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Our research resource aias to aake the power of interac
ti'U! coapnter qraphics a•ailable to bioheaists and crrstal
loqraphers studyin<!' the conforaation and function of pro
teins and nucleic acids. Doring the past year we haYe de•e
loped our prototype systea to the le•el of functional coa
pleteness, con•enience of use, and reliability necessary for 
prodncti•e use by cheaists in original research. Since July 
1975 ve ha•e operated on regular schedule and ha•e ser•ed 
fiYe qroops of cheaists, who haYe used a total of 545 hours 
of qrapbics systea tiae. 

our resource is based in the Departaent of Coaputer 
Science at the Uni•ersity of North Carolina. The attached 
chart shows the di•ision of labor and relationships aaong 
those contributing to the resource this year. 

The Departaent of Coaputer Science's Coaputer Graphics 
Laboratory, the facility we use, vas aanaqed as a serYice 
facility by ~r. Jaaes Bobb, the departaent•s associate 
cbairaan. Under his super•ision vas ftr. Peter Nichols, an 
electrical enqineer in charge of the equipaent. Because 
fundinq for 75-76 vas not as auch as in 7Q-75, ftr. Robb 
resi9Ued in Deceaber; ftr. llichols vas laid off. The faci
lity is currently aanaqed by Dr. J . D. Poley. 

Software support for our qraphic facility includes seYer
al locally developed proqraas: a S/360-PDPll cross-coapiler 
for a nubstantial subset of the PL/1 lanquaqe, routines fo~ 
coaaanication between the PDP11 and it~> host S/360 coaputer, 
routines enabling the PDP11 to access disk files attached to 
its host, and qrapbics subroutine packages. This softva~e 
has been de•eloped and aaintained by a g~oup of research 
assistants under tbe directioD of Dr. Foler. 

2 



~: ,, 
• 
~ • 

--·-\; -. 

-=' . ~ 

(~ ,-
,) 

1 

.... -· 
~ 

:l 
~ 

~-

\ 

...r -. 

..s 
-< 

" :'j 

,-
• 

J 
r-
") - 1 r. 
3:._ 
~('-
~ 

1 

';? 
--.; ~ 

' 
~ 

--,. ~ 

• -~ . • 
'.-., f ' tfl 

" ' 
J 

. r 

~· 

I 

j 

;E T.J -1 w -J 

3 9 n U';J) 
~fj n 3 ~ ·j 
Q. ::J -.-

~ 
:> - +-

K:' 
~-

""' 
...-,-.£)"-

~ -<- .J 
0 ~ 

). --.1 
l) 
~ 

~ 

~ r; c 
;.~~" ~ ~l ;jt7, • 

t~~ c.., ..... 
I[ 

- )<:' ~" I') 
n4<-- ' 

•() 
2~ 

") 

~ .,... ._, ~ I- ' 
(l ., z ~-

~ 
J 

::> ~- 3 ~ 
tTl~@ :t-

~ . ..... )>.. o.( 
" 



111 ft&y 1976 

The facility is aade available to our client cheaists on 
a reqular schedule of fiftee~ hours per week. Additional 
tiae is available for both production use by cheaists and 
for systea developaent, in coapetition with the other users 
of the facility. Allocation of the available graphics tiae 
aaonq the client cheaists is aanaqed by Dr. '·'· Wriqht. 

Dr. Wriqht directs a teaa of coaputer science researcb 
assistants vbo help cheaists prepare data for the systea, 
tutor thea in its use as needed, and accoapany production 
sessions as needed . A typical production session bas a che
aist at the controls as pilot, a collaborator by his side as 
copilot, and vhen necessary , a coaputer science research 
assistant handy as fliqht en-qineer. 

The oriqinal GRIP systea for displayinq aolecules vas 
developed by Dr. Wriqht as a dissertation project under Dr. 
Brooks. That systea bas been converted to the current equi
peent and later de•elopaents ba•e been integrated into it. 

The teaa under Dr. Wright continues to do enhanceaents 
to the GRIP-GRAB Systea, and aaintains the official current 
version used for ser•ice and for a developaent base. Dr. 
Vriqht biaaelf not only coordinates de•elopaent of GRIP-GRAB 
enbanceaents but also coordinates the design of GBIP-II. 
or. Wriqht is vorkinq 11/5 tiae as an investigator on our 
resou.rce project t brouqh a joint study agreeaent between OIC 
and his eaployer, IBft. This aqreeaent vas renewed for the 
tvo-year period 1 Jan. 1976 - 31 Dec. 1977. 

ftr. Edward Britton, a Ph . D. student under Dr. Brooks' 
direction, vorltinq with research assistants ft. Pique and J. 
Lipscoab under Dr . ilriqht's direction, converted GRIP to 
the factor-General, converted its aolecular aanipulation 
froa cbaracter-strinq coaaands to real-tiae analoq coaaands, 
and added electron density aaps and their :;ontourinq. This 
ao1or pockaqe coiled G~AB qa•e us the first production srs
tea usable for crystalloqraphy. It vent into service in 
Joly 1975, and has been the basis for all further work. 
This year ftr. Britton bas been docoaentinq GRAB as his doc
toral dissertation. 

Drs. Vriqht, Brooks, and Wallace have been vorkinq as 
the deslqn tea• for GBIP-II. In addition, Drs. Wallace and 
~ley serve as consultants on huaan factors aspects and on 
aany questions concerninq interactive coaputer qraphics. 

4 
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ar. !ichael Pique, who worked on GRAB under Dr. Uriqht 
in 1974-75, has this year been de•elopinq a facility for 
tvistinq a substructure about aultiple rotatable bonds. 
This is his a.s. thesis vork, ad•ised by Dr. Wallace. His 
facility is about to be inteqrated into the standard systea. 
ar. Ja.es Lipscoab, vho also worked on GBlB under Dr. 
iriqht in 7'-75, is coapletinq a a.s. thesis under Dr. 
Wallace on 3-D 'isualization. Ris developaents ha9e nov 
been inteqrated into the standard srstea. 

ar. Jon Bentley worked under Dr. Vriqbt on iapro•ed 
near-neiqhbor alqorithas based on trees. He shoved that 
these do not achieve fall pover for (1) dense structures 
such as aolecules, and/or (2) those of the size of the aole
cules we ha•e used. 

Dr. John acQoeen, a post-doctoral researcher vorkinq 
under Dr. Jan Beraans, prepared a scaled-down •ersion of 
REFIMB for tbe on-line (45-60 seconds) idealization of aole
cnlar structures. This has been integrated into the stan
dard systea. 

111 of the srste• users also ser•e as consultants in the 
de•elopaent of the systea, soqqestinq new functions and 
needed iapro•eaents in conYenience. They also help assign 
priorities to tbese iteas. Of these Dr. J . L. Sussaan of 
Duke Uni•ersity has been particularly helpful. 

our client users at Duke University also use a Tektronix 
4014 display unit furnished onder this qrant. This terainal 
has been used priaarilr for access to the MIB CRTST systea. 
Software for this tarainal bas been adapted fro• available 
proqraas by Dr. Sussaan in collaboration vith Dr. Richard 
reldaan of NIH. VE plan to de•elop software enabling this 
terainal to access the UMC aolecular graphics systea. 

Drs. Heraans and !cQueen havQ continued 
of the fall-scaled batch •ersion of R!FIWB. 
no• beinq distributed to other cheaists. 

the davelopaent 
This proqraa is 
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This is an enuaeration of the aore iaportant additions 
that our resource personnel ha•e aade to the srstea during 
the past rear. A brief description of each of these enhan
ceaents is qi•en in section If.l. There enhanceaents fall 
into two classes. 

1) InteractiYe Functions 

calculation of contour aaps froa qiYen electron 
densitr data and their displar. 

Real-tiae aanual aaoipulation of selected parts of a 
aolec11le and posting of the final ::onforaation to 
the aodel. 

llany aids for Yisuali:ziDg the aodels and aaps in 
three diaensions. 

Idealization of aolecular qeoaetrJ in selected parts 
of the aodel 

Recording of the picture being displared at anr 
aoaent . 

21 Bridqes to other prograas and off-line storage 

Routines for transaitting atoa coordinates and 
density data between our BJstea and tbe S/370 aodel 
165 located at TOCC. (Our users e~:ecute aost large 
proqraas froa buildinq and refining aolecular data 
on the TUCC aachine.) 

Routines to saYe aolecular aodels and densitr data 
on tape and off-line disk packs at the U!IC Coaputing 
center and to reco•er tkeir data. 

A routine to construct hard-copf plots of anr pic
ture displared during an interacti•e session. 

Work continued on application-independent facility soft
ware, as described aboYe under II.A.1. 
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1) llfiiJ -Tbe prograas used in our systea to idealize aole
cular geoaetrv on-line vera derived froa the RBPIIB package, 
a set of PORTRAA proqraas developed by Dr. Jan Reraans and 
his qroup supported bT a grant froa the National science 
Foundation. Dr. Heraans has been collaborating vith Drs. 
Jensen and llate.npaugb at the Ouiversity of Washington and 
bas aade his prograas available to a nuaber of other groups 
including Dr. Peldaan at 1118. 

2) ~raqe-I~R~~[JR!i~~· A Tektronix 4014 Storage-tube 
DisplaT vas installed in the biocheaistry laboratory at 
Duke. Dr. Sussaan bas collaborated with Dr. Richard Peld
aan of IIR to iapleaent access to the CB!ST systea fro• this 
terainal. They have added to CRIST soae functions needed 
for analysis of aolecalar structures by x-ray crTstallogra
PhT. The resulting facility bas been useful for eating pic
tares of electron density aaps and aolecula r structures for 
study and pa blicat ion. 

Since July 1975 ve have aade oar systea available to five 
qroups of biochelists for tbe purpose of carryillg out ori
aiual research . Their use falls into tvo general classes: 
(1) use as an electronic Bichards Box, and (2) the coapari
son of tvo or aore siailar aolecalar structures. The use of 
oar systea as a substitute for a Richards Box has ranged 
froa an atteapt at an ~ illiti2 fit (the aap vas not good 
enough), to refineaent of a structure for vhicb an initial 
fit was available, to the fitting of a coaplex of a veil
understood structure. Detailed descriptions of these appli
cations of the systea are given in Sections IV.A. lie faci
litate coaparison of aolecules bT qivin~ the user real-tiae 
control ot the relative intensities of their saperiaposed 
displayed structar-. 

Ho significant use vas aade of the SJStea for education 
of biocheaist.ry students durinq the year. 

Oar short and lonq-range plans are set forth in qOrJ 
detail (80 paqes of technical description plus appendicies, 

7 
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etc.) in our continuation proposal dated &uqust 26, 1975, 
and nuabered 2-P41-III-00898-03. These plans ha•e been 
slipped a year, but not cbanqed substantially. Ve shall 
briefly re•iev the a here. 

GBIP vorks; IIEPI"B vorks; GBAB works surprisinqly vell. 
GBlB and RBPINE are in routine producti•e use and ha•e 
assisted in the production of substantial published cheaical 
results. 

our plans fall into tvo parts. 

1. Ve vant to establish a lab, a display systea, a 
dedicated saall crev. and a stable software systea 
as a Reqional Production Resource, for collabora
tiYe use by biocheaists a nd crystalloqraphers froa 
the vhole southeast (and anywhere else as capacity 
allovs). 

2. Ve haYe bequn a qround-up redesign of a GBIP-II 
systea coabininq GRIP and GIAB functions and asinq 
the lessons learned froa actual use of the e~istinq 
systeas. 

GRIP and GPlB are both proto~fP8 Sf&teas . GRIP vas built 
for the 11/45-Jector General using aost of the code froa 
Wriqht's earlier IBI'I 360/50 IBI'I 2250 systea: Gl18 is saperi
aposed on GRIP. As a result, the organization of aucb of 
GRIP, and hence of GBlB, is based on design decisions aade 6 
~ars ago, for a systea confiqaration quite dissiailar to 
our ovn. Despite this, in the suaaer of 1974, vhen our 
resource vas first funded, ve concluded that ve should build 
onto GIIP to learn aore quickly about the needs of bioche
aists and crystallographers. 

This strateqy has been quite productiYe for as. The 
clear consequence, hove•er, is that ve at soae point had to 
say •ve ha•e qone as far as is reasonable vitb GRIP and 
GRAB; nov is the tiae to use vhat we ha•e learned in design
inq a nev systea . - Renee the G~IP II desiqn. 

It is orqan ized to aeet the objecti•es delineated in our 
oriqinal proposal: 

• It vill be p~oduct-qualitr software, vell-docuaented, 
exportable, and usable by stran9ers. 

• J:t vill be asable fro• a •n·iety of graphics display 
teraiDals. froa a •arietr of ainicoaputers, and froa a 
Yariety of aain coaputers. 

H 



• ihere a configuration includes a powerful satellite 
(aini) coaputer, it will process all user actions not 
requirinq extensi•e coaputations. If powerful enough, 
it will be able to execute the whole systea stand-alone. 

• For less-powerful satellites, soae or all of the appli
cation proqraa function wil l be easily ao•able to the 
aain bost coaputer . If there is no satellite coaputer, 
all functions will be perfor .. d by the host. 

• Huaan factors (usability) considerations will be of 
paraaount iaportance. 

While the new systea is beinq built, we will continue to 
expose biocheaists to GRIP and GRAB, to add functions, and 
to siaplify usinq procedures. 

The R!FIW! proqraa is an inteqral and iaportant part of 
GRIP and GRAB. Our collaborati•e work in this area is aiaed 
at enhancinq its function, decreasinq the space and tiae 
needed for execution, and aatinq it available to other 
users. Iapro•eaents of R!FI~ will be continue to be inte
grated into GRlB. 

We will undertake to iapleaent a scaled-down version of 
GRAB for use with the Tektronix display in Dr. Kia•s lab. 

our facility work will continue. In particular, we plan 
to investigate still aore aethods for enhancing three
diaensional perception. 

ftcrH's BRB oriqinally stressed to us the iaportance of 
qett~q a usable, useful, and used systea as quickly as 
possible and deaonstratinq cbeaica lly significant results. 
This has been done . The natural next steps are the con
struction of a product- quality, second-generation systea and 
th4 establish••nt of a service-oriented aulti-ueer faci~ty. 
Bach of these will take a lot of aoney. Both toqether will 
take upwards of $1 aillion over e three-year period. The 
real, tanqible and usable results to biocheaistry aay 
exceed, hove•er, those fro• any of the aillions heretofore 
spent on aolecolar qraphics. The planned systeas are not 
flashy or esoteric; they vill, ho•ever be carefully 
desiqned. user -oriented. and constructed to professional 
standards of quality. The probability of success is Yery 
hiqb. 

9 
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Since ve share the UNC Co•puter Graphics Laboratory, 
rather than havinq an NIH-fnrnilllhed resource, a description 
of its use see•s •ore appropriate than the conventional 
for•. 

DlfC Graphics LaboratorJ Usaqe 1975-76 
15 July 1975- 30 April 1976 

1. l!Olecular Graphics (all under liB 5-P07 8800898-02) 

Production Dse 
Ki• - Suss•an 
D. & J. Richardson 
carter 
Perro 
Lipsco•b 

De•onstration 

5115 hours 

3112 

2. Other Research Pro 1ects (non health- related) 170 

3. Education (non health- related) 1153 

q. Facility and Software Develop•ent 151 

5. l!aintenance of hardware 68 

--·----1780 
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Piqure 2 depicts t~e entire coapleaent of equipaent 
available to onr resource. <llllT tae Tektronix 14014 at Dulce 
bas been acquired with liiH funds and is solely used as part 
of the resource. The display console and aost of the 
interaction de'l'ices are clustered around a work station. 
The work station desiqn is our second coaplete design. It 
has preYed to be auch aore con'l'enient than that reported 
last rear. lie do not conteaplate any changes. 

The 'l'arious interaction d-eTices in the d rawinq and photo
qraph haYe been asseabled to qi'l'e us the widest latitude in 
designinq th.e aan-aachine interface to suit the user. The 
'l'arious knobs and 1orsticlcs are useful for indicating poSi
tions, anqles, sizes, or rat-es of rotation or tra..nslation. 
The aanipulator ara, furnished by the ll!C, vill at soae tiae 
in the future be used for positioning aolecoles or portions 
thereof. 

11 
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BRB Allocation - Total Resource F.x~cn~1~ 
Actual Actual 
Previous Current Previou~ Current 
Bud geL 1\udget Budget Budget 
Period Period Period Per-iod 

-
l. Personnel 

a. salArl<>s & l·.'apes 46,121.00 )5 ,192 . 00 lll ,441.00 94 , )77.00 
h. f r inl!P 1\enefits l , l\90. 00 4 ,927 . 00 3 ,631. 00 5 ,975.00 

Sul>total 48,211 . 00 60,119.00 ll5,072 . 00 100,552.00 

2. Consultant Services 708. 00 2 '514 0 00 

). Equipment 
a . Main Regourc~ - Rented 1 ,100.00 1 ,978 . 00 3,320 . 00 
b. ~ain Resource - Purchased 172 . 00 985 . 00 1 ,650 . 00 1 ,734 . 00 
c. Supporting Equipment 
d. Equipment Maintenance 2,500.00 2,903.00 2,624.00 

Subtotal 172.00 3,385.00 6,531.00 7,678.00 

4 0 Supplies 1 ,090 . 00 799.00 7,313 . 00 2,187.00 

5. Travel 1 ,490. 00 318 . 00 2 ,048 . 00 628 . 00 

6. Alterations & Renovations 

7 0 Publication Costs 397.00 213.00 

R. Other 
a. Computer Services 3 ,000.00 15,965 . 00 7,450.00 
b. Other 17 , 405 . 00 1 , 165 . 00 17,405.00 1 , 450.00 

Subtotal 17,405 . 00 5 , 365 . 00 33,370 . 00 8,900.00 

9. Subtotal - Olrect Cost~ 69,076 . 00 69,986.00 167,245.00 120.158.00 

10. lndirecl Costs 
n . Previous 
b . Current @ 20:Z 13 ,817 . 0(1 26,56f, .OO 35,411.00 31,362.00 
r.: . Kext @ 20% 

11. Total Cost 82,900 . 00 96 , 550.00 202,665.00 151,520.00 
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CunPnt flu<lpet Period 

i; of 7 of 
Salat·v Time (Hours) 
fro!"' o r 
BR <~rant Au'lount Fffort Amo unt - -

1. PF.PSO._,');EL 

1. Professor5 
f . P. Brooks , Jr . - - 7% 145 
J . He r mans 12% 3,600.00 10% 208 

2. Associate Professor 
v. l.. IJa llace 317 6 , 715 . 00 2Sl' 519 

3 . Pss i stant Pr ofessor 
.I . JL Folev s::~ L, !lR9 . on 8% 166 

4 . Pesearch Associate 
P. Nichols 83% 5,872.00 50% 1038 
.J . \fcOueen 100% 6, 996 . 00 100% 2076 

5. Se<:!.,etary 
P. Cisneros l 0 07. 7 .080.00 1.00% 40 

6 . Research Assistants 
E. Bri.tton 29% 427 . 00 1. 00% 20 
.J . Crawford 17% 670 . 00 50% 10 
r. Oineen 94% 1,626 .0 0 1007 20 
R. Hor,an 68% 1,920 . 0 0 68% 13 
'1. Linr. 100% 1,920 .00 100% 20 
R. Mot l ey ]00% 3,849 .00 100% 20 
~1. P;l.que 1007 1 ,920 .00 100% 20 
J. Walker sor 1,920.00 100% 20 
J . Warner 42'1' 1,242.00 lOf'l .. ' 20 

Frinr.e P.enefits 4 . 947. 00 .... ,, 
Tota l 5'• ,597. ()() 
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2 . Consultant Services 

1. Permanent Equipment 
~fain Resource - Rente,i 
1. IS" Copier 1 
2. lB'! Copier 1 
3. 2314 Dis~ P~ck 
4. <'the ~ 

Subtotal 

Main 
l. 

Resource - Purchased 
Vector General FCO (and other p~rcs 
modification of the \'C syHem). 
Estimated to be spent by 6/29/76 
fl ther 

2. 
1 . 

SubtoLal 

Equipment ~alntenance 
1. Repair of tnte r facp Control 

for a 

2 . Digital Equipment Corp. Maintenance Contract 
3. Other 

Subtotol 

4 . Consumable Supplies 
1. El ectronic parts 
2. Flectronte part$ 
1. Fill'> 
4. Paper 
5. Paper 
ft . l'rl nlr><l lnform~ttlon 
7. l'rintc·ol Informa t ion 
8. Computl'r Cards 
<I Other 

Sub to L:ll 

Currenl !ludget P~~>£1. 
BR TaLa! 

l,OR7 .00 

12.50 
1,100.00 

985 . 00 

9BS.OO 

2,481.00 
18.20 

2,500.00 

15 . 30 

142 . 00 
60 . 00 

~9 . 00 

10.00 
512.70 
799.00 

1,087.50 
no.oo 

1 , 500 . 00 
12 . 50 

3,320.00 

260. 00 
985.00 
r,gs. oo 

l '7"14 . 00 

124 .00 
2,481 .DO 

18.20 
2,624 . 0[1 

15. 30 
791. oo 
142 .00 

60 . 00 
575 .00 

59 . 00 
22 . 0(1 
10 . 00 

512 . 70 
2,187 . 00 
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S. Travot 
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Total Trav<'l 
Subtotal 

6. Altl'rarions and Renovations 
'<:'('lo:\t ... 

7. Publication Costs 
I. E~tl~:tred to be spPnt hv A/10/7~ 

Tota l "uh1 !c~t l<>n Costs 

8. r.ompurer Services 

Q 

1. ONe q;)cler3'bU'/7s 
2. Vnryinp Pates 

Total rom~uter SPrvices 

Suhtota1 

Other 
r:---'fpJephone , "o"t:tr.e. l'ackinp, Sllppinp 

Total Otl>er Fxpcnditurcs 

r;p,\NO Tll'l'i\1 • 

rurr<:_nt ll_udr,_et Peri od 
II R Total 

HR .OO 

"il!!. 00 

) ,000.00 

') . 000.00 

--
318 . 00 
310.00 
62R . oo· 

213 . 00 
213 . 00 

3,000 . 00 
4 450 . 00 
7 , 450.00 

1 . 165.00 1 ,165 . 00 
285.00 

1,165.00 1,450 . 00 

9,867.00 19 ,606 . 00 
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Institution Funds 

Other Support 
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B" Support 
.\mount of Current ~w11rd 
ntrect Costs 
lndirect Cost~ 
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Sud!'-et 
Period 
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~ew Air Force ~rant is not ln support o[ resource. 
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our current interacti'f'e coaputer graphics systea for 
aol~ular studies is priaarily the work of llessrs. Britton, 
Lipscoab, and Pique all of vhoa are presently coapletinq the 
requireaents for deqrees in coaputer science at O"C. These 
three, vorkinq under Drs. llriqbt and Brooks, based their 
desiqn on and oon•erted proqraas froa the pilot systea for 
.olecular graphics built by or. llriqbt in 1970. This work 
has been continued dnrinq the past year by three first-year 
qradnate students, !rs . llotley and sessrs. Dineen and 
Tolle. The aost iaportant interactiYe functions of this 
systea are: 

a. Display of ~endrev-type stick-fiqure aodels of pro
teins and nucleic-acid structures. 

b. Real-tiae joystick control of 
which the aolecule ias Yiewed. 
turn the picture. This ql'f'es 
aotion parallar, an iaportant 

the direction fro• 
The user can saoothly 

an iaitation of bead
depth cue. 

c. Stereoscopic display of aolecules usinq an EYans & 
sutherland lorqnette, depth cueinq by intensity, 
depth cneinq by a z-aris clippinq plane, depth cue
ing by steady rotation or oscillation, and stereos
copic display by half-sil•ered airror and polarized 
filters (oYer-under stereo) . These techniques can 
be applied in •arious coabinations. lie ha•e 
obser•ed that an intensity depth-cued, z-axis 
clipped, 1oystick controlled, lorqnette stereo pic
ture is perceiYed auch better than a picture pre
sented usinq only one of the 3-D techniques. 

This work bas been done by J. Lipscoab under Dr. 
Wallace's direction. Sr. Lipscoab has not been 
sqpported by qrant funds. 

d. Selecti'f'e display of indhidual residues in a aole
cule, and control of the detail displayed. Because 
a picture show inq all bonds of the entire aolecule 
is confusinq for interestinq aacroaolecules, a faci
lity has been added for displayinq three levels of 
detail: (1) a set of lines not correspondinq to 
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•alence bonds bot connecting the principal atoas of 
each residue (e.q. the alpha carbon atoas of a pro-
tein); (2) all bonds of the aain chain, or (3) all 
bonds. These leYels of detail are illustrated by 
pict ores of the phenylalanine transfer Bill (tRIU) 
110lecu le in Piqares 3 through 6 The leYel of detail 
displayed can be controlled independently for each 
residue. this can he seen in Piqure 5 in vhich all 
bonds in a selected region of the tBil aolecule are 
shown and in Piqure 6 which shows part of this saae 
region e:&p&Dded (and rotated) so that it fills the 
display screen. 

e. l!anoal analog specification of a point in the aodel 
space. l joystick with three rectilinear degrees of 
freedoa is used to ao•e a cursor about in the dis
play screen. This enables the user to specify a 
point in the aodel space aore quickly and aore easi
ly than with the keyboard entry and liqht•botton 
coaaands of the oriqinal GRIP systea. such input is 
useful for ao•ing a aolecule to an approxiaate posi
tion . The directions of cursor ao•eaent are those 
of laboratory space. 

f. Interacti•e contourinq and d~splay of electron 
density aaps. These density aaps are displayed as 
contours of equal density drawn on a set of parallel 
planes e•enly spaced throuqh the •isible portion of 
the aodel space. Piqure 7 shows the portion of the 
tRWl aodel illustrated in the pre•ioos fiqare 
eabedded in the corresponding electron density aap. 
The fitting of this aodel to its density aap as 
shown in this fiqare bas not been coapleted, and a 
nuaber of discrepancies are apparent in this pic
tore. The user specifies tke density leYels to be 
shown, and se•eral selected densities can be shown 
siaultaneously. The contour planes are alvays per
pendicular to one of the coordinate axes of the 
aodel space. The user can choose any one, two, or 
all three of the possible sets of orthoqonal planes 
for siaultaneoos display. Pigure 8 shows the reqion 
of the pre•ioas figare witk two sets of contour 
planes displayed. another feature allows the user 
to suppress the display of any indiYidual contour 
ud, if desired, to rei11state it later without 
recalculation. 



~1~ure 3 Backbone of t~~A-- the C1 atoms of adjacent residues 
In the molecular sequence are connected by line segments. 
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l ' lp,url.' 1 'lain chn1n of tRNA- - t'ach valence hond in the main chain 
is ~epresenred by a line seRment. 



Selected deta;l of tRNA-- all valence bonds of residues 
28 through 42 are sho\111 with t he backbone Clf the r<'msinder 
of the molecule . 
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J-:nla r !(ed detail of tRNA-- a portion of rhe previous fi!',ur€' 
enlarged ~1 x times and rotated. 
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tR:-<A mod<.'! ,Joel "lectron densitv map-- the portion ot tRXA 
shown In the previous ii~ure emhedderl in its elec tron 
rlensity mnp which is shown as a set of contour maps on 
parnllel planes. 
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q . llanual fitting of a aodel and electron density aap 
in real tiae. The user can select a part of his 
aodel (e.g. a residue) and can aanipulate its posi
tion and orientation by aeans of tvo separate aanual 
input de•ices vith three decyrees of freedo11 each. 
He can also twist up to eiqht selected bonds in the 
selected substructure by turninq one knob at the 
workstation for each bond. The nev position, orien
tation and conforaation of the selected substructure 
are dynaaically shown and can be recorded in the 
aolecular data structure upon coaaand. This is an 
essential facility for fittinq a aodel to an elec
tron density aap or any other •isually deterained 
con for aation. This facility vas de •eloped by llr. 
Pique vorkinq under or. lallace•s direction. 

h. Plotter ootput. The oser can record the picture he 
sees on the graphic screen at any ti11e. l coaplete 
description of this current picture is stored on 
disk where it can be used to qenerate a peraanent 
copy •ia a plotter or a line printer. This facility 
vas used to generate Figures 3 through 8 of this 
report . It also proYides a aeans for aakinq large 
reproductions of an el~tron density aap or a aole
cular aodel. 

i. Beal-tiae control of the relatiYe brightness of the 
aap and aodel on the display screen (or of two 
aodels if so aap is displaye d) . This helps the user 
distin qoish his up and aodel vhen fitting and is 
useful for coaparinq. 

i. InteractiYe coaputational refineaent of a selected 
part of the aodel to ainiaize de•iations froa the 
ideal bond lenqths and anqles. This function, built 
by Dr. llcQueen, uses an on-line Yersion of the 
RBFINf proqraa de•eloped by Dr. Beraans and his 
qroup. 

k. Library aanaqeaent. The GRIP systea nov includes 
seYeral libraries of aolecular aodels recorded on 
disk. coaaands are pro•ided for displayinq a list 
of the aodels in aoy selected library, for loading a 
aodel fro• a library into the core aeaory of the 
systea, for sa•inq the current eodel in a library, 
and for deletioq a aodel froa a library. It is 
intended that each user should ha•e bis ovn library 
of aodels . !lodels can also be entered into the sys-
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tea froa pQJIChed cards or aaqnetic tapes. The cur
rent •ersion of tb:ls facility vas built by !Irs. 
!!otley. 

1. RecoYery froa a systea failure. A facility is pro
Tided vbicb records tbe current aolecular •odel on a 
disk library after e•ery user coaaand which aodifies 
this aodel. Thus. tbe aost recent aolecular aodel 
is always aYail8ble on disk. II hen the systea is 
restarted after a noraal or abnoraa 1 teraina tion, 
this aodel can be reloaded into core aeaory. These 
backup aodels are recordecl alternately in two separ
ate libraries to qi~e soae protection aqainst a sys
tea failure durinq the recordinq process. In the 
near future we plan to add f4cilities for recordinq 
the systea control inforalltion which specifies the 
current Yiew of the aolecules in aclclition to the 
aodel data. 

~IJA_li£12I~· ve ha•e deYoted a considerable part of our 
effort to bu il clinq a systea with saootb buaan factors. 1'or 
ezaaple, we baYe selected aanual input de•ices whose deqrees 
of freedoa are intuitiYely related to the aodel paraaeter 
control. Also, all aanual controls except boncl-tvistinq 
work in laboratory space ineteacl of aodel space. 

i~~t§. &s we beqan to use the systeas for producti•e 
research it becaae ob•ious that e•ol•inq experiaental sys
teas are not suitable for prodoctiYe work. Therefore. ve 
baYe constructed a sequence of stable. consolidated releases 
of our systea for production use. !ach of these inco
rporates all o t the facitilies pro Yen vorka ble by the chosen 
cut-off date. The aost recent release represents our status 
as of February. 1976. 

lie ba•e bequn to build bridqe proqraas between GRIP and a 
nuaber of existinq batch proqraas for buildinq •olecular 
aodels froa residue sequenca data, for refininq structures. 
and for calculatinq electron density aaps. 
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T..,o sets or orthogonal contour maps-- the prPvious 
iigure wtth a!'lother set ot contour l'laps added which are 
drawn on planes perpendicular to those usPd for tl>e first 
set of contour maps. 
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lie intend s e•er al basic&llr dif fare nt 1odes of operation: 
closely coupled, ne&rl y stand-alone, and stand-alone. There 
ue a.lso 1any 10des in betveen the extreaes. our ob1ectiYe 
is to produce software vbicb can be Yerr easily adapted to 
any of the aodes . lie nov haTe in hand the basic tools 
needed to do this: the first tool is coapatible coapilers 
for the 360/75 and 11/45. Oar first such vas deYaloped 
before this qra.nt started; a second-qeneration PLCD coapiler 
is nov under deYelopaent. The second bas been coapleted and 
docuaented this rear, a syste• called ClGBS - confiqurable 
Applications for Graphics !aployiD• Satellites, written as 
part of G. Ballin •s dissertation work. 

ClG!S is a proqraaainq ayste1 vkich substantially siapli
fies the process of writin<r interacthe qraphics application 
proqraas for use in a distributed processinq, satellite-host 
confiquration. It allovs proqraas written in a PL/I subset 
to be confiqurable; proqraa aodules and data can be easily 
reassiqned froa the host to the satellite, or Yice •ersa. 
That is, the dhision of labor between the tvo co1puters is 
readily aodified. 

The C!G!S systea supplaaents the operatinq systea ser
Yices noraally pro•ided on the host and satellite coaputers 
by pro•idinq the illusion that the application is executing 
in a sinqle coaputer aeaory vitb dual CPO•s. In reality the 
application is distributed between the aeaories of the host 
and satellite coaputers. To aaintain this illusion CAG!S 
proYides three types of ser•ices: 

a. Inter-co1poter subroutine CALLs and B!TIJ'Rlls. A 
sutrcoutine call executed on one coaputer and tar
qeted to a subroutine resident on the other coa
puter is known as a U.12til_.I!'-2S<l~.JU;Jt~ll· A 18 a
saqe containing the subroutine's na1e and parallEl
tars is sent to the coaputer where the subroutine 
is to be ezecated. Followinq its execution, a 
aessaqe containinq results is seat back, and the 
callinq routine continues its execution. 

b. Inter-co1pater siqoals. l SIGIIlL stateaent or 
interrupt on one coaputer can raise a COWDITIOH 
for vhicb there is an enabled OW-BLOCJt in the oth
er coa pu ter . 
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c. GLOBAL data references. Yariables with !XT!RJlL 
scope which aay be referenced froa subroutines in 
both coaputers are known as GLOBAL Yariables. The 
CAGES systea han4les such references by obtaining 
the ne.:~ded data fro• the reeote coaputer and plac
inq a local copy of it in the aeeory of the 
referenci.Jlg coapatter. The prograe is then allowed 
to access this copy. 

Beyond the aere capability of configuring an application 
to a particular host-satellite syatee, ClG!S allows the app
lication proqr~ desi9Uer to Yiew his proqra• as a whole, as 
if it were to be executed on just one coeputer, without 
knowing ita altieate confi9oration. This is Yery helpful in 
prodncinq a conceptually inteqrated desiqn. On the other 
band, ultieate efficiency of operation deeands that the 
designer recoqnize that the progra• will in fact be distri
buted. 'l'o aid in desiqninq optiaally for distributed confi
gurations, Haalin has set forth a series of design and pro
qraaeinq quidelines. They are concerned with hov the appli
cation is eodularized, bov data is accessed, and inter
eodule and intra-eodule patterns of reference to data files, 
GLOBAL Yariablu, and proce·darea. The 9uidelines haYe been 
proYen sound, both experieentally and theoretically. Ve 
111.11 us6 thee. 

Another adYantaqe of CAG!S is that it allows the diYision 
of processinq and data between the host and satellite to be 
fine-toned to eaxieize responsiYeness. In this regard, ve 
vill draw on the tools and insiqbta deYeloped by Poley's and 
Vallace•s Air FOrce-sponsored work on aodelling of graphics 
systeas. Their goal bas been to deYelop aodels and guide
lines to be used in diYidinq processing and data between the 
host and satellite. 

!!any eJ:istinq interactiYe graphics application prograes 
(including oars) are vritten usinq a graphics subroutine 
package vbich in one vay or another eirrors botb the exact 
capabilities and peculiarities of the display tereinal with 
vbich it is used. This baa Yery detriaental iaplications to 
our pro1ect•s qoal of eakinq our proqraes usable froa a 
•ariety of displaT tereinals, ranqinq froe low-cost, lo•
perforeance systeas such as storage tube tereinals up to the 
hiqb-cost, biqb-perforeance Vector General displar vbich is 
the current heart or our resource. 
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Such a ~al is a necessary one, because it is not reason
able to assuae that all biocheaists who want to use our pro
qraas will haYe fector General displays aith the •~act set 
of options ve haYe . 1 display-independent qraphics packaqe, 
DIGS, addresses thiB problea. Its desiqn hides the details 
of any partioolar real display terainal behind the aask of a 
Yirtual display terainal, each qeneric characteristic of 
which can be realized either in the hardware of the aore 
powerful displays, or in the software support of other dis
pl.aJ11. Tb.e point is t bat this aecllantsa hides display ter
ainal details froa the application proqraaaer. 

Display-independent packaqes are not nev: seYeral alrea
dy ezist, such as OI!IIGRlPB [Sproull73), GPGS [Caruthers72), 
and GIIO [ sancha73 ). lile baYe exaained these, and others, in 
detail. Unfortunately, none of t hea aeets the deaandinq 
needs iaposed by our applications. Therefore we are unde
rtakin" the desiqn and iapleaentation of DIGS. 

DIGS bas a nuaber of salient features. 1 fall 2-D or 3-D 
scale-rotate-translate and vindov-to-Yieaport transforaatlon 
is applied at the tiae the display code is qenerated. 
Bxtents (bo~es) can be applied to portions of a picture to 
speed up the clippinq process. Portions of the displayed 
il ~9e can P8 n ued , IllS inq a fllll b loct-IStructued naainq 
capability. 

The basis for picture aodifications is the naaed seqaent, 
which is a collection of p~cture priaitiYes such as lines, 
text, and points. the seq•ent can be deleted, augaented, or 
dynaaically transforaed. l Yievport is a collection of seq
aents. It too can be deleted, auqaented (by adding &eq
aents), and dynaaiculy transforaed. Thus a two-leYel pic
ture aodification capability is proYided. 

Input is also deYice-independent, being handled through 
the aechanisa of Yirtual deYices. These include entity 
indicators (tJpified by the liqhtpen), position indicators 
(typified~, a joystick-cursor), text string inputs (as froa 
a keyboard), and Yuue inputs (as froa knobs and dials). 

T~e structure of DI'S aakes it usable by displays ranging 
troa storage tubes to Yector Generals. our plans call for 
thr .. iapleaentations (eacb iapleaentation includes substan
tial portions of coaaon code) of DIGS ; one for the 11/,5-
Yector Generu, one for a Tektronix la0111 coupled Yia coa
aunicationa link to a S/360 or S/370, the third for a '01' 
coupled to a 11/1$5 and that in turn to a S/360 o:r S/370. 
The DIGS architecture has been coapleted (Poley75), and auch 
of tbe internal orqaniEation baa been designed. soae codinq 
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for the 11/-5-fG Yersion bas been coapleted. We intend to 
use mc;s in GRIP-II. 

l!r. J. Bentley, a fellowship student in the Departaent 
of coaputer Science, bas been in•estiqatinq alqoritbas suit
able for fiadinq all atoas in a specified neighborhood of a 
aolecnlar aodel. Tbese alq,orithas haYe excellent asJaptotic 
perforaance as the nuaber of ato.s in the structure 
increases. Bentley has concluded, laoweYer, tbat for dense 
aolecules of less than 2000 atoas, the partitioniaq-type 
alqoritbas are superior to tree alqorithas. 
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RXPIB! is a prograa package deYeloped by Heraans in 
collaboration with ftcQueen, Wei and Perro under support by a 
qrant froa the llational Science foondation. It is a batch 
PORTBlJ proqraa vhicb can be used vitb sets of experiaental 
coordinates to: 

a. test the stereocheaistry of the coordinates. 
b. build a aodel best fitting the coordinates. 
e. build a aodel of lov packing (nonbonded) energy. 
d . find a structure of lowest energy, considering not 

only the packing energy, but also the energy 
required for deforaation of the structare froa ide
al qeoaetry. 

The Yersion of this proqraa which perforas the first tvo 
ot tbe$8 opt i on& vaa put into use in 1971 by Jensen and 
Watenpauqb at the University of Wasbinqton and by Sussaan 
and ltia at Duke. In January 1975, a second version 
(R!fiWE2) vas aade available to tae groups already using the 
first release, to felda an at !. I. 8. • to !!eyer at Texas l & 
a. and ~oetzle at Brookha•en . 1 third version bas been co.
plated and is be in q used by Beraans at o. 11. c . l publication 
descri bi.nq results obtained with aodel bllildinq calculations 
has appeared. [ Beraans75 ). 

We prepared a CI>C version of R!PIJ!:2 and this bas been 
installed at Brookhaven. The staff at Brookhaven has aade 
the proqraa accessible on the CRtSIBT systaa (June 1975) . 

The CDC version of R!PIIIB2 bas also been installed at the 
University of Groninqen (July 1975). It vill soon replace 
the old version in use at the University of llashinqton. 
Peldaann and Sussaan baYe inteqrated RJ!PIQ2 i nto the aole
calar qrapbios systea at 8.I.H.; tkis systaa is accessible 
via telephone lines. Sussaan uses it at Duke with the Tek
tronix terainal. Proqraa and aannal are available to other 
qroups on reqoest. 

~~~ Bill!!~. P!PI!I!l is the aost recent version of oor 
re fineaent pro qraa. This 'Yersion aini ai zes not only the 
nonbonded enerqy of the aodel, but aodels deforaations of 
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the structure (such as bond a.oqle bending) and distributes 
these properly oYer the aolecule. 

the proqraa is beinq used in a series of calculations. 
The first of these, on cyclo-triproline, shoved that excel
lent qeoaetry is obtained vith energy ainiab:ation of a 
strained rinq structure. tbe second, on antaaanide, a cycl
ic sodina bindinq decapeptHJe, showed that energy ainiaiza
tion of a preliainary x-ray structure qiYes iaproYeaent 
towards the structure obtained with classical crystallo
qraphic refineaent. These studies haYe been coapleted and 
the results are nailable. [Reraans 11 Jll75) 

In the third pro1ect ve baYe alaost coapleted a study of 
the refineaent of a aucb larger structure, that of the pro
tein rnbredoxin. (this work is beinq carried out in colla
boration with Jensen's qroup, which deterained and refined 
this structure). lS a fourth project, we haYe bequn a study 
of the actiYated state of tbe enzyae-snbstrate coaplex of 
the cystine protease papain, usinq x-ray crystalloqraphic 
data obtained by Drenth's qroup in Groningen. tb.e aecbanisa 
of catalysis by papain is siailar to th.at by the serine pro
teases subtilisin, cbyaotrypsin, trypsin, throabin, etc. 

There is a need for at least a priaitiYe coaputer gra
phics facility in the hands, i.e. the laboratory, of aole
cular bioloqists to perfora routinely the following 
functions: 

a. to Yisualize in detail and in three-diaensions 
aacroaolecular stracturea. 

b. to alter the conforaations of these structures. 
c. to at teapt to fit a t bree-diaensional aodel of a 

aacroaolecnle to an electron density aap 4eriYed 
fro• x-ray diffraction data. 

As part of our initial qrant, ve acquired a tektronix '0'' direct-Yiev storaqe tuba and installed it in Dr. Kia's 
laboratory. Drs. Kia and sussaan baYe been explorinq its 
1111as of the aboYe purpo5es. 

As se•eral laboratories haYe deweloped proqraas to do 
•any of these operations already, va haYe worked vith other 
qroups in extendinq and adapting their systeas. So far the 
bulk of our collaboratiion has been with Richard l'eld•ann of 
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the liB in extendinq the C!!IYST systea for our particular 
needs. 

The facility to display aacroaolecular structures (or for 
that aatter any structure in the Caabridqe Crystal Pile) in 
up/dovn polarized-filter stereo on a storaqe tube terainal 
has been iapleaented for about two years on the MIH CRIST 
systea. 

The CRIST systea for aolecnlar display bas been a plea
sure to use, as it is alaost transparent to e•en a noYice 
user althouqb eJttreaelr powerful. It is extreiH!lJ well 
docnaented and eYeryone in oar laboratory vho has tried to 
wse the srstea has becoae aore or less expert in less than 
an boar of real tiae use. 

In our laboratory ve haYe used the Yisualization features 
of the CRIST systea for tvo specific applications: 

Jane Richardson coapared in detail the three-diaensional 
structure of superoxide Disautase (SOD) vbose crystal struc
ture vas recentlJ deterained in our laboratory [Richardson, 
n Jl75) vitb sneral different inunoqlobin structures 
(sol.ad in other laboratories) that appeared to h&Ye siailar 
structure altbouqb quite different function. The coor
dinates for these structures vere already on the CRIST 
systea. 

Piqure 9 vas prepared by redravinq the band tracing of 
the SOD and tvo other portions of a protein (Y & C ) froa 
tvo different points of Yiev. 
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SOD 

Figure 9 

Redrawn hand-tracings 
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Joel sussaan has used the CRYST systea to display the 
three-diaensional structure of yeast•tRWl vbich was recently 
solved in oar laboratory in order to scrutinize oar current 
ao4el. 

So as to ainiaize telephone and coapoter costs ve hawe 
used the audio cassette recorder option of our terainal in 
or4er to store warious wievs an4 fragaents of the tBil stru
cture on cassettes. In this va,. ve hawe bequn to build up a 
library of cassettes vhich can be used stand-alone on our 
terainal to view the tBWl structure. 

In the course of a aacroaolecular structure refineaent it 
is essential to knov if one's aodel has reasonable stereo
cheaistry and, if not, to have the facility to correct any 
sllortcoainqs. The R!FI!Il! proqraa perforas just such a func
tion. Q!~J§_2l~I .. ~-sussaan in our laboratory bas 
aodified this proqraa to aake it aore suitable for nucleic 
acid structures and has used in on the TUCC coaputer vithoat 
cp:aphics capability in a batch aode. 

il._l1u.iu.L..L.1.MU::U !H!li21!Al IOU,L!LA!l:..Ut!i.!UlUmill 
U.2 

Sussaan and Feldaann hawe adapted an electron density 
contour aap dravioq proqraa (vhich Feldaaoo had written sew
eral years aqo) to run vith the storaqe tube as an output 
dewice. In addition they have "aarrled• the aolecular aodel 
to the aap vit h all the aolecular aanipalation featttres of 
the CBYST systea. Both the aap and the aolecale can be 
drawn in stereo. Generally one exaaines a portion of the 
aap/aodel space of one to three residues, vith the coaputer 
keep in q track of all t be boo keeping such as vhat part of the 
aap to include, scale, center, etc. Thus tlleT hawe dewe
loped a prototype Electronic Richards• Box whicb runs on a 
ti•e-shared co•pater with a storaqe tabe as its display 
webicle. 

The contour dralli.nq proqra• can also be used by itself to 
drav the entire aap plane b1 plane. These sections can be 
copied onto transparent sheets of acetate (via a inexpensive 
theraal copier 1 and a •ini •ap of tbe entire structure can 
be asseabled quite quickly. 
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The systea has been used on fiYe biocheaical research 
projects. !ach of these projects represents a different 
staqe in the inYestiqation of a aolecular structure. 

1 group vorkinq under or. w. Lipscoab at HarYard used 
GRIP to sketch a aodel of "lA§~· This inYestiqation is at 
a Yery early staqe, vith a low-resolution aap. 

Dr. DaYid Richardson and Jane Richardson of Duke used 
GRJ:P to construct a aodel of Superoxide Disautase. The 
Richardsons had preliainary coordinates for their alpha car
bon atoas and are thus soaevhat farther alonq than the Bar
Yard qroop. r his is the first iutaoce ve ltoov of in which 
a qraphics aodel vas constructed without a ~endrev aodel 
beinq built beforehand or siaoltaoeously. 

Drs. ~ia and Sussaan of Duke are currently usinq the 
systea to iapro•e a.n existinq aodel of tRWl. Their inYesti
qation has adYanced considerably farther than the tvo aen
tioned above. Refined coordinates haYe been published. 

Dr. ~erro, in Dr. Ber•ans• laboratory at UWC, used the 
systaa to coapare seYeral alternatiYe aodels of Rubredoxin 
vhich are lllready quite refined. Bis work thus represents 
tile farthest adYa.nced inYe:stiqa.tion for which GRIP has been 
used. 

Dr. Carter of DIC used the systea to coapare the oxi
dized and reduced states of RIPIP. 

lie (Sunq-Hou !Cia and Joel Sussaall) haYe used the U!IC 
qraphic display systea in production as an welectronic 
Richards' boxw for the purpose of fittinq the crystal struc
ture of yeast-tR!A to its electron density aap. 

We haYe found it to be far superior to a coliYentional 
Richards' Box in •isuali:l:a·tion of both the aodel and the 
aap, as vall as in the actual fittinq by interactife aanlpu
lation of tbe aodel to the aap. In addition ve haYe found 
it auch easier for two people to work together in trying to 
fit the aodel to tbe aap than eYer vas possible with the 
con•entional Ricbards' box. 
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!141SlilA1itD· The Yisualization is better in that it is 
possible to qet an optiaal Yiew of a particular reqion of 
the aap/aodel space in order to do t~e fittinq. This gener
ally inYOlYeS: 

(1) Selecting a saall part, a few residues, of the 
aodel and aap space. 

(2) Botatinq the fraqaent of the aodel/aap space until 
oDe sees 1ust the riqht •iewpoint to beqin fittinq. 
Generally this has been done with one-diaensional 
(plan a.r) contoors, since the loqne tte stereo liai ts 
the nuaber of Yectors that can be drawn. &t pre
sent, one can haYe stereo plus one-diaensional con
tourinq or aonocolar Yiewinq plus two- or tbree
diaension&l contours. If aore drawinq speed were 
aYailable, we would routinely •iew density contours 
in tvo ortboqonal planes (the basket-veaYe contours 
de•eloped by Barry). This effect qreatly enhances 
oar ability to understand bow a residue should fit 
into the aap. 

(3) Chanqinq the contourinq leYel(s) for the particular 
fraqaent of aap/aodel space until the riqht con
tours are present to do the fittinq withoot clutt
erinq tbe picture •ith too aany contours. le usu
ally use one contoor leYel at a tiae. 

rittinJ• The actual fittinq qenerally proceeds in three 
steps: 
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a) FITBES - a residue (one nucleotide) is 'detached' 
froa the structure. qi•inq it 6 deqrees of freedoa, 
3 rotations and 3 translations. le then atteapt to 
fit t be suqar and base portion of the residoe to 
the electron density aap. Once they fit we recon
nect the residue to the rest of the structure 
(!Ut!!.IJt it l • 

b) P'ITPHOS - next the phosphate group for the saae 
residue is 'detached• froa the strocture and aqain 
with 6 deqrees of freedoa it ia fi~ted to the aap, 
and frozen. 

c) BOIDTVIST - finallf when a particular residue is 
inYol Yed in bydroqen bonding base pairinq vith 
another residue in the structure, both residues are 
displayed, and bJ •eans of FIT!BS and SOWDTWIST 
around the suqar base bond, the bases are fitted to 
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the aap as vell as to each other in a reasonable 
hydrogen bondinq configuration. 

The aboYe process introduces soae unaccl!l ptable stereoche
aistry, i.e •• vhen the residues are detached and aoYed and 
then reconnected, soae bond lenqths, bond anqles and dihedr
al angles becoae absurd. Also unusually close contacts 
between atoas are soaetiaes introduced. In order to correct 
these distortions the coordinates are sent to TOCC where the 
nucleic acid •ersion of the BBFI!! proqraa is used to idea
lize tlae stereocheaistry. This is generally done after a 
session laatin• •-s hours at the graphic display terainal. 
These coor4iaates are then sent back to oxc for reezaaina
tion &nd ainor adjnstaents to ensnre a proper fit to the 
electron density aap. 
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