atl program"ing projects are qiven under system 
developaent ir Table III. The ba tch coaputing time in th ese 
tables is reportea as the nu~hPr or minute s that vece or 
vould have been required on a S/3 70 model 165 , tbe fastest 
of four coaputers available to us at the ONC Co• pu tation 
Center. aecause ou r PDP 11 is always connected to t he S/360 
host t hroughout an in tecact~v e session, dedicated computer 
hours and t ime- sharing conn ect hours are the saae. An a na ­
lysis of 19 sess~on s showed that abou t three a i nute s of host 
CPU tim e are tequired for each sess ion hour. This ratio was 
used to calcula te the host CPU time for each service pro­
ject. Host core mem ~ry u t ili2ation was also c alculated from 
the total connect time for each pro ject because 374K bytes 
of core are allocated t o GRIP throughout each session. 

We deaonstrated the GBIP systea to vis i tors to our depar­
tmen t on about 30 occasions during the past year . These 
included: 

Attend ees and spea kers of the Sympos ium on Str ucture and 
Dynamics of Macr~molecules , Chem istry De partment, UHt 
(Plarch 17·1 8 , 1977). 

or. iiilliam R. Baker 
De . Chris bedell 
P~of. Jonathac rlans~n 
1':~ . RO}dnd ll>bett 
P~o f. Thomas lsen hour 
P~of. Daniel Jones , Jr. 
Prof . lla rtin Kacplus 
Pr o f . Brian Matthews 
or . Karth a !Iiller 
Dr . Emanuel Piore 

NIH, BRB 
Burroughs Wellcome co. 
Johns Hopkins University 
llanchester on~ versity 
UHC , Che111istry 
OtiC-Charlotte 
Harvard flniversity 
University of Oregon 
University of Pennsylvania 
18 11 Cot:poration 

Table I: I dcntificat~on of servLce Projects 

1. carter -- HIPIP a nd 
Investiga tor: 
Oe!JdC t111en t: 
liran t : 

ferredo xin 
Charles w. Carter 
Bio c he mistry, Univ. of N. c. 
(Un suppor ted) 

2. James -- Atpra- lytic Protease 
Invest i ga tor: llichael Jam es 

12 

Oepactaent : Biocheais try, Dni v. of Alberta 
Grant : Medical Research Council of canada 

55-4 2289 
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3 . Jense n -- Flavodoxin 
Investigator: Ly le H. Jensen 
Depar tment: ~iolo gical Structure 

School of Medicine 
Un~v . of washin gton 

Grant: !ilH •All 03288 

4 . JensP.n -- Methemecyth~:in 
rnvestiqator: Lyle H. Jensen 
Department: Biological Stcucture 

Sc hool of ~ed~cine 
Univ. of Washington 

Grant: NIH IHM 0328B 

5. Kim -- Phenylalanine tllNA 
Investigator : Sung- Hou Kia 
oepartaent : Biochemistry, Du ke Unive~:sity 
Grants : NIU t CA-15 802 

NSf t GB-408 14 

6. Killl Alpha·lactalbuain 
Investigatoc: Sun g-llou Kim 
Department : Biocheais try, Duke Uni versity 

7 . LO V 

Grant : (Unsupported) 

-- Erabuto xin b 
Investigator: 
Depart11en t: 
Grants : 

Bar bar a w. Lov 
Biochem~stry, Col umbia 
H H . N S· 07747 
NSF tOIIS-73-01430 

B. Rlchardson -- Superoxide Dismutase 
Investigator : David c. Richardson 

Uni v. 

Department : Bi ochemistry, Du ke University 
Grant: NIH . GM-15000 

9 . Tsecr.oqlou -- Sea-sr. a ke Neurotoxin 
Investigator: De11et r ius Tse~:noglou 
Departaent: Blochemis try, wayne State Unive~:sity 
Grant : NIH t Ht-15958 

1J 
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PROJECT IDWTIF1ER 

CA.RTER- -HIP!P & 
FERREDOXIN 

.JAMES - -ALPHA-LYTIC 
PROTEASE 

J ENSEli--Fl .• AVOOOXIX 

JENSES-- METHEMERYTHRJN 

KUl--PHENYl.ALANINE t RNA 

K I M- - AI.THA- LACT ALBU!'Il N 

LO'.<- - ERABUTOXIN b 

RICHARDSON--SUPEROXI OE 
Dl SMUTAS E 

TSE~~OGLOV--SEA-SNAKE 

NEUROTOXIN 

TOTAlS 

TABU: II: CO~IPUTER USAGJ> FOR SERViCE PROJECTS 

BATCH ~IINUTES ON DEDICATED HOURS HOST CPU 

S/ 370 HODEL 165 ON PDP 11/45 & mNUTES TO 
COl\'NECT HRS TO SERVICE 
S/360 MODEL 7 5 INTERACTIVE 
HOST CPU COMMANUS 

• 54 15 .5 46.5 

11.73 26 78 

7. 2 49 147 

• 37 112. 5 337 . 5 

. 53 241. 5 724 . 5 

--- 19 . 5 58 . 5 

15 . 9 42 126 

9. 57 72 . 5 217 . 5 

9. 76 9 6 . 5 289 . 5 

55 . 6 675 2025 

HOST CORP. HOST DISK 
1:-1 MEGABYTE SPACE IN TRACK 
-HOURS - XO:<THS ot· I BM 

33 30 TRACKS OR 
EQUTVAT,ENT 

5 . 8 ---

9 . 7 15 

18 . 3 25 

42.1 40 

90.3 750 

7 . 3 ---

15 . 7 15 

27.1 800 

36 . 1 40 

252 . 4 168 5 
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PROJECT CLASS 

SYSTEM D!::VELOPMENT 

SERVICE PROJECTS 

DEMONSTRATIONS 

TOTALS 

TABLE Ill. CO~IPUTER USAGE SUK'!ARY 

R~TCH MINUTES 0~ DF.OJCATED ROURS HOST CPU 
S/370 ~lODEL 165 ON PDP 11 /4 5 & MINUTES TO 

CONNECT HRS TO SERVICP. 
S/360 MODEL 75 I NTERACTTVP. 
HOST CPU COMMANDS 

731.1 157 471 

55 . 6 675 2025 

·--·- 42 126 

786 . 7 !J]I., 2622 

HOST CORE HOST DISK 
IN ~GABYTF. SPACE Di TRACK 
-!lOURS -MOI'ITHS OF l 1\'1 

3330 TRACKS OR 
EQU TVALENT 

51\.7 8765 

252.4 1685 

15.7 --

326 . 8 10450 
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Our research ass istant~ spent a total of 4320 hour~ on 
al l projects Cdrried out under this grant. This time vas 
used for preparation of the users • data, shepherding them 
through interactive sessions, and system developeent. 
Alaost all of the syste~ developaent carried out was done in 
reponse to the users • immediate needs and in thi sense vas 
done in collaboratlon with thea. 

All service projects were health related, and we charged 
none of our cl1ents for theic 11Se of the systea. All local 
usee groups (D uke and ONC) and Prof . Jensen , however, paid 
the U!IC Coll~Utdtion Center directly for some batch proces­
sing of their data and its storage in our host co mputer. 
These direct ~ayaen ts to the Coaputation center are not 
included in the financial data 1n the ue xt section of this 
report. 

Because we use ou r department coaputer graphic system for 
projects unrelated tJ this grant and because the system is 
sometimes down for maintenance, repair and s ystem develop­
ment, it is not always available to our clients. we have 
not deter~ined t he total number of ho urs available to our 
users, but the fact that they choose to use our system at 
inconvenient tiles such as the middle of t he r.ight indicates 
that at tiles our re~ources are nearly saturated. 

C. EQUIPMENT 

The resoucce continues to operate as part of the ONC 
Department of Computer Science, and it uses the Depa rtme r.t •s 
Graphic Facility. There have been no signiticant equipmer.t 
changes in 197 6-77; r.ence we do not r epeat the configurat i on 
chart dO d l1st . This is a mul ti-purpose fac1lity not 
equipped oy MIH . It is used for several other research pro­
jec t s and learning activ~tics in the Depart•ent. 

D. PUbLICATIONS Sr USERS 

1. K. ;,. l:leea, D. c. Richardson , and 1\ . v. Rajagopa­
lan, "Metal Site of cu , z.c Superoxide Dis1utase ,• SiQ~ 
hetl~try , J.~, 9 (!lay 3, 1977), pp. 1930- 1936 . 

2 . c . w. Cart<:lr, "X-ray Analysis of High-potential lron­
~ulfur Pcote1ns and ferredoxin,•• Chapter 6 in ffQll= 
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.!!!!.H.l!f_ff2!~i!l2• ed. by w. Lovenber:g (Acade1111.c Pr:ess, 
1977) • 

J . s . H. Ki111 and J. t. Sussaan, "Turn in a Conforma­
tional Patter:o in RNA Loops and Bends," !!!!:!!~ · £~Q, 
5552 ( 1976) ' p. 6115 . 

4 . o. c. Richards:>n. "Three-diaensional Structure of CU, 
Zr. Superoxide Dismutse ," in ~YH~£2~!2~_!n9_~.l!£~£2!i~~ 
Qi§~Q1!§~i--~f2£1 __ g~~Q-~Q£~§DQ£ , ed . by J . ~. McCord 
and A. 11. l'!ichelson (Academic Press), in press. 

5 . J . s . Richards:>n, o. c. Richardson, r. A. Thomas, 
E. 11 . Sil ver:ton, and D. R. Davies, " Silli larity of 
Thr:ee-Diaensooal Structur e Between the Iaauno-Clobulin 
Domain ana the Cu, zc Superoxide Disautse Subunit," 
~Q.l!IQ!~_Qf_~Q!~~Yl!f-~lQbQgy, lQl (1976) , pp. 221 - 235. 

6 . J. L. Sussma n and s . H. Kim, "Idealized Ato•ic Coor-

7_ 

dinates of Yeast Phenylalanine Transfer RNA," ~i2£~~!!£= 
!l-~ng_fti2£hY2i£~l-E~2~!££h_£Q~!!!Bi£~!i2n2 • ~ft, 89 
(1'l7f>). 

J . L . Sussman and s . 
Stcucture of a Transfer 
illS, " SC!,£!l~• 12~, 4242 

H. Kim, "Thcee-Dillensional 
RNA common in Tvo Crystal Fot­
(1~76) . pp . 853 - 858. 

8 . D. Tsernoglou and G. A. Petsko, "Three-Dir-~ensional 
Structure of Neur::>toxin a from Venom of the Philippines 
Sea snaile," f!:2f:.--!i~.UQD.gL!£;.!!£h~!LQL~£i~n£~L.!!:H, 2!!• 
3 (March 1977), pp.'l71-974. 

'l. D. Tsernoqlou, <; . A. Petslto, J. E. McQueen, and J. 

10. 

Hec•ans, "Molecular Graphics: Application to the Struc­
ture Oeterainati:>n of a Snake Venoa Neurotoxin," sub­
mitted to ~fi~n£~ · 

D. Tsernoolou , G. A. 
Seyuencinq by Computer 
!f!!, i r. press. 

Petsko, ard A. T. Tu , "Protein 
Graphics ," JHQ£htl!!!.:.--~nlL!!i2.2hX§:. 
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Grant ~o. RR 00898 
Sect ion I 11-A 

l. Personne 1 : 
a. Sa laries S Kages 
b. Frin&e Benefits 
Subtotal 

2. Consultant Services 

3. Equip;:,ent: 

4. 

s. 

6. 

7. 

8. 

a. Main Reso~:-ce-Rented 
b. ~lain ~C'so;..~r~~ -P~r.:::.l.sed 
c. Supportins Equi?::.enc 
d. Equipnent :.:aintenance 

Subtotal 

Supplies 

Travel 

Alterations ~ Renovations 

Pub! icat ion Costs 

Other 
a. Cor.~puter Services 
b. Other 
Subtotal 

9. Subtotal - Direct Cost s 

10. Indirect Costs (R~te Sy Budget Period) 
a. Prc\·icus J 48. 13% S+W * 
b. Current ~----_ --=4:8~.~1~3~%::s:+:wr_ ""-*========--

•. t 1 unknown 
c. ..ex ---------------

11. Total Costs 

AF523 

-\c t ua I Prc\'ic:.:s Cur:-e:-.t 
56,714. 59 24719 
3,011. 82 325 

59,726.41 25044 

-0- -0-

- 0-
-0-
-0- 4866 

2 ,481. 80 7580 
12446 

2'•4.49 2455 

249.63 1()0() 

-0- 550 

-0- 20 

2,937.68 9437 
1 , 510.94 250 

67,150 .95 51202 

27,296.73 

I 
11897 

94,lt47. 68 63099 

• Indirect costs based on period ending 6-30- 72. Negotiations are 
continuing with DHEW over anticipated higher rale for more recent 
periods. 
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EXPE:\0 ITURE DET.-\ TLS 
Direct Costs u:-~ly 

Current s~c:n Period 
• of Ti:-:e 
pr Effor:. I A:::oun t 

l. PERSO~:IE L: 

n 1 . Posit ion Assoc. Chairma 
Nanes Leonarz, J. 

2. Position Graduate Assis 
Names ants 

Bouchard, P. 
3. Nackman, L. 

etc. Jin, c. 

SubtOt 31 -
Direct S31aries 

Fringe Benefits 

Total Personnel 

Crawford, J. 
Motley, R.· 
Kennedy , G. 
Frank, G. 
Siddall; W. 
Babich, W. 
Williams, T. 
Summer Assts 

t 

5% $919 

18% 1920 
18% 1920 
18% 1920 
18% 1920 
37% 3840 
37% 3840 
18% 1920 
30% 2920 
13% 1000 
13% 1000 

1600 

24719 

325 

25044 

Grant No. RR 00898 
Section 111-8 

Est1::a~c fo~ :n~;\. : -..... . --_ ... ::-- .. 
PeriN! 

•• of T1:::.c 
I or Effort ~- ..... -... . \,: ..... -

19 



EXPE~DITURE DETAILS (continued) 

2. CO:\SULTA.\1 SER\"1 CES 

3 . PER.'-~-1.."\E:\T EQUIP:-""\1: 

~lain Resource - Rentl-d 
1. 
2. 
3. 
etc. 

Subtotal 

~~in Resource - Purchased 
1. 
2. 
3. 
etc. 

Subtotal 

Supporting Equipment 
1. Terminal 4866 
2. 
3. 
etc. 

Subtotal 

Equi p~cnt ~~inter.ance 
1. Contract 5847 
2. Other 1733 
.Subtotal 

Total Equii):.:ent 

4. CO~SL"~\ac .3l;1'?l!ES 
(Group O)" :-:::>j or ._:3 ~ c&ory) 
1. Electronics 1077 
2. Literature 434 
3. Photographic 60 
4. General 884 
s. 
6. 
etc. 

Total Consu~able Sur?lies 

20 

Grant .~o . RR 00898 
Section 111-o 

Estl ... ::.:. e 
Qurrent Eudtet Period Sext Su~t~ :. ?~7:: : 

0 

() 

0 

4866 

7580 

12446 

2455 



EXPI:1\DITURE [l~AILS (continue<!) 

5. TR.·WEL 
l . Brooks - England 236 
2. Brooks - Washington 64 
3. Brooks - Dall as 240 
4 . Brooks, et al . - Rome,NY 460 

Total Travel 1000 

6. ALTER.l.T!O:\S .l..'\0 R'0:\0\'.HIOXS 

Total ~ount per period 

7. PUBLLCATIOX COSTS 
1. 

2. 

Total Publ i cation Costs 

8 . C0~1PUTER SER'.'IC1:S 
1. Type _____ _ 

Rate 
Unit.~U~s~e'd ________ ___ 

Total Co~puter Services 

9. OTHER EXPE.'\~!TU~=s 
(Items no: ~nc:~~ed in 
previous ca~~gories) 

1 • (Telephone) 

2. 

Total Other Expenditures 

GAA.'\0 TOT.l.L - OI t;.::cr CCS'iS 

$1000 

550 

20 

9437 

250 

Grant ~o. RR 00898 
Section 111-6 

::-.. ;_.., ... 
---~ ..... 

51202 (grant 51212) 
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Much of the system development during 1976-77 was 
directed toward ma king it easier foe many different user 
g roups to use the systea (one at a tiae but vith interleaved 
sessions). 

22 

facilities for accessing several libraries of electron 
densi ty data, one foe each gcoup of users, wece arldcd to 
the system comple~enting the libraries of molecular 
models which were added tbe previous year. This 
required developing a new 4- fold- compressed format for 
tbe density data aaking Lt practical to store aany sets 
of data on-line. The new format is also self­
describing, which simplifies the han dling of ~any dif­
ferent sets of data. Utility programs 11ere built for 
transldting density data from a variety of for~ats into 
our compressed form . 

A ne11 set of programs for preparing aolecular models 
vere developed so t hat our local users can aanage tbeir 
ovn data . These saae programs si~plify our staff's pre­
paration of data foe one-time users. They are imple­
mented with an enqueuing mechanism which prevents con­
flicts caused by simultaneous access to any of the sys­
tem data sets by the interactive system and one or more 
utility jobs. 

we have developed mechanLsms for avoiding ~ost types of 
system crashes foe which we know a solution . Por 
unavoidable crashes , such as those caused by hard 11are 
failures and by other users of the host computer, ve 
have developed a recovery mechanism whic h li~its the 
loss for each crash to no more than a fell ~inutes of the 
user 's time. Th1s aechanLsm also enables the user to 
recover from many of his own mistakes. 

Several i•pcovements were made to GTRAN, our utility 
program wh1ch tr4nslates def1nit1ons of the co•mands of 
our system from a special - purpose high-level geometri c 
lanyuage into the form that is interpreted by the system 
during an interactive session . Ose of this utility was 
further s1aplified by the addition ot a catalogued OS/ 
lbO pcocedure for invoking 1t and by the creation o( a 
stanJacd dictionary of verb names . DuLirq 1976 ve used 
this program to uu1ld new commands for invoking the sys-
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tem functions, f~r constructing contour maps of der.s1ty 
data, for manipulating molecular structures, for tvist­
inq a protein cha1n 1nto an alpha helix, and for idea­
lizing the geometry of these structures. Several of the 
newly de f ined com•ands were tailored to the requirements 
and methodology ~f individual users . 

We have implemented a rudimentary password feature which 
can be used to bl~ck access by one user to another's 
data. so far none of our users has expressed a need to 
use it. 

A facility has ~en developed to record the beginning 
t1me and durati~n of each interactive session. With a 
little cooperati~n from the users it also records who 
used the system and for what purpose. Th1s facil1ty can 
also be used to record dated, time- sta•ped com•ents . 
The system usage data give& elsewhere were recorded 1n 
part by this facility . 

Twice , in August and in ~arch, the back l og of new faci­
lities were integrated into the production version of 
our system . nur1tg the August in tegratio~ ve had to 
solve a substantial performance problem caused by the 
interaction of nev fac1lities for stereo view1ng and 
manual manipulat10n of a molecule. We also learned that 
ve are very close to saturating the processing power of 
our satellite PDP-11/ijS. 

several new functions were added to tne syste~ in 
response to t~e needs of our users . 

It is nov possible for tne user with a s i ngle command to 
"con~ect" all of the variable geoaet r ic parameters of a 
residue to ~anual controls. This includes six parame­
ters to posit1on and or~ent the residue and an addition­
al parameter f~r each tvistable bond in the residue. A 
suitable aanual uev1ce is used for each of tbese 
qeoaetric parameters: a linear joystick with three 
orthogonal degrees of freedom controls the position of 
th~ residue, a three-axis joystick controls its orienta ­
tion, and each twistable bond is associated with a knob 
that cao be turned. 

23 
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When idealizing the geometry of a molecular structure, 
the user can now specify groups of atoms that will be 
moved as rigid units. This speeds up the idealization 
because the o pti~ization is carried out over fewer para­
meters. It also enables the user to selectively retain 
geometric relationships which may differ from the ideal 
geometry known t~ the system. 

A new model-builder will now build molecular models fro~ 
chem1.cal sequence data and alpha-carbon coordinates. 
This model can serve as the startpoint for fitting 
operations. 

We cons1.der all system develop~ent which stems from the 
use of our pilot system by chemists as collaborative vork. 
Almost all system development during the past year was of 
this c lass. What ve learned fro~ our interaction with each 
of our clients is described in the following section on ser­
vice projects. 

1. Carter -- HIPIP and Perredox1.n 

Prof. <.:harl es w. 
dized and reduced 
also made a movie 
molecules foe him 

carter used GRIP-75 to study the oxi­
states of HIPIP and Ferredoxin. lie 
illustrating the activity of these 
with the aid of our system. 

2. James -- Alpha-lytic Prot ease 

24 

In March 1977, Dr. louis Delbaere and Mr. Gary Brayer 
working under Prof. Michael James used GRlP-75 to fit 
the first 46 residues of alpha-lytic protease to their 
2. HX map starting w1th a set of alpha- carbon coord inates 
taken from a min1.-map. They not abl~ to coaplete the 
interpretation of their map in the tiae available, ard 
the partial fit ~btained was not acceptable in guality. 
The sta rling configuration produced by our model builder 
wa s not good enough to just ify continuing. We have 
imp roved O UL' model builder since their experi11ent (see 
Low -- Ecabutoxin b). 
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J. Jensen - - flavodox.1.n 

In December 1976, Prof . K. Watenpaugh, with the sup­
port of Prof . Lyle u. Jensen, used GRIP-75 to improve 
his interpretation of his 2.0K map for flavodoxin . 
Before using ouc system, Prof . Watenpaugh had obtained 
from his ~ap coordinates for all non-hydrogen atoms of 
flavodoxin without buil ding a brass rod model of the 
molecule. Starting from this relatively advanced con­
formation he was able to obtain a satisfactocy interpre­
tation in about four days . Prof. Watenpaugh spent 
another four days on ouc system experimenting with its 
facilities. 

4. Jensen -- Hethemecythrin 

In Januacy 1977, Drs. Ronald Stenkamp (Molecular 
Biophysics, Yale) and John McQueen vith the suppo r t of 
Lyle H. .lensen used GRIJ?-75 to fit a 113-residue subun­
it of methemerythcin to Dr. Stenkamp's 2.8X map of this 
molecule . Appcoximately 70 percent of this structuce is 
in four alpha helices. After unsuccessfully trying the 
metaod which had wor~ed for Prof. Tsernoqlou (see dis• 
cussion below), this molecule was f i t by first f on•ing 
the four alpha helices with ideal geometry using an 
interactive command defined in our high- level geometr i c 
language . These were then manipulated into place usinq 
the manual fitting controls. Once this vas done the 
••candom" pa1:ts o f the stc ucture were successfully fit 
using the technique that had failed earlier. 

5. Kim -- Phenylalanine tRNA 

Drs. Joel Sussman, Stephen Holbrook, and Wade Warrant, 
and Mr. Ueorge Church working under the d i cection of 
Prof. Sung-Hou Kim continued the crystallographic 
refinement of the 3- dimensiondl structure of Yeast 
Phenylal u ne T::ans fer aNA. A co111 bination of molecular 
grdphics and new ref ineaent algor ithm, the constrained ­
restraLned least squares method, was used. 

Prof. KJ.m ' s qroup also investigated three RNA-ligand 
interactions associated with this molecule: 

(1) Metal bindin g SJ.tcs ir. Yeast Phenylalanine Tcansfer 
RNA. 
Dr:s. Sussmar., Holbroo.k, and Warrant discovered why 
magnesium ions are essential to the activity of 
this tRNA m:>lecule. By displaying a 1'0 -Pc. dif­
ferer.ce map on our molecular graphics system, they 
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vere able to identify the number and the coordina­
tion geo•etry of th~ essential ~agnesiua ions ard 
study their specifi~ stereo- che•ical environments. 

(2) Prota•ine -- double helix interaction. 
Dr . warrant invest i yated how Protamine becomes 
alpha-helical upon interaction with the tRNA and 
ho w it s tabilizes the packaging of tvo adjacent 
double helical segm~n t s of tRNA's. 

(3) Aromatic mutagen - - tRNA interaction. 
Dr. warrant identified tentative bindinq sites for 
several aro~atic mutagens on the tRNA aolecule. 

6. ~iro -- Alpha-lactalbumin 

l'lr. George Church has ~gun a c ry stallographic study of 
alpha-lactalbumin. He is atteapting to fit the struc­
ture of lysozyme, a s~milar •olecule, to his data on 
alpha-lactalbumin. 

7. Low -- Erabutoxin b 

In April 1977, Dr . Atsushi Sato (Che•istry, Tohoku 
University) and rlrs. Jane Richardson (Anatomy, Duke 
University) working under or . Barbara II . tow in t er­
preted a 2 . 5l ~ap of the sea snake neurotoxin erabutoxin 
b. This is probably the sa•e molecule that Drs. Tser­
noqlou and rl cQueen f~t using our system in July and 
Auyust 1~7b . Remarkably different methodologies were 
used by these tw~ qroups . ho wever. Dr. Low ' s group 
started with a ~olecular model built from the residue 
sequence and approximate coordinate& for the alpha­
carbon atoms taken from a ~in i-map . Our aodel builder, 
improved since our e xperience vith Prof. James's group, 
built a sequence of residues with idea l internal geome­
try and th~n positiored them in the model space using 
the given alpha- carbon coordinates. Instead of leavi nq 
these res~dues in the o rientation in which they were 
generated, as our earlier program d1d, our present model 
huilder ~akes use of the alpha- carbon coordinates for 
the adjacent residues to approximate the correct orien­
tation for each residue. Starting witr the resulting 
confor11a tion or . Sato and llrs . Richardson were able to 
~anually fit the aodel to their electron density map. 
The resulting conformation will be used as tne starting 
point for further refinement to this structure. 

u. Richardson -- superox1de Disautase 

2b 
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Dr. David and Jane Rlcbardson obt ained a nev aap with 
2X resolution for their superoxide dismutase ~olecule 
and ~laced it in the GRIP syste~ in June 1976. Pitting 
was continued fcoa the conformation obtained with their 
previous aap. An interpretation of one of t he subunits 
of this aolecule was finished , and the metal sites of 
all four subunits were coapared . 

!Irs. Bicl,ardson also used GRIP t o ma.lte illustrati ons 
for one chapte r of £~iU£in!~~-2!_~i2£h~!i2~IY by White , 
Handler , Smith , Lehman , and Hill. 

9. Tsernoglou - - Sea- snake Neurotox i n 

In July and August 1976 , Prof . D. Tsernoglou and Dr . 
J . !cQueen fit a 2 . 2i •ap of a sea- snake neurotoxin 
using GRIP-75 . Their s t arting poin t was a set of appro­
ximate coordinates for the alpha- car bon atoms. The 
model builder of t he Her•ans/llcQue e n refinemen t progra~ 
was used to creat e an initial con f ormation wi t h a ppro­
ximately ideal mo l ecul ar geomet ry. The princ i pal method 
of fittLng was to specify target posit ions in the densi­
ty map for select ed ato as and then to use the GRIP on ­
line routine for idealizing molec ul a r geometry to move 
and twist individual residues un til t hese target loca ­
tions were achieved . The coofor•ation thus obtained vas 
suffLciently accurate to initiate a crystallographic 
refinement of the structure . 

I n Nove•ber 1976 , or . G. 
State Universiy) used ou r 
check the progress or the 
o r iginal fitting . 

Petsko (Bioche~istry, 
system a nd an impro ved 
refinement and cor.firm 

wa yne 
ma p to 
the 
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WAYNE STATE UNIVERSITY 

WCHOOL. Or MCOICINC 

ot~• "' ... ' ..,, or ••oc"t..,utM• 
,I! ,I I ':o rJ I ')II 

GO ,.OON H SCOTT HA'-"l. 
o.- OA~IC MEOICAL. t;CI(:HCES 

' c O CAST CAHF'IELD AVC:NUC 
O<.TMOIT. MICHI(;AH 4aJOt 

September 1 5, 1976 

Prof. Fr ederick P. Brooks , Chairman 
Dept. o f Computer Science 
university of North carolina at Chapel Hill 
Chapel Hill, North Carolina 27514 

Dear Prof . Brooks: 

We want to express our gratitude t o you and to the staff 
of the Department of Computer Science for making your computer 
graphics system available to us for the fitting of a molecular 
mouul to our electron density map of a sea-snake neuroto:; in 
protein . Usiny your system to display the electron density 
tua~ and a molecular model and than rotating the later until 
the best f it was obtained , one of uo (D.T.), with the assistance 
of Or . John :1cQu<~en of your University, ~!aS able to completely 
interpret the Plap in less than tt~o weeks. \•lc cstiwale that 
to do ti1is by conventional (i . e ., •Uchards' Rex) techniques 
would have required t'"o months or more . · The ator.1ic model 
obtained with the aid of your graphics sys tcm vms sufficiently 
accurate to ini t:.iate a crys tallogrn:;>h ic refinct·lent of our 
protein structure ~1hich has curr,:)ntly yielded an R-valuc of 
about 30'1> . 1'0 our knowledge this is the first time a protein 
structure has ever been interpreted entirely by computer 
gr<.l,>hics , '"ithout the building of a physical model ilt nny 
stuge. The ease and speed ~1ith which two inexperienced 
scientists 1·1ere abl e to interpret t he map bodes well for the 
fut\tt"e of computer graphics as a clynamic resc<trch tuol . t·!e 
\.•cr<' imprcsscJ !Jy the care and thoroughnes!J ~~ith which your 
system was constructed, but also by the need for continuct. 
input from protein crystallographers as regular users. lin 
inLrractive system C<ln only grow through regular dialog 
bctwven designers and users, and '"e hope that you are given 
adc<.Juate support to refine this elegant tool, to protluce an 
exportable version of it, and to make it available to so1<1e 
other users for testing and evaluation . We were sufficiently 



Prof . Frederick P. Brooks 
September 15, 1976 
Page Two 

convinced by our experience to conclude that henceforth all 
of our model building will be done by computer graphics. 

Thank you again for making this opportunity available 
to us . 

Sincerely, 

0~~ -rw~&-..-
Demetrius Tsernogl ou , Ph . D. 
Associate Professor of 
Biochemistry 

4~J~J CJ', ;?~ 
Gregory A. Petsko, D. Phil . (OXON) 
Assistant Professor of 
Biochemistry 



Scltool of M tdidJUt 

UN1VERSITY OF WASHINGTON 
SEAITLE, WASHINGTON 9819S 

Deport,.ttd of Biological Stnu:1urt 

December 21, 1976 

Frederick Brouks, Chairman 
Department of Computer Science 
University ·of North Carolina 
Chapel Hill, NC 27514 

Dear Dr. Brooks: 

I would like to thank you and your colleagues at the UnivcrsiLy 
of North Carolina for a very p,;oducLivc and pleasant slay. Yo\tr gcn ­
e::-ous offet· of Lhc usc o( Lhc molcculae g raphics system w:~s appt·<'ciatcd. 
Tile system was extremely useful in makinG the fitting o£ the proLCin, 
flavodoxin, to th~ electron density m3p both easier and faster t han 
ochcrwisc would have been possible. While it docs It ave some limi rations, 
they o1re prima ti ly due to vnrious minor hardwa rc problem=< which :i.n fu t " rc 
i mprovements of the sy,:tcm can be readily eliminated. Conccptu(llly, the 
design and implem~ntation of che software appcnrs La be well thou1;hc out 
and executed and ·Jill ccr~ainly serve as a n>'del for future sysLcms 
elsewhere. The adjustment of the n>'lecular SLructurc to Lhc electron 
den$ity map proceeded very smoothly from the rough initi.nl s~t o f para­
meters to what 1 feel is an i mproved new set. Since J wns able to 
finish rather quickly, it allowed me several d "JYS to just experim·!nt 
further With the system's limitations, what additional o;>tions might be 
useful and what 1 felt was the best ways for me to usc it. I hnve dis ­
cussed the result-" of my Wot·k with var ious persons involved with Lhc 
s ystem, but I would l ike to sun.>marizc s ome arcns 1 feel impr ovements 
could be made. 

1. Hore vectors should be able to be drawn in a given time span. 
This is especially true when us ing ~he stereo lo~:gnet co. 

2. Either more space should be made available on <li'c~ [or lnq;cr 
electron density maps and/or finer grids; or the maps s"ould be quickly 
calculated at selectable grid size in the region you are interested in 
studying . 

3. A quicker method of removing undesirabl e contours that obscure 
the features one is currently studying could greatly increase its 
efficiency. 

4. The current system r equires an approxima te gcarting s tructure . 

' • I 
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It would be nice to be able to .call amino acid or nucleic acid 
res i dues from a dictionary and build up a structure a priori. 

My experience with your system has convinced me more tha11 ever 
that computer graphics is an invaluable tool not only in Lhc initial 
fitting o£ macromolecular structures, but also in their refinement and 
conformational study. Molecular graphics systems such as yours must 
be developed and supported t o facil i tate the researc h o£ macromolecular 
structure and function. 

Thank you again for the opportunity to use your facilities. 

Very sincerely yours, 

4{;( 01/rJJij'<ZP!J! 
Jei~h D. Watenpaugh,. Ph . D. 

, Research Assistant Professor 



UNIVERSITY OF WASHINGTON 
SEA TILE. WASHINGTON 9819! 

Scloool of M cdu:inl 
Depnrtmc"t of Biolo~u:al S tructo.re 

Professor Frederick P. Brooke 
213 New West 
university of North Carolina 
Chapel Hill, North Carolina 27514 

Dear Professor Brooks: 

January S, 1977 

This is in response to the copy of your letter to Dr. John ~!cQuccn 
concerning the fitting of a model to the hcmerythrin electron density map 
by means of the display system you ~nd your colle~gues have developed. We 
will be pleased t:o cover the computing. cos ts associa ted with this project:. 
When these are known, please send the bill directly to me, indicatin& to 
whom or what project payment should be directed, and I will see that it is 
routed through the necessary channels here . 

The hemerythritl structure is a large one, four subunits in the 
cryatallographoc asymmetric unit with a Lotal of 452 amino acids . 'fhc four 
subunits have been averased by Dr. Ron Stenkam?, who is thoroughly familiar 
with the. molecule and will be working with ~!cQueen on the fittill[!. Thus , the 
actual fit will involve the averaged subunit with 113 amino acids. Because 
approxim~tcly 70% of the structure is in the form of a - helices, we are 
hopeful that a model can be fit to the averaged map in ro relatively short 
length of time. 

1 want to express my appreciation to you in arranging for Dr. Keith 
l<atellpaugh to fie flavodoxiu on your display system, and now for Stenklll1lp 
and HcQueen to fie hemerythrin. llaving "hands on" experience is invaluable 
for our personnel, and we will cry to transmit thiu, at lease in part, to 
our colleacues ac the American Crystallographic Association Meeting at 
Asilomar uext month. 

With best wishes, 

W/h& 

Yours sincerely, 

o/\ ~,......-" I ' /J~~ 
,' I 

L. II. Jensen, Ph . D. 
Professor 



Yale U11iversity Box 1937 YaJ• Sldlian , N,,. H'"""· Cannm iml o652o 

Dr . Fred Brooks 
~cpt . of Com~utcr Science 
tniv . of North Carolina 
Chancl Hill, N. C. 27514 

De.:>.r Dr . Brooks : 

DEPARniENT OF MOLECULAR BIOPHYSICS 
AND BIOOIEMJSTRY 

(2o3) 436-4tH7 
J un , 21 , 1977 

I r1<mt to thnn.k you for o.llo~;i:'.L me to •.:or:.: ·,:i '"' Jr . 

J~c •.,ueen :t'i tt i nc:: meth ~:merythrin on your LT<'l;thic:; ocrJOllHll . 

·.,;c nu~.rH:ced to f'i t the al~>hu he lie-.) ::; , but ll;..;d trouo Lc l'i ttint 

-:;he r:m<iom c ho.in containinc the fi r::.t ~'0 r-.sicues . .-:e 
·.·:ere ' t sun. ·,.;her e the :polypcpti<l<. ci:a in :~ctuc~ly •·;en~ , :.:o 

:>.ftcr r eturn inc to N'ew Laven , l ii t the '"::>.P 11i th ~ l~•.'bqt•.i~ 

monel and nent tne atomic coordin:.~tc:; to l•iC·.iUc.;en so he cn.n 

f it t!1c model to tile dcnsi ty usint tne L, r a,.,hico ,·;et-ur . 

I learned a lot durine: ::~y \'lock . .C:!=!o lo::;ed is a runni •[; 

account of our pror;resa , problems , and ·.vha. t th i nr: s 1 \:ar-; 

imnl'Ossed ·d th . 

Ple ase cxprcsn ;ny th:mks to Dr . .ir:tnt .~nd t:1e re:::;t 

of ;:our st'lff for t~eir hcl!Jo a:1d enpeci :1ll;r c.oi:.; .,,,c 

t;:Xtro. ~·1or-k n0cessary for us 'to tl>i uo up the al~;h'-' M:nicc:s . 

Gctt.Jnr that in:;tructi on i nstalled HUS the difl'<:n:nco 

bct ~teen eettint:; sooe stx·ucl:Ural '.Jork done ;md ju..;·.; loorl:in[ 

at your f~cility . 

Sincerely, 

;;.,"'-o.\d S.+L'-~<.wvf 
.!on~Lld Stenl.(:;m:' 



r.onday, Jan. 10 , 1977 
Went to the frBJ:l'lics lab and looked a bit at the map . The 

heQerytr.rin ~a? looks very nice . Should be fun to fit it. 
Tuesday, Jan . 11 , 1977 

Worked on the (raphics system f r om 10 last niEht to 4: 30 this morning . 
It's a lot of fun . Pound some !::eta .c:;Lrbons fo r l'lcQue::cn to u:;e i.n ma~inc: 
the model . Sur e seems like _you need o. lot of i nformation befo r e us i ne 
the term i nal. I could have F.Otten the beta carbons oCf the pl a>tic mop 
in 30 :ninutes beco.use I could move the map around fa:1ter by hand . 

Here are some ooints f r om my first nieht . 
1. Spends a lot or"time contouring . Need to speed it u~ . 
2 . Took 6 hours to find some beta ~arbons . I \•'as just learnine, but f;Ceing 
the •,•hole mao at once n::l!ces it a lot easier to do tninr,s . 
3 . You really •.·~ant to see r.1ore of the r:mp at once . You need the :Jl:>.:ltic 
map there to cet a reneral view. But I thou£ht the r.ur;>oae of this \oo':>.S 
to get rid of plastic ~aps . •Hope it does better fo r fitt i ng . 
4 . Seeir.[. t he map contoured i n three direc tions is nice . 
5 . The system needs a v;rl. -.e - up for tem,,o r ary users . 
6. I uaed the twi :;tint; joy stick a lot . Han ted to twist the handle , thou&,h , 
7 . Options used and lihether they ' re useft.l . 

a . CO?I0::-1 and CCNO.'F . OK for adjustine; a i rections of contot<rint;. 
b . V;:u-ious thin1 s enterinr; coordin~tes with the light pen . i:here 

mus~ be an easier ~ay to read in data. 
c . CE..,P03 , c;:.;;xrz. on: . 
d . FOSXYZ . CK for ~etting coordinates out . 

8. Used the 3- d ~:ositioner . I t ' s OK . I lost tra<;:k of the c '-!rsor in 
t~e c~n a cou~le ti~es . 
9. JriLhtness and depth queuei ng . Haven ' t c aught on to the~, yet . 
10. 5rir.nine ar.ci. roc<cinc ·,;eren ' t used except as toys last nignt . I'd 
o~ch ~~t~e; ~se t~e joy stick . 
11. ?he s~·:;te;n drastically needs a map cutting ai>ili ty . You r.eed to be 
a~lc to contour JUSt a few sections at a ti::Je .' .:>cr:.;;thin£ fa::n:er th::.n 
:i:::·.VCOK •:ould be helpful. :-1aybe some sort o'f cuttinG ;:lane or s;:iier.c 
could 'oe ::ut on the screen to cut out lar1 e r eGions . If yea co1..ld re::ovc 
areas of the rna~ , you wouldn' t nave to remember what vectors a~e ccnnected 
to oa<e one contour . 
12 . I ' m not a t ease with t he licht pen . You end up rr.ovi nt; you r nm<io 
from device t o device . I 'd r a ther enter c ommands from a keyboar d or 
buttons . 
13 . using D3LETE to clear the stack after REFINE is a pain . Tx{eS too 
much ti~r.c. 

·,·:or.<ed from 5 to 8 on the craphics system . :t•::; \oo·orxir.c, CK . ·.len~ 
bac:C to h'or~ at 12 :Didnicht. rlet Jim Lipscocb and ir.ike .?ictue . T:iey 
were r·.ther 'ta?.<en aback •·hen I told them I nadn ' t done 31lytilinc yet tr.at 
I couldn't have done faster on the plastic sheets . I also cc~~l~i~ed 
aocut the lirht pen . 
1::~dnc~d:-y , Jon . 12, 1977 

\ve :-;pent all our time :;c::;teraDy :l.nd this morninc ju::;t tr~'in[ to cct 
t:1~ carbonyls t:ointed the richt ·,.,ay alone the helices . Haven ' t ..-i:~lsheu 
that yet . ii-lve do~e no .fitti nc . 'l'ncrc are t110 ap;:roac! • .:s to iitt.i:'l[ 
maps . The one ~sr.ouaed by 1-ic~een is to spo't tc.rrets ir. 'the c.:cn:;i ty :..nd 
u::;e their iJeali:.::nion prorr?.:n to pull the molecule into the rir ut ;:l~ce 
\oo"i th idc-J. {:eometry. 'l'he o'tner lS to cut the reaiduc:.J loo::;e ;!.!1<! :.ov._ 
t:-:er~ .'lt'O\mci ·-;i t?'l another joy- sticte- likt! thing to get them in the c.:c;n:>i ty . 
Then the thing can be ide:tlize d later . Neithe r !DCthod is too :J\·:i!t :fo:­
thi::J project bcc:lur.;e of the c razy \>.'~ you have to Lf:t your :nolec~lc into 
the machin e . hermon ' s model bui ldinl!. procedure d i dn ' t I<Ork t o o 1.cll ~·or 
ti1is r.~olect< le because the alpha c ar bon s \Je re too rou[ h. The mode l th:'lt ' s 
displayed is e rosely non i d eal. Some r esidues ha ve Calpha, C' and N all 
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at the s::une locatior: beco.use the rrorrum allows e nourh diotortion to do 
it thet wey . This means tho.t the 'ccthod of physically movinc, the rc:Jidue 
can' t w·orlc ::;ince the rc :>i due is s ter ic :llly a1r.fu l. Nc c;.ueen' s r.1c tnod 
suffers in that all those to.r~cts need to be loco.tcd in the.dcnsity . The 
set up tit:Je is quite l:J.rge. According to Pi que and Li ;:>:;cornb you could 
start with an extended chain ~ith absolutely i deal reometry rmd then 
fold it into the map. That rni[.ht have been slie,htly better, but i:f I 
..,·ere dcing it with a model, I'd build some alpha helix first and tnen 
fit that whole unit to the map . I would think that \>eint:; able to ue e 
large r 'ouilding blocks should ho.ve been mo.de easier. Anyway, I hope 1 
get to fi t so~e density sometime. 

I had trouble trying to see where the hydroren bonds in the helicc G 
were. It 's not all tha t easy to see what the s;;ereoche:ni ::;try i :> . t•io.yoe 
I need to play more ;..i. th the dep'th queueing, but 1-;hat little I d:d tr;r 
of that didn 't help much . I'm also having problems vtith inver,tin.; the 
structure. Can ' t tell the front from the back. Also , i f I use the deoth 
queueing , I socetimes want to put the brighter lines at the back instead 
o!: the fro:~t . 

Had more trouble with the light pen. r;ot steady enout;n. It ooves 
too easily fro~ item to item on the screen . 

I'm beco~ing quite pessimistic about all this . Seems very exper:3ive 
for what I've ~;etten from it so far . It ' s much easier to put your h1!r.ciS 
on a model and move it around . I really need to use the residue fittin~ 
option and see if that ' s 1·1hat I like. 

New de velo pements. lvright has gotten 14cQuoen ' s old R1l-'INE u p so 
now that '11 {;O faster. we' re starting over '<ii th an extended ideal c.r.ain 
that i·:c can fold up . iiavinB to add an old command to t he machine. If 
t his all works out , ;.;e should be getting some stuff done novr. 
Thu1·scay , Jan . 13, 1977 

Got more done last nic;ht than ~re had in the other t·r~o niGhts. 
Started over with an ideal extended chain, folded up the hel ices u::;inc 
the four Jear cld instruc t ion t hat h."ld been discarded, ::~oved tr.e ;,elic<.:s 
into the density and did some sm(l.ll rotati ons and tr :msLl tions to :::'it 
the density cotter . \·le d idn't uoe the flying ~djustCJcnto toe muc n . 
They're a bit hard to zero out so they st:J,Y ::;till. ·,;e just nic~ed ;).x.:s 
and did small rot~tions. AftP-r the hel ica::; were set , the oth~r pieces 
'dere moved to close to lihero they should bo and ·,:ere then ;noved ir.Jivi :;uo.l ::..;:l 
to the dcnsi ty . After this, the side eh:1ins wc1·e rot~ted to :fit tiH: 
density better . 1l::tven ' t finished 'that yet. iwrm ally, the pi cces ·,.;culd 
be fine tuned usinG illi?It1£;, but we 're running out of time. Tod:.JY, \·ie ' ll 
;:!:>rk on the non- helic:!l ;::arts so John C~l1 continue o.fte;- I le:..vc . 

I wns i m::>ressed v:i th how e:J.SJy it was to ch an[e the in::;;;ructicns on 
the :>cope. Also , it's impressive ho1; the operations you have to invoke to 
do thincs - mok e sense if you've thought about movinG ~odels around . 
The co:aputerese ha»n ' t hidden the b'-'Sic things you need to do . 

I t ' s hard to describe all the operations lie fo und useful. Here's a try. 
1 . contourinr rou tines 
2 . t.urninc off section:;; alone each axis 
3. rc:no v ina contours to clcrut up the map 
4 . " cnlinr of the ~icture 
5 . windo•,1i nc to :fill the screen 
6 . sholvine alpha carbons, backbone or all atoms in the JJOdel 
7. eenterinc on cosition of cursor , re::;idue , xy~. or atoms . 
8 . dcfini n r axes o.nd roo.tating about them 
9. movinc pieces of the molecule 
10 . freeing up the torsional ~6les of each residue 
(,'e haven't used stereo yet since John con't use it. l'iaybe I'll asl< to 
see it in operation t onight . 



I'm not aold on computer craphics yet . There are enouc;h little 
. thin[s botherinG me , like flicker, small number of vcc1;ors, invC; rtwc 
the map <.Uld usin1· the licht pen , that I'm not sure I ~:ouldn' t rn:chcr 
uoe a ~odel to fit things. Also , the economics of it bother me . A 
cood terminal must coDt J200, 000. If in a .Ricnards box you can f it 1 
reoidue an hour, for 480 residues it t~ces 48 0 hourD or 120 day (~ince 
you can o~ly work so long ?er d~v) . ~t ;10 , 000 aye~ for salary rund 
510 per or:.zs residue, that ' s .33000 ~ ;4500 <: S7800 for a model containinc 

... 

, 480 res idues . i•lc~een said you could only fit 1 re::;idue IJer nour on the 
termi n al , but "ith a fit comparo.ble to the ihchnrdo box, ~;itnout c\oinc 
the idealization , you could maybe c:et 3 or 4 r e:;idues per hour . '.Chen 
480 residue:; take 30 d3ys at 4 hours per day . So it co:>ts ..:1000 in ::nlary 
just to r un the ter~inal . If you use your old model ?arts , the diff~rence 
in price bct\:een co:nputer c;r:l!lnics :md Richar ds box is 32000 for ,1!:30 
residue:; . You can build a lot of :r.od el i'o r .;;200, 000 . .:>o the re~tson:; 
fo r co~ruter fraphics are convenience ( for so~e) and the increased 
flexibili ty ( rou can use i:t! for other thine;s besides f itting models if 
you •::ant) You kno·.v, this is really incredi ble. There ' s no lub in the 
couo:try that' 11 solve 100 structures . ?or mos"t labs , it ~~oul.:i t~<e 2CO 
years to sol ve tha~ many s"tructures . I better check my e~timu~cs of r~tes 
of fi tti nc:. In any case , t here ' s r oom for a couple factors of t•.,.o in 
this calculati on before the mac!'!ine is worth it . 

I must not be mode rn enou5h . Part of the desire to [Ct a ~r::tphi.c:; 
system i s the thrill of being up-to-d.aia o.nd at the forefront of tcc:::1olo,:y. 
I can ' t buy t!1at . The other ar[ument is the increase in spcca . I ' m :1o t 
that i;JJpressed ~~i th factors of 3 in tioe \·:hen it cos'ts so much ;;o s;w~ i 1; . 
I Qless I'm not sold on high technolocy just f or i t:>elf . It ' !3 LOOd ;;]", :~ t 
it 's b einG devel oped , but not everyone should buy one if it ' s not pr:J.ctic~ . 

V.'hile v;aiting for John this morn i ng fo r breakfast , Dr. Breaks c:Jmc 
alent:; . I as::Ced him ;:t'oout the economics . He s sss .ll50 , 000 is a better 
cc"!;i::-.atc cf cost of ee<uipc1ent . Also, Fo:;ts~<O and Sung r:o Kic claL1 .flit1nt; 
rates of 2 to 10 per hour . He also mentioned that t:ney ;;ant to dcvclo!l 
another system and ::;et up a resource center fot doi!lf' grapr.ics . r:ere .:e 
go ne;ain with high energy physics-l ike facil ities. Ugh , tho se ~;arts . of 
facil itie::; are not the neatest ~ay t o do science . 
?riday , J un . 14, 1977 

Didn' t \vork too long last night . Got t ired about 3 : 30 . Cc~"!.dn ' t 
fit the firs~ 20 re"idues . :iot easy to see ;:here the chain eo~s 0:1 the 
tcr1:1inal because you can't see the l·rhole thing at once . I ' m co1r.c to 
p l ot that par-t up at a b i ['ger scale, :fit it 1-ii th labq,uip otuif .:mci srmd 
John the coordinates . Then he cnn f it it . I qid cet t o usc the stereo 
option . The lorcnl::'t'::c is not too n e:::.-t . The s te::-eo i cn ' t "tr.o.t £:ooa ~"1d 
lookine throuc;h the ,little pla!Jtic thin& is a dr:l£:. It also lii:!~ts r.o·.·: 
much you c:m see 'oecause of the reduced n~ber of vectors in each v:..c<;. 
The side by side stereo had a lo~; of :flicker . I see ·.·ir.y Sussman said 
he could ~1ork only fo r a few hours at a time before gett ing a headac he . 



DEPARTMENT OF BIOCHEMISTRY 

Dr. w. Wright 
Department of Computer Science 
University of North Carolina 
New West Hall 
CI~EL HILL, North Carolina 27514 
U. S. A. 

Dear Bill, 

THE UNIVERSITY OF ALBERTA 
EOMOHTOH. CANADA T8G .ZH7 

April 4, 1977 

1 want to thank you very much for the hospitality that you extended 
to Louis and Gary during their stay at UNC in your department. Not only 
did they enjoy visiting your group but also they profited immensely from 
the "hand5 on" experience with the graphics system. 

They have written up a brief report on their visit w j th some c-riLical 
c:omm()nts from a user's viewpoint which I hope will help you j n your con­
tinuing development of the system . I certainly was not cognizant of the 
problems involved in the graphics field and the algorithms must be horrendous. 
1 would like to give a " long distance" impression of what a crystallographer 
would like to have, given three things to start ·from a) an amino acid 
sequence, b) an electron density map and c) a set of rough starting 
coordinates from a small scale map which is interpretable in terms of a­
carbon coordinates (and perhaps selected side chain atom coordinates that 
are recognizable) . 

The basic philosophy regarding electron density map fittjng that I 
would follow, perhaps because 1 am most familiar with that thesis is a 
comhination of Richards' Box with tha Diamond model build:l.nc program 
(CJ nss IT). Firstly to hove a di ctJ onary (as you do) nf "tAIHiord C"""'"rry 
side chains and peptide links. Buil cl:l.ng could of course start at either 
end of the chain but to be consistent perhaps to use the straLegy of 
Diamond and build (or fit) from the C terminal. Therefore I would initially 
fit the terminal o-carbon and carboxyl group with the side chain having at 
my disposal as variables w, and side chain x angles . Then to add on (after 
establishing a reasonable fit of thts terminal group) the penult imate residue 
(n-1) wlth its peptide link, side chain, a - carbon. At this stage I would 
ur,e the chemical data that dictates residues n- 1 and n are joined by a planar 
trans peptide bond and I would preserve that geometry until strain dictated 
that something had to be altered (eg. ~at the a - carbon). 

The addition of the penultimate peptide and residue could be positioned 
anywhere with the only requirement that the nitrogen be bonded co the a­
carbon of residue nand have the proper geometry (distances and bond angles) . 

Page 2. 
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'111en, pres\llllably (hopefully) one could achieve a reasonable fit of peptide 
bond, n-carbon and side chain with s i multaneous (or sequential) adjustment 
of 9 , ~ 1 and x 1 dihedral angles. This then would constitute a cyclic n n- n-
procedure until one arrives at the N-terminus of the polypeptide chain. 

Clearly strain would have to be allowed for in order to have the best 
fit possible. Strain could be introduced at the level of the T (tau) angles 
at n-carbon atoms in order to maximize model/map overlap. I would not vary 
T unless it was a last resort however and from our e~~erience these angles 
differ by <15° from their accepLed 109.5°. 

•. ; : .. . 

The above paragraphs you may conclude are ramblings o£ 11 crystallo­
grapher. However I hope that you may find it helpful as well ns the jncluded 
comments o£ Louis & Gary. l'hey were impressed by your sysLem and would have 
liked co stay t here to complete the job. I enj oyed the polarold stereo 
views very much. We shall complete the ~-lytic map with a Richards box 
however as I cannot afford another trip, nor can you afford to have us there 
I am sure. Thank you very much for your hospitality. Please give my very 
best regards to Professor Brooks. 

MJ/dh 
Encl.o. 
c.c. Prof. F.P. Brooks 

Yours sincerely, 

lu.Juja~. 
Mike J ~cf:. Associ~e Professor 



COMMENTS ON GRIP 

The featur es of rhe UNC CRtP system which we liked were the following : 
the toothpick f or rotating the map and the s tructure togelher gives a very 
good three dimensional effect and is excellent for fitling 1ndividunl side 
chains; the intensity variation with depth also helped give a three dimen­
sional i mpression; the graphics displays of the model after one has built 
the structure are excellent; one can r otace the molecule into many different 
orienta tions and display cenain residues on the whole backbone. 

The features which we d idn ' t like were the following : the initial 
peptide linkages were essentially random as to distance, angle and planar ity ; 
it was difficult to detect the carbonyl oxygen "bumps" in the electron density 
map probably due to contour level height ; one must contour the map section 
of interest each time on line; one should be able to rotate structures in 
all orientations - there was a cone of space which was inaccessible due co 
the physi cal limitations of the roochplck. 

Our suggestions are to start with ideal geometry as much as possible 
from a model building program. The positions of the C- alpha atoms and 
possibly the C- beta atoms for each residue could be measured initially from 
a mini map. These coordinates could be used in a "Diamond" -type model 
building program; the T (angle N-Ca-C' ) values may be allowed to vary in 
order ro least-squares fit the model to the original measured coordjnates . 
The idealized geometry of the peptide bond s hould be maintalnC!d t h roughout 
the map fitting as much as possible. rltting of the model to the map could 
p rocccd as docs Diamtlnd ' s model building proaYam i .e. from the carboxyl 
terminus rotating around ~ to fit the side chain and the N-atom and then fit 
the planar peptide unit by rotating about ' · The next residue would be fit 
by fixing the position of the previously placed peptide bond and rotating 
around ~ and then 9 in turn . Refinement such as that which is currently 
available in your system could be carried out in a molten zone of ~3 residues. 

lt would also be convenient if the electron density map was contoured 
in three different levels on disk-one could call in the map section desired 
and work at the middle contour level, proceed to the higher level if desired 
or to the lower contour level for fi.tting carbonyls and detecting hydr ogen 
bonding. 

There should also be an option to usc 
for ambiguous atoms of side chains s uch as 
and N, 0 i n asparagine and glutamine would 

non-orthogonal maps . 
0 in threonine, N in 
be helpful . 

Also labels 
his tidine 



DEPARTMENT OF BIOCHEMISTRY 

Dr . w.v. Wright 
Department of Computer Science 
The University of North Carolina 
at Chapel Hill 
New West Hall 035A 
CHAPEL H!LL, N.C. 27514 
U.S.A . 

Dear Bill: 

THE UNIVERSITY OF ALBERTA 
EbMOHTON. C ANA.DA T.O I H7 

April 5, 1977 

Thank you very much for your hospitali ty and your assistance when 
Cary and I were working with you on your GRIP system at Chapel Hill . 
We found the experience to be very informative and certainly most worth­
while . We have compiled a list of our comments on your s ystem and they 
are being sent to you under separate cover by Dr. James ; we hope that 
these comments will be of help to you in the further development of your 
system. 

We also hope that sometime in the future we will be able to collaborate 
with you again in this manner. 

Please give our regards to Professor Brooks. 

Thank you again . 

Yours sincerely , 

L.T.J . Delbaere 

LTJD/dh 



l 

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

OEPARfM&NT 0, 910CHIEMl8TRY 

Professor Frederick P. Brooks, Jr . 
Department of Computer Science 
University of North Carolina 
New \Vest Hal l 
Chapel Hill, North Carolina 27514 

Dear Professor Brooks: 

April 27, 1977 

Dr . Sat o has returned here from working with Mrs . Richardson 
at Chapel Hil l . I run happy to t ake this o p portunity to thank you 
for your helpfulness. It was a boon that we were able to use the 
computer graphics system to interpret our map during the short time 
Dr. Sato is here in this country . 

Jane Ri chardson certainly knows of t he proper f orm of acknow­
ledgement when we write up the r esults of these studies . I am most 
appreciative . Please do let me know if there should be an occasion 
on which I or my labora tory might be helpful to you or one of your 
colleagues. 

Yours s incerely, 

l/a..i.)o. .,,.. tJ . L eJ . 

BWL:rd Barbara w. Low 
Professor of Biochemistry 

~~©!EllW[® 
MAY C1 ~!m 
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