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iii. Ordering, of mutants within the close nc&borhood of &ch.other can be 
done by two and three factor crosses b y generalized transduction and also by 
a new episome complementation m ethod developed and described by Robert N. Reeves 
and John R. Roth, JIG3 55, 523 (1971). Use of automatic techniques will allow 
the enormous labor required to make an intensive map to be done easily using 
transduction, mating, and other techniques that can be carried out on agar. 
The establishment of a large library of tem?creture sensitive and more completely 
characterized mutants covering the chromosome map thoroughly would have very 
many applications in the study of bacteria and especially of yeasts and higher 
organisms. 11~ propose to begin the work Mith bacteria for which the tec,hniques 
seem straightforward and extend it later to higher organisms. 

Significance:' . 1. By periodic measurement of map distances by cotransduction or interrupted 
mating one can monitor increases and reductions of the chromosome by tne net 
effect of gene doubling, recombination, deletion and other processes that may 
affect its size. With a large n IAmber of standard markers and standard proce- 
dures the machine can keep a steady picture of the state of integration or 
autonomy of various plasmids,.of the chromosome number, if that is subject 

to change, and of the size of the chromosome. It seems more, likely that the 
size of the chromosome is not an accurately conserved quantity but there will be 
variations in the population and it is hoped that methods of measurement will be 
sensitive enough to make some description of this distribution and hoI1 it changes 
when the parent strain of the population contains various mutations especially 
affecting DXA replication and repair. 

ii. There may be regions of the map for which no temperature sensitive mutants 
or other conditionally lethals can hs founds. Ii; is of'grcnt intercrt to knot! 
hov much of the DNA specifies no function and is functionless except for its 
role in evolution of new genes to carry out new functions or for structural 
functions at the DRA or RNA level. 

iii. When the whole map or at least regions of it are densely filled with 
markers it may be possible to discern overall patterns of placement and organi- 
zation of the genes according to their function or evolutionary history and 
thus to understand better evolutionary or physiological demands that led to 
this particular pattern or structure. The operon concept is the most obviously 
important fact of this type but there may be others as yet unrecognized. 

iv. It will be possible to supply large nun bars of densely located temperature 
sensitive anti other kinds of mutants in particular regions of the map for inten- 
sive further study of particular problems in this and other laboratories. We 
irltend to use the met;hod inmediatel;y for trying to generate large nurr!bers of 
mutants in tile neighborhood of Pno~fl sites for H?A regulatory mutations hoping 
to discover other DIW regulatory mutants in the same neighborhood. As the 
techniques develop T,?e will probably be able to supply other laboratories with 
large numbers of mutants important to their particular interests. 
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4) Genetic characterization of the chromosome terminus and the regulation of cell 
division in E.. coli. 
&vid R. Z&man, Arsistant Professor of Bacteriology, University of California, 
Berkeley. 

Recent evidence from gene frequency measurements (l-3) autoradiography (4) 
and biochemical analysis (5) demonstrate bidirectional chromosome replication in 
E. coli. The origin of replication appears to map at about 75 map min while the 
terminus has been mapped at about 30 min (6). The termination of chromosome 
replication appears to be necessary for chromosome segregation and subsequent 
septum cross wall formation (7-9). . 

It has been suggested that chromosome termination may trigger division by the 
transcription of division related genes, 
the time of their replication.(‘j',lO-i5). 

located at the chromosome terminus, at 
This hypothesis has recently received 

some experimental support: (a) studies of cell division following DNA, mJA, and 
protein inhibition at the time of chromosome termination in synchronous cultures 
(16-18) indicate that the specific replication of the last 0.5% of the chromosome 
(0.45 map min) is required for subsequent cell division; blocking protein synthesis 
during this replication will block the subsequent cell division. (b) Several 
filament forming septation mutants have been obtained which map near 30 min, the 
chromosome terminus (15, 19-20). 

: Unfortunately, the region of the genetic map around 30 min is one of the 
most poorly understood areas (21). Very few markers have been identified; a 
stable l?' has never been isolated for this region (22). -We therefore propose to 
study this region of the g. coli map in great'detail using the automated techniques 
now available. Hopefully the study of this region will help us understand the 
nature of the link between chromosome termination and cell division. 

We have is.olated a man' mutant (30.5 map units) that is non-reverting. We 
propose to use the transducing phage P1 to cotransduce mutagenized markers (23) 
from a man+ strain to our man' strain. Transductants grown on mannose minimal 
medium will be plated out using Dr. 
at different temperatures, 

Glaser's automation equipment, replica plated 
and temperature sensitive colonies obtained. These 

colonies will be characterized for nutritional defects or division defects. The 
nutritional mutants will be saved to help us map this region of the chromosome. 
The division-membrane mutants iTi be studied more carefully to determine possible 
relationships with chromosome structure and/or regulation of division. 

Compleoentation studies should indicate the specific number of division related 
genes localized in this region of the chromosome and the possible existence of a 
division operon. Double mutants will be prepared so that the in vivo interaction 
(epistasis) of known mutants of different phenotypes can be studied5). This 
approach can lead to the sequencing of related gene functions and is the 
first step necessary to determine the ordered pathway for septation in a manner 
similar to the studjr of T-even phage development and other self assembly systems (211). 
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Significance: Detailed understanding‘of the relationship between DXA synthesis 
and cell division in E. coli may give important insights into the same relation- 
ship for proliferatin S animal cells, which ge.nera1l.y do-not synthesize DNA 
except in preparation for cell division. .' -_ 

5) Studies in biochemical evolution in E. coli and B. subtilis. 
Joshua LederberG, Professor of Genetics and Biology and C‘naiman of the Genetics 
Dapartment, School of Medicine, Stanford University, Stanford, California. 

We wish to observe alterations in polypeptidc products resulting from mutations 
in synthetic genes (generally synthetic ho:l:opola?er sequences) which have been 
inserted into the genomes of E. coli and B. subtilis bacteria. Imrnunochemical 
methods Ml1 be used for detecting these alterations by examinin;: large numbers 
of small colonies for which no biological selection condition is known. By 
observing evolution of a polypeptide, much can be learned about the genetic code 
and about rates of various kinds of mutations in different nucleotide environments. 

6) Genetic organization of the E. coli chromosome: 
position of the translocated lactose operon. 

mutation rate versus map 

Gordon Edlin, Associate Professor of Genetics, University of California, Davis, 
California. 

. 
The purpose of these experiments is to probe the genetic organization of the E. 
coli chromosome. Ultimately we would like to understand why genes are locatea 
particular sites in the chromosome. One approach to this question is to 
mcaeure frequency of mutations in 3 gene (or genes) l?hri.ch have been trancloccted 
tc r+ r,Lii)::1; 02 dii"';:?':.:j'> :::i.';;C:; Ifi y::s (~j'.:l:~:;;;'~~.,._, Li r::S2,;21 :;>SkL::: Ii;*, ~,~A><~i~~ c>E- 
pCil!::tnt:: is tYrOl“i~j.~~ri by- t:?c !.:‘c-i,na~ 3P(?r!)::. ;; c-2; zc n."' ';'l;i") irlr Q:py:[c4; T;l?iCll a';'" 
genetically k&on,? except that the Lactose genes have'been translocated to a .- 
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number of different sites in the chromosome. 

These strains will be mutagenized with a variety o f mutagens (nitrosoguanidine, 
ethylmethane suuonate, U.V. light, etc.) and the frequency of lac+--* lac' cells 
will be measured. Preliminary studies have shown that the frequency of mutations 
in the lactose genes are a function of chromosomal location. 

After analysis of the lactose Genes, the same analysis can be applied to other . 
, genetic systems such as an amino acid biosynthetic pathway, ribosomal-protein, 

etc. Genetic techniques for constructing ths appropriate bacterial strains 
already exist. 

"Enclosed is a brief statement for your grant.' We would like to go 
ahead on this as soon as possible since it is all worked out and is basic- 
ally a matter of cranking out the. data. The diagram shows the nine strains 
we want to test. The lac genes are located at the 9 positions 

I \ 

. . . ’ . 
. : 

We will mutagcnize for starters. We can 
measure the mutagenesis here by measuring the number of valine resistant 
colonies. That gives us a number to use to normalize the mutagenic effect- 
iveness.. We would then bring down the mutagenized culture to be sprayed- 
onto trays. We want to test the number of lac- cells. I think the easiest 
way to do this is to place them on RX13 lactose agar. Lacf are red and 
Lac- are white. We probably need to photograph at 2 or 3 times to reliably 
distinguish the 2 types and probably have to set some limits in the computer 
as to what it calls white and what it calls red so we probaS1.y need a dry 
run. Once that is determined we can run then as fast as time allows. I 
presume we will work with Phil-on this. Let me knew hot7,and when you want 
to proceed.N . ._ _.. . ._ 

7) Recombination deficient mutants of E. coli. 
Alvin J. Clark, Professor of Molecular Biology and Bacteriolo,gy and Immunology, 
University of California, Berkeley. 

Method: "Our work in large measure stems from the discosrcry of recombination 
deficient mutants of various recombination prcficient strains of E. coli. In 
doing the necessary mutant hunts the present bottle-neck is the picking of 
colonies of survivors ol" mutagenic treatment and patching them in geometric array. 
I am very interested in testin g the dripper you have invented as a means of 
depositing cells in ~eor.letricarray prior to testing their clones for reconbina- 
tlon ~~cf~.c:izx~:. ' Y I-c f. r: -,-2:-., ~-“~."jl>~~<~ f!?!" I-. -- -"-(y--! .Lb,y!';c .-,q L ..' -. r;yi c:rnr!-L~~.n.~r-tc~ '..:A? h--r- ..- ..I _ I-c.\ I. 
bbcn sj:l;-Lin,< 211 t:Cc:l;;_12 0.: t;:e yk?‘rjOr i;,-;<j1;,:~2 in ;:-jci,;.n;; ;ir;d patchin<, " 
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New Salmonella tJThimuriut.7 tester strains for detecting mutagens and carcinogens 
among environmental chemicals. 
Bruce Ames, Professor of Biochemistry, University of California, Berkeley 

Method: This work is an e-xtension of work already published to special cases 
for :lhich the labor of mutant isolation and characterization is limiting. 

1. 'Ames, N. B., Lee, F. D., and Durston, -W. E., Proc. Nat. hcad. Sci. u. S., 
2, 762 (1973). 

2. Ames, N. B., Durston,U. E., Yamasaki, E., and Lee, F. D., Proc.,~at. Acad. 
Sci., 70, 2281 (1973). -. 

Fine structure mappin g in the'histidine operon. 
Bruce Ames. 

H&hod: This Tiork is an extension of r.lork already published to special cases 
for which the labor of mutant isolation and characterization is limiting. 

1. Ames, NJ. Be, Lee, F. D., and Durston, W. E., Proc,. Eat. Acad. Sci. U. S., 
70, 782 (1973). 

2. Ames, N. B., DJrston, W. k., Yamasaki, E., and Lee, F. D., Proc. Nat. Acad. 
Sic., 70 2281 (1973). 2 

K&al ion mutqenesie and plasmid curing in Shlmonclla typhimurium. 
Peter Flessel, Assistant Professor of Biology, Uiiiveraity of San Francisco, 
San Francisco, Califcrnia . .* , 8 -._ 
Method: "I have been loo!:ing at the interactions of metals with bacteria using 
two assay systems. First, I have been studying metal ion mutagenesis and second, 
plasmid curing by metal salts. 'The decision to focus on metals was based on the 
'near presence of a colleague in the chemistry department who had been studying 
metal carcinogenesis for fifteen years and was eager for some company. 

"T'ne work to date has been basically an extension of Bruce Ames' scheme applied 
to metals. 
murium. Our 

So far I have shoT:n that BinC12 and NiC12 are mutagens in S. tymphi- 
search for neT.1 metal mutagel?s is continuing and I suspect we will 

find others in the next Ye?: months. The mechanism of metal mutagenesis has not 
been thoroughly explored. It is not kLo:\'n, for example, :ilhether metal ion pene- 
tration of the cell membrane is a prerequisite to mutagenesis. To find out, I 
would like to select for mutants which are temperature sensitive for resistance 
to metals. The assumption is that resistance TJould be a reflection of the fail- 
ure to take up the metal. I would select for Sro>rth at 42 (pelmeasc denatured) 
and no Gro::th at 37 (pcrmease functional) in the presence of the metal. Having 
Obtained such mutants I rjould test them for susceptibility to metal mutagenesis 
at both temperatures. I realize my proposal is perfectly straightfonxxd. If I 
carry it out.with the tiJnc and resources at my disposal, it is at least a year's 
uorl;. With the "dumbr~~aiter" I think I could haTie the first mutants in several 
weeks." 
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'For experiments bn the mapping of genes affecting the virulence of &lm&ella. - 
species, it is eqeciient 7;o obt-, &in Genetically marked sublines in particular 
strains. For example, in lines of S. typhinuriu,, 7 which differ-from  the available 
genetically marked stocks of strain LTZ by their high virulence for the mouse, 
on intraperitoncal‘ itioculation.. It has been. the experience of several.wo&ers 
that::auxotrophic :nutants obtained bN mutagen treatment of virulent strains of 
Salmonella coi:li-nonly nave un::anied additional m titations causing reduced virulen'ie, 
by unho~:n nechanisms. Therefore, in theory, the best methjd of procedure 
would be to introduce chosen negative alleles, dcterm ininz nutritional' requirements 
or.inability io ferment pnrtiwlar substrates, by transduction. To do this by 
ordinarily av?iJqble methods, even :jith the aid of penicillin enrichment, is 
hardly pl-acticable, becau::z of the amount of labor required to de'iect the rar'e 
transductants, Tihich cannot be selected for. Dr. Glaser's a.pparatus should make 
possible the detection and isolation of the desired transductants by an automated 
procedure. A  second problen, in th: StXle general field, ic the isolation of par- 
'titular classes of cluxotropiric, etc. Cutant in mouse-virulent strains, for possible 
use as live vaccines, stably con-virulent because of, for instance, gros?th factor ' 
requirement, but otherwise unaltered. Nutants blocked in the synthesis of the [ 
dizminopimelic acid component 02 t'ne ha eterial cell s:all should be unable to mul- ' 
tiply in the tis:? Les of a m m ..?.?alian host because of absence of this substance, a 
component of bacterial but 

; 
not of eukzryotic orzanisns. Heavy mutagen treatment 

of the bacterial strain to be 'used would be likely to cause additional, wwsnted ' 
mutations: furthermore, it is unlikely that.such mutants can be selected for 
by the penicillin enrichment technique. P robably the only way to isolite such ' 
mutants is by direct exarsination of a bacterial population for cells able to 
produce small colonies on defined medium supplemented ?qith a small amount of 
dixJino+elic acid and able co resuiLe gror.$h on prolpi-5 Z-o~ of additional.diam ino- 
pir;elic acid. Dr. Glaser's cethods and apparatus should make this feasible, where-.' 
as it is.hardly so by other methods. \ 

P roline non-utilizing mutants of S&xonella typhiauriun. I --- John R. Roth, Associate Professor of Kolecuiar Biology, University of California, ! 
Berkeley 

! 
Ide've been ana1ysi.q.the proline degradative pathway. It involves an operon 
containing three genes, 
Permeasd mutants 

two genes for degradative enqlfles and one pesmease. 
can be obtained by'positivc solution. The other two classes 

we more difficult to obtain. 
on proline, 

Because even wild type cells grow rather slowl) 
the standard peilicillin enrich!:lent works very poorly. Screening 

of mutagenizcd cells with your apparatus should perlnit mutant isolation. ThCSe 
will bo strains which fail to grow on proline as sole N. source but can use 

- L either VII, or glutamate as a nitrogen source. II 

431 
j . 
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Isolate mutants 
temperatures. 

Isolate mutants 

Of 

of 

Bacillus subtilis deficient in DI?A synthesis 

Bacillus s:btilis resistant to certain phage 
like p. hydroxyphenylazour~cil for studies on DXA syn+hesis. 

and to drugs 

A. Ti Gznenan, P rofessor of Genetics, Stinford University, School of I&dicine, ! 
p:... ) -. _ . . .._I , . ” . 
~)uit,‘li’Ji it, (.!9.&.1:~ 0:‘;:i.X. 

\ 
at high or at low : 

-._-- 

Our research project involves the study of th2 mechanism of lNA replication and 



its genetic dontrol in EnciXLus subtilist a trans?omablc bacteria. lie have 
isolated several temper?kure scnsitivc mutants t'nat are defective in DXA synthesis 
The themoscnsitivc pkotcin ban pecn studied in a feM cases. There are abbut 9 
groups of genes that control DXA synthesis. 'Fncke may be even.oore. We isolate 
these mutants routinely by conventional, slog and laborious procedures. The 
automated petri dish machine would be idcal for the above project. 17e are speci- 
fically interested in both lov and high teqyeraturc sensitive mutants, and mutants 
th+ rarc resistant to drups like p. hydro~~~henylazo~acil. This drug specifi- 
cally inhibits ?XA polymerasc III in Bacillus subtilis. Polyxerase III is dQ?ectl 
involved in DXA synthesis. Resistant mutants ~o:zld help to locate the position 
of the gene for the enzlxe. The system is also adaptable to test phage mutants 
which are cwrently studied. The instruxnt is a very valuable and unique tool 
for our projects. ble Tcould very much like to collaborate with Dr. Glaser in 
obtaining several importent mutant s 
projcc%s in cell bioloa. 

and adapting the machine for other related 

. 
Screening for possible mutagens camong environmental chemicals by mutations 
affecting sporulation in Bacillus subtilir. , 
Lwrcnce E. Sacks; Research E.crobiol~ and / i 
Jees T. MacGregor, Research PlxtrmEcologist 
United States Ikpartnent of Agriculture, Agricultural Research Service?, ~ i 
Western pegional Laboratory, Berkeley, California. . 1 

Thousands of chemicals, whose biological effects are little understood, have been 
disseminated into our environment and the food we eat by modern tec'hnological 
society. Host frightening of these chemicals are the mutagens, tlith their poten- 
tial for teratoscnic effects, cmcer, and unkno5zn'l&g-ter.3 effects of alteraticn 1 
of germ-cells. 

. 
In screening for possible nuiagenic chel:lic&, microorganism systems offer the : 
advantages of speed, sir;lplicity, and economy over anix systems. A disadvantage 
of microbial systems noI? in use is that they test only for mutations occurring 
in one or a fell genes. A bacterial system sensitive to inutations on many genes, 
scattered throlshout the chromosome, rlould seem to offer imporiznt advantages over 
currently used systems (1). \?e believe such a system is that governing sporu- : 
lation in the genus Bscillus. Sporulation is a very complex process requiring 
the participation of a minkxum of 28 ~?crons for the sporulation process alone(2). 

; 

Other systems (e.g. TCA cycle) are required for successful sporulation. Eight' 
hundred genes have been estimated to be required for successful sporulation (3). : 

. . c 
Selection of azporogcnic nutarks is simplified dy thefr chakctcristic. white color 
easily distinguished rro,? the Tlild-typz brown colonies, colored by formation of a 
piment late in the gporulation of B. subt?.lis,Ihrburg strain. Using a highly 
transformable strain of this organism, and a wide variety of mutagenic agents, 
many sporulation genes have been mapped (4) in programs designed to unrzvel 
,the genetic control of s$orLLation. 

I 
Ve propose only to invert this procedure, 

and to use sporulation mutants to identify ner: r,;uta~enic agents. 
, 

Dr. Glascr's instrwent capable -of identifying 
--._- 

9 sin&e mutants in huge populations, 
will be of great value in idcntifyin 3 mutagenic activity at venr 10~ concentra- 
tion levels. This coxbincd use of a bacterial s 7 :,stcn involving over a hundred , 
genes with scanning by an instrlwcnt 
1.3 -7 

cspnbl c of ;-den-l;ifyinT mutation rates below ' .x 
::?:s::2.. .:. r-!::i.;.?.-'; \ i;:l 3 -,: -: '?'? .r . . ,, * ,- ", -. '..-A; ,.-. _. ' -., ..-.. . . 3 '(' . . . . . . ..-... ,_ _ . . c 2 .d- .: - r c; ." .i. I ;__, ,i.. ._ 1... .~,.';~,:~,~~ J-1?;? 

* < (?,p;l;~.i';'~~?lf- .-I 
xc'iv;~j:-'ntc: c~IK~;,.-~.c~.~!s. 

, .  

;  
.  .  . ._. _ .- ._ _ - ._. .- 4 
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- We smmrize below som adva.ntaSes of'thc proposed system: - . . 
-1. It is based on forr:z.rd nutction, the, nest general type uf detection systcn. 

Any type of mutation which ixxtiviat3s or substc~tially alters a gene essen- 
tial for sporulation will be detected. 

2. A large nuxber of genes are involved in sporulation -(2, 3). Sane mutagens : 
are specific for partic* regioas of the EIA.. Tie more genes surveyed, the 

. . less chance of excluding cutagenic "hot-spots". I 

3. d Sporulation mutmts are often 
< : 

ch eracterized by a block at a particular staSe 
in their morpholo&cal developmnt. The frequency of occurrence .of particular 
stages of arrest TliU.pemit an .gssessment of the randomness (or specificity) : 
of each mtagen. . .-' I 

4. The B. subtil' LC Systen is well-suited to genetic studies. Righly transfoma- 
blc strains exist asd nany genes have akeedy been napped (:I). 
scarming -cystem, ‘however, is not linitnd to the Di~~,e:lted B. 

IFS. Glascr's : 
subtilis colo- . riles.. Other r$ell-studied species (e.g. B. neza.t&ium, B. coreus) nay also be i 

employed. _ I 
References . 
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; 

16) Proline degradation mutants in yeast. I 
John K. Roth, Associate Professor of Eiolecular Biology, University of Californi'B, : 
Berkeley. 

._ 
We've stai-ted looking at prolix degradation in yeast. Iiere the available mtant 
enrichmntM_techniques Ger.e,-rall;~~ mrl: ?joorly. 
fairly "brute-&cc" kort 

-_ I.gr-- pcsple.sccd yeast :ktants in a j 
of my. 1 

r:ould be very useful to us. 
A large set of p~~oliile-non-utilizing nutants 

This hunt would need to follo:.~ the Selrnonella hunt 
and pl'OD2b~T should fOliOi;: prc?lir,ihayJ ;.,ork (in progess) on the fell avail.a$lc ' 

) mutants. In this my the most advan-ixGcous conditions can 'be determined. 
. . , 

117) Saturation mapping of one yeast ckco;losor.~e. 
i John R. Roth 
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Strains ?KLl be ohtaincd thiou& Robert Mart-imcr Trhich are rgonoso;nic for a srla11 
chromosox. Other strair>s will be-obtained lrhich are rxqosonic. for a large but ' 

'poorly marked .chromo~ox. yncse strains are diploid for all Gut bne ch'r'omoeokc. 

A hunt .for temperature-sensi,tLvc mutants should yield nutants carrying lesions in ! 
the chromosome for vhich these strains are hagloid. 
Determining the nuiiber of genes involves is fairly 

!!&cse can then be analyscd. i 
easy because of the sirxplicity ; 

of yeast coi:plc1:~entation tests. I'd like to try this in & year or so after I've ! 
gotten back from satkatical leave. 
time.) 

(I'll be doing yeast genetics during that,,. j 
1 

Genetic mapsing iii EkCChnrOEiycCs cerevisiae 
Robert K. Nortixr, Pr~Pcssor and Chairman of ?&dical physics &patnent, Univer- ! 
sity or CalFfoYnia, Berkeley. i I 

The availability of detailed genetic maps is an important component in detenzining 
the suitability of an organism for genetic and molecular studies. For a number of 
years, T)Z have carried on a progrsJn of genetic mzF?ing in the yeast Saccharo- 
myccs ccxvisiae as an adjunct to ow other studies. These mapping studies r,evc 
resulted in a genetic na? which c--"-q Gb,,blishcs the location o-i' more than 150 genes or.' 
17 chro:noeor.les. Ho~!cvcr, bccausc of the largz nurr,ber of chronoso~~es and the hi,+ ! _ 
frequency o-" I zcnetic rccor.:bination in yeast, very few heavily mapped regions arc 
availaLle. Such regions for studies r,e ;!ish to carry out on E;;enz 

; 
ccc import3nt 

con-version and its relaticn to rcchanisms of 
i 

genetic reco&Iination. We believe ; 
the instrument dctrelopzd by F'rof?ssor C-laser could help to speed up the further 1 
dcvclopxnt of gwtic ~11;~ in t?lis drganL&. The'a~pro2ch :.;c prop332 to use is 
based on the randon cpcrc tcchniqx 

i 
describF4 in our-recent r.?ap_ning paper (1?3,--t4- ' 

mer and Hwthornc, Gznctizs 71:: jj-$. (1973). A Eerier of strains that each carry, 
one of a set oi' cchre eu~~2xSox in cor.;bic!kion with 1. svpnressible canavanine _. 
resistance gene and an ad.ciitional selection of nutritional genes bill BE crossed ' 
to a large series of txnperaturc sensitive lcthalc. !i%e resultant crosses r~:ill be' 
spor6lated, and the asci iJill then be treated l.!ith @usu?~~c follo~lcd by sonic=- 
Mon. The sonicrtcd suspcneion ~Sll be inoculated onto complete medPAq containing 
caixvaninc. Only s'ores LxkinS the supprccsor and carrykg the resistance gene 
will pov . 
"drop:out" 

These cm then be transferred by replica Elating to a series of j 
plates 'Lo score the nutritional gents and io a "215~" environxnt to ! 

score the conditional Genes. The patterns of growth: nongror;th on these various 
media can then be recorded autocatically by the scanner and the resultant data -' 

j 
: 

analyzed for linkage by a suitable corqxzter grogram. In .this procedure it ~i.11 be 
necessary t0 inoculate at a concentration that reduces ko a lox level the _uroba- 
bility of clones developing from more than a single sport. The instrwxnt should 
e;reatl:- facilitate rar?dorn cI)ore analysis both by permitting larger saE:ples to be 
analyzed and by aEt%xtically recording and acalyzing the results. 
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s+v! !c@es and O~~CTiLI rationale may be carr ied over to address such seemin& { 
unrclatc ( l Thor.@ ccn"Y~a.1 problexa a..s  chrcmosome noirdis junc tion,bor screcn inC, : 
rxtaCcns, carc. inoC?ns, funSic idr;s  and antibFoCics.fpr their genetic  effec ts t - 

I. Gene convers ion end recombinationin unselec ted nitotic yeast ce lls  ' 

,Our current understandin?g of intreCenic reco,mbination in ce lls  committed. to a 
j 
' 

mitotic  c y c le emerges from data Generated by se lec tive methods. In effec t, these: 
depend on appropriate s igx z l devices  that lead to the detection and recovery:of 
only  wild type or pro-totrophic recombinants . Ho:~ever, we have recently'demon- 
s tratcd the occur rcncc .of nitotic  .co-cwxerc ion in hybrids  marked by three of 

: 
; 

four heterozyCous s ites  in a s ingle% .s tructursl gene? and it must be emphasized 
that multis ite convers ions  do not -&ica lly  C-;cneratc wild type recombinants . 

r 
i 

Thus, thou:yh do-co:nxraions s ight represent the most frequent event c las s , they : 
remain undetected and unscore,d in conventional se lec tive procedures. By analogy 
to our s tudies  on unselec ted co:.$lete mcfotic tetrads, ;je propose to analyze  (in , 
the same hybrid.?) an ~wselec tcd rJogulation of c itotic  ce lls  for all convers ional 
events f,-,lliriS T.:i$L ?in a defined genetic  region. ; I 
Nitgtic  gent_ convers ion in ye,, 
10' to 10-2. 

" c i; occurs  with an everaFe frequency of the order 
Accordingly , co llc c tinS a sample of 19- or lo3 u ce lec ted convcr-  

i 

s ional events in-iolv c s  screenin:: a total g+clation of 10' &- 
j 

- 10 ce lls , or a i 
sample beyor,d 'iilc  capaJLili+ " y  of routine microbioloSice1 methods. Automated I 
microbiolo,-r equipment, howver, 
this  and rimilar s tiUdi0s . * 

augurs well for the successfu l completion of i 
. i . : I. 

Our anal+ica l s tratcrJ require:: a) autoxatcd s ingle ce ll inno&la; b) replica- ! ,b 
plating tlx  derivative c lones ; 
d) detecting, locating, 

c )  ir-9 -,diatin,z  the rc?lica prints  ( W  or X-ray); i 
and ,-rctrievi.nS sectored c lone-e; e) finally , complete 

genetic  diagnosis of each sectored c lone b? random spore or tetrad analy s is  of i 
each segxnt. -1 

i 

II. Post-xiotic  sc(yre,Ta.t ion and- hctcrodnplcx DTT-4. ! 8 
.i 

Common to all molecular models seek inS to account for genetic  recombination are ' 
enzymatica lly  mediated s teps that eventuate in heteroduplex or hybrid DiiTA produc- 
tion. At the in v iva Scnctic  leve l, the p--p= ,.c ,;cncc  of unresolved heteroduplex Di?A 1 
is  detected by post-rxiotic  scCreCa.t ion (FYS). F1.3 is  comparatively frequent .“ ; 
a.monC thz  total aberrant octads 02 Ascobolus  or Sordaria. Hol,ever: technica l 
difficu lties  Hith these forms,.includin~ a paucity  of Ccnetic markers, p reclude 
total and c r itica l analy s is . Vith autozatcd InicrobioloSica l procedures adapt4 ; 
to randoll spore or tetrad analy s is  bnsed on diploid yeasts su itabbd marked T?i';ih I 
'i-10 hetcrozygous eitcn (i.e., loc i and alleles  of I-now? neiotic  convers ion 
frequencies), ue could readily  assess  the frequency, extent and dis tribution of : 
heterodulG x  DEA in the yeast Ccnome on a s tatis tica lly  reliable base. Sectored : 
ascospor~z. c lones , o-i;lz x5cc  concordant for all segr zcat ing mar-lrcrs -r&U. be i 
cons idercc?  as I%5 cvmts  . i 

i -z-  - 
Also, from the dis ' x ibution of KS events among spores produced by heteroallelic  i 
diploid:: of the type -H/L? or 1+/i-2 (notation as before) where the mutant allele : 
pairs  may be chosen from extensive fine s tructure naps to represent a range of i 
genetic  f.l:i s t:1nc c s , tlln rc:;ul.arltj.c s  r: y :$ b::c ic  aktrlbut~c of hetcroduplex DM - I j 
y z  1;;'; :; '..i -!:, : ) ,;.?i...: CL:.:: .-.-_.lO.? ;:r. : L’:,C:;,,.I. ‘*‘.::.E1 : l:[;:.1. 1 ::<- :~r!~?q~rp<. 
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Frank Ruddle, Professor of Biology and Human Genetics, Department of 2iology, 
Yale,Un$versity, New Haven, Connecticut. 

: 
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. I bel ieve that your machine has particular possibilit ies with regard to 
the recovery of conditional temperature sensit ive mutants in t issue culture : 
populations. As we ha+e previously discussed, it would seem possible to esta- 
blish colonies 'in the machine and then to shift to higher temperature and I 
examine the colonies for retardation in the rate of increase of colony size. 
It would be possible to maintain the cultures at 34'C as a  permissive condit 

: 

tion and then to increase the temperature to 38.5' for 3  hr. periods out of 
t 

a  total period of 24 hrs. and carry this regimen forward for a  period of one 
I 

or two weeks. It would seem-to me$hat  this would not kill the temperature : 
sensit ive mutants but.would result in a  decided difference in their colony 
size which could be easily monitored by your photographic equipment. The iso- ' 
l&ion and characterization of temperature sensit ive mutants uill, I believe, : 
be one of the most important aspects of somatic cell genetic work in the next [ 
decade. It should be possible by this means to obtain mutants which affect 
the biosynthesis.of cell membranes,  nucleic acid, and protein. It is also 
possible to;:pick up mutants which specifically affect the ability of mammal ian i 
cells to progress orderly through the cell cycle. All of these mutants can be 
analyzed by genetic complementat ion tests involving cell hybridization and 

j 
I . 

chromosome segregation. For this purpose it would be best to make use of [ 
Chinese hamster cells or mouse cells as the population in which the mutants are j 
recovered. t 

. I 

It seemed to me  that your machine could be adapted also for recovery of ! . 
mutants indiffere,ntiated cells. _  Quite a  number of t issue culture cell l ines j 
which express specific differentiated traits are now available. For example, .i 
we are growing hepatoma cell l ines which produce albumin. The albumin is 
secreted into the medium at high levels. ;jct would seem to be possible-to j 
maintain colonies and then test the individual colonies for albumin production ; 
perhaps using a  f luorescent reagent. One can then examine a  large number of 
colonies for cells which fail to produce albumin. This would represent.an 

i 
,. 

excellent method for picking up non-producers. These cannot at the present t 
time  be enriched by selection techniques. One could also test for reversion j 
t0 capacity to produce the differentiated product using the non-producing f 
mutant as the base population. This kind of procedure could be adapted to cell 
l ines which produce hemoglobin, myocin, nerve specific protein, etc. -5 * i !- . . 

When  your machine' is sufficiently developed to make use of mammal ian I 
cell populat ions ,. I would very much li;ke to be in touch with you with regard. : 
to these possibilities. If you are interested in pursuing these possibilit ies 
I'd be more than,happy.to come out to Berkeley and spend a month or so'in this 

: 
j 

connedtion. - . j . . 1  : . L  . . '. 8  . 
1. i . : ) 
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p, Isolat, 0 and characterize a larCe number of'steroid- and cyclic &@-resistant 
. : 2. .clones of mouse~~mph3ma cells: . . . 

i _..~ ~I. Cordon 14. Tomkind, Professor of Biochemistry, University of California, San 
I - -- -_ Francisco. _ . 
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General &jectives: For some years our laboratory has been studying bioloSica1 i 
-= regulatory mechanisms in culhurcd mammalian cells. 1.7~ have concentrated primarily 

on the action of the steroid hormoiles but more recently have become interested in , 
the: cyclic nuclcotidcs as well. The bul!c of OUT work heretofor has been a bio- 
chemical andlysis of the molecular mechanisms of cell-hormone interaction. 

( 
Quite 

recently, howver, :?e have begun to explore Ccnetic techniques to lxx.sue our ob- ' 
jectives. For this purpose ve havc.been using cultured mouse iynpl:a.~a cells xhichi 
are killed on prolonged.exposure to either the adrenal Clucocortic~iGs or to cyclic 
Am?. Thic rea$kc occurs at _Dhysiological lel:cls of the cffcctor~~~olecules and ' 
presumably reflects the ~11 knotfn irxnunos*upre::si-fe action of the &lucocorticoids ' 
and of agents which elicit cyclic nucleotide synthesis. In any event; :le have beer. 
able to select variant 1 ;I;?.phoma cells resistant to the killing actions of the 
steroids, cyclic I\rZF or both aecnts. Our results to date indicate that the -tre.nsi~ 
tions from effector-sensitive to effect r-resistant occur at randorr. at a rate, 
in.the case of the steroids, of 3 x lo- E per ceil pzr generation and for cyclic i 
AMP, of approx~kiately 1 ::* 10-T per cell p3r generation. Various'nutagens increase 
the frequency of steroid rcsist~nt cells. Biochcxical anal;rris of ths phenotypes ' 
Of steroid- and cyclic N-P-resistance had indicated that in the former case, tkiree 
types of' variants can be isolated: those lackinS the normal cytoplasmi:: steroid 
binding activity; those where binding tckcs place, but in l.:hich the receptor- 

. steroid coqlex is not translocatcd to the nucleus; and finally those in which 
binding and translocation occur but cell death does not result. 

PrelLk.nary investigations 
. 

sqgest that various piienotyp2s also give rise to 
cyclic AIP rcsistancc. To date ::e have studied or&J cells in which the%yclic 
nucleotidc binding protein and its associated kinase arc deficient. 

Specific Aims: -- 
1. To isolate a large number of steroid- and cyclic &@-resistant clones of 

2'. 
lymphoxa cells. 
To determine the frequency of their occurrence and the effects of a variety 
of natural and artificial mutagens on the transition fron sensitivity to 
resisknce. '? 

3. To determine the biochemical bases of cell killing. 
4. To characterize the.phenotypes in terms of krious lcnorgn steps in hormone 

action. . 

6. 
. 

. 7- 

8. 

To carry out complcmentation analyses using cell hybridization techniques 
to determine the number of niochemical steps involved in cell-hormone 
interaction. . 
To determine whether the transitions result from ,-enetic or other types of 
stochastic, heritable variations such, for example, as night occur during 
ihe differentiation process. 
TO investi@x possible relationships bctT,een resistance to the steroids and 
to tk cyclic nucleotidcs. 
TO apply similar methods to circul&inS malignant cells in pxtisnts with 
lymphoma or leukemia in an attempt to d,esiCn more. rational therapies for 
these diseases. 
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clihical metlicin'z. The &cocorticoids are major'therapeutic agents in'leukcmia. 
.a.nd in other sali~nsncies. Their eYfectivener,s is 1imited.onl.y by the emergence 

Of li3?1”;.l~Ie Bien . -csistant cell populations. Our observations ?iith cultured cells can' 
-therefore :~n-e',.~ 9" a useful :~o:lcl for studying hoT? it might be' averted. !lhi 
findin,: that certain mutagens, in particular alkylating agents, ehnce the con- 
version from steroid-sensitivity to steroid-resistance already indicates that I 

'therapeutic regimes ::hich employ allzylatin S aGents.together with steroids might be: 
redesiGned to avoid the-possibility that steroid-resistant cells are produced in 
the'course of therapy. < j 

t 
!Lllese studies also suggest that new classes 02 a.gents, ~ucli as the cyclic .nuclco-j 
tides or c~~mpounds .T: hich elicit their production, might be used in tumor chemo- 
theracy. The np~>arcntly loxler'frequency of resistance to cyclic nucleotides holds: 
out thz liopc't!;,at these agents could be more effective therapeutically than the i 
steroids. . . . , - 1 
From a theoretical point of vie?,?, these e-qcrixents could provide novel approaches; 
to investigations .ool drug and hormone action by combinirq genetics, yjith cell 
biology and biochemistry. It should, for c;;amplc, be possible to isolate cyclic ' 
AHP-resistant-variants in ??hich adrnyl cyclase or various specific membrane reccp-' 
tars are deleted rxking it possible to study.the in terrektion between the e1encnt.k 
in this important reGulatory.circuit. 9%~ same considerations hold true for the i 
steroid hormones and studies on their mechanism of action. i 

. 
i 

Steroid and cyclic !MP-resistance! are the result of changes in structure of the ' 
receptors. .Since these noleculr3s have been identified , md to some extent; puri- 1 
fied, the Seneration of resistant mutants can be correlated with altered molecules: 
Therefore a more complete genetic analysis can be carried out than if the selec- 
tive i c!:er (e.g. drug resistcncc) were not;,correlated ‘with a known protein. -5. - -.. I 

LZnkaSe analysis in mammals by somatic cell genetics. f 
Theodore T. Puck, Director, Institute for Cancer Research; Professor of Biophysics' 
and Genetics, Eleanor Roosevelt Institute for Cancer Research, University-of 
Colorado.Nedical Center, Denver, Colorado. 

Preliminary discuss ion of this project ha s indicated the Great labor of isolating 
mutants and,establish& linkage. Feasibility studies need to be carried out 
before real research plans can be made. Because the Genetic exchange system is"' 
so inconvenient compared l?ith E. coli, the automation may be even more valuable 
for animal 'cells than for bacteria.. 

Sensitive detection of mutagen nesis by changes in colony morphology-ex&ension to 
additional bacterial and eukryotic cells. 
D. A. Glaser. 

b&hod: 
,. 

Since colony norpholo-, 3' is a highly polygenic characteristiti, it should 
be avery sensitive detector of mutagenesis. Extremely uniform reproducible 
culi;ure conditions are required to Guarantee reproducible colony morp?lolo.D even 
in the absence of mutations. 
1011 "cxj?Osu1~es", 

For measuring Gross mutagenic effects do:!n to very 
we plan to explore the limits of' colony reproducibiliQ for a 

varj.ety 02 organisms. , 

S:i-pj:. * ":cancc? : -r. b 
--. *. . - . .LI :;;,.ccc r: t-Y& - L . . . . ---- COlDi*~J! 2ET!~~!Ol.O[;~~ ?h2fi~cS JTYO-‘T3.ti~ 3 2i’ki?7.! O?* 
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o r  n o  g e n e tic in forzzt ion is ava i lch le ;  S c r e e n i n g  o f chen ica i  a n d  phys ica l  
t 

m u ta g e n s  is a n  Dbv ious  app l i , ca$~on .  i . 
. ._  . f - 

Transfox?r ;at ion '  zzd  m u ta tio n  o f IV & l?a i ian  Cel ls  in  vi tro by .10~  d o & s  o r  m & g & s  : 
a n d  ion iz ing  rad ia t ion.  .i 
D . A . G laser  . 

"Tr~nsfon i la t ion  o f Ikznz1 ian  Cel ls  in  vi tro by  L o :?  D X & S  o f XLrays" ,  C . B o r e k  
-. /' 

a n d ,E . J. Hal l ,  % turc  ;1 1 !-3, 4 5 0 - & 5 3 '- fib ryos  o f g o l d e n  h a m s ters  r.,e re  q  1  
n i nced  a n d  s e p a r a te d  in tand iv idua l  cel ls  gro l ! ing  o n  a g a r . 

I 
T h e  cel ls  w e &  

i r rad ia ted V it';l 1  to  6 %  rads  o f X -rays, incubated ,  s ta ined,  a n d  th e  co lon ies  i 

$ o r m e d  (p robab ly  a b o u t 2  c m  in  s ize)  . e ;rzm i n e d  fo r  fo rms  m a d e  by  t rans fo rmed 
i 

cel ls.  . f * .-' 
.- 

Tab le .  o f U 'fect  o f T rans fo r~cd  Cel ls  I . 

D o s e  G lor ies E x a m i n e d  Cel ls  T rans fo rmed  .' i 
0  3 6 , o o o  0  : 8  
1  .: : . \ 

1 0  
1 7 ,9 0 0  
1 0 , 2 0 0  t 

j  j 

,2 5 . : 5 ,5 0 0  8  
I t 

\ I / 
: i 

C lear ly  l j rce n u m b e r s  o f c lones  w e r e  e x a m i n e d  fo r  th e  in f requent  e v e n t. T h e  ab i l idy  ' 
- to  u s e  la rger  nLuz?Je rs  o f' ce l ls  a n d  e ::a rz ine  th e  c lones  fa m e d  f rom th e m  w u l d  m a k e  

th e  n w b e r s  fo u n d  m o r e  prec i  se  a n d  a l lo :?  b e tte r  descr ip t ion  o f th e  d o s e  r e s p o n s e  
curve  a t l ow  d o s e s . . 

Be4kv iors . l  M u ta n ts o f 1 4 o ti le O r g a g i e m s  
D . A . G laser  . c  . :: -- - 
In  th e  or ig ina l  p ro>oes l  fo r  const ruct ion o f th e  D V  a n d  scanne r  system, w e  de- .  
sc r ibed  poss ib le  behav io ra l  s tud ies  o f m o ti le o rgan i cms  o f s tandard  o r  " inst inc-  
t ive" behav io r  as  l lel l  as -  a d a p tive- o r  " l ea rned"  behav io r .  T h e ' f& l o w i n g + q u o te d  
as  a n  e x a m p l e  o f th e  tJTe o f s tudy u e  w o u l d  l ike to  p u r s u e  s o m e tim e  du r i ng  th e  
nc;rl; fe w  years.  

" C h e m o tas is  by  th e  
ta n ts a n d  Ana lys is  
8 2 1  (1973) .  K n o l l n  
a ttractant  o n  aza r  
p a tte rns  re.sul t ing 

Ikm a to d e  C e e n o r h a b d i tis e le: ;ans:  Id e n ti f icat idn o f A ttrac-  
O f th e  R e s p o n s e  ‘oy  U s e  oi '  1 4 u ta n ts", S . W a rd, R J A S  7 0 , 817 -  --, 
behav io r  m u ta n ts o f th is  n m a tode  w e r e  p u t o n to  g rad ien ts  o f a n .! 
p la tes  cove red  M .3 1  e g a r o s e  b e a d s  o r  scphadex  b e a d s .' T h e  
d i f?e red  b e tween  th e  l, i ld tsz a n d  th e  m u ta n ts. 

i i 
S o m e  studies.  : 

T?e re  d o n e  to  u n d e r s ta n d  th e  c h e m o taxis.  T h e  h u n t fo r  m o r e  m u ta n ts ws .p roposed .  
Clear ly ,  in  h u n tin g  fo r  m u ta n ts, thz m o r e  U O IX Y S  

1  
to  b e  e x a m i n e d  th e  b e tter.  T h e  I ,.' 

v o m s  a re  
p i p e tte . 

sma l l  e n o u < ;h  to  b e  inocu la ted  in  0 .0 5  ~ 1  o f l iau id  f rom a n  E p p e n d o r f 
T i le  p a tte rns  

p a th  c a n  b e  d o n e  b j r  
a re  fo r m e d  qu ick ly  a n d  p h o tograph-wl l .  

. : 
Ana lys is  o f th e  j : 

c o ~ p u tcr in  th e  s a m e  uay  B e r G  fo l lows  th e  th ree -d imens iona l  ' : 
p a th  o f E . col i .  ., ,i : . ;- 
Fur ther -Au tomat ion  Ins t rumenta t ion  D z v e l o p m & n t. --- . . _ _  j .i 

A lth p u g h  th e  k m b w a i te r  a n d  3 1 1  o f its anc i l la ry  e q u i p w n t is e x p e c te d  to  b e  i .! 
in  fu l l  opcrz t ion  I shen  th is  p rog rm-p rogec t  w o u l d  b e g i n  in  J u n e  1 9 7 5 , a  n u m b e r  ' : 

.  
i f  

!  . -  1 .  
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i I(a) Optical Cell Sorter--At the present-time thz vibrating nozzle inoculator is ! - 
used for laying down regular rays of drpplets containing bacterial suspension. . 
In the futFc it will % used to deposit yeast cells and ahimal'.cells cis well. 
If the concentration of cells is adjusted so that each. droplet contains on the 
average 1 cell, then l/e of the droplets vill be .empty, l/e of the'droplets wilX 
contain 1 cell, and the rest of the droplets trill contain more than 1 cell. i 
For most measurements the only really useful results come from colrjnies descen- 1 
ded from a single cell and the empty droplets are of obviously no use for most t 
measurements. By illuminating the .droplet at the time of its formation la&r : 
light, it is possible to make dark field measurements of light scattering, : 
color, and fluorescence, which si[l;nel the presence .of a cell and give some i 
information about it. Such instr+Tients work well with animal cells, but requir; 
further dcyelopnent to detect bacteria, which are much smsller. . ..' 

1.' .-. W. A. Bonner, H. R. Hulett, R. G. Sweet, and L. A. Herzcnberg; "Fluores- 
j 
! 

cence activated cell sorting", Rev. Sci. Instruments ‘r3, 404 (1972). - 

2. M. J. Fulcyler, R. B. Glascock, R. D. Hicbert, and N. M. Johnson, "Device 
which separates minute particles according to electronically sensed volum~",~ 
Rev. Sci. Instruments 40, 42 (1359). ) , - 1 \ 

No&',?f the existing systems seems capeble of detecting bacteria and we hope i I 
to build such a system sensit ive to bacteria as well as to larger cells. : 

. i 
Increase Film-Scanning and Computing Speed --Since the DLnbwaiter can easily te!:e 
one photo grmh per _ second and since the fib-scunnigz time ranges frcn 10 to 20 i 
seconds per picture depending on the experkxnt, the film-scanninG and computir,:: 1 
operations x.411 be rate-limiting steps in the output 02 the entire system. Ue i 
are, thereTore, veq anxious to cut the ana&yois time !jy installa.tion -02' the 
PDP-11, PDP-10 scanner coclputer system as &ll as by soze soft:,are imgrovemcnts., 

Install *levision System --For some future experiments it.1511 undoubtedly be : 
useful to analyze biological systems iri real time and to int&ene in the expcri- 
ments without having to wait for the several-hour delay of taking pictures, 
developing, and znalyzirr~ them. For this purpose YC plnn to inE-tall. e tclevisiori 
system connected directly to the coxgter which will eliminate photozrzphy. In : 
addition to allo:Gnz real-ti_re intervention, it Mill be a considerable saving in 
the cost of photographic materials. On the other hand, the tilevision--system 
does not have the reliability of experirzents recorded on film, nor do television, 
cameras have as high resolution & our pr;esent flying-spot scanner. We imagine, 
therefore, that we :!ill use both systems depend,in g on thc.needs of the expcri;::cn",'. 

Pradiation E'acility--Vz plan to provide a facility in the DumbT!aiter for 
irradiating cells i\lith ultraviolet or infrared 1igh-L and also with ionizing 
radiation on some schedule as required by the expertients. 1 

I 
Semi-micro Photography--For study of very small colonies we 'will need to provi& 
a semi-micro photosrz?hic system :!hich r:ill photo&aDh a l-cm or even 3-1~0 sc$kre 
on the agar ineteed of%hc present 10%mm square. Tiere is a trade-off bet-tqezn 
the time and cost of photograph3 7 and the size of agar area covered. Opt imizinL: 
the trade-off M.ll. require dif;"erent magnifications for different experiments.‘ : 

I:rG c.111. I'?nlli~ll..~..';ic,n D:-.+ :n--Cy: ?)ylyz"v n1l.r !?‘-, p;c ';g lx<' c.c! nyi..- -- ALI @CkTZ,, 
7-r -';>.;iy.!:,zy . . - -. L. ; 3.:". -;~~."-.-'-:...lj..::5 i]a; ,-l~,:.~+ -.,.::.t;?.:;j.r: .e':,'l* c>].~;.:jez o;y >;. ';r:l.j pr!:; C,.-\.j-- L vi.. 
cells that have s3xila.r physical properties. We can well imagine thai, 'okher 
P! I;‘:":‘,i . . _.. p!'y.%.* .dJ.], .,. :': :;- -' Pr.-, e;: ,*;, ,,l",.?f-:,:..,4- ':..'T.:.A:.dj( ;;T" -y .~:.:?:.:.‘,:!,,!I-.',c" ;'" - 

S;;r'Cr21 C!2!.1, z:r:nQJcl.!l :.:r?:> ,:,;:&&r 
r.or"4 

: : -L 3-l iJ 2 ::2qui.r2~i :?ori Li.:!!:! to 'i-tip: . *. 
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i Do Significance . . e-\. 
-, 
i . . . . ! t 

! Inthe discussions.abovc of the Ix&ti+lar~,biologic~l research projects, 
; ficance of each one was pointed out. 

the signi- 
In general, these a.oZcations of modern auto- ' 

; mation technology coupled with computer-directed pattern recognition and analysis of 
i data offer a po>?erful new tool for accelerating research in a wide variety of-fields : 
I of molecular biology and cell biology. 
; materials required 

They reduce enormously the labor, .timc, and .i 
to isolate rate mut&s critical at a number of stages in research, 

I as Ijell as to measure iqith high accuracy frequencies of genetic and mutational events : 
i which must be known for the genetic di ssection of important biological processes.. ' i . 1 I 

'! I3 addition to the great gain.s esyected in the speed of research in fundamental 
1 biolom, the same large -scale autox~tion techniques offer 

: 
great promise for a variety! 

'i -, of bio-assay applications, including the screening of environmental chemicals for i. 
i their potential mutational and carcinogenic effects; thctesting of proposed anti- 
i biotics, antineoplastic agents, and 'cell regulatory substances.' In additional to the j 
f possibility of large scale testing'of chemical agents, it seems possible to make : 
; highly accurate measurements of the effects of ionizing, as Ijell as non-ionizing, ! 
; radiation on a variety of clonable cells. The in-forma'iion resulting is imporian'i to 
i studies in fundamc-ntal biology as T?ell as the difficult problem of setting safe 
' 'standards for allowable exposure to' ionizing radiation among the general population 

! 

and among l:orkers in industries involvin g the presence of radioactive substances. ; 
With these large scale methods, it may be possible to extend the dose-effect relation: 
ship down to very 10~1 exposures and- so to discover in an over-all sense l:hethcr there 1 
is a threshhold or minixum dose belo?: which repair mechanisms prevent any detectable i 
genetic damage at the single-cell level.: _ . . : I 

, 
Finally, the success of these applications of the cutting-edge of modern technology 
serves as a demonstration which may stimulate siJilar applicaticns in industrial 

i 

as l,ell as medical and research sectors. We alr&ady kno:! of scvei+al projetits for 
strain improvement of antibiotic producing organisms that have been directly.stimu- 

i 

lated by'this work. Representatives of a very lar 
; 

ge number of pharmaceuticalmanu- : 
facturing firms, instrumentation manufacturers, and chemical companies have visited ' 
our facilities. Suppliers of agar for.medical and research pur_ooses have also visited 
our facilities and have discussed with us their problc. MS in maintaining uniform repro- 
ducible quality in t'neir product. Variability is a source of considerable difficulty' 
in both medical and research applications and we have agreed in a general \?ay.to ; 
measure batch to batch variations by its effect on colony morphology and gro:lth rates 
in an effort to help them improve the quality of their product. I . I . . : 
The five-year period of this proposed program-project should be wple time to carry i 
through successfully a number of the projects we are proposing as well.as‘to test : 
tine feasibility of a num'xr of other- L) and evaluate the usefulness of this kind or 
technology to biomedical science and industry. 

E. Pacilitics Available " \ 

Virus Laboratory :, Molecular Biology Department. . 
Many of the biological c.xperimcnts daescribed here Kll be develo&l; at least 

to the pilot stage, in the Molecular Biology Department and Virus Laboratory as has 
been done in the past. All of the usual common research facilities of these labora- : 
tories will be available_, as necessary. 
c!.Ij:) 12 ' 

In a+?ition, 8 small, well-equipped machine .' 
‘2'; -. >L?r-' (;;*:::-jr;--J?- .o - . 
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Berkqley &&atory .'A 1 
m time to time we.m&y cm, upon q&al shops and:co&& with el&r&s. ' i . 

the Iwzrence BeY~cley I;rboratorJ to helb us-nith proLLems'r.&.i&‘~they may . i. 
( : . j.&ave alrcs~ kncvL-= 

*ibn we can o'"J*z 
bcILcl in their High 31era~ pPil=j~ics and .rther proms. 'fn addi-. : 

6. L._. ..- I f .:wces 
L.AY o'btain electronic and other sgecL.:,l.ied supplies at very attrzctive 

and with irraadtite avzLl.abI.Uty from the excellent stockroom facuties of the 
.. f..laboratoqL We arc very fortunate to be able to take advantn.Ze of ';he sup&b tech- 

i 
_. 

. . . 
.- 1 

!LIhe lar6e+calc automatic equipznt in&ding the computer and flying-spot 
SCahncr are located in sgecially.remodelled space provfded for that purpose fn the 1 

;i bakcnent 02' the gectrical 3gInecrTn;: &j~.&~, 
'. ~. t an3 gradu&e studeats 

Gory E&l.. Members of the faculty 

cz 
in-%lectrical'Zngincerin~.ha.ve been talrine an effective role 

i 

1 iAc devclopzent and use of this sgstc~:.. Tnus c&l&or& ill i 
:-a -. . 1 

tiLorl with the ELectrIcal ?&gin- 
cering Ik~wtnent and the Xn~ineerin~ Research'I;ibor&,o_ri_es offers excellent spcci2.l f 

f facilities for xorlr of t%e t:,Te tIe.ar& undetiakin~, as well 
! for those members of t.hc faculty and. r&duate student: as a unique opportun1~y 

' 1 interested in as@yinG their special 
in Ekctrical Bgi-neerins 

i 
. . . skills and !FxlOi!ledge to Sioxedical engineerinS. : 

L 

. 

‘. -  

-Caspus Computer Center - 1 . . . ' . : *_' ' , . , .-:':‘ee ' ,.-. ., f 
. Only node st %nds have beeqbud$ted fc?'use.oZ *he CXQUS Com&Er-Center ;. 

since, until no:.?, ue have been able to can?J ou$ all the cwuutatlons associated :lith j 
o*ur work on &r 0Tin co;i;yutinZ system. 

. .._ 
When 'ox 0x1 system is satk&sd,' we may te 

able to reorzanke ou-" yrc~z~s so that some of the pure computation can be-put on I 
nagnetic t2.p.z and carried out tit the C!ampJs Co:r:puter Center, r:hich offers general 
facilftiks for large-scale computational work. , ,f'. 

j-. 
,C .a : . . :: _. -. ._ I. . 

Physics kpartment . - -. 
Laboratory space in the Fhysics Ikpartrznt is available for this zlork if 

1. 

needed and the excellent rt~ources of the I&chlne Shop and Glansbla?ins Shop can be 
used frcn time to tic.e as 'necessary. 

; 
. 

. -3 
Jktra-fabrication Space 

, 1 

For fabriCati.cJn cl" xuch bf the sheet a&a? . - _ and t~eZ!ing- I~orI; reqered for .i ! 
the construction axd I::si:tznance of the large -scale nutqmted zqui.~xentJ l:;'c have been 
Granted ihe use of a ct-xx~ntnC;I :aztsl building focatcd in t11<? parI:l~!g lot 'of Gory 

1 
i 

Xall convenient to all 02 our o-kher ope,zatioas. Comonly czlled the "Ox I&use", 
this building VSE 

: 
Fre-&onsly used for storing ores obttined from a newby practice 

mining $haTt. 
1 : . . .- I : . ! 

F. Collaborztivc Arran~~cnm& 
. . 

. l . - 
>‘- ! 

. .I 
I 

We have had e,rtenzive conversation and in SOEE cases correspoxknc~%ith 
ail Or the scientific in~zsk$~gators 12~o have proposed projects usfnG ouz equ5pmcn-k 
Qnd who have vlsitcd our facix-ies. 

i 
sincz 

time, we have not encouraged active 
the Cyclops has been running only a short i 

Trork ir our lAooratory until very recently and I . . 
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' ‘investigators proposing projects listed here harL 7 0 independent support for carrying 

out these!projects 'in their om l&oratories and TIC intend-to provide use of our. , 
facilities and nccesscr?, ; supplies ljithout any f&al arraugehehts or exchange of funds- 
If scheduliw of c:rpcrir?cnts-and as& -ning 09 priorities becozes.difficult, we will ', 
probably invite so& O- 0 the scientific investigators td join, us and 
Advisory Cm~ittce to help plan the work schedule. It is too early 
accurately hog all of these .relationships 3ill develop. so no focal 
struct*e for collabors'ti.on i, c being planned at this time. 

.- __- . -. - .- - _-. . 

constitute an * 
to. foresee I f 

i . . 

1 

administrative 
i 

i 

In addition to thc'scientific investigators n&d above, Professor HerDed B. Baekin ' 
and Professor Martin Grahun of the D..pmtment of Electrical Engineering and Computer : 
Science, Un1versi.ty of California, Berkeley have been very helpful in giving advice j 
concerning'con:puter hardijare and eoftmre. !Thcy generously agreed to continue . ; 
this relationship and perhaps plsy a nom activ -e role in this prograrr in comir?g 
years. j 

. . , I 
G. Principal Investigator Assurance. 1 , , - 

I 
The undmsigned agree, 4 to accept responsibility for,the scientific and' i 
technical conduct o? the research project and for provision of required 
progress reports if a grant is wmrded as the result of this application 

' .I 

1 

\ 

. 9 Novenbcr 1973 
Date . 

.- Principal Investigator 

_ 
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