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Research "tqhligh: -- GRIP Resource 

RR- 00898- 05 

L' ni vc>rs ity "' North Carolina 

1 . Head- Motion Parallax Added to Computer Graphtc System 

An Important means human bf'lngs use to perceive depth Is called 

head-motion parallax. As one moves his head, objects nearer to him 

chilnCJE> .. mqular position morE> rapidly than those farther awa y. for 

<'xamol••. as one drives down a straloht road. the telephone poles fly 

l>y, dtSL<!nt billboards app<:ar to movP. mort- slowly, and the moon stays 

·H J constant d091• . This effect ls separate from ster eops is; even 

on<>-e}•t'd P•'opl <" p••rcclvc this dl'pth cu<' perfectly . 

The IJJ•:C ('RIP Molecular Graphics Resource added a head-pos i tion 

sensor to our system on an •'xpertmental basis . As one moves hls 

head, the computer-gcn~rated tmage on the screen ro tates as it would 

If one were lookmg at a r·~al 3- D object . 

To our surpnse, th t s cue alone is not an especially effect ive ald to 

dPpth perception . It does. however, very powerfully enhance the 

synthetic stereopsis cue available on the system . The two together 

g1ven an effect much more rea listie than either alone . 



Research Htqhhgh' - -GRiP Resource 

RR-oosqe- os 

\Jn!·.'urstty of t;orth Carolina 

2 1 Ma rch 19 7 9 

2. Display of Molecul ar Surf,lce Shows Up a Previousl y Unsuspected 

RPaCt!ve SHe In r rabutox tn 

Dr . Martha Kimball ilnd Professor ~'lrbara Low . of Columbia, work ing 

wtth the Ul\C GRIP Rcscnrch Resource, have dtscovcrcd •lnd proposed a 

pro!.lao>l•• r<'a.-uv, sit r<'C}tO~ !or e powerful :1erv1> toxin, erabutoxtn . 

1\n "xpc·nmental systl':n c.1pa btlHy. ou\lt by Mtchllel r. . !'!que . 

1.• • R. ~ackman •• mJ Wtll!drn 1: . Stdrlall. al lnws the uslnq c:hcm!sts to 

pl-:t nn OP>-!Ue- surf,lC<' vtcw of the molecule they are studying , to 

1pplemcnt :he ~o.s..~a. s"lck-!!gure view . Professor Low says, 

"Van der Waal's ir.~rncttons IHe most elegantly ch'lr,Jcter!zf'd by the 

vtsut,l exal"'tr.auon 01 thr- shaded- surface representation . . . The 

information about intcrmo)f'cular lntf'ractlons , so easi l y l"Stahllshed by 

display, has Leen totally unexpected . " 



A. DESC~IP!IJS OP BESOUR:E OPEa ATi O~S ASO ?FO~RESS 

Tb~ pds t y~ ar bas ~e~n ear ~ed by an suost~atial Px~ansioo 
in t~e G~ount o! produ~ tive systPm use oy :lients. ln1~ed, 
we have reach~d d satJration point beyon~ vhi:b cliPnl USP 

cann~t 1ncrease ~ 1tL~~t a~ditional equip~ent. Pradu-tl.on 
usage 1ncreas~d Ceo~ 7o1 hours in 1977 t o 1Jl • hoJr in 
1978. We served a t~t4l o( tb1rt een groups of chem1 sts 
during 1978 , threE' :H v bl.Cb vere nev usPrs . Onl y tour of 
our past us~rs diJ not return during 1978. 

~e are Luild1rq a ~~~prehensi ve dn1 effPctive inter3ctivp 
co!!<put~r resource f:>r sePing , :.ar.ually ll:s ni.pulaun; , a n'! 
computa t1 orally ~odify1n1 =atbesatical Po1els o[ ~OEflex 
molecules. We b~lieve that our present rPsour~e has c2en 
shown to oe as cosplE' Le and uspful as a ny in existen:e ; li P 

are a ~ are of lla~y 1.n3jequac1es and needs . 

The G&IP syste m is designed to help chemis ts yrt resu lt~ 
fro~ tLeir resear~h, and its suc~ess is oeasur£d only O¥ 
theirs . 

GRIP is desiyned to help tbe cheQist vi sualize his 
m:>lecules, his density Ilia ps , etc., so that he can use 
his kno~led ge to guide co 5putation processes . Tb!t i s , 
it is a n aid to, not a su rrogate :or, nuo3n tbi r.kinJ an~ 
ma nipulation. Hence a stron~ earbasis or. nu~an f3:tors 
research and on human eog i neerin~ of toe syste~ . 

GRIP is designed t o serve many users , not one or t~o, so 
it must includ e a n ar~ory of alter oa t1.v e tools and 
t echniques . 

GRIP is designed to interface smoothly vith any batrh 
computati~ns its users aust do , and to incorporate 
on-line facilities for all coapu t3t ions tbat can 
reasonably be done •vbile you wai t. " 

3 
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We as co ~pu t er scientists ar e interested in GRIP as a 
tes t-bed for research in aao- • achine syste • s design, in 
ea n- aachine interactioL, and in the desiJn of 
distributed co~ puting sys te~s . 

A corol lary of these object i•es is that ve ar e heavily 
dependent on obser • ation of and feedb3ck fro~ real users 
atte~ ptinq to solve real probles s . Hence when bu1,Pt cats 
have been necessa•y , as tbey vere 1n the f1rst half :>f 1978, 
ve have he•e t:>for e cut develop•en t i n order t o ke Pp on 
gettin; user e xperience . 

~e currently offer tbe fa::illty, and ZJC~ nelp as wp can 
<Jl Ve, trPe of charge to any cbe<:ust: 

vho has a scientificdl ly interestin~ ptoblem , as 
assessed ~y our Resource ~ dvisory Com ~ ittee , 

• nose vor~ 1s at a sta;e vherP our td::ility •i~hl bP 
useful, 

who ~s v1lling to commit bis t~me , travel ~ onPy , an1 
ettort to a serioas use of tne facility, ~nd 

• h:> is • ill1n~ t:> gi ve us vr1tten and :>ral feedba:k fror 
his experienc-P . 

We have extended this offer publicl} :>n ~any :>ccasions . So 
far, • e ha ve na1 as ~1ny users as we hav~ been aole t~ 
handle . 

Our us~rs are al~ :>st e xc lusively vorkin; on th~ 
structures o: ~~lecules of considerable oioche~ical 
interest: pr~teins 3nd n~cleic acids. <e ai~ t o a~v3Jce 
bealth - orieoted bioche mical r esearch by enhan::in~ t t~ 
producti vity of individual reseachers t hrou~h oetter to~ls. 

figure 1 s hovs the curren t or9anization o: the GPIP 
project. At preseot , ~r. Le~narz is not ocly ma naging the 
Gr a phics Laboratory but also serving part t iae as t he Actin; 
Resource Director. In this capacity , he arraoges all client 
se rvice and supervises the graduate assistant team that 
f u r nishes it. The project continues to need 1 full-ti~P 
person skilled i n co~pu ters and hiocheQistry for that role. 

u 
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our researcu assistants spent tb e full-tine e gui valent of 
a bout 41 ~an-months on all vork carried out unier this 
gra n t. Th1s tiae ~as used for preparati on of t he users • 
data, snerherding t he, tbrougn Lntera::tive sessions, an1 
sy ste~ develop • ent . 

ll oSL d(·velJpi'\Pnt vork ir 1978 consis t <>.! of pllH ::>:lels 
of ne• u~er tacLlities , so=r of vhtch will oe incorp,rlto~ 
in our pruductLO' version of ~•IP-75 , a·1 ot~~rs ot v ti~h 
will be tncorporated in ~PIP-sr. ~ e are ·urrently 
i:lent1fy1rg thP sys t ~~ re,utreaents fo= ~~IP·3w. 

ThiS VOrl lS descrloe~ 1n Su• tior. 1'1 . 

A list ot tn~ us•r~ follo ws in this se::t1~n . an~ s•et::hes 
of their • ork are g1v~n tn Se:: ti or. IV . ~ost of our u~~rs 
vere ~utte successful , a::bievi~q so•e or all )l theLr ~)als. 

We aprend letter reports v rLtten by several or our 
visLu ng users since- :>ur last repor t. Tney indicate a ;rE.'at 
deal anout tl<e ltossons to be learned fro~ su:-h r:ollabor3tivP 
research . 

oe have again t hi s year za1e a nu~cec of aj1itlor.s ~n rl 
r efinements to the GRIP syste~ and i t s supporting utility 
programs to i mpro ve s yste~ reliabtlity a n~ convenienc.£ t o 
th e user. These a r e describe<l in Section IV . 

Train in·· ----- -!0 

Our cnief training activity is tea::bio~ our clierts to 
use GEIP . This is an integral part of the service ve offer 

7 
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all vis it ing user s , a ud i t ~s a aajor consu ~ er of o ur bu aan 
re so urces . ~ e believe i t 1s e s sen t ial t o t be effe c tiv e use 
of our s ys t ero . 

The G& I P project aas played an l =portant part in tre 
educa t ional prosra a ~f graduate studerts 1n tr.~ 0P>ar t 2ent 
of co~ pute r Sciencp . 

ftost of the har1 vare used to 1 mpleaent ~RIP - 7S vas o vnei 
ty the Depart aent dt t he beginning of the proJ•Ct . ThP 
salaries of our StJ1eo t resea~cb ass1stants , =nar~es for our 
use of the hos t co~1•uter , ard • aintenance of our hard v ~re 
vere pa i d fro~ tllis gran L Or . Brooks r r=Pi ve1 his s al .ry 
:lunn~ June anj July 1978, Dr . fuchs re=ei vt>:l s1x veeks of 
1978 su:orer s .. ~aq , i~:l .1r. Leona r z reCE-lVl':l sli'J~tly ' Or~> 
t han half of hlS salary during 1<J78 fro~:~ tilt' SdM ~ I!' grant. 
Th e s t> r vices of Or. \0. v. 'onght vere M1P a vallaolP lo'i thout 
char9!> undt>r a joint s t udy ag~eement v ith the Internationdl 
Bus i ness fta:ni~es Corpo r ~tion. 

NIH ' s BPS originally s t ressed to us t he i~ por tanc~ ~f 
gt>ttirJ a usdole , useful , and used systP~ as ~uickly 3S 
p~ss1~le and dem ~nstrating ch e £ically sig~ ~ fi=ant rPsults . 
This has been done . The natu ra l ne xt steps are tht> 
co ns truc ti on ~f a rr~duct - ~u alit y , se: ond-Jene r ation syste~ 
and the efilar3e~eot of a ser ~ice- oriented ~ul t i-user 
facill t y. 

To acco ~pl ish t his ve n'v hav e hi H supp~ r t com~it t e1 fo r 
the ne xt fiv e yea rs a t a l e vel a de~ua t e t o m ~v e fo r war d , t' 
conti nue our co l l a ~oca tion lo'i th GEIP us~rs , a nj to purchase 
nev ha r d wa re t o ~ eet ) Ur growi ng need s. ve ara e u=h 
gratified at t his r eoe val a nd e xc ited at tnt> prospect jf 
bein g able t o vork at a oet ter rate . Th e planned systems 
ar e u~ t f l a shy or es, ter ic ; t hey wi ll, hove ver, be caref ully 
de s i gned , ~~t=2£i~~tt4. a nd coostruc t e3 to pr ofessiona l 
standa rds of ~ual i t y . 

The plans a~ e set f ort h i n s o me de t a ll i n our 1979 -1 9RU 
re neva l a pp licat ion o f ~ay , 19 7 8 . Ve vill no t repea t the~ 
be r e . 
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PB ODUCTI VE USE OF ! HE SYSTE~ 

Th~ use of GriP by our cl i~ots e xceeded 1000 hou r s 1 urinq 
1~78 , up ab~ut 33 per cent over tbe pre~1ous y~ar . ~ ~ bad 
on l y t hr ee nev user 1rou ?s du ring 1978 , bu t tbe ru ~ ter of 
r~turnin g groups va s len . Onl y four o( our pre vi ou~ ~lientr. 
did n ~t return during 1978 . 

Table I i~enttfies the tb1rt een serv i ~e proJ~=ts vh i -h 
m ~de use of tn ~ G&IP sys t ~~ du rin g 197R. The first linP of 
P!Cb project tdeotificatior. gi ve s tb e ldSt na•P of t be 
prtncipal i nvDSt t ga t or an1 the cbe a1cal sJtstan~es(~l 
investi~ated . Tbis project t itle 1s use~ to ~or relate tnE 
informatior in tl. i s taole v tth thr det ails of co~putPr usd;< 
g1ven i n raole 11 an~ the narrati ve 1escrtotio~ of thes~ 
SPr VlCe ~ L O)e~ t S in Section IV . 

Ta bles Il and Ill s u m~a riz e t be co~puter uslge for al l 
projects c a rried ou t under tbis grant . Co~ puter usa,e br 
each serv1c~ project for data pre parati on , da t a storaie , anl 
intoract 1ve sPssions 1s gi • en i n !able rr . Tne co~putc r 
r esou rces required fJ r tbe en t ire projec t 4re gi ver in Table 
Ill . Thf batch =~ ~ pJ t in~ t1ae in these ta oles ts rep~r t e1 
a s th~ nu•be r or minu tes that vere or voul~ ha ve oePn 
re quired on a S/370 ~~de l 16 5. t he fastest of four c~mpu tP rs 
availabl e to us at t he UNC Computation Center . Because our 
PDP 1l is al va ys connecte1 to tb e S/360 host to r ou 0nou t a r 
i n terac ti ve sessi~n . 1edicated c o~ pu ter hou r> dn1 
tim e-snaring conn ect hours ar~ t he sa~e . An analys i s Jf 19 
sessions sho ved t hat ~oout t c ree =1nu t es of hJst CPU ti~ e 
ar e re4uired for e ac b sessior. hour. r his rati o • as uset to 
calcu l ate t he bost CPU ti~e f o r each service project . Host 
core memory utilizati Jn va s also ca lculated fr o~ th e total 
connect ti•e for eac& projec t because Jlw K oytes of co re 
ar e allocated to ~Ri? t~rougnou t t be session . 

Q 
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1. .l.r.11a -- DPI.'r Hecao:J lobin 
Invest19ator: flca~.>r L. A1ua 
Departgen t: Che~istry 

Un1 vecsity of S)uth :1rolina 
Sponsor : ~Irl HL- 15158 

2. Cart~.>r -- Hi9n P)tentlon Iron Sulfur Protein 
lnvesti~ator: Cbarles 11. Carter 

3. 

D~.>partaPr t: Biocheaistry 
Uni •ec s tty of ~~rtb C1rolina -
Cnapel Hill 

Sponsor: •rH GII- 21Qql 

Dav1es -- m603 fAb 
Tnves ti9dt)r: 
Departaent: 

Sponsor : 

DaVid Oav LE'S 

IIDlt::ular BlOlOJY 
NatlO~al !nSt1lUlP.S of Hedlth 

sIll In t e c n a 1 !' r o j ec t 

4 . Hendr1cks~r -- lly>ne~erythrin 
Invest19ator: oayne A. H~.>ndrickson 

Depart~ent: Structure of lla tt~.>r Laooratory 
Naval Res~arch Laooratory 

Spor.sor: !1!!!. Internal Project 

5. Hermans -- heur)tOxin/Rubredoxtn 
1nvest1gator: 
Oepact:»ent : 

Sponsor: 

J•n Herl'Ja ns 
si och Pt'iSt r 1 
On1versity of Nortb C4rol1na -
Cha pe 1 Hill 

PC1. 7 ~ - 2 1 6 3 3 

6 . Karthd -- Bovin~ Pancreatic Ribonuclease- A 
Investiga tor: Gopinatb Kai'tba 

7. 

Departaent: Ros vell Pai'k ~e~~•ial Institut~ 
Bu!"falo, Ne v Yoi'Ir. 

Sponsor : Nl H G~-22490 

Ki~ -- Phenylalanine tRN! 
tnvestigatoc: Su ng-Ho~ Ki~ 
Depart~ent: Biocbe~ist ry 

Duke tlni versit y 
Sponsors: NIH CA-15902 

NS!' GB - li081U 

B. Lipscor.t -- A!Cd se 
Iovestl.gat oc: willia ll Lipsco11b 
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Depar tm ent : 

Sponsor; 

Cbenistry 
Harvard University 

NIH Gll-06920 

9. Love -- He:o:>globin S 
ln•t>st~gat.or: warner Lo Ye 
Depart~ent : B~ophys~cs 

Johns Hopk~ns Universtty 
Sponsor : hiH A~ -16ijijo 

1i) . Lo 11 -- Era r..ato xin 
lnvest ~qa tor : 

DE>par tlllE'nt : 

sronsor: 

Barbara Lo v 
Biocheni stry 
Colu mb la Univers~ty 

!IlK IIS-07?•7 

11 . richardson -- Sapero xde O~S il Ut.ase 
Invest1gator: Oavi:l C. R ~ch~rdson 
D~part~ent: BlOChE'alStry 

Du~t> Unue r sity 
Sponsor : Nln Gll-1 5000 

12. Sct.i!fer -- 11 ::9 Bence- Jones 
I nvestigator : llar iannE' Schiffer 
Depart.a E>nt ; Biolog1cal & lledi::ll P~searct 

Argonne National L~o:>rltory 

Sponsor : Ar1onne Ioter~al Pr:>Je=t. 

13. Sigler -- tfNA f ll et. 
Inves tigator : Earl Si~ler 
DE>par t~ent : Biophysics 

Universi ty of Cni::ij:> 
Sponsor : GI~ Gll -15225 

1 1 



T/\BLl 11: COMrnn:R USACL I'OR SERVt<l: I'R0tr:CTS 

Proj!'ct ldr>ntlfier Batch Min tt l P!' D•·dlr.<~ted llour'> llnst G l'll llosl Core Host Ul sk 
on S/17 U nn PDP I I 1"> />. Mtnu lPs lit !vi• ''l il byte Spoc<' In 
M orl•• t 1 r,o; <· •nn< c-t Jlnnr:: t o SP r \'l('"f"' -llnnrs Trac-k -Months 

tn s, lf>O Mod••l lnl•'t.l("'ll v,·, o f IBM 1130 
7 '• llo!:t c r fl Comn~~lnd•o rrac~ s or 

f.< til t vill<'nl 

-

Carter --- , I l l I. 'i 
Hermans --- )3 I 'I ·1. ~ 
Rlchord son , lo? IHII l'l (I ' 1 7 0 . .l 7.!1 
Ktm , :1 1 l ~ II. 'l.fl I~ 

1\mma - Cirllnq 17. OJ. ~~ 1 nr, I 3. 1 7hh 
[)a vlr>S- P·1d Til n 711 . II <12 '1.7•> H. I 901. 
Slqlrr-Pcxljamy III.IHl 7 •I U7. 7.7,7 !ISO 
Lovr-ftoy<•r 2~. l ~ 94 ?II/. 1 '>. l I OU/ 
Karthil I ~. Hh I OY 17'1 ·111, 11 hl o9 
Schlff<•r 1 2 . 07 211 IH I II . ') ~~~-~ 

Lt pscomh-Crawford 22 .l'l I 02 JOh Ill . 2 1 00·1 
1-1 cmdrlcksnn H • . n 110 2·10 7.'1. q 7 '• 1 
Lo w-Klm1•1l l Ill . . '> I I fJ 1 "7 l 7 l . ·I 4 7 •1 

--- .... 
~ 

Totals I 'i7 . 'iti 1 03 ·1 11n2 Jlih .'l 1nq<; ?: 
UJ ., 
(l 
:r 

·-<I• 

" ~ ... "' 



,. 

Projl'ct ClilSS 

Syst"m D,..v,.lnpmPnt 

Servl('r• Projrrtf: 

Demnn•:tratwns 

Tot.~ Is 

..... 

T/\lll.f. Ill: r:OMPIJTI:It f.lS/\r.l: Slff\11\.<,\RY 

Ratch Min11 l l'f> 
on S/'170 
Mnd<'l lfi'i 

7 0~ .. 1U 

1', 7 . ',I, 

---

.)f;J . ')~ 

no•tliCiltr•d ll<"lrS 

"' rnP 1 11·1'> f. 
C<•nnr•rt II ours 
to S/11>0 Mr,d<•l 
7'• llr>SI Cl'l! 

Z I l 

I . fl1·1 

1.17 

I , 1H·l 

llost Cl'll 
Mlnut~'<: 

l( s.-.r'-11 '(t 

I q t nr-1 rt i v•' 

'· \«.1 

.1. 1 nz 

·II I 

---

•I , I Sl 

llnsl Corl' 
1 n M "Oil hvtr 
-!lours 

7'!.7 

.lllh . '1 

'il.7. 

'd7.f! 

l lnsl Dl sk Spaco;­
ln Track-M'>nlhs 
of IRM 1110 
Tracks or 
l'qulvalront 

l1,422 

7,09~ 

JJ,S17 

N ·-
: ... . . 
"' ., 
0 .,. 
·-<D 

~· "' 
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SUPIII AI\ Y OP Gk i P US AGE BY YZ.I.R , 19 75 - 1978 

Taole I Y su a a>arizes l Be use of t he ~PIP sy s tem for a ll 
pur poses since ve began del onst ratio ns and product i • e 
opera t ion oa July 15 , 1975 . lie na• e aot trieJ to esti,at!" 
t he s yst e~ t i a e spent oo de• elopaeot before tbe oeg 1nnin ~ of 
product iv e oper ation ou t knov i t to be a any hundreds ~f 
hours . Because ve cnan;ed f ro a aanual to machine logging of 
GRrP sessions in 1id-1976 , ve bel i eve the t rue buildur of 
s ysteo usage t o be suostantlally greater t ha n sugjest ed by 
t hese data . We ba ve oose rv ed t bat users ten1 to 
o verestiw4te t he ti~e tbey spend using ;FlP . 

raol e 1 v. Gkl? Ust> by Year (H:>ur;;) 

Product ion 319 

Dea>onstrations 1 2 

De velopa>ent 

To t als o3 9 

.!2H. 

58 1 

so 
18( 

~17 

.!EI 

71)1 

1 b 1 

196 

!E~ 

103U 

137 

213 

138U 

2725 

360 

39 7<l 

• Systec: developPent July 15, 1975 tbrougr. Decezher 31 , 
, 9 7 5 . 



Table v gives t~e use of tbe GBIP syste~ by yea~ for each 
team of biochP~is ts. These tea~s a~e i~entified by their 
p~incipal in vest1gato~s . We have re-talli ed t be G ~I P osa 9e 
f~r 1975 to obtain a oreak ~ov n by user groap and ha ve 
arri ved at a total f:>r the year v hicb is about 10 re~ cent 
less thar. that qu~te:l i n oor p ~evious ~ep~rts . ror t hP 
pre vious total ve rounded t~e durations of the tn1ivi1u3l 
sessions ; this year ve rounded only after cal::u lat 1n; th<> 
t o tal usa~e b) each group . 

H1L£ Y. -- r>PIP PR ,.. ouc; r v!: rr ~ E (b)UCS) 

l.!H£ !~:!~ !.E: !~E !E'! iH!! 

He roans 7 29 L2 1) 91 
Kill 2VO 321 105 2U f50 
Ri chardson 83 7~ " 1 1sa u4 1 
Lipsc:>l'lb 12 102 1 1 ij 
carter 27 2 1 u 52 
Jensen ~t 62 108 
Tsern::>glou sc; 1 1 9f. 
Ja aes 1<1 19 
L::> V 55 191 2H 
Da vies 85 92 171 
Schiffer JS 2c3 61 
Am 11a 163 35 198 
llright ~ 1 4 I 
liendrickson 72 BO 15 2 
Schevit-z 74 74 
Lo ve 9~ 94 
Kartha 10 9 109 

To t al Hours 329 58 1 781 1 03~ 2 72<, 

Table Yl is a list of t he bioche2ists whose re search 
t e ams have used the GRIP syste~ and their institutions . 

~ These are listed in the order of their first use of GS I P. 
lor groups send i ng n 're t ban one b i ochem1st t::> use our 
syste~, t he principal in vestigator is given first a nd t he 
oa ~ es of his colleagues foll' v indented . The insti t uti ons 
of the se colleagues are given only v herP they d if fer fro~ 
t be pri ncipal investigator' s . In three cases , Low, t::>ve an1 
Sigler, the principal investigator bas ~ade littl e or n' 
direct use of GR I P hi mself . 

15 
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TABlE VI. -- GRIP USERS (197 5- 1978) 

Her mans 
D. ?. Perro 

J . £ . ll cQueen 
T. Kurt~ 

II. V aca l!: ll o 

H. Kia> 
J . L. SUSSIJian 
R. II. warrer.t 
s . R. Ho l orook 
c. II. Cbuc::h 

E. f<ichardson 
J . s . Ric ba rdsor. 
£. Getzolf 
J . A. Ta1ner 
H. c. Tayl:>r 

s. Lipsco:.b 
J . L. r.:ra • ford 

w. Car t er 
B. A. Jones 

H. Jenser 
K. ll atenpau'}h 
!L E. Stenka•p 

Tsernoqlou 
G. A. Petsko 

James 
L. T. J . Deloaere 
G. Brayer 

II . Low 
A. Sa to 
II. Kimball 

R. Da vies 
II. c. Liu 
E. A. Pad la n 

Universi t y of North Carolina 
ls tituto di Cn i~i ca dellP 

ll acroe:olec ole 

~n1versity of C1l1fornia S~hool 
of ?nar • ~~y . Sac Prar c- is-o 

InstttJte o( cnemist ry , 
Univrcsi t y of t.aples, Jta ly 

OukP Uni ver s ny 

Harvar1 Univecsitt 

Uni versity of Nortn Carolina 

Uni versity of w~ shtng t on 

Yale Uni ver sity 

Wa yne State Un iversity 

Unive rsi t y of Al oerta 

Colu a bia University 

Na tional Institutes of Be~ltL 

16 



21 llan:h 1979 

II . Schiffer ~r gonne National Laboratory 

E. L. A IIlii a Dni versity of Sou th Carolina 
E!. L. Gir ilDCJ 
E! . c. Paslay 

H. T. ll ri<;hl Pr H\Ce ton UnlYersity 

II. Hendric kson ~ a val Be sea rc11 L.s oo•a tory 

P. a. Stgler Or. i ver Sl.t y of Ca1::a1:> 
A. Podjarn} 
a. w. Schevitz 

w. P. Love J oh nl> Hopkin:; University 
II. e. Poyer 

c. Kcu:·tha Ros well ., e=:>rial lnl>titutP 

1 7 
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Df ! OII SIB ATIONS 

Some 137 hours of 1978 resource tia e were used in 
de~ onstral1ons . Durin~ 1978 ~ e have de~ons tr ated GPIP to 
th e f ollov1n9 cooputer scientists. 

P\ r . John Backus 
Plr. Stf'Yen C. Bruell 
or . Eric Carls:>n 
Pl r. J i• Cbaaberhn 
P\r. Robert J . llouglas 
Pro!. .t. ndrt>i Ersbo v 

I B ~ San JOSP 
Purdue University 
IBII San Jose 
I BII White Plains 
University of Wis::onsin 
Soviet Acadellf of Scier::Ps , 

SOVOSlblrSk , Siberia 
Uni• ers1ty of Tex1s , Dallas 
llBII Heidelbeq 

Prof. Henry Furlls 
Or . Rudi9er Hart v t~ 
or. CLarles H('l vpy 
Dr. Pl. Wt lliaa Krue;~t>r 
ll r. 'l ark S. Laventhal 
Prof. ~onald Levy 

Lear ninq De v. Corp ., Nashv illP 
Uni vers1ty of Vi s::otsir 

11 1 . J . B. llacdonald 
ll r . Vi lllaa 1':. 'lc:onoa::k 
'l r . Dale !ladder. 
Prof . Akira Nak a~Jra 
1\ r. J a111 es Pa r kPs 

Ir . Horst Fettpn , aier 
ll r . John A. Sil vPster 
Dr . John szil ar d 

'l r . Tbo11as 7ul insk 1 
llr. VincE: vua9liaao 
ll r . Br uce Weide 
ll r . I!d lt inn 

'lass. 1 ns t. Te::hnolo H 
Harvard University 
Western El ectr i :: , Prince t on 
Syrac-use Uni versity 
IB II ~ hltE Pll i ns 
Hiroslii:'a Universi t y, Jap5n 
Un1versity of fl or 1da , 

Proqra~ m ing Services 
Sieaans, 'I un i::n 
U. C. L. A. 
u ~iv ers ity of Te=hnoloqy , 

Lou9hborough , fngland 
~icb1gan St dte Uni veristy 
1 B!l ~ hlte Pldins 
:a rn eJte-~ell~n Unive rsit y 
I B!I f<ale i g h 

During 1978 • e also deaoost rated the syste~ to the 
follo vi ng b1oche1nsts , ::he;~ists, and ::rystallo9rapbers. 
Al so includ ed i n t h i s list and t he fol l owing parag raphs are 
a nu•Ler of co o?uter scientists • bo are pri~lri ly eng39Pd i n 
t he developaeot of co~?ut ing syst e~s f or bio::he111cal 
research . 

Dr. C. David Barry 

Prof . H. Bere odsen 

Prof. D. !1. Crothers 
Pr~f. Dorot hy Crovfoot­

l!odqin 

was h ington Doiversity , 
St. Louis 

Un i•ersity of G r~ninqeo , 
!ietherlaods 

Yal e Dn ive rsity 
Oxford Universi t y, Engl a nd 

lE 



Plr. Richard J . i'eld~a ann 
Prof. Henry Ma r bury 
or. l' inoru Kanehisa 
Prof . Joseph Kraut 

Dr. Pobert Ladner 

Dr . 'licbael Levitt 

De. Bernier Lipkin 
Pr,f. ~keley niller 
Prot. G. N. Faaacbandran 
Dr . Ceor~e Reeke 

Dr . Douqlc1s ~icbar.1so~ 

De. Tbo~a:. Steitz 
Dr . Lynn Teneyck 
De. Kennett. Tho:;a s 
De. ll ichele Vc~ ::at<>llo 
De. Dav~d 1.~pser 

21 11arcb. 1979 

National Institutes of Health 
Dart aoutb Pl edical Scbool 
Johns Hop~ins uni versi ty 
Univer sity of Cali fornia, 

Sao Die qo 
european ~ole:ular Biolo~y tab, 

Heidelberg , Cer=a~y 
'led~cal Pesearcb :ouncil , 

Ca • bri~qe , Eoqland 
Nationa l I nstitutes of Rellth 
Wlab State Univers~ty 
tndian Inst itJte of Science 
Roc kefeller Uni versity , 

He• York 
UnL versity :olle,<> , Lon1on , 

£nglan:! 
Ya le Onivers 1ty 
Un1versity of Dre; on 
~ asnLngton Un1 versity 
Uni versity of Ndples , Itlly 
Cold Spr in9 Hirbor Laborat~cy 

All serv1ce proje:ts vere health-related, and we charged 
none of our cl 1ents for the1r use of the systea. All local 
user t;roups (Duke a n:l U!IC) , ho wever , paid the UNC 
CoDputa ti on Center d ~rec tly f or soae oa t en pro:essini ~f 
their data and its st~rage in our host co~aputer . These 
direct pay~ents t~ tne coa pu tat1 on Center are not includee 
i n ~hP financic~l data in the next section of this r~p~rt . 

Because ve use our department compu t er qraphic system f~r 
projec~s unrelated t~ t his grant a nd because the s ystem i s 
s~~etimes do vn for ~ ai n tenan ce , repair a nd syste~ 
development , 1t is no t alvays availaole to our cliPn ts. Wp 
have not determined the t~tal nuaber of hours a vailable to 
our users . 

C. EQUIPIIEN T 

The resource continues to opera t e as part of the UN~ 
De partment of Coa pu ter Science , and it uses the Depa rtaent ' S 
Graphic Facility. !bis is a aalti- pur?ose fa:ility used f~r 
several o t hPr research projec t s and learnin9 acti vities i n 
t he Depart aen t. Funjs fro~ tb1s grant vere used chiefl y to 
purchase a larqe disk to hold user da ta, a ter;ioal 
interface and ter~inal, a suitable caaera for record i rg 
a o l ecule pictures , and larger air-conditioninj equipDent. 

19 
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D. PREVIOUSLY UNREPORT ED PUBLIC ATIONS BASED ON WOR K DONE ON 
GBIP-7 5 

ferro , D. P., ll cQueea , J . E., Jr ., llcCovo , J. T., a nli 
Hen1ans , J ., (to be subsi tt ed) , "!!ner:j y , ini1111~ations 
of Fubredo xin ,ft l~_aqt~-~121~ 

Girliog , P. L., Houston , T. E. , Schm idt, !:. : . , ,J r., and 
'1n a , E. L., (SUOIIitted) , "lla ccolllolecul~r Structure 
fefinP a ent by Pestrained Least Squa r es an 1 Interactive 
~rapbics as Applied to Sickl1n 9 Deer TypP l it 
Hemoglotu1 ," (aostract) , ~~ta . Cry~i~ 

Holbrook, .. . ~ -, Suss::~an , J . L ., • arrant, f<. ~-, ::hur-h , 
:; . 11., and ~i:1 , S. H., 1977, "P~A-li!Jand Intl'~:a=t i ons: 
(l) llagnesiuo Bind&n~ Sites in Yeast tP•A Phe , '' ~~£lfi: 
~call_HHU£~ , '! ( fl): 211 11- 2920 ( Au~ ustJ. 

L::.ve, ~ - £., Pitz;erald , P. ,_ D., Hanson , J. :: ., and Fo yer , 
>. E., 1978 , " lnter ~ :>ll'cular Interactions in Crystals 
oi Hu11an Oe:l xy He ll oglob i n ~. c , f and s," ~£2£:.._~~~ 
iUif£U~li 2n~l-~f~~!n~_QU_t~f_Qev~lQE!~Ui_ql_I~~~q~gti~ 
!g~HLf.:!LH£HL~elL.!!i.g~~~. 19-20 . 

1\ooac:>, H. L., Cra v!ord , J . L., and Lipsc::. il b , W. ~ -, 1978 , 
HThree-dimeos L~nal Strurtures of Aspartate 
carLamoyltransferase fro~ ~scner icbia coli and of its 
comple x v ith cytidine Tr iphospbat," f£~~ .. .J!~ilQ!H.l 
~£~~~!LQLg!~!l~~L!!H, 75 I 111: 527!>-5280 
(N ove!llber) . 

Stenkamp, B. E., S i eker , L. C., J£nsen , L. H., and 1\ c:Queen , 
J . E., Jr ., 1978 , "Str uc ture of llethellerytbrin 3 t 2. 8-A 
Resolution : Com puter Crapbics fit of an A•erage~ 

Electron DPnsity :la p, " !Hoc~f~iS!c£Y, !I ( 13): 
2o+99-250~ (JUDe) . 

Sussaa n , J . L., Holbrook, S. e. , lilarrant, R. W., Church , 
G. IL, and Kill, s . a. , 1 'l 79 , "Crystal S truct urP of 
Yeast Phenylalanine Transfer RNA: I. Cr ysta ll og raphic 
Befinuent," ,z,__ !iQl~_lHQ!.:.. • .Hl (4): 60 7-63 0 . 

20 
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PUBLIC ~7I O ~S ~ sou; GPIP-7 ) 

Brit ton, E. C. , 197 7, L!!.H!!Q~ Ql.!!9L(QLsJ!.L~(:l.Q!!.Q!i:.Q ~i9!! 
Qf_l!!.~~t~£~!Y~-~Q !2~~~L_~!:!£!!l~~-~I~~~~~~-~!!.4_!~~ 
!~l~~ t! Qt_!Q_~~ I§ tsl.loir~2hi• Doc t ~ ral Oissertat~on , 
University of K~rt b Carolina, Chapel Hill . 

Britton , E. G., Lips::~ a b , J. s ., and Pique , 11. E., 197A , 
··~akin; •ested R) tations Con venient f or tbe UsPr ,• 
ero~~-l22§_!; ~-~!i~li!f~_£Qt{~ 4 -~Q!£~tr_~[42~i~ . l1 
(3): Z21- 227 ( Augusl) . 

Broo ks , Jr. , F . P., 1977 , "TLe Co 111 pu t e r • scien tist ' as 
Toolsmith : Stu3ie s i n l ~ t erac tive Co~putPr Grapbi-s ,'' 
l!!.tor~~llQt_fr2:~~~i!!.s-li. 9 . Gi l chris t, ed., 
So rt h-Holland Puh . Co., Aas te rda ·, ;>p. &2)-o ) u . 

FO l E'y , J . D. t1rd ll ri:Jhl , 'o. \' ., 1975 . "An Interact ivP 
~olecular Graph i cs Sys te~ v itL a Satell1te TP r ~ir.~l 
Clost?ly CouplPd t o its Host ," (Panel discussion 
f os iti on f- a per) , f(Q:;'"_! ;,_LlE~.H!!.~~L~Q!!.(~!:~!!..:~ . 
88- 8'1 . 

Lipsco~:~b , J . s . (in r>rogress) . "TbtE'E' · du•ensional 1'1sp la y 
of ll olecular ll o:lels ,• 11. s . ThE"s i s in projress , 
Univ ersity of tint h Ca roli na , Chapel Hill, !lor tb 
carolina . 

Pique , 11. E. (in pr:>JCess) . " hested Oyno!l l C Rotat i ons for 
Com pu t E'r Gr aFhl:S , '' ~- s . Th esis i n pro~ress , 
Uni ve r s it y of ~:>rtn Caroli na , Chas:>el H.Lll, No rth 
carolina. 

Vc igt.t , 1.. v., 1971, !!l_!H~!!£UY€-~2a.I!Y !. :!L;i. r.aoh i£_~y~!.E~ 
Q~-~Q!t£~!~r.-~~Y~.~~. Doctoral Dissertation , Un iv E"rsity 
of Nort h car~lina , Chapel Hill. 

Wrig ht , 10. v., 1972 , "The Tvo-Diaensional Interface of an 
Interacti ve syst e:t for ll olecular Studil's ," !£!L~!.\iPL!E 
~ot~£!:.~· 2 (1 0) : 70- 8) (Oc t obl' r) . 

llri gbt , If. v., 1976, "A n ~n a lysis of tbe Lit~itations an1 
Presen t Use ?ar!aeters of GBIP· I P~ cilities of Dis play 
and Anal~ g -llanual Input," GRIP Technic al Docua ent 
No. 1, Departa~ent of Co~ pu ter Science , UNC- Chapel Hill 
( 1 October 1976 ) . 
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llrLqnt, 11. v. , 1977 , "An Overview of the Cur rent GR I P 
I•pl e ~ent at ioo,'' GRIP Technica l Docu ment No. 2, 
Depac·tment of co a pu ter Sc ien ce , UNC-CIIape l Hill, ( 11 
July 1977). 

OTHfR CO~a UNIC ATIONS 

As in pre vious ye!rs , t he ~RIP syste~ vas 1escrite1 to 
many ;roups atJ L~div1~uals. the higLli1ots verP: 
~pscript1on of tn~ sy;tem by Wri ght t o the not1onal 
con ve ntLOn of thr A~ec1can crystalloqrapners Asso~1at1on in 
NoCI:.,;n, O ~laho ,. a; t bt> keynote speecb by Br;,oks at the IB~ 
conference in ~ur;ley on Advanced ~raphi~s H3rj • are an~ 
A p~lica t1 ons; and wr11ht ' S ~arti~1pat1on in a tas~ tor-e 
spons;,re~ oy lhe Nati,nal Resourc~ for Co=pututional 
Che ~1stry to ,eterate a propo~al tor that aqency•s 
a-tivitles 1r. tr.e aplilcatl)r of COI'putPt ;rarn1::s to 
c r y s t a 11 o., r a ph J' . 
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Ill. RESOt:RCE EX?El\Dl":TRES 

1. Personnel 

A. Su--.ary of ?esource txpe."'tdi tur-es 
Ca!enda~ Year :9""'8 

(Parts of Rudget Periods RR00898-04. 05 , 

a. Salaries ~ Wag~• 
b . Frin~e i!eneflt s 

Subtotal 

2. Consultant Services 

3. Ec;u!.pt:t-nt 
a. ~ain Re~o~rcv 
b. Supporting Equ!p=.ent 
r. !-!ainlcnanct~ 

Subtotal 

4. Suppl ie~ 

!>. Tra·.·el 

7. Other 
a. Coopute:- Ser\·1ees 
b. O~her 

Subtctal 

8. Subtota!--~!rcct C~s:s 

2: ; .. 1 ':!TC~ ] 979 

~70 , 08~ .9 () 

2,857.71 
7.2.Q~~.t.l 

15.5·1.:5 
8.386 . .:.2 

:!J.C27.57 

5,306.35 
!!7.2~ 

5 . 75"!.63 

* :he ft~ures prese~ted i~ this report ~epresent th~ expen~itures 
fro:- Grant RP-()OB9E sup?or; 1"'~ tt.e :.,....;c ~clec-.;.lar rrap~!(':s Fa::il tty 
during calendar 1978 and are dra·.-r. fro= c'w aiiicial accoum;in<. 
reports of the rniv~rsity of ~ort~ Carolina at Chapel Ulll. 51nce 
neither the - 04. -~5, nor OSS! bLdget p~r1ods co!ncided ~ith calen­
dar 1976, "hese ::gures ~::: ~ot ~e th~ sa=e as ~he of't~~a: repor:~ 
of expenditures for those budge: periocs . 
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1. Personnel 

8. l!xpenditure Details 
Direct Costs On1y 

Brooks, f, P. {Principal ln'·~stigator) 
fuchs, H. 
l..~onarz . J , 

CraduaLe Researc~ Assistant~: 
Alspauth. T. 
B1ttinR~r. D. 
Sro· .. "f'l, L. 
Co~c:l. J. 
; b, c . 
lipscc::-.!:. J . 

~~aektt.:1n. l.. 
Pique, ":. 
Siddall. ',;, 
Sierpien, c. 
Snipes, !l. 
Trawick, R. 
Voss. D. 
~ak.abayashi, A. 
Wi llia::ts, T. 

Clerical ~ 7echnica1 Su??OTt 
Barlo•..;e. !.:. 
Com-·e-:1, ~. 
o-.. ·yer. z.~. 

Parrott. J. 
Rei:ltjes, ?. 
!!hlig, J. 

Subtotal --- Direct Salaries 
Fringe Bene~its 

Total Salaries & ',;ases 

2 . Consultant Services 
)r. Joh~ Szilard 

!::fort 

20' 
6" 

:!0"'" 
"17.., 
20~ 
:? o· 
20' 
39" 
20' 
61' 
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A::loun: 

SS,92',.'J'} 
~.~66 . 6& 

10,91);.91 

:! .150. 01 
1,) '11'1 , ') 3 

~. lf'IQ.:> ; 

=. l sn. nl 
:',i' ?). fl1 
I • ~<>9 • <>" 

~ ... 'l. Gi:. 

l,9QQ.C!5 
~ ,S 'l ') . n i' 
! '000. oa 
1.990,98 
~.ts~ .rq 

L,l~3.08 

~.tsn.rn 

6.450.02 

~18.4 !1 

9~~-0 'l 

188.7~ 

67S.t.8 
t..:!2~.t.9 

.!'.\"\~."~ 

70.08o.90 
~.857.71 

7=.9~4 . 61 

:oo. 01) 
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3. Equipment 

a. ~ain Resourc~ 

b. Supporting Equipcent 
P!Jotodlode Arra·c (Ri't icon) 
":e:-=ina I (ii.,~o:! et:-i'ad.a~c) 
~od~ (Expandor) 
Cat~era (Ol;::llpus) 
Cable (!lEC) 
'lo<!eo (''enril) 
Dl'l'-11 I nterf e (D°C) 
Air Con<!HioninR Equlp:oen: (:_~;c P!:y,, Plt .) 
Pr1nter lns:al:at.o~ 'Versa:~~ ) 
RXO& Di'it (DF.C) 
l."ns (\'h·i:ar) 

Su~::c:al 

c. ~:airn'"nanr,... 

Co:arac~ 

O:her 

5. Travel 

Cohen, J. 
Siddall, •.:. 
Pizer, S. :-.. 
Brooks , r. P. 
:.1psco::.!::, ,;. 
Pique, ~. 

Brooks , F.P. 

Subtot.n~ 

Ccnn. 
~o. 

Conn. 
DC 
~.,. 

:-1o. 
Ok. 

?ique. ~. Xo. 
Pique, ~!. !lC 
Lipscomb, J, DC 

Su~:oral--Travel 

6. ?ublication Cost~ 

7 . Other 
a. Cortputer Services 
b. Other (Co~unicatlons) 

Subtotal --- Other 

8. Gr and Total---Direct Costs 
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''one 

83 3 . 5~ 
1 p. ' f) 

)w • •::? 
987.37 
~ ~}. ~Q 

l.~e·,.sn 

I ,r,SL. 7P 
1.8~1..9S 

i~'7 ... 
s .ll· • .n 

~?1"'1.39 

15. 5~1.15 

15 t . ~~ 

1 ~G. 35 
~~-.)Q 

)'"'~.!.') 

~75.65 
Q 1. f.~ 
3S.!.1 

10~.17 

1,4:?1.2q 

5.30&.35 
447 . 2!< 

5.753.63 
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A. DEVElOP~E~T ~OBY. :OePLETE O OUR!~~ 1918 

Sp vpra l nev ta-iliti~s vere dev~lope~ f ~r tnP ~FIP systP ~ 
dur1n~ 1C18 . Of th~se t he ~ ost interestinJ 3n1 poten t1 1lly 
us er ul i s heaj ~o ti on controlled s tere o display . WP 
d e t er~in~ the positi~n o f th e user's hea d by havir.g hi~ YPJC 
a headband ~ itb a s~ ~ ll battery-po• e re d llJht . A norizondl 
ro v of pliotodLOdP!> is ~ounted jus t ao~ve tbP iisplay srrP<>n . 
A .rask 1!> Jt~un tr:l 1n front of t hi s rov of l1~:les <~.hou t or• 
i nch d" "l and " ltt. lls vert1.c a l edc;e i:c fr~nt of t h£< cPn t er 
diodP. 7he st.sio • -ast on t he 11odes i s usei to 1PterrinP 
t hP anjuldr p~sitlor. :>f t he user ' s lead relatLve t~ tlo 
screPt. , and t his Hll :>r ~ation i s usPtl l.o control r~tat1:>n ~( 
tl e displayed r~lpcule and ~a p aoou t a VPCtl. Cdl axis . 

Out prP li tninary PX~er i oents v i t h t his jevi-e have bi'Pn 
some" r • .st surprisin, . • ith a 2-0 displa y, v hl'n tbP U!>Pr 
~ ~ves ni• heaj t~P 1.aa~e dppedrs to r~talP in tbP opp~sitP 
direct101 rPlativE to ~21! t h• user and t ne 1 1S[lay unit. 
Ttat LS, tbP user percei ves the display U&lt as the fi xed 
objert and everythin~ mo ves relat1ve t o it. lt i s not cll'ar 
yet whetl1er this i s a useful a ode or ope ra tio~ , bu t if it is 
we probably want t o scale tne i'age rota t ion so ttat it 1S 
s2vecol ti~es tb e an~ular mo ve~ en t of t he user ' s hea1 
r elat1. ve to to e d1spl3y unit . 

With d t - o - eye stereo d isFlay an~ with careful a djust~ert 
o f the r ~ tation srale factor relative t o the s t~roo 
se paration angle the imaye appears to re~ai n fi xen i n thp 
la bo ratory space whi le the user ao ves ar ound it. We rrosu~? 
that the rotati~r. scdl e factor necessary for this ~ffect i s 
suc n t hat heaj ~~tio:1 equ~l t o the dista nce bet \ e~n thP 
us~r• s eyl's should cause a r otation e~ual t o t ne s~ereo 
se paration angle. 

~e have adaed a nev code of operatior t~ ~6IP v nich 
displays a generalize~ t bree- dl • ensional f orn of a 
Ra aachandran pl~t sh~ v iog the conforaation of a molecule. 
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In th i s plot each aaino a: i d residue o! a protei n s tr ucture 
is rep r esented by a p01n t. The sequence nuaber of a r esiduF 
an d the dihedral angles assoc iated vit h tne t vo tv i s ta ble 
bonds in its ~aio chain deterai ne t he x , y , and z 
coordinates of its po1ot i n our gener3 lizej aa aacbandran 
pl o t. By Slghting 1~v n t ne sequence ou~ber lxis, thP JRIP 
user can identify - helical o r -sbeet se:t1ons of tne 
structure . Tl.1s ta~itity !las a lready proved useful to our 
clients , and ve are considering i t s ex t ens1on t o d i srl'Y 
other contor•atiOndl para ~eters of protein structures . 

IL E . Pi:;uP , l. f\ . Ncl~k;an clod li. !:. Sl:ld.tll tavP 
d~vel~ped an offlir.P ta-lli t y tor ~BIP • o1:h 9eneratPs 
Sodded Opd,u~ plots o: ~ olecular surfaces us1n1 a VE!SAT~F 
rrinter/Plotler. On<> :;FI? clif'nl h.;s fo;~n-\ lh Ls fac-i llty 
vl!r:y useful. 

Duriny the sp r inq ter~ 1978 , a tea~ of stujents ta~1ng a 
c-ourse in soft - are en~ineering de veloped a fa~ 1 lity for G~IP 
vhich eoatles t nP user to Dodily t be systeQ veros ar~ t~ 
crea t e ne• verbs jurin~ a vorkin~ session . T•is facility 
tas not be~r 1ntegra t ed in t o ~FIP yet , nor has its 
usefulness been e valuated . 

!lH! 

we ha ve pu r chased a n aroo d is~ s t o rage un it fro~ th~ 
Di gita l E;uip~ ent Corpor at i on a nd i nstal led i t i n the ONe 
c o mpute r graphics syste~. Thi s bas e naoled us t o tring up 
tb e UN IX operat inq sys t e~ on our PDP11;~s pro~essor . The 
GRI P systea, hove ver , cont i nues to oper ate un1 e r Di gi t al 
Eg ui p~en t ' s DOS , and we ha ve no t dec i de d wbP t he r ve vi l l 
con ve r t it t o run uo;e r UNIX , or wne t ber GB l - 80 will ru n 
unde r UNI X or a no t her ope ratin g syste~ . 

2R 



21 !larch 1979 

During 1978 v ~ con verted five aole=ular structures fro~ 
tbe Br oo~ baven li ~rary t o the GB IP f o r2at. Tbe 
be t er o~ en eous na t ure )f t he Broo kha ven d at ~ reiuire1 S) ~u= h 
hand vork on each •)lecule that ve ba ve di scontinued this 
project until a need arises for data on ind1v1jual 
mo l ecu 1 e s . 
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B. DE V ELO?~ENT VOR K UNDER WAY 

Dirk Voss has underta ken as his ~aster's t nes~s the 
integration of our Sum~a;rapbics data taolet 1nto tLP GRIP 
sysle~ as t he input ~e i ~ce for aa nual =~~i?Uldtion of 
ao lecular str~ctures . Tbis vill eaaole us to rprla~e t vo 
JOysticks v itL three Ln?u t axes ~acb and e~>ht krots ry tnis 
sin~Jp input 1evi :e , thus iapro vir; the ta~tile •optinuity 
o( t he GniP ~dn-macnine interface . Lat•r we plar to p x pan~ 
t LP fun~tlon of t fte jdta tablP t to replace toe l~}ht per , 
tt.e pro~ra~med tu~ct~on keybodrd, and th • sli1e 
potentio~eters of the current SfSte~ . 

Ye nave comfil~~ l nu 3oer o( do:u~ent~ on ,RIP t o for~ • 
first dra!t o: a lor~-overdue users aanual !or tho current 
syste"'. 

~e are developin; 3 nev ~enu of verbs to speci:y the 
a= ount of detail 01 3 aole:u lar structure tbit is f.tSflayPj . 
The na~es ~iven tteso veros and t he order in ~ uich th~y arP 
invoke~ ~y taP GFIP user are designed t o Eor~ ac i~perative 
sentence . Por e xaaple , " HIDE liAlN CHAill" an1 "SHOW ALL 
RE SIDUES . '' ve bPlieve tQe use of these ne w vprcs ~ ill be 
~ore intuitive t han tnose on tbe current ~enu . 

We are also developing a ne w menu for contro lling t hP 
calculation and dtsplay of con t our maps. In:luded are verbs 
for contouring a region vhich is larger or sa~tler tha n tbP 
current view cube wi thou t red rav io~ the •ole:ule at a 
different scale. Also t he aiditioo of a ne v pri~itivP vprh 
vh ich puts t oe specifications of an ex ist~n ~ QdF in the 

1C 
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operand stack vil l en~ ble us to bulld verbs vnicb can 
re-con t our a ~ap after a ca aoje of scale or viev center 
vit hout requ Lring tbe user to r e-ente r tbls Lnfor •a tion. 
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C. Dt:VEL:>PII ENT 10 0&1' PL A~:I!:O 

tn order to solvp a nu~oer of arc hitect ~ral an~ 
i aple~en t a t ion probl~~ s irherent in the rurrent sys t r~ , ~ e 
pl an a co•rletP ground-up redPsi~n of t be syste ~ to br 
cal led GFIP - 8~ - 7bP aajor desi~n oljecti ve ~or t~i. sy~ ter 
ar e : 

G?IP - bO v ~ll re tai r all f~nct ions ~h 1 c~ have oe~r r r o ve~ 
usl.'ful in GF i P-7S , bH so• e fur- tions :ay bP pr o v1d e-l 1n a 
nc • i or11 . 

Thr mathematirdl N)dLl of 4 ~oleru l l.' will oe dn dh~ t ra~t 
l1near graf n • n~rh corresponds cor~ n~arly t ~ the rhy~i::al 
str;~rtJ r es thlr the t ree 1at4 s trurt~res use! ir ~Pl;>- 7 ') . 

On-lire ooditication or ~olecular cor.StltJPnt~ dr1 
connec tivity will be possiole. 

I f tech n i ca lly te~s~~le r e3l -tl~~ zoo~ 3nJ pan of t h~ 

vi t< w area • ill !!e pC:>V l de j . 

TLP dis1lay or elec tr on der.s 1ty data by ~ P~ns of -ontour 
~ aps wi l l bl.' supf l Pmented by a tecbni~ue f)r ~ark in g tt o 
pea ks and r1d~~s of high el~ctron density. 

A facili t y t o r disvlay~n; the surface of ~ ~ol~cule a s an 
opa q ue snaded col~re1 otj~ct will ~e pro v11 e1 out not t hl.' 
r eAl- time ari~ation o: sucb ~ictures. 

Man y ot the input ~~vices of GR I P- 7S will be Ce fl drPd by 
a single locator devi~e , probacly • data ta blet . Tl.is wi ll 
i~ prove the tactile cont l nui t y o t t he G~I? ~an-maclinP 
i n terface. 

comm a nds i n GRIP- q~ vi ll bP speci f ied i n pre : i ~ order , 
i. e ., opera t ion follo ved o y operands . 

ThP s ys t ea: ~ill :>e aLls> t o pro:pt. the USI'r to ]uide hi­
t hrough t oe spec i fi~a t ion of t he ope ra nds re~u ired by a n 
operat i on . A description o f t he functio n of each Terb vill 
al so be a vai l able t o the use r at the vor k station . 

The syste~ vill dist inguish a r ong s ev eral t ypes of 
objects (e . g., a t :> 11s , bonds , angles , resi:lues , a nd pl.'pt ide 
uni t s) a nd will r equire t he user t o specify the a p1-ropria t e 
type of object for each ope ra nd . 

3/ 
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The system will store 
for con trollin g display, 
opti~ization operat i ons . 
needed . 

sets of paraaeters ca lled 2£~t!i~~ 
con touring , aaoipulation and 

The user can cal l t hese ap as 

A q uic k, ea sy ~ eans will be pr o vided for adding nP~ 
function t o the systea. 

~eneral 14ed tools f or constrai ned ~a nipula tion • 1ll be 
pro vi jed vhicb enable tbe user t o change any aspe~ t of the 
~~lecular geometry whi l e holding o ther features fixe~. 

ThP scope ~( t hP syste~ will be enlarge~ by or1ngir~ ir 
~~re t ypPS o f ap~licat10n da t a and fu~ct1ors. for ~~a~ple, 
struc t ure factors, hydroger bonds , R- factor calculation an1 
op t1 m1zation , and minimization of t he potential enersy 
as3ociated wit h a s t ructure . 

Two im~leoentations of C~IP-80 a re planned , onP in t he 
OepartaPnt of C o~puter Sc1encc at UNC and one i n LIP IB!/Ur 
S=ien t ifir Center in ~ incnester, rng l and . These 
iafle~ entations wil l he based on dif feren t hard ware 
c~r.fi~urot ions tr.us assur1ng ~ degrPe o~ hard• are 
independence . 

In botn these s ystems ~ore f unc ti ons will be im~leoen ted 
on t b~ dedicated satell l tP COQ ?Ut~r than v ith ; PlP-75 . In 
pa rti cular all co~ ~and lnterpr~tation a nd e xe=u t lon of all 
trival and frequen tly invoked functions wi ll De done b y the 
sa tellite computer. A user's data and n i s private 
extensions of tne system function wi ll be stored o~ a 
pri vat e dis t pa=t ~ Li=b wi ll be ~oun ted on a 1rive ne~r tt.e 
work statio~ . 

0. CO LLA bOP ATI V! ?60J!C7S 

We consid er all our syste~ develop~ent which st ems f ro~ 
the use of our p i lot systec by che~ists a s collaborative 
work. Alaost all the syste• de Yelop~ent during t be pas t 
year vas of this class. 
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E. SERVICE PS OJ!::CTS (A SAII PLING) 

Professo r s E l~ er L. Am=a and Rovland Gir lin g hav e use• 
GRIP on f~ ur ~cc3sions to correct and l~prove a ~ode l of 
si,kliog de~r be~'globin , to f1t thi s ao1el t o a ne ~ 
elec tron density ,ap , a nd t o aake photogra phs for 
publication . This is a very large aolecule, 5120 ato=s 
i ncluding thE bea e group. an d parts of a djacen t 
mol~cules w er~ i n=luded io the model so that 
irtt>rt~oleculc~r interactions coul<J be studied . Tht> 
res~lting ao1el of 8)o9 atom~ vas divi1t>1 into te~ 
overldp~ iny substruc t ures o! a~out 200 J atoms t>a=h so 
tb ~y could be ban~leJ by our s y s te~ . Throu~h the 
'oPbi r1ed use of ~RIP and a simpler co~pu ter grarh i =s 
system i~ the1r o ~ n laboratory, Prot e ssors A ~aa ar1 
G1rling were aole to sol • e and study this ~olPcular 
strJ, t ure w1tbout construc t1 ng a zecnatl=al ~ndEl or ~ 

"R icha r ds Bo x." 

2 . Oa VlPS -- 1! ~ 0 1-fAB 

Or. L<~vid Da v1es ~n1 h1s =o- •or ker , Dr .- Ejuardo Pa:!lan , 
of tbP ~at1onal Institutes ot Health use:! GR I P t o 
p:>si tior. Sl dP - c bai n and na).l' some mi110r a:ljus t111~>nt t o 
LhP main - c hatr. of th eir node of t ae i~auno~lohulir. 
M ~0 3-fA ~ . TLey plan t o r efir.P tbe result i ng model usirJ 
the connl'rt-Hend ri c ).sor. progcac . 

3 . Hl'ndricks:>n -- 11 yohe111erythrin 

I n Strt~sr<'r 1977 ani agdir. 1r. Oc t o~ec , or. wayre 
Rendricks:>L use1 ~RIP t o fit a ao1el t o hi s ~a ps for 
my ou e~erythrin. This :>xy gen -carryi ng ~ us=le ?CO tein 
c on tains 11 8 resi:iues . Dr. llend rickson has not built ~ 
111ech an ical a odel of this ~ o lecule, but before co~in1 t o 
our laLorat ory be had obtai ned a =oe plete s et of 
c oo r dinates tro£ his electron density ma?s. Usin~ GPIP 
he 111ade a nu~ber of ~ajor cha ng es to his trial ~oiel. 
Since using GRl? , Or:. llendric ~son bas =a rri ed o ut an 
algorithQiC refineQent of his ~odel and bas co~pute1 a 
better elctro r. :lensity aap. He ret urned to our 
laoorato ry i n 1976 t o inspect a nd a :ljust thi s nev ~a r 
an d 11odel. 

"· tril!> -- Phenylalanine t Ril l\ 
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Drs . Joel suss aan, stephen Rolbroo~ . and Vade Warrant, 
and 1\ r. George Church working under the direct i on of 
Professor Sung - Hou Kim used GRIP in combination with 
their const rained-restrained least squ3res method t o 
refine the 3-dimensional structure of Yeast 
Phenyl4laoine Transfer RNA . 

Professor Ki~ · s group also investigated three RNA-ligand 
interaction s associated with this ~ole=ule: 

1) Metal binding sitE'S in Yeast Pheylalanine Transfer 
R !\A. 
Drs . Susslllan , !lolocook, a ad Va rrant discoverei why 
magnesium io ns are essential to the a=tivity of this 
tF.NA ~aole=ule. By displayin,J a difference aa p or. 
our ~olecular graphics systee , they were able to 
identLfy the number and tbe coordination 3eo~etry oi 
the essentia l aa gnes ium i ons and stu~y their 
specifi~ stereo - che~ical environoents . 

2) Protam4ne -- douole helix interaction. 
Dr. war ran t investi;~ate1 bow Prota~ine becomes 
al pha -helical upon interaction with tbe tR~ A and how 
it stabilizes tbe pa= ka ging of two adjac~nt d~uble 
belical seg01ents of t RNA ' s. 

)) Aromati r ~ut~~en t RN A intera=tion. 
Dr . War rant identified tentative binding sites for 
several arom3tic mu tagens on the tBNA molecule. 

5 . Lipscomt. -- Aspartate transcarbaD>ylase 

Dr:. James cra • for~ . vor~.ing under Prof. William Lipscoml. 
of Harvard Universiq , us.ed GRIP to obt.ain an ab l.!!.!.tiQ 
fit to ois electc~n density ~ap for aspartate 
transcarbamylas~ . Alpha carbon coo r din~tes for this 
m~lcule were otained from a small- scale map, and a 
complete model vas buil t using our program . (See Low 
Erabuto xin b. ) Dr . Cr a .. ford bas co~pletej a pass 
througn both thP regulator and cata l ytic un i ts of this 
m~l ecule usi ng GkiP . He fou nd some erro r s i n thp 
sequence for the cataly ti c unit. Once thes e a r e fixed 
and the geometry of bo t h units is idealized usi ng 
Dr . Her 111 ans •s R2FINE2 prog r am , the !1\odel wi ll be pu t 
back in GRIP for further adjustment. 

6 . Low - - Erabutoxin b 

In April 1977 , Dr . Atsushi Sato (Cbe11istry, Toboku 
University) and !Irs . Jane Richardson (Anatomy, Du~e 
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Oni versity) working under or. Barbara v. Low interpreted 
a 2 . 5 ~ aa p ~f t he sea sna ke neurotoxin erabutoxin b. 
This i s ala ~st certainly the saa e Qole:ule tbat 
Drs . Tsernog l ou and ,c ~ueeo fit usin~ our syste• in July 
a nd August 19 7 6 . Reaa r kably different • e thodo l oi ies 
11ece used oy t bese two groups , bo 11ever. Or. Lo " ' s ;;roup 
st a r t ed witb a a ) lecular • odel bailt fro~ the res id ue 
sequence a nd a pp ro xi~ate coord i na tes tor tne 
al pha-carbon ato ~s take n fro a a Q ini- ~a p . Our ~odet 
builder , tm rro ved since our experience with Professo r 
Ja~ es • s group , built a sequence of resi~ues with ideal 
internal ~eo~et r y an~ th e n positioned tb P~ in t he model 
srace using the s i•e n al ph a-caroon coordtn6tes. lnstea1 
of l~av1n 0 t hese residues 1n the orientat1o~ in v bi~ h 

t be y 11 er~ yenerated , as our earlter pro1ra~ ~id , our 
preseht aodel builder aakes use o f tbe alpha-carbon 
coordina t es foe tne adjacent residues to a pproxia!te thr 
co rrect or1entdtion for eacb rPsidue . Sta rt Lng v ith thP 
r esul tin ~ con!o r~dt ion or . Sato an d ~ rs . Bicha r ds~n ~ err 
aole t o manud lly t it th r oojel to t he i r elec tr on ~ensit y 
.. a p. 

Tne r~sult in ~ con f~rma t1on •a s used as t he star ti ns 
point for (urlher re fine2en t t o this stru·ture ~y Dr . 
1\art hd Kuball. Us 1n; !1. P1que •s PXpecilllertal surface 
d1splay , Drs . ~i~ bal l and Lo • 1dentifie1 a suspec ted 
active Site n~ t pc ivious l y i den tified .. 

Dr . Da v i~ and Jane Richardson and their st ude nt s ha ve 
used GRIP since Sep t e aer 1 97~ i n their study of 
suproxide dis~ut 3se . ~ n i n ter-pretation of one o f t be 
suLu ni t s of tnis ~ olecule i s fir.isbed , an1 the me ta l 
sites of all four su burits ha•e been co~pared . 
"rs. ~ichards~r. a l so used Ga lP to 111 a ke il lustratio~s for 
one cha pter of ~£!~~!2!~~-Qt Piocb~!ist ~y by Vti te , 
Handler, Sait b , Leb1an, and Mill. 

8. Scniffec -- !leg Bence-Jones 

Dr. !larianne Schiffer bas used GRI P on two occasions t~ 
study and adjust ber ~~del of the Bence-Jones dinec. 
This aodel of Q32 residues vas quite ajvanced vben it vas 
first place i r. G?IP, na ving beer. C02?letely fit to its 
aa p and refined. Dr . Schiffer's 2a p of 2.3 1 res~l utior. 
vas calculated vith pbase ao;les derive~ fro a this 
•~del . Os i ng GRIP Dr . Schiffer chec~ed tne entire 
structure and adjusted sone of the sid e cbains and the 
• ain chain at a fe v points . The ~anual adjusta en ts vhih 
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or. Schiffer made to her model durinj ber first tri p to 
our laboratory reduced its R-factor fro• 33 ~ to 32l . 
Tbe results of ber second use of GRIP have not yet been 
evaluated. Or . Schiffer is the only GP.IP user vbo ha s 
elected t o displ!y con t oor aaps on t vo sets of 
or t hoyonal planes . All other users have chosen e1ther 
one set of planes or co• plet e • cage•• contours usin1 
t hree set s of ortnogonal planes . 
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DEPARTMENT OF HEALTH EDUCATION AND WELFARE 
PUBl-IC HEAL. TH SERVICE 

N4TtONAL. JNSTITUTES OF' HEAL TM 

2, 11.111. 316 

Prof. F-red Broou 
Prof. Williac Wright 
Prof. John Leonarz 
Co~puter Service Department 
University of North carolina 
Chapel Hill, NC 27541 

Gentlemen: 

. C"'HES:OA ""'"" VL,.A"'ooO 3POI4 

June 7, 1978 

I ~ish to thank you and your staff for letting ~e use GRIP 
and for helping ~e build an atomic model of the M603 Fab. we had 
cal culated, in 1974, a 3 . 1 A electron density function for this 
~olecul~ from x-ray data, had built a tentative (only about 704 
of the amino acid aequence vas knoYn at the tice) atooic model uaing 
a Richard's optical comparator and had measured the coordinates for 
alpha carbons and carbcayl oxygens. With the almost complete sequence 
no~ available and using the measured alpha carbon and carbo11yl oxygen 
coordinates, we had gener4ted coordinates (or the rest of the atoms in 
the structure using DiAmond' a model idealizetion program. This was 

( the Sff}:.J>.f coordinates 1 started "hh to build a better model of the 
g:i_ USTng GRIP. The side group&, understandably, bore no r elation 
to the map in the beginning and this made fitting o f model to map very 

( 

difficult. This difficulty was c~pounded by the fact that the electron • density function is at 3.1 A resolution 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 
a aet of atomic coordinates for the more than 3400 non-hydrogen atoms 
in the structure. Hodel building and the measurements of coordinates 
by conventional methods are particularly tedious endeavors and I would 
eatimate that the 11 days I spent with GRIP are equivalent to at least 
6 months of work using the old techniques . It ia clear that the use 
of computer graphics in protein oodel building is t he .. .,.y of the future 
and we, protein crystallographers, greatly appreciate the effort 
you have invested in developing GRIP and your letting us use the systez. 

It would be highly desirable to have GRIP developed to the 
stage where 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 diaplay. At the present tioe, kno.,ledge of the 
sequence is an absolute require:~~t to be able to fit side group 
density. In this connection , I •oould l ike 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 vith or withou t sequen~e information . 
I t is not &n ab initio model build ing procedure but it s hould suff ic:e 
to get an approximate model tha t c an aubaequeatly be fitted more 
c loaely t o t he map . Suppose t he map is of suf f icient clarity to t race 
the course of t he bac kbone but t he sequence is not fully de termined . 
A polypept ide c hain is now superimposed on t he map bu t for each r esidue 
is substit uted the following s tructu re: 

I 

1'-1 
' c. ~-. - c 

I 
D ::- ( 

0 

where Cl , C2, C3, C4 and CS are tetrahedral carbons, 1.5 A apart, and 
wher e there is free rotation about ea~h 'sidegroup ' bond. This 
structure ~an be made to appr ox imate any of the 20 residues. Fitting 
this pseudo sidegr oup structure to electron density cor responding 
to Gly, Ala , Ser, Cys, Met and Cys is obvious. Further , CJ can be 
made to approximately represent the 001 (Diamond nomenclature) in 
Asp or Asn, and C4 the OEl in Glu or Gln. Even the aromatic side­
groups can be approxioated. For example, by making Cl , C2, C3, C4 
and CS coplanar, one can approximately fit density for His: 

\ 
C. c' 

/ . -• 

with Cl - C'S • C2 - CG, C3 - NDl, C4 - CEl and cs - !IE2; 
or Phe (Tyr ): 

- C.F- - c ' ..... c·· 
c, ....... . 

: ~ !' 

vith Cl - CB, C2 - CG, C3 - COl , C4 - ell and cs - CZ; 
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C.l. ~ <-.. 

(~ 
/ 

\ 
( I,/ 

with Cl : CD, C2 : CC, C3 - CDl, C4 : ~~1, and C5 : CE2; 

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

0. c::. 
' h.l-

1 
CA 

/ 

with Cl : CB, C2 : CC , C3 : CD and C4 coinciding with N. 

The pseudo sidegroup atructur~ can only give the approximate location 
of the corre&ponding atoms but it should suffice to enable an ideal i za­
tion program to generate a proper sidegroup (or the rest of it) for later 
refitting. Val, Thr, lle, L~u and Arg could be better fitted by adding 
more atoms to the pseudo sidegroup, thu&: 

t l c.J co 
/ . .. -.. 

/ / 
- c_,.. c < •• ( 

-...... / ' / ' ( - ( c (. c 

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

If an ab inhio codel building procedure is going to be incol'l>orated 
into GRIP, 1 would suggest that the user be able to invoke helices or 
extended chains of any desired length - it is much eas ier to bodily fit 
a atretch of preformed helix rather thAn twist a stretch of residues into 
a helical configuration. 

At the present atage, GRIP is more suited to fitting a oodel to 
electron density map rather thAn to building a model to fit the map. 

-- -------
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Builders require a large ''ie·.: of the e>a;> and z:odel (to se~ the inter­
relation be~~een the dif!erent parts), ~hereas !itters can ~ork ~ith a 
aruch more lmited vie;.· (since the :::odel already closely fits the density 
function). Stereo vieving is a great hel? to builders, yet buifer re­
quirements for stereo run counter to those for large view display. Fittr~5 . 

[

on the other hand , especial!)· those OJho are working with differenc~ 111aps, 
would benefit from the ability to display cap features contoured in t!w 
conventional manner - in the final stages of fitting, the density 6rad,ent 
becomes very important. 

A complet~ documentation o! the operation and con~cqu~nces of the 
various cot:eands 1& highly desirable. In addition, "trickt." that pcrrr.il 
a more efficient usag< of the tij'»teJO should b;, documented. (l learned 

r' from Bill Sidall, tor example, the trick of contourin~ as lars~ a part 
\ of the map as ieasiblc and then isolating s:oaller re~;ion s by adjustinS 

1 
lr.c ~calc - t:"le ob;cc:. her(• bu!ng to 5ave :.i.::lt since CC!'\tourln& tak1.:s 

1 u lono, ti..me ::o acco:fJ!1.sh. ) 1 "•'Oui~ sugges:. that the expl:riences o! 
all those •.:ho have use~ the &)'He: be poo:ec anc ::ado 8\lallable to po­l tcntial users. 

Listed bdo•.: arc so:~~ personal cxper iences and sugg.:st ions: 

(lJ Oper~tions, ~hich deta~h and translate group~ (e .g. FITRES, 
FlTCO, F'ITRA.'-:CE), nece$Sarily build in distoruons. It is not co£\' 
to assess the departure fro!ll ideality by simply looking nt the image 
on th" •creen, nor is it prac t1co11! to de:nand the valueb o( the bond 
lengths and angles after each !ltt~n0 . After becoming more familiar 
with the system, I noticed that the residues I had fitted during th~ 
i 1rst two days ~·ere frequently distorted and nad to be subjected to 
extensive refitting. 1 also noted that the 'toothpick' ~or~s in labora­
tory spa~t and that clis~ortions fro::~ usL"'j; the 'toothpick' can be avo1dec 
by proper:; ?OS:tio,-,~n;; tht :oode!. before app!ying th~ rotation {;,.;;;. enc 
on V!.ct,.· of thE: bond fo~ c!.Dc;..:.·itte and coc:lterclocit~ise rotations, e::c . ) 

A dis?lay of c:t.:- -:nscantaneous values of the !engtt". oi the ''rt-bber .. 
bond (at least} wowld be very useful. l'crthenoore, idealization at the 
pr;,liminary steps o! bu 1ld ln& should probably be very restrictive U. e. , 
CA should be made strlctly tetrahedral, the peptide link planar, etc.) 

(2) Ihe TWSTBO~D can have dire consequences on atoms that are out­
side the vie~ing area. Potential users should be warned of this. 

(3). f1TRA-~GE and TWSTRA-~GE can cause the lengthening of a bond 
~hich is dif:icult to reverse, it at all. I ended up saving the ~ile 
prior to using e1ther of thes~ verbs . 

(") One should be able to spec:..fy t:~e ate::. (bond) about which ro­
tation is acco=?lished in TWS:RA-~GE (or :::~~~CE) - this becomes desi=ab: e 
,_,hen fitting backt..:ards fro:: the C- tO the !~ -cercinus. 
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riTRANGE o r TWSTRk~GE, the operation is not conf ined to tht 
atom; certain atoms appear to be linked to each other (list 
This should be docua>ented. 

(6) The image on the screen soaetimes changes hand and in my case 
this led to con!usion 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 pep:ides around. This ~as before I realized that I 
can display all the surrounding residues (by invoking SK0\1) to see more 
clearl)' the interrelation bet \ole en neighboring segments. The cause of this 
image reversal should be documented and a warn in;; given t o potenti.ll users . 

(7) ~nile the side group rotations are disabled in prolin~. th~ 
ring can be broO<en in tw and rhe individual parts e~oved separately ("Lth 
fiT~~GE). This should be docueented. 

(8) After several hour s oi use, a part isolated b>· !'lTRES , FITCO, 
e t c. DUI)' start to drift ; I found chat holding the 'toothpick ' at ;,n extreme 
po•ition !or n second and then rel~sin& ~ould usually ~top thls drift. 

[ 

(9) Also after ~e..,eral hour:o of .. .-or:<, th~ air in the roo= would 
seem dri~r ~lth :r..,quent 'sparkin~· betveen !inger~ and light pen cau s !n~ 
a noticeable d1sturbancc in t he system. (t cay hav" crolShed the sy>te:r. 
once by such sparkin •. ) ~ould a humidifier help here? 

Tr ouble-shoot1n& procedur es should also be documented . For example, 
1 learned from Diril \'o., that, if the screen docs not respond to the 
light pen , one should tr~ increasing the tube intensit)'. Further, 1 
learned f ro= carol Serpien thac. i! the syste: d::. .. s not respond to "I:IOd~" 
selectlon, one should try pull~ns on the button~. 

1 am sure I share ... ·ith other users t he hope that you ,..;.11 cont inut! 
to iJnprove GR!P. Of course, as it now stands, GRIP is alread>· a fantastic 
system . 

Finally, I wish to thank the graduate s:udents, in parcicular 
Bill Siddall, Dirk \'oss anc Ca: ol Ser pien , ... 1\o "e r e ah:ays around to help 
when 1 ran into probleDs. l also \:ish to ex;>reh my deep appreciation for 
the patience of Bill Siddall uho got me started, did all the idealizations 
and file handling and without wh~se help I ~uld not have accomplished as 
much. 

Yours tru l)l , 

Eduardo A. Padlan 

~~©~~WI -i.~ 
JU'I U Me 

(. 
I 



H AR\'ARD U:\1\"ERSlTY 

DEP:\RTM£:-;"T OF CHEMISTRY 

Dr. F . l' . Brooks 
Chalrman, Deot . of co~?u~er Sc1ence 
t' . of ·: . Carolina 
Chapel Hl11, •:.c. 

H Orford Strut 

Cambndgt, Mau~hu<tlll OliJ~ 

US.A . 

.June 19 , 1978 

l have JUSt !1nished a very successful sta~ 1n Chapel H1ll 
t o ust'> your der.artment's qraphics fac1l1ty and would like ~o 
co!11111ent on t.hf' '"~ll' S\'Ste::- an;! ~he ~<ork : acco:'lpllshed. 

1 a:l' wor\;1ng en t.~e ;:.ro:e:n as:)arta:.e t ra:~scarbar-y!ase, a~. 
allosterl.c enz":iC ~~Hlt. catal ·zes :.he ~eactior. of ca:-ba~oyl­
ohosphate w1th as~art.lC acid to ~Or:'l clrbamoyla ~a : ~ate and 
phao?hatc and lS ~he f1rst. see~ un1quc to the pvr1n1d1ne blo­
synthetlc oathwav . ~he nolecule 1s a 310,000-dalt.on complex o~ 
~ cop1es of each of 2 un1nue col~?e-t!de cha 1ns, called the 
regulatory (Rl cha1n and the catalyt lc .c• chaln. 7he crystal 
!or~ 1 a~ cur~entl~ wo~~lng wich ~~ :~ s~ace aro~~ ?321 Wlt~ ~ 
co~ies of the Q and C c~a:ns :~the as· ~:'letrlc un1t and "'lth the 
i nhibitor CTP hound to t~e en z\~e . ~~ 1nit1al 2. 8 ~ rna~ was 
ca l c u l a ted us 1nc multiole isomor nhous reolacement chases . ~h1s 
mao was then averaged about the non - crysi:.allog r aphic 2- fold so 
that t he ~1nal ma~ had onl¥ one un!que a a nd C chains . The qual1tv 
o ~ the nao d1 !'!ers dra::tat.lcall\' betwee:'l di ! ~erent r ec:ons. 0\·e: 
the ma]Or l t v of the ~a~. ::.he c;;a ~it:y is very <;JOOd \::. th all side 
cha in !)eaks and many carbon·:l peal< s appar ent . HoHever in 
a;:>;->r o x ima tely one -fo ur t h of t he !'la D , 1ncluding 101) o f the 152 
residues o f che R cha :n. the densi:v 1s weaker, 3a~s are ap?arent 
in t:he ma in chain, a nd t:he side c~a:.n peaks are obscu r ed by 
noise peaks. In add~:.icn the se~uence :.s e:ther unkno"'n or ln­
correct !o r a bout 7 5 ou t o! 300 : esidues o : t:he C cha i :'l. 

]'.t Harvard l had measu r ed c - ca r bon coo r d1na tes fo r al l tr.e 
residues from a crude Kendrew model bu i 1 t in a Richard' s bo x . 
The main goal f or :ny -..'o rk a t t he graphics :aclli t y ,.·as t o accura tely 
build t he 275 r es 1dues ! o r wh ich bot h t he ~~r 1s good and t he 
sequence reliable , a.1 c t o ac c:.J:-a tely bui l d as r.'.uch o:: t he ma in 
chain a s I could where t he sequence l S unr e:1able. : a~ pleased 
t o re!)Ort t hat I was eas ily able t o acco m?lls h t hls goa l i n t he 
t en days I spent at U. N. C. I fou nd t he s ystem ver y adeq ua te for 
my task and for t he most oart have only pra ise for t he syst eM 
and fo r the peoole there who hel ? ed ~e . 1n oartlcular Bi l l 
Si ddall. 



I would like to make a few suagestions which would make the 
system even better. The most ser1ous defect is the lack of a 
user's manual which could be sent to a user before arr1ving at 
Chapel Hill. l know that l wasted at least half a day learn1ng 
all the key words ava1lable and I never d1d learn all the ont1ons 
available. Second, s1nce our se~uence 1s no~ accurate or co~nlete, 
1t would have beer. very useful t o be able to ed!t res1dues '""l~h 
the system; that 1s to add, delete, or chanoe res1dues. As i~ 
was, I could ne-t test an•· sequence chances and those ~<h1ch I 
knev.• were obv1ous! have to Make at Han·ard . '!'h1rd, r ...-ould 
suggest putting in verbs t o bulld a nodel a-hellx betw!'en 9iven 
residue numbers and rotate and translate this helix as a unit. 
I ' m sure for our resolut1on map a model helix would be better 
than mv bu1ld1na. P1nally, lt would be useful for COMoarina 
structures or ma;;s 1! t·..a ato:- ~lles could be d:splayed at one 
t1me and 1~ two mar>s that are d1solaved could be rotated and 
translated relat1ve to eac~ o:ner. I nad no ~eed •or such 
features t~1s tl~C bat ~o~lci c1nd the~ use=cl ~hen ~e qec ma~s 
of other forms oE the ~olecul~. 

In clos1na 1 ""Ould lll:e to s<~" t'la: I thorouahl·: enJoyed 
my stay in Chac-el Hill and cert.'tinly ho::-e I car. return -'lgain soon. 

S1ncerelv, 

/"'(_,~vi 
~a~es ~ - Cra~:o~C 

~~©tmlfk~ 
JUL I lilB 
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rrof~.>~so~ fr~.>d Brooks 
l)epar:men ~ o:- Co:-;:-utc:- Sc1cnct 
Unin•r<:ty of \orth c .• roltna 
Char": fit ! 1 , ' c. 

()ca r l ' rof<.'s~or Broo~.>- · 

n.:~nls for t he h<·lr ••e don·~ l.no·· r · : h!' hot t om l•ne o: th<· 
mode-l :.ulld:n~ <·ffor: hu: :: lS clear that o-.iarn\ and Schen ::' r<·r•ons 
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Report on the u se of the graph1c fac1lity at the computation center at the 

Un i versity of North Carolina 

M 1 I 0 ,,AHet o ecu e: yeast t ru• f 

Map : 4.5 A HJR map ~·i th dirc~t methods and densit'' modiftcation. 

Users : A. D. Pod~arny, R. Schev1t: 

Dat e: June 1 ·4 and June 13-:J . 197S 

Th£> lat>oratorv of macromol~cular cr,·stal Jo~r3rhv at The Unl\<:'rSJt)' of 

Chicago . nepartncn: of B1ophvsic~. ha~ been ~<orl.in~: fo~ s!'ll!!'al ~·cars 1n th e· 

\f,-. .. 
~ tructurr: of~ euhar''Otlc iniuator tR~A. tR'\A·.·• 

t 

resolutton intensttJes the 5tructurr has been particular!) d1ffJcult t o sol \• . 

and on ly 1n th<' paH stx '1\0nth~ has a mal suitable for model tnt<>rpre t.H lon 

Large- portions o: th<• strtJCtur<> of tR-'~ are ht>l •cal and hove :. ver,· 

defini u.• st ructur e Also, the sD·uctc.re of thi5 ininat.:;r tR.'\~ should be 

l ocall) similar to that of tR\APhe. thou;:h ~l!:niflc3nt O\'er~ll d1fferen~es mi;ohl 

be expected . Therefore, a system 'Ohich a!Jo,.s the superimposition of large 

portions of the map ~>tth subnructuTes of l.no"TI Slereochemistrv 15 high!\· 

desirable. 

A Rich a._ ' s box "as set up and a physical mode 1 ~o~as bui 1 t. but thou,ch 1 t 

followed mos t of t he map it did not ha\·e satisfactory stereocherni st:r)' 

traced hack to the problem of 1 ack o! ri ,:,idi t y in t he secondarv st rue ture and a 

failure to maintain the kno\o.-n stereochemi str)~. 

To overcome t his pr oblem , a static graphic svstem ~<as 1np lemented in 

Chicago. The hard"are consisted of a .>70/195 comput er '•ith storage tuhe tin 

terminals (Tektroni x 4(110 or 4014) or re fresh graphic tenninals (HP26d 8A) The 

software consisted in a set of Fortran 1\' subrout ines originally developed at 



2. 

Columbia University. at the labo:-atory of Professe>r Cyn.s Leventhal. and 

adapted for map interpretation at the he;:;;anr: institute, Rehovot. l~rael, 

and then in Chicago. b~ A. !', Pod)arny 

Phe 
Using thH static ~ystero. s~veral ;><'Ttlons of th!' tRNA molec·Jlf' 

were rotated and translated as Tlgtd bodiP~ in order to ftt the electron dcnsn,· 

map. We• a! so had l ocat cd b~· mean< of he a,·~· a tom markers t ht• pe-s 1:1 or" c>f 

thrt>e restduc:>s tn the unit cell. ~o.hHh ~o.cre used to an.:ho• tht• tn\t'tTretat ton 

n, ~<·neral that ~o,as ::c-: t'lc ca··<' 

d<'nsny, but the st3tlc .-·• · c,.. ~o,as clt'arh no: flt>x:blc ne>~ :n st enough to 

that c-nh thret> \'ie~o,s of th<• m1p ar.d oolccul~ "ere avl:l3bl<', :tnd onh N1" 1f 

lt "as at thH moment thot ,.,. appro~ched the \orth Carol in. tJd lt;" . 

C>.Jr mant purpose ~o.as t o lm,lcm!'nt • oore flexibl~ systc"' that ~o,ould let u~ 

mal.<: a better flt of the l!:ar ancl also ha•e a better \'ie~o, of th~ current int<?rp:-e-

tatton. A~ se\'er:..l other 3!ternat:n•s .ere feasible. "" ~<an:ed to be able t o 

compare the::- 1n a rea! uee systt:D. The rea5or: for choos1nc the \crt~ C.no:ina 

facilny was that ( a ) the prev:ou5 expenence 111 dealln!! ~<ith tli.~~ and (b) that 

it wa~ avai !able to \IH supported scit:-nt iH~ 

1\e sent our map and molecule 1n ad\'ance. and on~ of us fA. 0 Podjnrny) 

orri\'ed at Chapel Hill for th~ firs-t of t'-0 sess:ons on June Jq and stayed 

for four days. The: !'vster.J ~o,as; pract 1ca ll;• read~· to ge>. and it ~o,a~ possiblt:' tc 

su1rt "or~ing •~thin hal!' an ho~.;r of a:-n,·ai he regard thls fact as a proof 

of excellent su;>pcrt of the visitHI~ researchers. ar.:! th:s "as rea!ftrmec! dCJnng 

the ~<hole stay. ln three days, fror the first to the fO\ITth of June. a co-,;-lete 

pas~ on the molecule ..-as done. The general strate~y u~ed ,·as t<" men• UJ!td 
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substructures as rigid bod1es, ar.d then inde?endent!y f:t the connectlnt 

residues. The map ~as good enou~h to locate the r•~1 d su~structurcs, but not 

for Jocauns: Individual restdues. In the three loop regtons of the molecule, 

the stratcgv const,ted of fittin~ the ~hole ran1e of the loop br indiv1dual 

bond rotations; the range to be fitted ~as advanced b~ one re~1Juc 1n order 

to iJCccss sequential bonds, until it ~a~ compl<'ted A ne" vert' lfltrn~no) 

" a< crc.-atcd 1n order to dei1nt more cas1ly the ran!!e to be.- fltt<·cl . ln 

~:cncral, thH ~·orked culte smoothh. :he ordy ;::roble~ '-3S the· r~c·d 10 hrc:d 

hcltcal porttor;s :n t'-::' s:r:mds. be,ause o·- a soft•are !l'!l!;,tlon '-hlch r:ad: 

1~ i~tpo!'.sib1c :.o strm.;~:anco:.:s:lv f1t re«qdues nv: co~nc.:t~d 1n ~cqu('nCC' 

The tnterprctati~n rr "~h: !ro~ Ch!ca~o •a> sust~lncJ, •lt~ ~tnor 

ch11n~c-s for better fn of the denstt". for 5t• o:Jt of "5 re tdut>• rot , h< 

oth<'r J!l. a better lnterpretnt•on >.~s found. Tht- most tmpon~nt ~c!l·nnt~~·~~ 

of this S~'HC'r.> over the stauc graph1c~ s~·s:em •en 13) thC' abl11t~· to lool 

at a continuous ran~!' of \'l!'•s. (b' thE" ablll:'· of rt:al ti'l'<' fnun~: in a 

much shorter tict> and (C') th~ dtspla,· o: sol :d t~l'e contours 

elements, 1n parucular the dense net .. crl. or dyad axes In re~:on< >.here rhe 

density encroaches on the dyad the tnternolf.'cular contact~ ~ootreo quite accurate!,· 

defined. The firsr approach to d1sp!aytn~ the symmetn •a$ to display th e­

synunE.'try a xi~. and thH ~<a$ enough for the first pag£>. 

01 JW1e 13th Podjarny and Sc:hn·it= arriwd at Chapel t:ill for n second 

session. A stracegy to displa~· syr.r:-etrr relaao -,oJ~cules .as discus~ec ~ith 

one of the rneober~ o: the SUP?OT~inc tea~ B!:l Siddall , and it ~<as a~reed that 

the best •as to generat!' a file •ith a pa1r o~ sU?er1cposed mol~cules and then 

rotate one of them on - line into the desned sy=tn related position. 1\hi IP 

this was being done, A 0 Pod,iarnv corrected sot:le stereochemiHry that had 

been inc:orrectl)' placed durin~ the first pass and Richard SchevJt: looked ar 
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t he current interpre,ation and tried all the possible alternatives that sec~ed 

apparent. ll s hould be stressed her e thnt while A. 0. Podjarny had prC\'JOU< 

experience >.ith gr aphic spter:>~. Richard Schtnt: had not. Therefore. hi ~ 

opinion as a ne>.co~er to the field ~ust be of par:Jccla: interest to the 

faci l lty. lie found the svncm easy to usc. thouch des,~ncd for bettt'T qu;l! tr" 

maps. ln panicular, he found t hat it "3< not well suttee! for fast scrc~ntn.c 

of different altcrnatnc~ >. 1th1n reasonat-lc u-.e. 

The net result of lr . !chen;: '!' !•tals >.as tha~ no alterna:l\( cou:cl 1-e 

found thnt made a better ftt oi the dens1t\ and had a coMp HnbJ .. s tercodwm< tn 

Therefore. thl· current l!Hcrprctatton ""5 upheld •s th<' mo<t l1~<'1y t>n< 

'k-an-.hilc. the sv::r.ctry rcla:ed pro.:cdu:-l' >.as opena:mal and .t .. as 

Tht• p:1ck1n~ :s O'llt!' 

tight, but ''l'n reasonnhk Small ad.it..qmt•nt< haH' t<• b<' madt· to th<' n•s1d"''' 

"hich an Involved 1n the p3CkJn)C 

~ set of photo~T3;'hS >.as tahcn :n ~oJal ;_, fl !l:l USlnJ! thr Ol~'l:lpu~ 0\~ 

Camera >.\th a rl\·!tar :oo,- lens set at ~00 :or The automnuc exposure fncillt,· 

of t he: Olympu• was used, presetting the f-stop a t f-8. This meant a ~peed of 

1/S of a Sl'cond ~<i th auto!'13U c ncr:r.al exposure anc of 1/30 of a second "lth th<' 

- 2 o;:nion . This iii- >.a~ developed at Chicago a:.c the result ~>a~ sausfac~cr~ 

Pr 1nt s are being made to decide >.hich exposure [S t andard auto or -~ aut o' '-Orh~J 

best. 

The s~·ste::- suited our needs. but so::;e ::;edification~ ~>t>u:d imprc>n• irs 

perf ormance "hen dea ling "it • substru::rure~ of kno"T stereoche,.,istT\'. II "ot::d 

be· very useful t o be ab.e to rotat e anc transla t e a s a ri~;id body a portit>n 

of the molecule whi ch forms an independent structural unit in t hr ee dimen<ion> 

but is not connected in sequence; in our case. the candidates ar e the helical 

segments of the r.~olecule, " hose s.ereoche-ISti:· is ven >.ell defim•d . 
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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 t o have access to 

t he followin& bond angles. This combination of verbs could be i mproved if it 

were combined i n a SH>gle very that would accept the given confirmation, advance 

by one res idue and then stan fnnn~ agatn. I t would also be useful to have 

the option of decid1ng ~·hich bond angles are connected to the f1 t tlnj: knobs . 

ins t ead of having them connected to the available ones in St'quence. 

Besides being useful for manual fitting. a system of this kind could h(' 

1mproved 1f It were also sen·ed as an Interface for a hlf.:her level of fe~db:td 

than nsual fnuns:. For exa,rle It 1•ould be ad,·antageous t o call for thc­

calculation of a standard1:ed nurnencal 1nd1catc>r of the "!(oodnt>ss of fn'' 

bet~;ecn the model and densitv and a short (one or t~>C> cvc Jes ·l cor-.putauon:.J 

refinement or adjustment o! t he moM! te> maximi:e the fit. The.' 1dea i~ t o bt• 

able to 1nvok~ (aHH.>i t ~ith much longer delay5 a computed fit ( refinement, 

after visual adJuStment. \anous other graphtc estimates of \'alldlty could also 

be i nvoked as high level feedback. For example t he 1nves.ti~ator could call for a 

phase calculation besed on the well fit part o: the model. A ne~ map of a test 

region of the densny (generally not csed in the model calculation' would then 

be displayed and compared w)th the origi nal denstt}' t o see 1f the phasing had 

been improved. Such packages are suf:'1c1ent ly lo.'el 1 understood and appreciated 

by the ' structural comm:mitv' t o be useful standard tools . 
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1 .,..ould ! 1ke to ~e,cr:: on :'1}' VlSlt to Ch.lpel H1!l to use 
the computer oraph1cs fac1l1ty dur1ng the week ~f August 1~. 
This was my second v1s1t to use GRIP and .... as as successful 
as my f1rsL v1s1t 1n t erms of accompl1sh1no wh3t I wanted to 
do. 

During my fHst stay 1:1 Ma::·. 1978, I flt a?rroxlmately 2~5 
o! the 450 c;esidues of the enzyme ao;Nlrtar.e transcarbamylase 
from a 2. S r. electro:J denslt:· ":lar averaged .u·ound a non­
crystallographlc 2 - ~old ax1s. After t~o·c c"cles of Diamond 
real space re!1ne~ent startl:19 \.'lt~ th~ cocrd1nates I brou~ht 
back :rom N. Carol1na, a sr.ructure ~acto~ calculat1on based 
on 60! of the atoms 1n the pro t eln gave a crystallographic 
R-factor of 4~.1~. I calculated a ne.,.. map from observed 
structure factors and chases "''hlch were the MlR chases comb1ned 
with the calculated ph~ses. Th1s rna~ was not averaged around 
the non- crystallogra?hic a xis and I br ought to '1 . Carol~na t.,.·o 
maps including both copies o: ~he polypeptide chains . 

At ~- Carolin1 ! accompl:shed fou~ th~ngs. First, I co~­
oared the Oiamond-re:ined coord1nates ~~~~ the or1g1na~ ~3~ to 
see that t he refin~~en~ hac ad:usr.ed t he ator. posltions cor­
rectly. Second, I comparee the orig1nal :nap wi.th the new rr.aps 
to see if there was any i:11prover:~ent ir. t':1e c,:ual1r.y o~ t he map . 
There was a definite improvemen t 1n the poorest reg1ons as 
best indicated by the more apparent coiling and chain connec-

. tivity in several ill- defined hel1ces . Third, I compared the 
· electron density of both COf"ies of the polypeptlde chains \.'i t.h 
each other t o see ho.,.. c losely the molecule obeys t he non­
crystallographic sym:netry . J..ll of the prote1n appears t o obey 
the s~7nmetry with the possible exception o : some of the side 
chains in the region o : the :nap .,..h:.ch 1s still t oo poor to even 
tell \.'hich peaks are side cha1ns and which are no1se. Fourt~, 



I bullt the main chain !'or nose o f the rer-.ainlno residues, 
bring1no the total nu~ber o ! atol':ls bu1lt: co 75• of the protein. 
The side cha1ns not yet bu1lt 1nclude all chose 1n poor areas 
oF the rna~ and a stretch of about 70 res1dues for wh1ch there 
is no accurate sequence . 

The improvements to the GRIP systel!' wh1ch I ~>'Ould hav,., found 
most useful durinq my \'lSi t "''ere the same as those I commenced 
on after ~y !irst VlSit . 7hese sugoestions include a cornpre­
henslvc user's ~anual, an editc ~ w1:h:n the GD!? s;s:em !or 
chang1ng the seq:.;ence. an easy ...,a~· to :-.a::e a ~odel a-helix 1n 
a snec1!1ed ?Ortion o! the ~clyner:1de cna1n, and a way to 
display two 1'\aos so that cne can be rot.at:ed relat.l\'e co the 
other and so that one of the sl1de knobs could he used to 
alterr,~Lely •ee one or the other of the ma~s . 

In the fucure 1 r.o"·C· co 1mrrov~ the c;ual1 cy of che rna~ by 
more C}'cles o: re!:ne:"ler.t and structure :accor ::.1lculat:ions 
and :o de~er~ine a het:er sec:.:encc be:ore return!no to u•e 
\.RIP to bu1ld ;::.e re:"'alt.:n:;: ?crt:ons c' t:hc ro:ec'J~e. 

S:nce~ely, 

~-2' 
Y'-a-.e~ :.. . 

~\. ;.:; ~ -= - ... "'-' 
j( 1 4 1916 

Comput« v .· :E' 

--· - ··· "" - --
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Dr . ,, il 1 i a l'l V , .,.. r i e r • 
The Universit) of Kor~~ Ca r ol1na 
De pt . of Comj,\Jtez Scie:-:cP 
~e• ~est Hal, c~~A 
C ha pe 1 n i 11 , N. ~ . 2? 51!. 

Lear ~r . hriFht, 

This le · ter .iS t.o :-P; ::-· c.. :. -~ ... sf: of ~"'"~ G ... :f--~ 
~c:~cJla! Frarhica r:•te~ tt1s su~~~r i~ the ref.re~ert of 
·ne ~icr.lP c~.l ~o~ F ct:- s·r~c:~r~ . 

l had r'"'c ;t.~~J.(\~ 0 .... f'"'r cc :-: ... £ ~ c .-.~ ·:.harP! ~-~1: t :J 
v~o t~e v~l?-'1) s:,s · -., . (~p ,_:;z ~ c :-e:. t :'"~ - ~ ~ cc r ! j· 
r·· :-esia,;~c 1 : Ue ·z~ t .re t o i-;:>rc' ve t·~ ovrra.l 'lt' r <-<-e•' 
t,-- t·.-.• rr. tt p -r Je: ~ ... 1 · ~.i x-:-c~ ~if:.,. 7~e o · l--er r~r: cse was 
erfl~.l e f'•d r<>:it re~1r:.s r: c~·t;,~· b~t•.e~r r.e1£htcr:1r 
rP::t r:C'b:t· - o] ec .. :-:- . 

1 l'! .. -"' · ! c.··.or·: o : ,.c· r'"':" d~ .. .ii ~:, ;a}:'S c.f t~fl 1YfP 
.\t,jct~ ·.,f- ca!! ··rr:..=-~~ ·~ --:e.:a- r :'re-3e -;;;s r~~ ... ·.-e de~ .. rerl 
~('1:"-:'rS C'!" "'tl I? """ f..,Cfl :-r,...,. ., e rhr.Sf' C?lcul::ation, ~0 -.s (~(\ t 
to rJir£ :'~:r .... ~.:c·e·~ .:- :~e ~ers.:·) -F;- . r'r :r sta:.d"!ird 
oiff•rE~Ce r~fd, - 3PtP:-~i~ed tte r~st FCorl) fit 54 resi~ ues 
(;:b .;t 5 .. · c~ · · ~ S ""~ ..,-..: ...... ~ ~-c! c~:c~:-:otej .... :-r· re .. · ael-? - t 
f"",flt' fort .'?Sf re~·i .... '.Jr5 , .s .l. t:£" Crt.r- ~~ , .1. ... a at .. e tC" fit .... 
,.~ -:r~se · c ~ cd ae..- s: ~~. l:"' ;:~C:t.cr., _ re!'it ab-:\.ft cc re~ .. dl.'?R 
~ni~~ ~r~ i~~~:v ea 1n var.~~~ cc~~~ct re~-~~s i~ tre cr~~t~: 
structurP . Ca:c~l~tl·n • f -e• diffErenci electr:r density 
,.,..~ e- •·sl·r.~ · r .. ne ~r..::--- ....... c ~a· • ... a-, ... -,.. - e ca·c .. .. :or .. :""1 ... -- ,....P- • ... ... 1 ;o.c~~ , u •E • . ·' •. V- ~- • -• •·:S •• • - , _ ., ~ . "'"' .. -. - ~.· 

th~~ the ne• f! i~ rrs Pre ~uch mere accura te tna~ the rrev.-.s 
c~es . Anr ~her in~~c~t! r cf tte !~~rove·e~t c f -he over;lJ 
Gtructure wa !; the d<>c:-e;;s~ ir. 't.l E ·~ va:ue · 1a ,,eoasure c: 
-;;r.e discrep2r.c:• be · ... eer ··e rr:c.:1el a:-:o :h~ x-ra; • .:a : r.) fr 'r 
. J92 to . Je7 . 

S i nce Ae are cc ·ce~:ed ~i~~ - he ~~!ec~:~r ~Ecre~a~ion o! 
··sickle cell hemol!loch, I ·Aa~ ~:est inte:ested in st1..:dyinf tro 
conta~t re~icr.s r et~~e~ ~eo ~ehto:-:ra re"-c~lrbin molecules ir 
the c rystai . c f p;;rticul;o r -in<-erest :s ·t:e str uctur &l ?.djt...;;:~e-. · ~ 
which rr.a~· 'Le r:eces;;uy :c·r the for~" ticn o:: a s t r ong contact. 
'Jsin,- !'rcfl"er.t de!ta -: r:«p c·f ti:e •:,isnr:er Contact", ·.,hich i:-vc lves 
the rr~tant r esidue, it was observed th?t thr "donor" side of ttP 
c~r.tact must underEo s:erificant re~rrarce;-ert ~or tre cc-t~ct 
tc be f~rned . In~ ta~er,s"on to be s ent for pub:ic?tion . ~e 
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rr,.vose :r:.:t t".P -:.c::.: ::, v!' ~ re..,cP_c~l~ tc ~e: :s ceter.,.:r.ed 
by the rli ab ility o f t l"i s ref:i on o: tr.e hemoglcbir •. Th ; s rropr,;· J 
is a dir~ct re sult o f ct:er•at i-ns ~zde ~sin[ t he GRIP-?5 
molecul~r pra~rics s,, '~' · 

':'h e GR1P-?~ S)s -o- ""~~ '.'e ry "e!l suited fe r 11') p..1qcs ~ ··. 
It not only ~llo~<'¥ r-e ·_ o r e!' it ros . .:: .es - ..~cr !'aster • ~,r. 
wcu ld have bee- ~css:'le ... i t r .ur s~s · e r , but <>13" ena t:"d ~e 
t o observe rrl"C~l,r cc-t cts ~e t:er 1 · ?~ i •aa ever · ~ e· 
~ble to lr t t !' P"»t . Tne acccmJel is h:ner.: :s •en .... e.1 .,., ·r: '1 ·.>-e 
fi'f f~ rt of ~ r" <a r ir.r "'Y d;n;. f er : r e s ys'tPn r.nd tr;,ve •. ·.1 ~( • .. th 
i~ the heat o f tre s~- e r. 

' ! 
1.{ . r f 

• J / 
1\:::~ ~ - -. i<oyo·r, :r . 
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l would ltke tc- ex:-ress !!'y c;rea;; a~-rer-iat:~on !or t!';e ad,•a:>ces 
th~t w~ were able to make tn solving the structure o! the laroc 
rcoulatory e::z~~c as;-a::-tate tra:1scarba:o-:·lase- ~:~t!1 the use of tn•' 
grapntcs syste~ that your peo?le have developed over recent years. 
The ability to reorient the nolecule w1th1n contours , and espectall}' 
to vtev s~ectftc re•ions tn var1o~s cr:entat1cns was ver~ crittcal 
in this study ano:l. hl!s a llo~.:ed more f irrr. concl ustons t"lan ·we could 
possibly have reached if we had done all of the work her e . Thus 
your t:'raphtcs s;·stem has "rov.:..:iec us ~·tth a morf" searc!Hng and 
power ful technioue than 1 believe 1s available anywhere else 1n 
the world for the study o! orr-te1n and nucleic acid structures . 

I hope to be ~o.•rttin:;~ to you "'lthtn the next several month!>, 
and oerhaos afte~ that, Wlth resnect to studies of a totallv 
diff~rent- enzyme con!'orr.ation o:' asp:;rtate transcarb<~~ylase~ l 
also ho?e that the graphics syste~ wtll be avatlable for us t o 
map out t he complete sr.r~cc~r e o: car~x;~eptidase A complexed 
with the protetn tnhib~tor froM r.he ?Ota t o, a study wh tch we now 
have very well under way. Therefore ! shall be writing aginn soon 
about establishlng ce: ~r.-~e dates for these sr.~d1es 1~ collabora~ion 
with your computer ;rap~tcs grou~ . 

L:G 

\•'illiam N. Lt pscornb 
~~~~~ anC Ja~es ~wre~ce P:o:essor 

of Che:nistry 
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Dear Professor Brooks : 

As you kno .... · , I had hoped to be ab:c to come down 
with Dr . Kimball when she returned t.hts ~ime to continue 
reftnement stud1es on our nolecule us1~9 the GRIP ~olecular 
Graphics System. Unfor~unately several circumstances, ln­
cluding a broken arm, have delayed my ...,ork here . I am further 
hampered at this tlme by ad hoc Un1versity meet.ln:;s tomorrow 
and on I.Yednesday and Thursoay morntngs , all of which I ought 
to attend . 

I kno"' there is to be a Slte vistt from the t!iltional 
Instltutes of Health concerned "'lth the fun:ll.ng of the Syster:: 
and I wish I mtght be there to speak of MY concerned and en­
thusiastic interest . 

I wr1te with a sense of urgent need to tell you how 
important the Chapel Hill Computer Graphics fac1l1ty has been 
to us 1n our work on erabutoxln :- a proteln snake veno~ neuro­
toxin . 

The struccure of era::n. tox1n •..-as 1n1:: 1a~ly es:;abll.S!'lec 
by workiny with electron-denslty rnaps Wlt.houc even a Richar:!'s 
box . Having worked wi::h the latter t.here is no doubt that 
chain tracing is sign1f1cantly eas1er with the Gra?hlcS Sys;:.::; . . 
By far the most import ant and s1gni:1cant advantages of the 
GRIP sys te~ . its unique a~d outstandlng features, are however, 
in my v i ew the flexible approach to model fltting and refinenent 
whi c h it incorpor ates , and, eve n more fundament.al, the develop­
me~t of an understanding o= structu re- :unct~o~ re: atlonshi?S 
which the di splay sys t em promotes . 

As I "'rOte to Dr . Baker i:1 Februar y o: this yea r , 
our i nitial Chapel Hi ll refin~~ent r un established mos t of the 
intr a - molecular interactions, both those of t he doninant E 
str uctur e , the multiple ~ turns , as well as the complex of 
intr a - molecular bonding . 

After the initial Chapel Hlll run I was able t.o 
propose a p r obable reactive site region for the tox1ns and to 
descr1be reactive groupingswithin i: . As I think you know, 
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erabutoxin was the !irst three-di.rnensional toxin structure establJ.shed 
and it may be considered as a prototype :or the whole class of 
nearly fifty snake venom curarer.iroetic ,:>ostsynaptic neurotoxins 
for which sequences have been determined . 

Subsequent refJ.nement runs have extensively exploited 
two capabJ.lities of your system, 

1. The display of Ramachandran anqles during fl.ttinq . 
Without the abilJ.ty to calculate Ramachandran angles the choJ.ces 
made in chain fltting on occasion lead to improbable and essen ­
cially "forbidden" values . 'l'hJ.s can now be easJ.ly avoJ.ded . ':'his 
is a very L'llportant ne~o· develop~ent . 

2 . The map we are working WJ.t:h l.S not a hJ.gh resolutJ. on 
map; there are always some ambiguitJ.eS J.n fitting side-chain 
groups . The abJ.lity to calculate, at will , d1stances beLween 
non-convalent.ly bondec atoms helps to avoid overcrowdJ.ng . 

3. ~o~ the reactlve group~ngs ln th1s ~olecule 
involve hydrophOblc res1dues . HydrophOblc lnteractions are not 
vectorial . In defJ.ning hydrophobic regions overall fie must be 
considered . 

Vander Waa!'s interactions are ~os: elegantly char­
acterized by che v1s·.:.al exanina:ion o: t:hE' s~Jed-sl.lrface repre­
sentatJ.ons of the molecule whJ.ch your new development for shmiJ.ng 
Van der h'aal ' s paclnng rad11 provides . Thl.S is an excellent scudy 
aid . Such interactions could only be 1~orked out more painstakingly 
and slowly by other means . 

7he Syst~' has :urther capabJ.lltles . In partJ.cular it 
can be used to display lnte~olecular pack~ng between adjacent 
molecules . The informacion about intermolecular interactJ.ons, 
s o easily e stablished by display , has been totally unexpected . 
Ic suggests to us possible modes of interactions between toxins 
and/or receptors when che toxins b~nd to the subun~ =s of the 
r eceptor molecule . I = also provides provocacive insight into 
t he possible nature o: the problems of crystalllzation experienced 
with some toxins . 

Use of the Compute r Gr aphics Sys te~ is , even afte~ 
several experiences, depende~t on the o r ganized c r itical hel p 
of the Director , h~s associates and students . Although I ha•·e 
not worked myself for l ong per iods at Chapel Hill , Dr . Kimball 
tel ls me t ha t the support she has received has been exemplary . 
I t has i nvolved not only technic al help a nd inst r umental i nstr uc­
t ion but a lso the critical inter change o f ideas concerning 
problems and their poss~ble solutions . 
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Finally in s1mple terms of my own research interests 
and the budget which supports them . 

1. There are many s tudi es wh1ch l t has been possible 
to make on t he Computer Graphics System wh1ch we could have 
made only with very great dJ.f!'icult:y, ~o·1th the loss of enormot:s 
amounts of time and several thousand research dollars from my 
own research budget . 

2 . The kind of 1nteract1ve study wh1ch 1s possible 
W1th ~he Computer Graphics Sys-cem provokes ideas and proMotes 
ways of t:hink1ng about inter-and 1ntra-molecular 1nteractions 
wh1ch come less eaSl.ly w1 th other lunds of model bu1lding s tud1cs . 

3 . In te=ms of our own needs , the facil1ty at Chapel 
lilll 1s ideal. 

The Department of Computer Science 1n de\·eloring th1s 
syst:em has interacted so strongly and positlvely w1th the prote1n 
crystallographers who use lt, that more fru1tful developments 
have been achieved and may be expected than could have been 
hoped :or eveo if each protein crystallographer had , at great 
expense , had an ind1 \'1dual cor.<p'..lter graphic system 1n his or 
her own laboratory . 

A system which 1s intr1ns1cally well- developed , but 
also responsive to needed modification rat:her than "locked - in", 
and one wh1ch 1s also under the direct~on of experts bo-ch in 
computer science and the needs of the crystallographers must, 
be defin1t1on, be the best possible . 

Yours s1ncerely , 

BI\'L : rd Barbara 1\ . Lo'"' 
Professor o! :a1oche:nls'CT}' 


