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Individual Research Reports 

R. BAUERLE, D. SMITH 


Mechanism of Gene Expression and Regulation 

These genetic and biochemical studies of rhe tryptophan (crp ) operon of 
Salmonella lyph imuriwll are directed at two major and interrelated problems: 
(1) the mechanism of gene expression, especiall y its injtiation. and (2) the 
natu re and ro le of multifunctional enzyme complexes, including alloste ric ef­
fe cts . Jn earl ier studies we isolated mutant strains which show deletions of the 
operato r terminus of the operon (Baue rle and Margolin, 1967) . Since the 
initiat ing element of t ile operon is lost in these strains, expression of both 
del eted genes and remaining int act genes is prevented. Strains that have re­
gained expression of these inactive , yet in tact, genes have now been selected. 
Apparently, one mechanism of reinit iation is the generat ion o f new initiator sites, 
closely linked to the termini of the deletions, by the action of mutagens that 
inducc single base-pa ir transitions (M argolin and Bauerle, 1966). Successful 
mutagenesis has been accompli shed Wilh 2-arninopurine , nitrosoguanidine and 
di cthyl su lfa te. A collectio n of such st rains has been made, and in all cases the 
mu tage n-induced initIator site is separable from the pa rent al deletIon by re­
combinarion . Studjes have been made of two independent in Itia tor mutations, 
which were ind uced in a deletion strain that terminated ill trpA. the first gene of 
the operon. Bo th are able to act as init iators in other ope rator-deletion strains. 
In bo th these strains. carrying only the new initiator mutatIon. the product of 
the rrpA gene (one sub-unit of the anth ranilate-synthe tase complex) has greatly 
altered propert ies: the enzyme shows only abo ut J% of wild-type activity. it 
exhib its a Km 60-fo ld highe r than t he wil d-type enzyme, and it is hypersensi­

tive to feedback inJl ibit ion by try ptophan and its analogues . Att empts arc 
underway to purify the mutant proteins in ord er to study the change(s) induced 
in primary structure . Inve~t igat i on o f these artificial initiator clements might 
clarify the ident ity of the na turall y occurring clements. 

In pursuit of the relat ionship o f enzyme complexes and allosteric cont rol, 
we are studying the propert ies of anthran il ate synthetase, the first cnlyme 
specifi c to the tryptophan biosynthctic pathway. TIle enzyme is a complex of 
two dissimilar sub units (Bauerle and Margolin, 1966). Interest ingly , one subunit 
possesses an add itional activity (the second step of tryptophan biosyn tll esis) . 
The complex is also the site/of the allosteric control of the path way by the end 
product, t ryptophan . PurifiFation on an analytical scale yields an cssent ially 
homogeneous enzyme. Preparat ive-scale experiments which are now in pro­
gress should hel p to elucidate the na ture o f su b-unit struct ure and allosteri c 
interac tion. 

Bauerle, R. and P. Margolin, 1967. J. Mol. BioI. 26. 423 
Margoli n, P. and R. Ba uerle, 1966. Cold Spg. I hub. Symp. Qua nt. BioI. 31.311 
Bauerle, R . and P. Margolin, 1966. Cold Spg. IIarb. Symp. Quan t. Bioi. 31, 203 

0pl trpA
11 

Tryptophan opere 

I 



Individual Research Reports 

R.BAUERLE,O.SMUTH 

Mechanism of Gene Expression and Regulation 

These genetic and biochemical studies of the tryptophan (trp) operon or 
Salmonella typhimLlriwn are directed at two major and interrelated problems: 
(I ) the mechanism of gene expression . especiall y its initiation. and P) the 
nature and role of multifunct ional enzyme complexes, includ ing aJlosteric t!f­
fects. In earl ie r stud ies we isolated mu tant strains which show deletiol15 of the 
operator temlinus of the operon (Bauerle and Margolin, 1967). Since the 
initiat ing element of the operon is lost in these strains, expression of both 
deleted genes and rcmai ning intact genes is prevented. Strains that have re­
gained expression of these inactive, yet intact , genes have now been selected. 
Apparently . one mechanism of reinitiation is the generat ion of new initiator sites, 
losely linked to the termini of the deletions, by the action of mutagens that 

induce single base-pai r transitions (Margolin and Bauerle, 1966). Successful 
mutagenesis has been accomplished with 2-aminopurine, nitrosoguanidine and 
diethyl sulfate. A collection of such strains has been made, and in all cases the 
mutagen-induced initiator site is separable from the parental deletion by re­
combination. Studies have been made of t WO inde pendent initia tO r mututions, 
which were induced in a deletion st ra in that terminated in rrpA. th e first ge ne of 
the opero n. Both are able Lo act as init iators in other opera tor-deletion strains. 
In buth t he~e strains. carrying only the new initiator mutation, the product of 
the rrpA gene (one sub-unit of the an thranilate-synthetase complex) has greatl y 
altered propert ies: the enzyme shows only abou t 1% of wild-type activity , it 
exhibits a Km 60-fold highe r Ulan the wild-type enzyme , and it is hypersensi­

tive to feed back inhibition by tryptophan and its analogues. Attempts are 
underway to purify the mutant proteins in order to study the change(s) induced 
in primary struct ure. Investigat ion of these artifi cial initiator elements might 
clarify the identity of the nat uraJly occ urring elemen ts. 

In pursuit of the relationship of enzyme complexes and alloste ric control, 
we are stu dy ing the properties of an thranilate synthetase. the first enzyme 
specific to the tryptophan biosynthetic pathway. The enzyme is a complex of 
two dissimilar subu nits ( Bauerle and Margolin, 1966). Interestingly, one subu nit 
possesses an additional act ivity ( the second step of tryptophan biosynthesis). 
The complex is also the site of the allosteric control uf the pa thway by the end 
product. tryptophan. Pu rification on an analytical scale yields an essentially 
homogeneous enzyme . Preparative-scale experime nts which are now in pro­
gress shou ld help to elucidate the nature of sub-unit structure and allosteric 
inte faction. 

Bauerle, R. and P. Margolin , 1967 . J. Mol. BioI. 26,423 
Margolin, P. and R. Bauer/e, 1966. Cold Spg. Harb. Symp. Quant. BioI. 31,3 11 
Bauerle, R. and P. Margolin , 1966. Cold Spg. Ilarb. Symp. Quant. BioI. 31. 203 
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H. BREMER, HILDEGARD MICHALKE, K. MUELLER 

Messenger RNA Synthesis In vivo and In vitro. 

Rate of messenger RNA (mRNA) synthesis in E. coli. In a study of the 
regulation of RNA synthesis, it is desirable to establish a method of measuring 
the rate of synthesis, Since mRNA is unstable and is only a minor fraction of 
total cellular RNA, its amount in the cell and its synthesis rate had not so far 
been directly determined. Estimates based on indirect evidence suggested that 
about 2% of E. coli RNA is mRNA, that this mRNA has a lifetime of a few 
minutes, and that it is synthesized at a rate several times that of stable (mostly 
ribosom31) RNA. After growing E. coli with radioactive uracil, we determined 
the rate of radioactive UMP incorporation into RNA and also the kinetics of the 
specific radioactivity changes in the cellular pool of UTP. The quotient 
"incorporation rate/specific radioactivity", extrapolated to zero labelling time 
(when labelled mRNA has not yet decayed), corresponds to the tot31 rate of 
RNA synthesis (stable rRNA and tRNA, and unstable mRNA). Subtracting the 
synthesis rate of stable RNA the same quotient obtained after long labelling 
time), the rate of mRNA synthesis was found to be about 2000 molecules (of 
average length 1500 nucleotides) per minute per cell. This would permit every 
gene on the E. coli chromosome to be transcribed about once every minute. 

RNA chain-growth rate in vivo. By analyzing the sedimentation distri­
butions of radioactive mRNA from T4-phage-infected E. coli, labelled for short 
times with radioactive uridine, the mRNA chain-growth rate was estimated to be 
28 nucleotides/sec at 37°C. This means that the synthesis of a long poly­
cistronic mRNA molecule may last several minutes. Knowing this rate of chain 
growth and the total rate of RNA synthesis (see preceding), the number of 
functioning RNA polymerase molecules in an E. coli cell producing mes­
senger RNA can be estimated to be about 2000. 

RNA chain-growth rate in vitro. The in vitro RNA chain-growth rate has 
been previously determined to be 2.5 nucleotides/sec (Bremer and Konrad, 1964; 
Bremer et ai, 1965; Bremer, 1967). By analyzing the incorporation of ratio­
active adenosine into 3' termini (the growing ends) of nascent RNA molecules 
after very short labelling times, it is now found that E. coli RNA polymerase, 
during its operation on T4-DNA templates, makes temporary stops lasting 
sever31 seconds; between the stops, RNA molecules grow quite fast, approaching 
the in vivo rate (see preceding). 

RNA synthesis in UV-irradiated E. coli. To aid future studies of in vivo 
mRNA synthesis on viral DNA templates that do not stop bacterial RNA 
synthesis (e.g., phage Tl), it appeared desirable to study the suppression of 
bacterial RNA synthesis by UV radiation. After UV irradiation of E. coli B, as 
well as of radiation resistant (B/r) and hypersensitive (B -l ) strains, wes 
measured the synthesis rate and sedimentation velocity of the radioactively 
labelled RNA. All strains gave the same result: immediately after irradiation 
the "number of RNA molecules initiated/min" is somewhat less than before 
irradiation, and with increasing doses RNA molecules become increasingly 
shorter. From the reduction in the RNA chain length, it is estimated that every 
UV hit that would inactivate colony formation in the most sensitive strain stops 
transcription at that site in all strains. Indirect evidence suggests that, after 
being stopped at a UV hit, both the RNA polymerase and the unfinished RNA 
molecule are immediately liberated from the template. 

Bremer, H., 1967. Molec. Gen. Genet. 99, 362 
Bremer, H. and M.W. Konrad, 1964. Proc. Natl. Acad. Sci. 51,801 
Bremer, H., M.W. Konrad, Kathleen Gains, and G.S. Stent, 1965. J. Mol. BioI. 
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C. BRESCH 

Studies of Meiosis in Yeast 

The phenomenon of meiosis, though fundamental in biology, is as yet 
barely understood beyond the descriptive level. In an attempt to identify special 
genes essential to meiosis, a search for mutants blocked at different stages of 
meiosis was undertaken. For these studies, the organism Schizosaccharomyces 
pombe was chosen. This fission yeast can be handled very much like bacteria 
and is one of the lowest forms of life showing meiosis. Its cytological limita­
tions (no chromosomes can be differentiated by light microscopy) will hope­
fully be compensated by the simplicity of the organism. The main reason for the 
choice was the possibliity to select mutants blocked in meiosis by the following 
procedure: 

Within a colony on an agar plate, pairs of cells of a self-fertile strain can 
undergo the consecutive events of conjugation, meiosis, and sporulation. A 

of a mutant cell, defective in either the ability to conjugate, to undergo 
meiosis, or to sporulate, will thus show no spores. Sporulation in colonies can 
be macroscopically detected by the dark blue stain which develops after treat­
ment of the plates with iodine vapor. Colonies without spores remain 

By this technique, hundreds of spontaneous and UV-induced mutants 
have been isolated, most of which are found to be blocked at the first step (i.e., 
conjugation). To identify those blocked at a later stage, a second screening was 
used. Non-sporulating colonies were examined microscopically and mutants 
showing cell fusion were selected. The separation of mutants defective in 
meiosis from those defective in sporulation was similarly achieved. Staining 
with acridine dyes permits preliminary identification of normal meiosis leading 
to 4 nuclei. The majority of mutants showing cell fusion were of this type and 
therefore apparently blocked in sporulation. However, mutants with blocks at 
different stages in meiosis could also be distinguished. 

The large number of mutants obtained were submitted to a complementa­
tion test, crosses were performed between pairs of independent mutants 
and examined for ability to sporulate, Successful sporulation indicated muta­
tions blocked at different functions, inability to spbrulate suggests blocks il) 
the same function. No mutation has as yet been iobserved which could be 
classed as dominant in preventing sporulation in combination with all other 
partners. 

So far, 8 complementation groups (genes) have been identified blocked in 
meiosis, while 18 others are apparently blocked in sporulation. These numbers 
may exhaust the possibilities of the selection technique, since 200 additional 
isolations did not increase the number of mutant groups. 
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C. BRESCH 

Studies of Meiosis in Yeast 

The phenomenon of meiosis, though fundamental in biology, is as yet 
barely understood beyond the descriptive level. In an attempt to identify special 
genes essential to meiosis, a search for mutants blocked at different stages of 
meiosis was undertaken. For these studies, the organism Schizosaccharomyces 
pOn/be was chosen. This fission yeast can be handled very much like bacteria 
and is one of the lowest forms of life shOWing meiosis. Its cytological limita­
tions (no chromosomes can be differentiated by light microscopy) will 

be compensated by the simplicity of the organism. The main reason for 
choice was the possibliity to select mutants blocked in meiosis by the 
procedure: 

Within a colony on an agar plate, pairs of cells of a self-fertile strain can 
undergo the consecutive events of conjugation, meiosis, and sporulation. A 

of a mutant cell, defective in either the ability to conjugate, to undergo 
meiosis, or to sporulate, will thus show no spores. Sporulation in colonies can 
be macroscopically detected by the dark blue stain which develops after treat­
ment of the plates with iodine vapor. Colonies without spores remain 
yellowish. 

By this technique, hundreds of spontaneous and UV-induced mutants 
have been isolated, most of which are found to be blocked at the first step 
conjugation). To identify those blocked at a later stage, a second screening was 
used. Non-sporulating colonies were examined microscopically and mutants 
showing cell fusion were selected. The separation of mutants defective in 
meiosis from those defective in sporulation was similarly achieved. Staining 
with acridine dyes permits preliminary identification of normal meiosis leading 
to 4 nuclei. The majority of mutants showing cell fusion were of this type and 
therefore apparently blocked in sporulation. However, mutants with blocks at 

different stages in meiosis could also be distinguished. 

The large number of mutants obtained were submitted to a complementa­
tion test, i.e., crosses were performed between pairs of independent mutants 
and examined for ability to sporulate. Successful sporulation indicated muta­
tions blocked at different functions, inability to sporulate suggests blocks in 
the same function. No mutation has as yet been observed which could be 
classed as dominant in preventing sporulation in combination with all other 
partners. 

So far, 8 complementation groups (genes) have been identified blocked in 
meiosis, while 18 others are apparently blocked in sporulation. These numbers 
may exhaust the possibilities of the selection technique, since 200 additional 
isolations did not increase the number of mutant groups. 
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Hermann Bujard 

Electron micrograph o[DNA from 
Bovine papilloma VinIS, supertwisted 
and relaxed forms. x60,OOO (taken 
by Dimitrij Lang) 

8/BlOLOGY 

H. BUJARD 

Structural Studies of Large Molecules 

The act inomycin-DNA complex has been invest igated by electron micro­
scopy, in collaboration with Dr. D. Lang. Reversible intra- and inter-molecular 
crosslinks have been demonstrated. Contrary to conclusions drawn from a 
variety of other physical and chemical data, no evidence has been found that 
actinomycin intercalates into the Watson-Crick helix. 

A procedure was developed to isolate bovine papilloma virus, a repre­
sentative of the papova group of tumor viruses. The DNA of this virus has been 
characterized by sedimentation studies and electron microscopy. The molecular 
weight is 4.9 x 106 dal. The molecule is circular and possesses tertiary turns. 
Sedimentation studies show that the sense of the turns is right-handed , and the 
number of turns in one molecule is 18 ±3. Together with the data known from 
the similar but smaller DNA of polyoma virus, it wo uld appear that, under 
comparable conditions, til e number of tertiary turns in circular twisted DNA 
is proportional to molecular weight. Its unique structural configuration makes 
this type of DNA an interesting object for a number of physical and biochemical 
studies. 

Bujacd, H. 1967, J . Virol. 1. (in press) 
Bujard, H. 1968, J. Mol. BioI. (in press) 

R.C. CLOWES, ADELAIDE MACF ARREN, CHRISTINE SMITH, 
T. NlSIOKA 

Extrachromosomal Factors in Bacteria 

This program continues an investigation of a series of colicin (Col) 
factors, and certain infectious, multiple-drug-resistance (R) factors, together 
with the F fertility factor. The work was done primarily in Escherich ia coli K12, 
in which all these act as transfer or sex factors. 

Repression ofF. In stably infected cells, we have found that certain ColB 
factors (CoIBl , ColB2, ColBS) give rise to a self-repressed fertil ity system as do 
certain R factors (RfiT 222). The factors are derepressed in newly infected 
cells, as shown by the production of cell receptors, which take the form of F-like 
pili to which male-specific phages (p..2, fl, MS2) adsorb. In a cell possessing 
the F sex factor and one of these factores, the repression extends to F and the 
cell does not usually show fertility. 

Another factor (ColB3), however, shOWing similar self-repression, does 
not repress F. It is found in the wild state associated with an F-like element, 
which rese mbles closely lIle standard F factor but is not co-immune with it. 
These two F factors are capable of stable co-existence. 

Curing. Experiments on "curing" or elimination of factors from cells 
have been extended by the use of fCR (nitrogen half-mustard) compounds. 
These compounds "cure" all extra-chromosomal factors so far investigated , 
even those refractory to acridine-orange (AO) curing (Call , Rfl-), as welJ as all 
othe r factors whe n they are present in recombinaseless (ree- ) strains. AO also 
appears to cause mutation , proVided the F sex factor is present (Clowes and 
Moody, 1967). 

CoTV [actors. Gene tic experiments with CoTV factors have been continued 
and ex tended (MacFarren and Clowes, 1967). 

The ability of the factor CoIV2 to integra 
is evidenced by the isolation, from strains infected v. 
enhanced and oriented chromosomal transfer. Furthl 
at clarifying details of the mechanism of recombin 
and chromosome. 

PhYSical studies. Experiments intended to inve: 
of Col factors, as well as pair-wise interaction of fact 
t he fInding that Col factors transferred to strains oj 
stable. No direct method of selective pressure, as in t 
with integrated selective (e.g., lac+) chromosomal m 
indirect selective methods are being developed. Meanv. 
Drs. Lang and BUjard, other selectable factors are b 
develop the techniques and possibly to extend them 
treatment and electron microscopic examination. 
obtained of the circularity of the R factors R222 
of these structures has been found to be 28 and 18 ,.,. 
ing to molecular weights of 56 and 36 x 106 daltons. 

R.C. Clowes and E.M. Moody , 1967. Microb. Gene t. B1 
MacFarren, A.C. and R.C. Clowes, 1967. J. Bacteriol. 9 

M. COVAL 

Structure and Activity of Enzymes 

In the presence of peroxide, th e enzyme thyroi( 
iodination of ty rosine residues of proteins. It is th 
the understanding of thyroid physiology. The pro pert 
particular , the presence of a heme group at the active: 
due to the crude preparations so far available. In col 
Tau rog of the University of Texas Southwestern Mel 
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it shows only one sedimenting boundary (Martine! 
electrophoresis shows two or three remaining protein 
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fic ity, pH optima, activation, and inhibition. 

An investigation of mouse teratomas, which spc 
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H. BUJARD 

Structural Studies of Large Molecules 

The actinomycin-DNA complex has been investigated by electron micro­
scopy, in collaboration with Dr. D. Lang. Reversible in tra· and inter-molecular 
crosslinks have been demonstrated. Contrary to conclusions drawn from a 
variety of other physical and chemical data, no evidence has been found that 
actinomycin intercalates into the Watson-Crick helix. 

A procedure was developed to isolate bovine papilloma virus, a repre­
sentative of the papova group of t umor viruses. The DNA of this virus has been 
charac t.erized by sedimen tation studies and elect ron microscopy. The molecular 
weight is 4 .9 x 106 dal. The molecule is circular and possesses tertiary t urn s. 
Sedimentation studies show that the sense of the tu rns is right-handed , and the 
nwnber of turns in one molecule is 18 .±3. Together with the data known from 
the similar but smaller DNA of polyoma virus, it would appear that, under 
comparable conditions, the number of tertiary turns in circular twisted DNA 
is proportional to molecular weight. Its unique structural configuration makes 
this type of DNA an interesting object for II number of physical and biochemical 
studies. 

Bujard , H. 1967, J. Viro!. 1, (in press) 
Bujard , H. 1968, J. Mol. BioI. (in press) 

R.C. CLOWES, ADELAIDE MACFARREN, CHRISTINE SMITH, 
T. NISIOKA 

Extrachromosomal Factors in Bacteria 

TItis program continues an investigation of a series of colicin (Col) 
factors , and certain infectious, multiple-drug·resistance (R) factors, together 
with the F fertility factor. The work was done primarily in Escherichia coli K1 2, 
in wltich all these act as transfer or sex factors. 

Repression ofF. In stably infected cells, we have found that certain ColB 
factors (ColB1, CoIB2, ColB5) give rise to a self-repressed fertility system as do 
certain R factors (Rfi+ 222). The factors are derepressed in newly infected 
cells, as shown by the production of cell receptors, which take the fo nn of F-like 
pili to which male-specific phages (;.L 2, f2 , MS2) adsorb. In a cell possessing 
the F sex factor and one of these factores, the repression extends to F and the 
cell does not usually show fer tility. 

Another fac·tor (Co183), however, showing similar self-repreSSion, does 
not repress F. It is found in the wild state associated with an F-like element , 
which resembles closely the standard F factor but is not co.irnmune with it. 
These two F factors are capable of stable co-existence. 

Curing. Experiments on "curing" or elimination of factors from cells 
have been extended by the use of lCR (nitrogen half·mustard) compounds. 
These compo unds " cure" all extra·chromosomal factors so fa r investigated , 
even those refractory to acridine·orange (AO) curing (CoU, Rfi-), as well as all 
other factors when they are present in recombinaseless (rec-) strains. AO also 
appears to cause mutation, prOvided Ule F sex factor is present (Clowes and 

'A from Moody, 1967). 
'JeTlwisted 
10 (raken Col V factors. Genet ic experiments with CoW factors have been cont inued 

and extended (MacFarren and Clowes, 1967). 

The ability of the factor CoIV2 to integrate with the chromosome 
is evidenced by the isolation, from strains infected with ColV2, of strains with 
enhanced and oriented chromosomal transfer. Further investigations are aimed 
at clarifying details of the mechanism of recombination between sex factors 
and chromosome. 

Phy sical studies. Experiments intended to invest igate the physical nature 
of Col factors, as well as pair· wise interaction of factors, have been delayed by 
the finding that Col factors transferred to strains of Proteus mirabi/is are un­
stable. No direct method of selective pressure, as in the case of Rand F factors 
with integrated selective (e.g., lac"l chromosomal markers, is possible. Certain 
indirect selective methods are being developed. Meanwhile , in collaboration with 
Drs. Lang and Bujard , other selectable factors are being used in an effort to 
develop the techniques and possibly to extend them , using ethyclium bromide 
t reatment and electron microscopic examination. Evidence has now been 
obtained of the circularity of the R factors R222 and R IS, and the lengUl 
of these structures has been found to be 28 and 18 JL respectively, correspond· 
ing to molecular weights of 56 and 36 x 106 daltons. 

R.C. Clowes and E.M. Moody, 1967. Microb. Genet. Bull. 26, 4. 
MacFarren, A.C. and R.C. Clowes, 1967. J. Bacteriol. 94, 365 _ 

M. COVAL 

Structure and Activity of Enzymes 

In the presence of peroxide , the enzyme thyroid peroxidase catalyzes the 
iodination of tyrosine residues of proteins. It is therefore of importance to 
the understanding of thyroid physiology. The properties of this enzyme and , in 
particular, t he presence of a heme group at the active site, are in dispute , Jargely 
due to the crude preparations so far available. In collaboration with Dr. Alvin 
Taurog of the University of Texas Southwestern Medical School, this enzyme 
has been extracted from hog thyroids and a thousand-fold purification obtained. 
The physical·chemical and enzymic propert ies of the peroxidase have been 
stuclied. 

A phosphatase from frog ovaries, specific for high.energy phosphate mono. 
esters, has been purified several hundred-fold. Its molecular weight is 56,000. 
It shows only one sedimenting boundary (Martinek and Coval, 1966), but 
elect rophoresis shows two or three remaining protein bands in addition to the 
active band . The enzyme is activated by reducing agents and inactivated by oxi­
dizing agents, both reversibly. Kinetic measurements of Km vary over a fifty­
fold range (7 x 10.5 to 3.3 x 1O-3M) and the V max values over a two.fold 
range (4.9 to 9.7) for a number of different substrates. 

An acid phosphatase has been part ially purified from beef spleen. The 
isolation is cont inuing and kinetic properties are being determined. This 
enzyme appears to be analogous to the frog egg enzyme in substrate speci­
ficity , pH optima, activation, and inhibition. 

An investigation of mouse teratomas, which spontaneously develop in the 
testes of mice, has been initiated. Grown subcutaneously , these tumors produce 
large organized and differentiated structures resembling various adu lt t issues, 
whereas when grown intra peritoneally as ascitic twnors, they resemble five- or 
six.day.old mouse embryos. We find that the levels and isozyme patterns of 
lactic dehydrogenase and acid phosphatase , both in the embryoid boclies and 
in tJle original non·tumorous testicular tissue, are related. Tluee different 
teratomas, a pleomorphic, a myoblastic, and a neural form , arc beini!. main­
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lO/BIOLOGY 

tained as solid t umors. A known ascit ic form o f the pleomorphic tumor is also 
being maintained and the ascitic forms of the two other tu mors have been derived. 
The strain specificity of the solid and ascitic forms o f these tu mors appears to be 
different. These tumors are of interest because they lend themselves to 
studies of development , regulation, tumor metabolism, and perhaps the early 
mammalian embryo. 

1. Martinek and M.L. Coval, 1966. Fed. Proc. 25, 342. 

Taurog, A. and M.L. Coval, VIIth Int. Congo of Biochem. 1967. 

Coval, M .L. and A. Taurog, 1967. ] . BioI. Chem. 242, 23. 

Coval, M.L. and A. Taurog, 1967. Fed . Proc. 26, 643. 


H. GUTZ, P. ANGEHRN, H.1. TREICHLER 

Molecular Genetics of Yeast 

The main focus of this work has been on gene conversion and meiosis 
in the yeast Schizosaccharomyces pombe. In addi tion, experiments were con­
tinued to map genes of hitllerto unknown locations by haploidization. 

Studies 011 gene conversion. One ade-6 mutan t (M26) of S. pombe is 
remarkable fOT giving high conversion frequencies. The conversion event was 
studied in 10 different crosses by tetrad analysis, 6503 asci bein g analyzed 
using micromanipulation techniques. In crosses with other ade-6 mutants, it was 
found that M26 is frequently converted to the other allele even when t he map 
distance between the two sites is about half the total ade-6 map. Since gene con­
version appears to involve a repair process in hybrid DNA, t hese results would 
appear to be a direct proof that a single conversion event involves large 
regions of hybrid DNA extending between t he two sites of mutation. Further­
more, the results indicate that bybrid DNA within the ade-6 locus is more fre­
quently formed in the presence of M26 than in crosses without M26. Tllis 
unusual property cannot easily be explained by current hypotheses on recom­
binatio n. 

"Twin meiosis ". In experiments with diplOid strains of S. pombe a rather 
unexpected phenomenon has been found (G utz, 1967 a & b). When diplOid 
strains of compatible mating type are crossed, in addition to the expected asci 
with 4 diploid spores, asci with 8 haploid spores are formed. Using strains with 
suitable markers, it was shown that, in the latter case, after cell fusion, 
karyogamy does not occur but the diploid nuclei undergo sepaTate meioses 
(twin meiosis). Even in crosses between diplOid strains of opposite heterothallic 
mating types (such strains being incapable o f sporulation), twin meiosis occurs 
in the fused cells. Obviously both the diploid nuclei are able to complement each 
other for meiosis. 

In crosses between haploid and diploid strains, a few of the asci have 6 
haploid spores. Four spores possess the markers of the diploid paren t, and the 
other two possess the markers of the haplOid parent. The 6-spored asci apparently 
originate from zygotes in which, after plasmogamy, karyogamy does not occur , 
but the diploid nucleus undergoes meiosis whereas the haploid nucleus under­
goes mitosis (Gutz, 1967b). 

Haploidization experiments. It was found earlier that diploid 
S. pombe can be haploidized by treatment with p-fl uorophenylalar 
1966). These experiments have been contin ued to map genes , 
unknown locations. So far, eight more genes have been located in li n~ 
I and II , respectively . 

Gutz , H., 1967a . Science 158, 796 
Gutz, H., 1967b , Ber. Deut. Bot. Ges. 80 
Gutz, H., 1966. 1. Bacterio\. 92, 1567­

K.HAEFNER 

The Expression of Killing and Mutation in Irradiated Yea 
coli. 

This work is focused on improving our understanding of rad ia 
on cells. The program is concerned with (1) investigat ing the 
radiation-ind uced leth al sectoring and (2) studying mutation segreg 
ultraviolet irradiation. 

Lethal sectoring (LS). (a) Ultraviolet (UV) and X-ray-induct 
been studied by means of micromanipulation in yeast and E. COli 

di fferent radiation sensitivity. In ge neral, a positive correlat ion has 1 
between UV-induced LS and radiation sensitivity (Haefner and Strieb 
However, this correlat ion does not apply to X-ray-induced LS 
Saccharomyces. Highly sensitive haploid Saccharomyces strains sl1 
aft er X-irradiation. From the results it is reasonable to assume 
related to intracellular repair processes going on after the first posi 
cell division. (b) X-ray-induced LS was extensively studied in wild-t~ 
and djploid Saccharomyces for doses smaller than 12 Krad. In this 
where up to 96% inactivation is observed in the haploid strain , no I 
observed (Haefn~r, 1967a). (c) Several strains of yeast and E. coli 
found whjch sh~w a constant rate of spontaneous le thal sectorinl 
under fu rther investigation as a model for radiation-induced LS. 

Mutation segregation. The frequencies of UV induct ion of pUff 
mutant clones have been studied , using ind ividual ly irradiated cells 
manipulation techniques. Several cells from pure mutant clones 
saccharomyces pombe have been investigated genetically and fou n 
contain the same homo-allelic mutation. The relevance o f these 
been discussed in terms of mutation induction processes (Haefne 
and d). 

Haefner, K . and U. Striebeck , 1967. Mutation Res. 4,399. 
Haefner, K. 1967a. Rad . Res. 31, 400 
Haefner, K. 1967 b. (Abstract) Rad. Res. 31, XV. Ann. Mee ting Ra 

No. Eg6. 
Haefner, K. 1967c. Genetics 5 7, 169 . 
Haefner , K. 1967d. Muta tion Res. 4,51 4. 
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i and the ascitic forms of the two other tumors have been derived. 
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<\.NGEHRN, H.l. TREICHLER 

Ie tics of Yeast 

focus of this work has been on gene conversion and meiosis 
izosaccharomyces pombe. In addition, experiments were con­
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gene conversion. One ade-6 mutant (M26) of S. pombe is 
giving high conversion frequencies. The conversion event was 
ifferent crosses by tetrad analysis, 6503 asci being analyzed 
pulation techniques. In crosses with other ade-6 mutants, it was 
is frequently converted to the other allele even when the map 
the two sites is about half the total ade-6 map. Since gene con­

to involve a repair process in hybrid DNA, these results would 
direct proof that a single conversion event involves large 

d DNA extending between the two sites of mutation. Further­
s indicate that hybrid DNA within the ade-6 locus is more fre­
in the presence of M26 than in crosses without M26. This 
cannot easily be explained by current hypotheses on recom­

iosis". In experiments with diploid strains of S. pombe a rather 
nomenon has been found (Gutz, 1967 a & b). When diploid 
tible mating type are crossed, in addition to the expected asci 

res, asci with 8 haploid spores are formed. Using strains with 
s, it was shown that, in the latter case, after cell fusion, 

not occur but the diploid nuclei undergo separate meioses 
ven in crosses between diploid strains of opposite heterothallic 
ch strains being incapable of sporulation), twin meiosis occurs 
. Obviously both the diploid nuclei are able to complement each 

between haploid and diploid strains, a few of the asci have 6 
Four spores possess the markers of the diploid parent, and the 
s the markers of the haploid parent. The 6-spored asci apparently 
ygotes in which, after plasmogamy, karyogamy does not occur , 
nucleus undergoes meiosis whereas the haploid nucleus under­
tZ,1967b). 
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Haploidization experiments. It was found earlier that diploid strains of 
S. pombe can be haploidized by treatment with p-fluorophenylalanine (Gutz, 
1966). These experiments have been continued to map genes at hitherto 
unknown locations. So far, eight more genes have been located in linkage groups 
I and II, respectively. 

Gutz, H., 1967a. Science 158, 796 
Gutz, H., 1967b, BeL Deu!. Bot. Ges. 80 
Gutz, H., 1966.1. Bacteriol. 92, 1567­

K.HAEFNER 

The Expression of Killing and Mutation in Irradiated Yeast and E. 
coli. 

This work is focused on improving our understanding of radiation effects 
on cells. The program is concerned with (1) investigating the causes for 
radiation-induced lethal sectoring and (2) studying mutation segregation after 
ultraviolet irradiation. 

Lethal sectoring (LS). (a) Ultraviolet (UY) and X-ray-induced LS have 
been studied by means of micromanipulation in yeast and E. coli strains of 
different radiation sensitivity. In general, a positive correlation has been found 
between UV-induced LS and radiation sensitivity (Haefner and Striebeck, 1967). 
However, this correlation does not apply to X-ray-induced LS in haploid 
Saccharomyces. Highly sensitive haploid Saccharomyces strains show no LS 
after X-irradiation. From the results it is reasonable to assume that LS is 
related to intracellular repair processes going on after the first post-irradiation 
cell division. (b) X-ray-induced LS was extensively studied in wild-type haploid 
and diploid Saccharomyces for doses smaller than 12 Krad. In this dose range, 
where up to 96% inactivation is observed in the haploid strain, no LS has been 
observed (Haefner, 1967a). (c) Several strains of yeast and E. coli have been 
found which show a constant rate of spontaneous lethal sectoring. They are 
under further investigation as a model for radiation-induced LS. 

Mutation segregation. The frequencies of UV induction of pure and mixed 
mutant clones have been studied, using individually irradiated cells and micro­
manipulation techniques. Several cells from pure mutant clones of Schizo­
saccharomyces pombe have been investigated genetically and found always to. 
contain the same homo-allelic mutation. The relevance of these findings has 
been discussed in terms of mutation induction processes (Haefner, 1967b, c, 
and d). 

Haefner, K. and U. Striebeck, 1967. Mutation Res. 4, 399. 

Haefner, K. 1967a. Rad. Res. 31, 400 

Haefner, K. 1967b. (Abstract) Rad. Res. 31, XV. Ann. Meeting Rad. Res. Soc., 


No. Eg6. 
Haefner, K. 1967c. Genetics 57, 169. 
Haefner, K. 1967d. Mutation Res. 4, 514. 
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W.HARM 

Dark Recovery from Ultraviolet Lethal Damage 

The distinction between two dark-repair systems in E. coli. Recent ly it 
became evident that dark repair con troUed by the her (or uvr) genes (excision­
resynthesis repair, or ERR) is distinct from dark repair controlled by ree genes 
(R EC repair). Comparison of the properties of 4 closely related strains, active in 
both, only one , or none of the dark repair systems, has led to the follow­
ing results: (a) Infecting tN-irradiated phage Tl is repaired by the ERR system 
only , wheras phage A shows in addition some repair by the REC system. (b) 
Liquid-holding recovery is an expression of enhanced ERR repair. It can occur 
only in strains with an active ERR system regardless of REC properties. (c) 
Both dark-repair systems are inhibitable to some extent by either acriflavine or 
caffeine. The UV survival of a strain lacking both dark-repair systems is not 
in fluenced by these substances. 

171e effe ct of dose fractionation and dose protraction on the dark 
repair of UV lethal lesions in E. coli. It was found that the ultraviolet survival of 
wild-type E. coli strains (such as Blr , C, B) can be raised appreCiably by applying 
the UV dose in two or more exposures and allowing time for ERR repair 
between. An extremely high survival was found with either highly fractionated 
irradiation or continuous irradiation at a very low dose rate (80 ergs/mm2/ 
hour) for several days. Under these conditions the survival curve of B/r was 
quite exponential, lacking the "shoulder" usually fo und. The high survival under 
these condit ions refl e.cts more extensive ERR dark repair than usual. Several lines 
of evidence suggest 1ha1 at high UV doses a steady state is reached in which the 
lesions are repaired as fast as they a.re produced. The lower extent of repair under 
norma1 conditions apparently results [rom accumulat ion of too many UV lesions, 
which imerfere wit h each other in repair. 

Dark repair of all of the photo-repairable UV lesions ill E. coli. The 
survival of E. coli B/r, UV-irradiated at a dose rate of 8 ergs/mm2/sec, increases 
from ~ 1()-4 to > 10-1 as a result of maximum photoreactivation (PR). 
Holding the irradiated cells in buffer prior to allowing PR, progressively 
decreases the maximum PR survival tha t is observed, but increases the dark 
survival (liquid-holding recovery). Both of these changes are due to excision of 
dimers; they are essentially absent in the non-excising strains Bs-l , AB2437 and 
AB2480. The decrease in maximum PR survival of Blr indicates that potentially 
photo-repairable lesions are excised, but dark repair is never completed. While 
some PR is still observed after holding the irradiated cells for 24 hours, PR is 
fully absent in B/r cells irradiated for 24 hours at very low tN dose rate 
(0.022 ergs/mm2/sec) , a condition allOwing most extensive dark repair. Com­
parative experiments with Tec- and wild· type strains indicate that both of the 
basic dark-repair systems (ERR and REC repair) must function in order to have 
a total disappearance of observable PRo 

A "negative" liquid-holding effect. UV-irradiated E. coli C shows a 
decreased survival when it is held in buffer prior to plating, whereas most E. coli 
strains show increased survival (liquid-holding recovery) under these conditions. 
Studies with repair inhibitors and at varying temperatures, as well as phot~ 
reactivation studies, indicate that the "negative" holding effect in E. coli C 
involves the same lesions that are operated upon by liquid-holding recovery and 
which are dark repairable by the ERR mechanism. Whether an increase or a 
decrease in survival results from holding in buffer depends on the genotype of the 
organism and (to some extent) on the particular experimental conditions. 

Harm, W., 1967. Rad. Res. 31, 548 
Harm, W., 1967. Mutation Res. 4.93 
Harm, W. , 1968. Photochem. Photobio!. 7, 73 
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D. HARRIS 

Active Site of a Hydrolytic Enzyme 

In a continuation of the investigation of a phosphoanhydride hydr< 
we have studied the effect of pH on the kinet ic constants (Km and Vma 
the enzyme reaction. On the acid side of the pH optimum, Vrnax is can 
but Km increases with increasing pH, suggesting the presence of a group iJ 
enzyme with a pK of approximately 2.5 which is important for bindinl 
phosphate anion. On the alkaline side, the affinity of the enzyme for 
strate is independent of pH (Km is constant) but V max decreases 
increasing pH. The results can be plausibly explained by postulating a positi 
charged group within the enzyme having a pK of approximately 4.5 '" 
exerts an e1ectrophilic withdrawal on the bridge oxygen. Attempts to ide 
this group within the enzyme are being undertaken. 

R. HAUSMANN , BEATRIZ GOMEZ 

Mutual Exclusion between Phages T3 and T7 

Bacteriophages serologically related to T3 show differen t degrees of ge 
and physiological incompatibility when crossed with each other. The pai 
and T7 was chosen as a model system for studying these effects. Only a fra 
(I to 20%) of the host cells yield both phage types when simultanel 
infected with T3 and T7 . The other cells produce either one or the other p 
Conditionally letha! mutants (amber and temperature-sensitive mutan1s) of 
phages have previously been isolated and studied. Recently , special attel 
has been given to those amber mutants unable to ini tiate phage-directed 
synthesis ("early" mutants). Although several complementa ti on groups of "e, 
mutants have been individualized by spot tests, burst-size measurements in 
permissive cells established only two clear-cut units of functional complem 
tion, both ill T3 and T7. Further studies of these two grou ps (Hausmanl: 
Gomez, 1967) have concerned patterns of phage-directed uridine jn corpo r~ 
ability to break down host DNA, ability to exclude the heterologous wild· 
phage, and abili ty to complement heterologous amber mutants. It was found 
mutants of one group, termed DO-A, unlike the wild type and the mutants 0 

other group (DO-B), were unable (l) to promote an eflicien t phage-din 
uridi.ne uptake , (2) to promote efficient breakdown of host DNA, and ( 
exclude the heterologous wild ,ype. Representatives of both groups, DO-A 
DO-B, unlike representatives of some other complementation groups, 
totally incapable of complementing any fu nction in the hyterolugous 
types. The data suggest that mutual exclusion is a relatively early eve nt , al th 
synthesis of one "early" ~nzyme of T3 seems not to be affec ted by i I (Hau sn 
1967) . i . 

We have also given attention to physiological and genet ic aspec 
abortive in fection of Shigella sonnei (strain D2 371-48) by bacteriophag 
Phage T7 is unique, as far as we could test it, in its capacity to lys( 
sh igella strain without subsequent phage production. We have shown thl 
initiates phage.oirected DNA synthesis in this host, but the pool of p 
directed DNA is rapidly destroyed just before one would expect the 
mature progeny particles. Mutants of T7 growing normally on this hos t have 
jsolated. However, upon mixed infection with T7 wild type, the ab( 
phenotype is domjnant. Mutants phenotypicalJy similar to T7 wild type 
isolated from the norma11y growing mutants. These revertant muta nts all 
at one site , adjacent to the right end of the DO-B complementation group ( 
Now under investigation is whether this self-exclusion of T7 Crul be carre 
with mutual exclusion between T3 and T7. 

Hausmann, R. , and B. Gomez, 1967. J. Viro!. ]. 779 
Ha usmann, R., 1967 , J. Viro!.l. 57 
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ark Recovery from Ultraviolet Lethal Damage 

The distinction between two dark-repair systems in E. coli. Recently it 
ecame evident that dark repair controlled by the hcr (or uvr) genes (excision­
'esynthesis repair, or ERR) is distinct from dark repair controlled by rec genes 
REC repair). Comparison of the properties of 4 closely related strains, active in 
oth, only one, or none of the dark repair systems, has led to the follow­

ng results: (a) Infecting UV-irradiated phage T1 is repaired by the ERR system 
nly, wheras phage >.. shows in addition some repair by the REC system. (b) 
iquid-holding recovery is an expression of enhanced ERR repair. It can occur 
nly in strains with an active ERR system regardless of REC properties. (c) 
oth dark-repair systems are inhibitable to some extent by either acriflavine or 
affeine. The UV survival of a strain lacking both dark-repair systems is not 
fluenced by these substances. 

The effect of dose fractionation and dose protraction on the dark 
'pair of UV lethal lesions in E. coli. It was found that the ultraviolet survival of 
"d-type E. coli strains (such as Blr, C, B) can be raised appreciably by applying 
e UV dose in two or more exposures and allowing time for ERR repair 

etween. An extremely high survival was found with either highly fractionated 
radiation or continuous irradiation at a very low dose rate (80 ergs/mm21 
our) for several days. Under these conditions the survival curve of Blr was 
uite exponential, lacking the "shoulder" usually found. The high survival under 
ese conditions reflects more extensive ERR dark repair than usual. Several lines 

f evidence suggest that at high UV doses a steady state is reached in which the 
sions are repaired as fast as they are produced. The lower extent of repair under 
ormal conditions apparently results from accumulation of too many UV lesions, 
hich interfere with each other in repair. 

Dark repair of all of the photo-repairable UV lesions in E. coli The 
urvival of E. coli Blr, UV-irradiated at a dose rate of 8 ergs/mm2/sec, increases 
rom :::::: 10-4 to > 10-1 as a result of maximum photoreactivation CPR). 
olding the irradiated cells in buffer prior to allowing PR, progressively 
ecreases the maximum PR survival that is observed, but increases the dark 
rvival (liquid-holding recovery). Both of these changes are due to excision of 

'mers; they are essentially absent in the non-excising strains Bs-l, AB2437 and 
B2480. The decrease in maximum PR survival of Blr indicates that potentially 
hoto-repairable lesions are excised, but dark repair is never completed. While 
me PR is still observed after holding the irradiated cells for 24 hours, PR is 
lly absent in Blr cells irradiated for 24 hours at very low UV dose rate 
.022 ergs/mm2/sec), a condition allowing most extensive dark repair. Com­

arative experiments with rec- and wild-type strains indicate that both of the 
ask dark-repair systems (ERR and REC repair) must function in order to have 
total disappearance of observable PRo 

A "negative" liquid-holding effect. UV-irradiated E. coli C shows a 
ecreased survival when it is held in buffer prior to plating, whereas most E. coli 
trains show increased survival (liquid-holding recovery) under these conditions. 
tudies with repair inhibitors and at varying temperatures, as well as photo­
activation studies, indicate that the "negative" holding effect in E. coli C 
valves the same lesions that are operated upon by liquid-holding recovery and 
hich are dark repairable by the ERR mechanism. Whether an increase or a 
ecrease in survival results from holding in buffer depends on the genotype of the 
rganism and (to some extent) on the particular experimental conditions. 

arm, W., 1967. Rad. Res. 31,548 
arm, W., 1967. Mutation Res. 4,93 
arm, W., 1968. Photochem. Photobiol. 7, 73 

D. HARRIS 

Active Site of a Hydrolytic Enzyme 

In a continuation of the investigation of a phosphoanhydride hydrolase 
we have studied the effect of pH on the kinetic constants (Km and V max) of 
the enzyme reaction. On the acid side of the pH optimum, V max is constant 
but Km increases with increasing pH, suggesting the presence of a group in the 
enzyme with a pK of approximately 2.5 which is important for binding the 
phosphate anion. On the alkaline side, the affinity of the enzyme for sub­
strate is independent of pH (Km is constant) but decreases withVmax 
increasing pH. The results can be plausibly explained by postulating a positively­
charged group within the enzyme having a pK of approximately 4.5 which 
exerts an electrophilic withdrawal on the bridge oxygen. Attempts to identify 
this group within the enzyme are being undertaken. 

R. HAUSMANN, BEATRIZ GOMEZ 

Mutual Exclusion between Phages T3 and T7 

Bacteriophages serologically related to T3 show different degrees of genetic 
and physiological incompatibility when crossed with each other. The pair T3 
and T7 was chosen as a model system for studying these effects. Only a fraction 
(1 to 20%) of the host cells yield both phage types when simultaneously 
infected with T3 and T7. The other cells produce either one or the other phage. 
Conditionally lethal mutants (amber and temperature-sensitive mutants) of these 
phages have previously been isolated and studied. Recently, special attention 
has been given to those amber mutants unable to initiate phage-directed DNA 
synthesis ("early" mutants). Although several complementation groups of "early" 
mutants have been individualized by spot tests, burst-size measurements in non­
permissive cells established only two clear-cut units of functional complementa­
tion, both in T3 and T7. Further studies of these two groups (Hausmann and 
Gomez, 1967) have concerned patterns of phage-directed uridine incorporation, 
ability to break down host DNA, ability to exclude the heterologous wild-type 
phage, and ability to complement heterologous amber mutants. It was found that 
mutants ofone group, termed DO-A, unlike the wild type and the mutants of the 
other group (DO-B), were unable (1) to promote an efficient phage-directed 
uridine uptake, (2) to promote efficient breakdown of host DNA, and (3) to 
exclude the heterologous wild type. Representatives of both groups, DO-A and 
DO-B, unlike representatives of some other complementation groups, were 

incapable of complementing any function in the hyterologous wild 
types. The data suggest that mutual exclusion is a relatively early event, although 
synthesis of one "early" enzyme of T3 seems not to be affected by it (Hausmann, 
1967). 

We have also given attention to physiological and genetic aspects of 
abortive infection of Shigella sonnet (strain 02 371-48) by bacteriophage T7. 
Phage T7 is unique, as far as we could test it, in its capacity to lyse this 
shigella strain without subsequent phage production. We have shown that T7 
initiates phage-directed DNA synthesis in this host, but the pool of phage­
directed DNA is rapidly destroyed just before one would expect the first 
mature progeny particles. Mutants of T7 growing normally on this host have been 
isolated. However, upon mixed infection with T7 wild type, the abortive 
phenotype is dominant. Mutants phenotypically similar to T7 wild type were 
isolated from the normally growing mutants. These revertant mutants all map 
at one site, adjacent to the right end of the DO-B complementation group of T7. 
Now under investigation is whether this self-exclusion of T7 can be correlated 
with mutual exclusion between T3 and T7. 

Hausmann, R., and B. Gomez, 1967. J. Virol.1, 779 
Hausmann, R., 1967,J. Virol.1, 57 
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14/BIOLOGY 

K. HECKMANN 

Genetic Studies in Ciliates 

Age-depelldent intraclonal conjugation in Euplotes crassus. This work 
has recently been completed (Heckmann, 1967), and shows the following 
results: (a) Intraclonal conjugation in E. crassus is a consequence of a breakdown 
of the dominance relationship between mating-type alleles , allowing previously 
recessive alleles to come to expressjon in some of the cells. (b) This breakdown 
of dominance takes place regularly at a clo nal age of about 500 consecutive 
fissions, and seems to serve a biological function similar to that of au togamy in 
other cil iates. (c) Tbe cbange from the life cycle stage of mating-type stability to 
the life cycle stage of mat ing-type instability is under the control of at least one 
other gene un linked to the mating-type locus. 

Killer trait in Euplotes minuta. In the previous progress report it was 
mentioned that we had fo und bacteria-like part icles associated with the killer 
trait of certain stocks of Euplotes minuta. A description of these particles and 
a characterization of the kil ler activity, suggesting that the cytoplasmic particles 
are themselves the bearers of the toxic activity , is now published (Heckmann, 
Preer and Straetling, 1967). It was also noted that stock VF 17 showed a dif­
ferent way of killing the indicator E. crassus strain D, although diffe rences 
between the particles of stock VF 17 and those of Ule stocks KI, K3 and K7 
could not be found. Experiments cross-breeding stock VF I7 with sensitive 
stocks now reveal tha t VF 17 is a mate-killer. Sensit ives are killed as a conse­
quence of conjugation with thi s killer , whereas all the other killers show no ef­
fect on sensitive cells during conjugation and can therefore be rescued by re­
isolation after separation from their " killer-mate" . 

Nuclear cuntrol of morphogenesiS in ciliates. The co rtex of ciliates 
exh ibits a high degree of structural differen tiation. Th is and the occurrence of 
sex ual and asexual reprodu ction , together with the ease of culture and experi­
mental mani pulation, makes ciliates pre-eminently suitable for studying those 
factors responsible fOr the production ,lI1d maintenance of ce llular structure . 
Recent st udies of " conical" heredity in Paramecium and Tetrahymena indi­
cate that the arrangement of surface organelles is dictated by pre-existing 
orientations , and that diffe ren tiation of particular structures may be induced 
by material emanat ing fro m pre-existing structures of the same type (Beisson 
and Sonneborn , 1965: Nanney , 1966). However , the molecu lar basis of th ese 
orientations and inductions is obscure, and the continuity of such inducing 
systems is open to doubt. As pointed out by Beale (1966), surface heredity lll ay 
be a property aiding maintenance and differentiation of surface s l ructures at 
cell division but ultimate long-range control might still come from elsewhere, 
presu mably the nucleus. 

A possibility for testi ng this idea arose recently. It was found that two 
interfertile stocks of Eup/otes minuta differ with respect to the expressed 
number of kineties (Heckmann and Frankel, unpublished). Cross-breedings 
between cells of these two stocks led to progeny which, after 40 to 60 
consecutive fissions, expressed the number of kineties characteristic of one of 
the parental stocks, regardless of cytoplasmic origin of the progeny lines. In an 
F2 obtained by autogamy, segregation into the parental cortex types was fou nd. 
These preliminary results indicate that in fact the cortical differences between 
these two stocks are subject to a long-range control by nuclear genes and open 
the possibility for studying the interplay of genic and non-genic factors in 
controlling the formation of new surface structures. 

Beale, G.H., 1966. Proc. Roy . Soc. B. , 164, 209 
Beisson, J. and T.M. Sonneborn, 1965. Proc. Natl. Acad. Sci. 53, 275 
Heckmann , K., 1967. J. Exp. Zoo1. , 165, 269 
Heckmann, K ., J.R. Preer , Jr., and \V.H. Stcaetling, 1967 . J . ProtozooL, 14,360 
Nanney, D.L., 1966. Genetics , 54. 955 

W. HEUMANN 

Conjugation in Star·forming Rhizobium 

It has been shown that star formation in bacteria is a process of conjug 
tion involving chromosome exchange followed by recombination at the Sl3 

cemer. This process di ffers in many importan t respects from E. coli conjug 
tion, particularly ill showing no sexual differentialion between mating ce li 

Most ge netic experi ments have so far used a Rhizobium lupini strai 
isolated some years ago from root nodules o f Lupinus luteus. In order to te 
cross fert ility between rhizobium strains of differen t origin , some Hu ngaria 
R . lupini strains, kindly donated by Dr. Magda Gabor of the Hungarian Acadcm 
of SCience , have been recen tly used. A series of different auxotrophic mutan 
were isolated from these strains by treatment with nitrous acid . Some mutan 
were fertile with our rhizob ium mu tan ts and confirmed previous linka~ 
rel ationships. So me mu tanl~ produce a gu m that prevents fertili ty: only thos 
mutants losing gum production were cross fert ile with each other and with ot. 
R. [upini mutants. 

We are also studying the differential effect of su nlight on star-formin 
strains and the ir non-star-forming counterparts. Results obtained so far indicat 
lhat star formation, or conjugation during star formatio n, repairs radiatio 
damage: radiation doses lethal to non-staT-forming mutants were survived b 
star-forming strains. 

Czygan , F.C. and W. Heumann , 1967. Arch. Mikrobiol. 57, 123. 

H. HIROKAWA, I.e. FELKNER 

Transformation in Bacill,us subtilis 
I 
I 

Recombination studies on the DNA molecule. Current work is concerne, 
with the genetic configurat ion of recombinant DNA formed between two dono 
DNA sin protoplasts, using clonal analysis of transformed cells. 

Two types of hetero-duplex DNA with single linked ind- or his- markeJ 
h+ i+ h+ i+ 

(e .g. , or : ) are made by heating and slow cooling of the appropr ! : 

+ + 
ate DNA mixtures at different concentra tions. Recipients requiring histidin 
plus indole are treated wi th either of the he tero-duplex DNAs and then plated 0 

minimal medium supplemented with ei th er L-histidine or L-tryptophan. Clona 
analysis for unselected markers in tran sfo rmed ce lls reveal a disproportionatei) 
hjgh fraction of mixed clones. Th is leads to the hypothesis Ulat in Baciflu 
subtilis transformation, both strands of donor DNA may integrat e with th 
recipient chromosome. Thjs hypothesis does not necessarily contradict the con 
clusion from biochemical analysis (Bod mer and Ganesan , 1964) that singl­
strands integrate . 



K. HECKMANN 

Genetic Studies in Ciliates 

Age-dependent intraclonal conjugation ill Euplotes crassus. This work 
has recently been completed (Heckmann, 1967) , and shows the following 
results: (a) lntraclo nal conjugation in E. crassus is a consequence of a breakdown 
of the dominance relationship between mating-type alleles, allowing previously 
recessive alleles to come to expression in some of the cells. (b) This breakdown 
of dominance takes place regularly at a clonal age of about 500 consecutive 
fissions , and seems to serve a biological fu nction similar to that of autogamy in 
other ciliates. (c) The change from the life cycle stage of mating-type stability to 
the life cycle stage of mati ng-ty pe instability is under the control of at least one 
other gene unlinked to the ma ting-type locus. 

Killer trait in Euplotes milluta. In the previous progress report it was 
mentioned that we had found bacteria-l ike particles associated with the killer 
trait of certain stocks of Euplotes mil1l1 ta. A description of these particles and 
a characterization of the killer activi ty . suggesting that the cy to plasmic part icles 
arc themselves the bearers of the toxic activity, is now published (Heckmann , 
Preer and Siraetling, 1967). It was also noted that stock VF 17 showed a dif­
feren t way of killing the indicator E. crassus strain D, although diffe rences 
between the ~)art icles of stock VF 17 and those of the stocks K I , K3 and K7 
could not be found. Experiments cross-brceding stock VF 17 wi th sensitive 
stocks now reveal that VF 17 is a mate-killer. Sensitives are killed as a conse­
quence of conjugation with this kill er, whereas all the other killers show no ef­
fect on sensitive cells during conjugation and can therefore be rescued by re­
isolation after se paration from their "kille r-mate". 

Nuclear control of morphogellesis ill ciliates. The cortex of ciliates 
exhibits a higil degree of structural di fferentiation. This and the occurrence of 
se xual and asex ual reproduction, together with the ease 01 culture and ex peri­
mental manipulation, makes cilia tes pre-eminen tly suitable for stu dying those 
factors responSible for the production and maintenance of cell ular st ructure. 
Recent studies of "cor tical" heredi ty in Paramecium and Tetrahymena indi­
cate that the arrangeme nt of surface organelles is dictated by pre-existing 
orientations, and that differentiation of particular structures may be induced 
by material emanating from pre-existing structures of the same type (Beisson 
and Sonneborn, 1965 ; Nan ney , 1%6). However, the molecular basis of these 
orientations and inductions is obscure, and the continuity of such inducing 
systems is open to doubt. As pointed out by Beale (1966), surface heredity may 
be a property aiding maintenance and differen tiation of surfa ce structures at 
cell division but ultimate long-range control might still come from elsewhere, 
presu mably the nucleus. 

A possibility for testing this idea arose recently. It was found that two 
interfertile stocks of Euplotes minuta differ with respect to the expressed 
number of kine ties (Heckmann aJld Frankel, unpublished). Cross-breedings 
between cells of these two stocks led to progeny which, after 40 to 60 
consecutive fissions, expressed the number of kineties characteristic of one of 
the parental stocks, regardl ess of cytoplasmic origin of the progeny ]jnes. In an 
F2 obtained by autogamy, segregation into the parental cortex types was found. 
These prelimillary results indicate that in fact the cort ical differen ces between 
these two stocks arc subject to a long-range control by nuclear genes and open 
the possibility for studying the interplay of genic and non-genic factors in 
controlling the forma tion of new surface structures. 

Beale, G ..H. , 1966. Proc. Roy. Soc. B. , 164, 209 
Beisson, 1. and T.M. Sonneborn , 1965. Proc. Natl. Acad. Sci. 53,275 
Heckmann, K., 1967.1. Exp. Zool. , 165, 269 
Heckmann, K., 1.R. Pree r, J r., and! W.H. StraetJj ng, 1967.1. Protozool., 14,360 
Nanney, D.L, 1966. Genetics, 54. 955 

W.HEUMANN 

Conjugation in Star-forming Rhizobium 

It has been shown th at star fOnTInuon in bacteria is a process of co njuga­
tion involving chromosome exchange followed by recombination at the slar­
center. This process differs in many important respects from E. coli conjuga­
tion, particularly in showing no sexual differentiation between mating cell s. 

Most genetic experiments have so far used a Rhizobium lupini strain, 
isolated some years ago from root nodules of Lupinus luteus. In order to test 
cross fertility between rhizobium strains of different origin, some Ilungarian 
R. lupilli strains, kindly dona ted by Dr. Magda Gabor of the Hungarian Academy 
of Science, have been recently used. A series of different auxo trophic mutants 
were isolated from these stra ins by treatment with nitrous acid. Some mutants 
were fertile with our rhizobium mutants and confirmed previous linkage 
rela tion sJlips. Some mutants produce a gum that prevents fertility : only those 
mutants losing gum production were cross fertile with each other and with our 
R. lupini Illutants. 

We are also studying the differential effect of sunlight on star-forming 
strains and their non-star-forming counterparts. Results oblained so far indicate 
lhat star fomlation. or conjugation during star formation , repairs radiation 
damage : radiation doses lethal to non-st3I-forming mutants were survived by 
star-form ing strains. 

Czygan, F .C. and W. Heumann, 1967. Arch. Mikrobiol. 57, 123. 

H. HIROKAWA, I.e. FELKNER 

Transformation in Bacillus subtilis 

Recombination studies on the DNA molecule. Current work is concerned 
with the genetic configuration of recombinant DNA formed between two donor 
DNA s in protoplasts, using clonal analysis of transformed cells. 

Two types of hete ro-duplex DNA with single linked ind- or his- m3Ike rs 
h+ i+ h+ i+ 

(e .g., , I or : ) are made by heating and slow cooling of the appropri­
+ + 

ate DNA mixturcs at different concentra tiuns. Recipients requiring histidine 
plus indole arc treated With either of the herero-duplex DNAs and then plated on 
minimal med ium su pplemented wi th either L-histidine or L-tryp tOphan. Clonal 
analysis for unselected marke rs in t ransformed cells revea l a disproponionately 
high fraction of mixed clones. This leads to the hypothesis that in Bacillus 
subtilis transformation, both strands of donor DNA may integrate with tlle 
re cipient chromosome. This hypothesis does not necessarily contradict th e con­
clusion from biochemical analysis (Bodmer and Ganesan, 1964) that single 
strands integrate. 

Hlolfram HeumallJl (left) receil'e.) Til 
Srate ofBavaria's official appointlllent 
as C1lairlllall, Depart/nen f ()fill icro· 
biology, University oIErlal1gell. Making 
the preselllatinll is Gersholl Ca/wall , 
Acting German Coul1Sul ill Dallas 
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To determine whether recombinant DNA formed in protoplasts between 
two donor DNAs is hetero-duplex, a similar clonal analysis was undertaken using 
wild-type DNA (a homoduplex) as a control. The number of mixed clones 
formed by recombinant DNA or by wild-type DNA was negligible. This suggests 
that thc genetic composition o f recombinant DNA is a hOl11oduplex, like 
wild-type DNA. It also suggests that recombination between donor DNAs in 
protoplasts may take place at the level of duplex DNA. 

Previous biological experiments indicated that DNA uptake by proto­
plasts was higher than by competent rod ceUs (ffirokawa and Ikeda, 1966) . DNA 
uptake by protoplasts is oow being studied, using biochemical and biophysical 
methods, Recent results show that tritium-labelled DNA is incorporated into 
protoplasts and that the rate of DNA uptake by protoplasts is significantly 
higher than in either competent or non-competent ceUs. 

Competence studies. Although induction of "competence" in B. subtilis 
(Felkner and Wyss, 1965; Bott and Wilson, 1967) has been studied, and a factor 
associated with competence has been isolated, (Felkner and Wyss, 1964; Charpak 
and Dedonder, ] 965; Akrigg et al., 1967) the nature of tllis phenomenon, which 
controls DNA uptake, is Dot understood. The most serious deterrent to defining 
competence in quantitative terms has been the lack of an assay which clearly 
separates it fro m subsequent processes (e.g., recombi nation) Jeading to a geneti­
cally transformed cell. 

An effort was made to construct mu tant strains which could be used for.. specific assay of competence. The properties sought were requirement for 
thymine (fily-) and the inability to carry out molecular recombination (rec- ) 

I while retaining the capacity for DNA uptake. A new technique (Felk.ner et aL, 
1967) permitted the isolation of thymineless strains. Some were derived from • 
an ultraviolet-sensitive strain, because of the possible connection between the 
processes of recombination and repair of UV damage. Recombination studies e · • 

.. •1 willl these mutants show that they are at three distinct sites. The inter-mutant 
...l> ~ recombination frequency is a hundred-fold greater than between pairs of 
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Electron micrograph of B. subtilis 
phage SP50, x90,OOO (taken by 
Dimitri; Lang) 

mutants \vith.in the same gene, and approaches 10% (the frequency with wild­
type DNA) from which it is inferred that there are two, and possibly three, 
distinct thy- loci_ Highly labelled tritiated-thymidine DNA can be isolated from 
these strains. A mutant has been isolated from one thy- strain which takes up 
DNA at least as well as its parent but does not produce recombinants. One of 
Ule thy- mutants gives rise to ree' strains at a very high frequency and suggests 
possible phenotype interaction betwoen these two loci. 

~ 
Bodmer, W.F. and A.T. Ganesan , 1964, Genetics 50, 717 
Hi rokawa, H. and Y. Ikeda, 1966. J. Bact. 92, 455 

Felkner , I.C. and O. Wyss, 1965. Fed. Proc. 24, 468 

Bolt, K.F. and G.A. Wilson , 1967. J. Bacterial. 94,562 
Felkner, I. C. and O. Wyss, 1964. Biochem. Biophys. Res. Comm. 16, 94 
Charpak, M. and R. Dedonder, 1965. C.R. Acad. Sci. Paris, 260, 1538 
Akrigg, A" 	 A. Atkinson, S.R. Ayad and G.R. Barker, 1967 . Biochem . J. 104,28 
Felkner, I.C., H. Hirakawa, and J.R . Humphrey, 1967. Report at 11th Ann . 

Transformation Meeting 

J, JAGGER, H. TAKEBE 

Ultraviolet Damage and Protoreactivation in Bacteria 

Induction of division delay by near-ultraviolet radiatiol/. The 
spectrum for induction of division delay in E. coli B by near-ultraviolet 
tion, as measured with an electronic cell counter, has been found to be 5

1 	 to the action spectra for growth delay and for photoprotection (pI 
Person, and Jagger, 1967). These and related findings indicate that all 
effects are induced by a common type of critical event, and that this ev 
a photochemical change occurring outside the ge nome, 

Induction of growth delay by far-ultraviolet radiation. Logaritlunic­
cells of E. coli Blr were irradiated with rapid stirring at about 108 cells/! 
different wavelengths of UV from 230 to 295 nm. The doses were low enou 
permit more than 20% survival. Growth delay after dilution was measufl 
optical density, using a Bonet-Maury Biospectrophotometer. Corrections 
made for (I) apparent delay caused by ki lling and (2) absorption of th, 
suspension. The action spectrum of growth delay thus obtained is simil 
the absorp tiol) spectrum of nucleic acid and is not similar to the absor 
spectra of isoprenoid quinones. Therefore, al though absorption of U' 
quinones above 300 nm may well be responsible for the induction of gr 
delay, stich absorption does not appear to play a Signi ficant role in 
induction of growth delay below 300 nm. 

Photoreactivatioll in Streptomyces griseus. An action spectrum for pJ 
reactivaHon (PR) in conidia of thi s organism has been obtained, using na 
bands of monochromatic light (Jagger, 196 7). The spectrum confirms the 
originally found by Kelner (1951) at 440 nm, but does oot show the sugges­
offine stmctuIe that he reported. We have extended the spectrum below 361 
into a region not studied by Kelner, and have fou nd a new peak at 313 nm. 
rate of PR at 440 nm is dependent upon temperature during PR treatmen1 
upon the dose rate of the photoreactivating light, from which we conclude 
PR at this wavelength is duc to activity of the PR enzyme. At 313 om , I 
ever, there is only slight dependence upon temperature and dose rate, sllgge 
that PR at this wavelength does not utilize the PR enzyme. The absenc 
photoprotection and liquid-holding recovery in this organism indicates thai 
PR is not similar in mechanism to photo protection and is therefore not likl 
"indirect PR" found in E. coli. It therefore appears to be a third and previc 
unknown type of PRo 

A mutant (phO Jas isolated which has a very low efficiency of PR, 
which shows PR only a~ wavelengths 313-365 nm , with a maximum at 313 
PR in the mutant shows no temperature or dose-rate dependence, and we 
elude that the mutant lacks the PR enzyme. Several UV-sensitive mutants 
also been isolated (Takebe and Jagger, 1967), including one that was iso 
from the phl' mutant. This one also showed a small PR at short wavelen 

~ and presumably has poor dark-repair ability. These mutation studies suggest 
PR in S. griseus at 313 om (1) is not mediated by the PR enzyme, and (2) 

G. not involve dark repair. They therefore support our hypothesis that th i 
involves a third kind of mechanism. Our resu lts are not inconsistent wit! 
idea that this third mechanism could be a direct photochemical reversal 0 

31 2-nm-absorbing UV photoproduct recently described by Varghese and , 
(1 967), 

Phillips, S.L., S. Person, and J. Jagger, 1967. J. Bacteriol. 94, 165 
Jagger, J., 1967. Biophys. J. 7, Abstract WE-8 
Kelner , A., 1951. J. Gen. Physiol. 34, 835 
Takebc, 11 . and J . Jagger, 1967. Bact. Proc., p. 49 
Varghese , A.J. and S.Y. Wang, 1967. Science 156, 955 
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To determine whether recombinant DNA formed in protoplasts between 
two donor DNAs is hetero-duplex, a similar clonal analysis was undertaken using 
wild-type DNA (a homoduplex) as a control. The number of mixed clones 
formed by recombinant DNA or by wild-type DNA was negligible. This suggests 
that the genetic composition of recombinant DNA is a homoduplex, like 
wild-type DNA. It also suggests that recombination between donor DNAs in 
protoplasts may take place at the level of duplex DNA. 

t 

Previous biological experiments indicated that DNA uptake by proto­
plasts was higher than by competent rod cells (Hirokawa and Ikeda, 1966). DNA 
uptake by protoplasts is now being studied, using biochemical and biophysical 
methods. Recent results show that tritium-labelled DNA is incorporated into 
protoplasts and that the rate of DNA uptake by protoplasts is significantly 
higher than in either competent or non-competent cells. 

Competence studies. Although induction of "competence" in B. subtilis 
(Felkner and Wyss, 1965; Bott and Wilson, 1967) has been studied, and a factor 
associated with competence has been isolated, (Felkner and Wyss, 1964; Charpak 
and Dedonder, 1965; Akrigg et al., 1967) the nature of this phenomenon, which 
controls DNA uptake, is not understood. The most serious deterrent to defining 
competence in quantitative terms has been the lack of an assay which clearly 
separates it from subsequent processes (e.g., recombination) leading to a geneti­
cally transformed cell. 

An effort was made to construct mutant strains which could be used for 
specific assay of competence. The properties sought were requirement for 
thymine (thy-) and the inability to carry out molecular recombination (rec-) 
while retaining the capacity for DNA uptake. A new technique (Felkner et al., 
1967) permitted the isolation of thymineless strains. Some were derived from 
an ultraviolet-sensitive strain, because of the possible connection between the 
processes of recombination and repair of UV damage. Recombination studies 
with these mutants show that they are at three distinct sites. The inter-mutant 
recombination frequency is a hundred-fold greater than between pairs of 
mutants within the same gene, and approaches 10% (the frequency with wild­
type DNA) from which it is inferred that there are two, and possibly three, 
distinct thy- loci. Highly labelled tritiated-thymidine DNA can be isolated from 
these strains. A mutant has been isolated from one thy- strain which takes up 
DNA at least as well as its parent but does not produce recombinants. One of ~ 
the thy- mutants gives rise to rec- strains at a very high frequency and suggests 
possible phenotype interaction between these two loci. Q 

Bodmer, W.F. and A.T. Ganesan, 1964, Genetics 50, 717 
Hirokawa, H. and Y. Ikeda, 1966. J. Bact. 92,455 
Felkner, I.C. and O. Wyss, 1965. Fed. Proc. 24,468 
Bott, K.F. and G.A. Wilson, 1967. J. Bacteriol. 94, 562 
Felkner, I. C. and O. Wyss, 1964. Biochem. Biophys. Res. Comm.16, 94 
Charpak, M. and R. Dedonder, 1965. C.R. Acad. Sci. Paris, 260, 1538 
Akrigg, A., A. Atkinson, S.R. Ayad and G.R. Barker, 1967. Biochem. J.104, 28 
Felkner, I.C., H. Hirokawa, and J.R. Humphrey, 1967. Report at lith Ann. 
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J. JAGGER, H. TAKEBE 

Ultraviolet Damage and Protoreactivation in Bacteria 

Induction of division delay by near-ultraviolet radiation. The action 
spectrum for induction of division delay in E. coli B by near-ultraviolet radia­
tion, as measured with an electronic cell counter, has been found to be similar 
to the action spectra for growth delay and for photoprotection (Phillips, 
Person, and Jagger, 1967). These and related findings indicate that all three 
effects are induced by a common type of critical event, and that this event is 
a photochemical change occurring outside the genome. 

Induction ofgrowth delay by far-ultraviolet radiation. Logarithmic-phase 
cells of E. coli Blr were irradiated with rapid stirring at about 108 cells/ml by 
different wavelengths of UV from 230 to 295 nm. The doses were low enough to 
permit more than 20% survival. Growth delay after dilution was measured by 
optical density, using a Bonet-Maury Biospectrophotometer. Corrections were 
made for (l) apparent delay caused by killing and (2) absorption of the cell 
suspension. The action spectrum of growth delay thus obtained is similar to 
the absorptiol} spectrum of nucleic acid and is not similar to the absorption 
spectra of isoprenoid quinones. Therefore, although absorption of UV by 
quinones above 300 nm may well be responsible for the induction of growth 
delay, such absorption does not appear to play a significant role in the 
induction of growth delay below 300 nm. 

Photoreactivation in Streptomyces griseus. An action spectrum for photo­
reactivation (PR) in conidia of this organism has been obtained, using narrow 
bands of monochromatic light (Jagger, 1967). The spectrum confirms the peak 
originally found by Kelner (1951) at 440 nm, but does not show the suggestions 
offine structure that he reported. We have extended the spectrum below 366 nm 
into a region not studied by Kelner, and have found a new peak at 313 nm. The 
rate of PR at 440 nm is dependent upon temperature during PR treatment and 
upon the dose rate of the photoreactivating light, from which we conclude that 
PR at this wavelength is due to activity of the PR enzyme. At 313 nm, how­
ever, there is only slight dependence upon temperature and dose rate, suggesting 
that PR at this wavelength does not utilize the PR enzyme. The absence of 
photoprotection and liquid-holding recovery in this organism indicates that this 
PR is not similar in mechanism to photo protection and is therefore not like the 
"indirect PR" found in E. coli. It therefore appears to be a third and previously 
unknown type of PR. 

A mutant (phf) was isolated which has a very low efficiency of PR, and 
which shows PR only at wavelengths 313-365 nm, with a maximum at 313 nm. 
PR in the mutant shows no temperature or dose-rate dependence, and we con­
clude that the mutant lacks the PR enzyme. Several UV-sensitive mutants have 
also been isolated (Takebe and Jagger, 1967), including one that was isolated 
from the ph,. mutant. This one also showed a small PR at short wavelengths, 
and presumably has poor dark-repair ability. These mutation studies suggest that 
PR in S. griseus at 313 nm (I) is not mediated by the PR enzyme, and (2) does 
not involve dark repair. They therefore support our hypothesis that this PR 
involves a third kind of mechanism. Our results are not inconsistent with the 
idea that this third mechanism could be a direct photochemical reversal of the 
312-nm-absorbing UV photoproduct recently described by Varghese and Wang 
(I 967). 

Phillips, S.L., S. Person, and J. Jagger, 1967. J. Bacteriol. 94, 165 
Jagger, J., 1967. Biophys. 1. 7, Abstract WE-8 
Kelner, A., 1951. 1. Gen. Physiol. 34, 835 
Takebe, H. and J. Jagger, 1967. Bact. Proc., p. 49 
Varghese, AJ. and S.Y. Wang, 1967. Science 156, 955 
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Willfrid Krone 

W. KRONE,H.BRUNSCHEDE 

Biochemical Effects of Human Chromosomal Aberrations 

DP Gal-4-epimerase. Attempts to compare enzyme activi ties of normal 
diploid fibroblasts with those carrying chromosomal abe rrations necessitated 
a thorough investigation of all the factors which influence enzyme activi ties 
of cultured cells. 

Epimera~e act ivity in particula r had been shown to depend on the growth 
phase and on t he age of lhe donor of the biopsy from wh ich the cell cultures 
were derived (Krone and Bru nsci1ede, 1966a, b). Besides these, a number of 
factors were found to require control jf mea ningful comparative measurements 
are to be made. Both high pH of tlle medium and a low initial cell density 
decreased cpimerasc ac tivity, the pH bei ng more important. The antibiotics 
aureomy(; in and kanamycin, used to prevent infection of the cultures by myco­
plasma, had highly variab le effects on epimerase activity. 

Studies of the de pendencr of epimerase ac tivity on the age of the donor of 
the fib roblasts, raised the following questions: (a) Is a different epimerase 
active in young and old donors? or (b) Is there one enzyme which decreases activ­
ity wilh increasing age? n le latter interpretation seems to be correct: The 
Michaelis con Slants o f the enlymes of bOlh sources are very similar, if not 
iden tical, wit il the substrate UDP Gal as well as with the co-factor NAD. Both 
enzyme preparal ions behave idcnt ically in inhi bition exper iments with UDP-N­
acety l gl ll(; n ~~rn i nc .lIld the rates of heal inactivat ion under identical conditions 
arc ind iSl ill .'! llishablc. 

In order to develop add itional means of comparing cell s with vario us 
b ryotypcs . th e studies with ce ll s grown in galactose-containing medium were 
cont in ued (K rone and Brunschedc, 1967). With an improved medi um, contain­
ing ga lac tose ins tcud 01" glucose, it was shown tlult epimerase activity is enhanced 
as ll1 uch ~s I 05'X over its vaJuc in cells gro wn in the glucose-containing control 
mediulll . This effect is no t due to the pyruvate which has to be added to 
p,alactose-cont,un ing media. It develo ps slowly du ring the lag phase, is most 
pron ounced during exponentia l growlh and decreases sl iglll ly during the stat ion­
ary phase. R('ve rsal of the mediull1 (galactose .... gl ucose. and vice versa) brings 
about the expected chan ges in epimerase aci ivity. The stimula tion of epimerase 
activity by gu lactosc is se nsitive to cycloheximide , an inh ibi tor of protein 
synth esis (K rune and Bru nschedc, 1967). When glucose and ga lactose arc 
added to the ex tru cts of (;clls grown on ordinary Eagle's medium, there is no 
difference in epimerasc activi ty . Activation of the enzyme by ga lactose itself 
therefore see ms unl ike ly. 

Thioucctalllitic. The weak carcinogen thioacetam idc (TA) inh ib its the 
grow th of hU il1 ~1l diplOid fi broblasts ill pirro; the concentration necessary to 
decrease the growlh rate to 50% of the cOlll rol value was found to be 75 
J.LJ/ml. 

In the sta tionilry phase, the cells see m to be ruther resistant to thio­
acetamide. Trea tment of stationa ry cul tures with 250 J.Lg TA/ml for 75 and for 
240 hours did 11 0t affect the growth rale after recovery fro m TA and resuspen­
sion in fresh rnedi um at law cell density. The RNA/DNA ratio , which increases 
r~ t h er drasli cally in liver cells in I'ivo aft er feeding of TA , was not Significan tly 
cha nged in st,ll ionary cuI tures of diploid human fi brob lasts. These observations 
suggest lhal cell division may be a prerequisi te for T A to exert it s influence on 
fibrob las ls ill vitro. 

For this reason , the inOuence of TA on the karyo 
invest igated. Cells were exposed to thioacetamide dUD 
for various times and the kaIyotype studied after short-l 
medium. Although occasional abnormalities were observed 
some and a fragment, besides some tetraploid cells) no 
can yet be drawn from these studies. Therefore, a Ion! 
started , in which the TA was added to the primary cui 
that the outgro wth of the first cells took place in the 
Preliminary observations show an increase in the pe 
cells after the th ird passage, as compared to SUbCUltl 
unexposed stem culture . Cells grown permanently ur 
thioacetamide (75 J.L g/ml) show only about hali as mucJ 
the same con centration of TA as control cells. 

These studies should provide some insight into the 
an oncogenic substance causes changes in the karyotype a 
those alte ra tions to concomitant biochemical events in 

Krone, W. and H. Bru nschede , 1966a . Humangenetik 2, 19 
Kro ne, W. an d H. Bruns chede, 1966b. Abstr. , ln t. Cc 

Ch icago . 
Kro ne , W. and H. Bru nschede, 1967. Abstr., Symposi 

Chicago . 

D. LANG 

Quantitative Morphology of DNA 

Diffusion-controlled adsorption of DNA onto a 
(Lang el aI., 1967) made it possible for the fi rst time to 
coefficient of high-molecular-weight DNA (from T3- and 
an elect ron microscopic method which permits cou nt ing ( 
molecules. The DNA concentration required (5 x 10-8 g/J 
solutions behave ideall y (in the physical-chemical sense) 
length of the DNA (12 and 20 J.L m). As a conseq uence, 
ents measu red are independent of concent ration, in ( 
hydrodynamic methods. A theoretical analYSis of the ad 
showed/ that t he adsorption of DNA onto a cytochro 
irrever~b l e . Our method appears to have the potential of 
in polymer chemistry_ 

The effect of actinomycin and of intercalating SI.< 

shape of DNA has been directly shown by electron microsl 
with H_ Bujard. This investigation is not yet completed. H( 
that actinomycin condenses DNA by intramolecular cross-Ii 
calating drug increases the length of DNA. 

DNA from bacteriophage X is presently under stL 
is fo und to expose one complementary single strand at e 
form circles and dimers, behavior similar to that of the DN, 

In cooperation with E.W. Gardner and T.O. McDon 
University, microtubules and part icles resembling phage 
fied in a bacteriocinogenic st rain of Vibrio cholerae 

Lang, D_, H. Bujard, B. Wolff and D. Russell , 1967 .. 
Lang, D., T.O. McDonald and E.W. Gardner, 1968. J. 
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W.KRONE,H.BRUNSCHEDE 

Biochemical Effects of Human Chromosomal Aberrations 

UDP Gal-4-epimerase. Attcmpts to compare enzyme activities of normal 
diploid fi broblasts wit h those carrying chromosomal aberrations necessitated 
a tho rough investigation of all the factors which influence enzyme activities 
of cultured cells. 

Epimerase act ivity in particula r had been shown to depend on the growth 
phase and on the age of the donor of the biopsy from whjch the cell cultures 
were dcrived (Krone and Brunschede. 1966a. b). Besides these , a number of 
factors wcre fou nd to require control if meani ngful comparative measurements 
arc to be made. Both high pl-l of the medium and a low initial cell density 
decreased epimerase activity, the pH being more important. The antibiotics 
aureomycin and kanamycin , used to prevent infection of the cultures by myco­
plasma, had highly variable effects on epimerase act ivi ty. 

51 ud ies of the dependence of epimerase activity on the age of the donor of 
t l u~ fibro blasts, raised the foll owing questions: (a) Is a different epimerase 
act.ive in y011l1g and old donors? or (b) Is [herc one enzyme which decreases act iv­
ity with increasing age? The latter interpretation seems to be correct: The 
Michaelis cons tants of the enzymes of both sources are very similar. if not 
identical, with the wbstrate UDP Gal as well as with the co-fa ctor NAD. Both 
cI17ymc prcp:lrat ions behave ident ically in inhib it ion experiments with UDP-N­
accly l !!,ll1co~a mi n c and the ra tes of heat inac tiva tion under identical co nditions 
are ind i ~" illg IJ i~habl e. 

In order to develop addi tional mCtJns of co mparing cells with various 
karyotypcs, r!lle studies with cells grown in galcictose-conla ini ng mediu1l1 were 
cont inued (Kro ne und Brunschede. 1967). With an improved medium , contain· 
ing galactose instead 0.1' glucose, iT Was shown that epimcrasc activity is enhanced 
as Ill uch ~ s 105% over its value in cells grown illl f.he gllJcose-co ntaining contro l 
medium. This effect i.s not due to t.he pyruvate Wllich has to be added to 
gabctosc-co nta ining media. 11 develops slowly during the lag phase, i.s most 
rrollolilil ced durin g expolilcnUal growtll and decreases slightly during [he stati on­
:lry phase. ReversaJ of the med ium (g,llactosc .... glucose, and vice versa) bf]n g" 
abou t the expected changes in epimcrasc activity. The stinm hliiol1 of epimerasc 
activity by galactose is sensiti ve to cydoheximide , an inhib itor of protein 
synthesis (Krolle and Brullschede, 1967). Whe n gl ucose and galactose (Ire 
added )0 the extracts of cells grown on ordinary Eagle's medium, the re is no 
dirfcrcncc in epimerase acrivi ry_ Activa ti on of rbe enzyme by galactose itself 
therefore seems unl ikely. 

17/io{lcelamide. The weak carcinogen thioace tamide (TA) inhibits the 
growth or human diplOid fi broblasts ill vitro; the conce nt ration necessa ry to 
decrease the growth (atc to 50% of the conlrol value was found to be 75 
f.LsJm1. 

In the sta tionary phase. the cells seem to be rather resistant to thio­
acetamide. Trea tment of stationary cul tures with 250 f.L£ T A/ml for 75 and for 
240 hours did not affect the growth rate aft cr rccovery from TA and resuspen­
sio ll ill fres h medium at low cell density. The RNA/DNA ratio , wh ich increases 
mlher dras!ically in liver cells in vivo after feeding of TA , was not signific nntly 
changed in SI;ltionary cultures of diplOid human fibroblasts. The~e observations 
suggest lhat ccll div ision may be a prerequisite for T A to exert it s influence on 
fibroblasts in )·irro. 

For this reason, the influence of TA on the ka ryotype is currently being 
investigated. Cells were exposed to thioacetamide during their growth phase 
for various times and the karyotype sfudied aft er short-term growth in control 
medi um. Although occasional abnormal ities were observed (one dicent ric chromo­
some and a fragment, besides some tetraploid cells) no consistent conclusion 
can yet be drawn from these studies. Therefore, a long-term experiment was 
star ted , in which the TA was added to the primary culture (stem culture), so 
that the outgrowth of the fir st cells took place in the presence of the dr ug. 
Preliminary observations show an increase in the percent age of aneuploid 
cells after the third passage, as compared to subcultures derived trom the 
unexposed stem culture. Cells grown permanently under the influence of 
thioacetamide (75 ~ g/mI) show only about half as much growth inhibit ion by 
the same concentrat ion of TA as control cells. 

These studies should provide some insight into the mechanisms by which 
an oncogenic substance causes changes in the karyotype and into the relation a 
those alt erat ions to concomitant biochemical events in the cells so affected. 

Krone, W. and H. Brunschede, 1966a. Humangenetik 2, 192 
Krone, W. and H. Brunschede, I966b. Abstr., In t. Congo Human Genetics, 

Chicago. 
Krone, W. and H. Bru nschede, 1967. Abstr. , Symposium on Galactosemia. 

Chicago. 

D. LANG 

Quantitative Morphology of DNA 

Diffusion-controlled adsorp tion of DNA onto a protei.n surface film 
(Lang et al., 1967) made it possible for lhe first time to measure the diffusion 
coefficient of high-molecular-weigh t DNA (from T3- and X -bacteriophage), by 
an ele ctron microscopic method which permits counting of individ ual adsorbed 
molecules. The DNA concentration required (5 x 10-8 g/ml) is so low that such 
solutions behave ideally (in the physical-chemical sense) in spite of the great 
length of the DNA (I 2 and 20 ~m). As a consequence, the diffusion coeffici­
ents measu red are independent of concentration, in contrast to all other 
hydrodynamic methods. A theoretical analYSis of the adsorption kinetics also 
showed t ha t the adsorption of DNA onto a cytochromc c su rface film is 
irreversible . Our method appears to have the poten tial of being a new approach 
in polymer chemistry. 

The effect of actinomYCin and of intercalating substances on size and 
shape of DNA has been di rectly shown by electron microscopy, in coll aboration 
with H. Buja rd. This investigation is not yet completed. However, it does appear 
that actinomycin condenses DNA by intramolecular cross-links, whereas an inter­
calating drug increases the length of DNA. 

DNA from bacten'ophage X is presently under study. This linear DNA 
is fo und to expose one complementary single strand at each end and thus can 
form circles and dimers, behavior similar to that of the DNA from phage>... 

In cooperation with E.W. Gardner and T.O. McDonald of Texas Christian 
University, microtub ules and particles resembling phage tails have been identi­
fied in a bacteriocinogenic strain of Vib rio cholerae (Lang et af., 1968). 

La ng, D. , H. Duj ard, B. Wolff and D. Russell , 1967. J. Mol. BioI. 23, 163. 
Lang, D. , T.0 . McDonald and E.W. Gardner, 1968. J. Bacteriol. , (in press) 
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YVONNE T. LANNI 

The First-step-transfer DNA of Bacteriophage TS 

One of the more interesting properties of bacteriophage T5 is its so far 
uni que, mode of transfer of the viral DNA molecule into the host cell. 

Formally , the T5 DNA molecule, and genome, can be divided into two 
parts: the "first-step transfer DNA" or "FST-DNA" and the rest of the molecule. 
After adsorption of the virus to the host cell, the viral FST-DNA is ini tialiy 
transferred to the host cell ; there is a pause , followed by transfer o f the rest of 
the DNA molecu le if protein synthesis is allowed. After the FST-DNA is trans­
ferred , the rest of the DNA molecule can be removed by mechanical shearing, 
thus allowing the study of cells infected with FST-DNA only. 

The FST-DNA has been purified and found to be double-stranded and to 
represent about 8% of the total molecule (McCorquodale and Lanni , 1964; Lann] 
et al., 1964). Cells infected with FST-DNA only are killed as colony-formers , and 
are incapable, as expected, of phage production, but capable of supporting the 
growth o f a superinfecti ng phage. When cells infected with FST-DNA only are 
allowed to synthesize proteins, one observes degradation of host DNA, as in 
normal infection, but no subsequent DNA synthesis. Fur thermore, when cells 
infected with FST-DNA only are first allowed to synthesize proteins, super­
infecting phages no longer require protein synthesis to t ransfer their whole DNA 
(Lanni , 1965). These latter observations suggested that the FST-DNA might be 
responsible for at least two functions: degradation of the host DNA, and syn­
thesis of one or more pTOteins necessary for t ransfe r of the rest of the vi ral DNA 
molecule. 

Recently we have isolated amber (am) mutants and found that some of 
these were in two genes in the FST-DNA, while five other tested genes were 
allocated to the rest of the DNA molecule (Lanni et ai , 1966) . This confirms 
the speci fi city of the FST -DNA and the homogeneity of its genetic content. We 
have now mutants in at least five sites in gene 1 and two sites ill ge ne II. In the 
past few months we have confirmed that mutants in gene I, infecting a non­
permissive host , can neither degrade the host DNA, nor transfer more than 
their FST-DNA; mutants in gene II cause normal host DNA degradation, but do 
not appear to transfer beyond the FST-DNA. These results thus confirm the 
functions previously at tributed to the FST-DNA. 

Dr. DJ. McCorquodale has found that, after complete transfer of wild-type 
TS DNA, bacterial protein synthesis is cut off aft er a short time, and tluee 
classes of phage-induced proteins are synthesized (McCorquodale et al ., 1967) . 
Parti al infection by wild-type FST-DNA resu lts in synthesis o f class I proteins 
only, and this synthesis is cut off at approXimately the same time as bacterial 
prote in synthesis. Cut-off of class I protein synthesis does not occur in the 
presence of chlo ramphenicol, st rongly suggesting that cut-off requiJ:es the sy n­
thesis of a new, FST-DNA-induced , protein. 

Preliminary experimen ts (done in collaboration with Dr. DJ . McCorquo­
dale) indicate that , after infect ion of a non-pem1issive host with mutants in gene 
I, only class I proteins are synthesized, one of the phage-induced proteins is 
missing, and cut-off of class 1 and bacterial proteins does not occur normally: 
synt11esis of these pro teins continues fo r a long time, though at a progressively 
reduced rate. Infection with mutants in gene II al so resul ts in class I protein syn­
thesis only, fo llowed , however , by a clear cut-off of both phage-induced and 

bacterial protein syrthcsis. F ro m these re 
W.il h mut ants in gene I shou ld remain supe 
long t ime aft er the primary infection, if Cl 

not occur , and that superinfection should re 
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protein synthesis. 

McCorquodale, D.l. and Yvonne T. Lannj 19 
Lanni , Yvonne T., DJ. McCorquodale and 

10, 19 
Lan ni , Yvonne T., 1965. Proc. Natl. Acad . S( 
Lanni , Yvonne T., Frank Lanni and Mary 1. 1 
McCorquodale, DJ ., Arland E. Okson and 
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W. MICHALKE 

Orientation of DNA Synthesis in Bacte 
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YVONNE T. LANNI 

The First-step-transfer DNA of Bacteriophage TS 

One of the more interesting properties of bacteriophage T5 is its so far 
unique, mode of transfer of the viral DNA molecule into the host cell. 

Formally, the T5 DNA molecule, and genome, can be divided into two 
parts: the "first-step transfer DNA" or "FST-DNA" and the rest of the molecule. 
After adsorption of the virus to the host cell, the viral FST-DNA is initially 
transferred to the host cell; there is a pause, followed by transfer of the rest of 
the DNA molecule if protein synthesis is allowed. After the FST-DNA is trans­
ferred, the rest of the DNA molecule can be removed by mechanical shearing, 
thus allOWing the study of cells infected with FST-DNA only. 

The FST -DNA has been purified and found to be double-stranded and to 
represent about 8% of the total molecule (McCorquodale and Lanni, 1964; Lanni 
et al., 1964). Cells infected with FST-DNA only are killed as colony-formers, and 
are incapable, as expected, of phage production, but capable of supporting the 
growth of a superinfecting phage. When cells infected with FST-DNA only are 
allowed to synthesize proteins, one observes degradation of host DNA, as in 
normal infection, but no subsequent DNA synthesis. Furthermore, when cells 
infected with FST-DNA only are first allowed to synthesize proteins, super­
infecting phages no longer require protein synthesis to transfer their whole DNA 
(Lanni, 1965). These latter observations suggested that the FST-DNA might be 
responsible for at least two functions: degradation of the host DNA, and syn­
thesis of one or more proteins necessary for transfer of the rest of the viral DNA 
molecule. 

Recently we have isolated amber (am) mutants and found that some of 
these were in two genes in the FST-DNA, while five other tested genes were 
allocated to the rest of the DNA molecule (Lanni et al., 1966). This confirms 
the specificity of the FST-DNA and the homogeneity of its genetic content. We 
have now mutants in at least five sites in gene I and two sites in gene II. In the 
past few months we have confirmed that mutants in gene I, infecting a non­
permissive host, can neither degrade the host DNA, nor transfer more than 
their FST-DNA; mutants in gene II cause normal host DNA degradation, but do 
not appear to transfer beyond the FST-DNA. These results thus confirm the 
functions previously attributed to the FST-DNA. 

Dr. DJ. McCorquodale has found that, after complete transfer of wild-type 
T5 DNA, bacterial protein synthesis is cut off after a short time, and three 
classes of phage-induced proteins are synthesized (McCorquodale et aI., 1967). 
Partial infection by wild-type FST-DNA results in synthesis of class I proteins 
only, and this synthesis is cut off at approximately the same time as bacterial 
protein synthesis. Cut-off of class I protein synthesis does not occur in the 
presence of chloramphenicol, strongly suggesting that cut-off requires the syn­
thesis of a new, FST-DNA-induced, protein. 

Preliminary experiments (done in collaboration with Dr. D.J. McCorquo­
dale) indicate that, after infection of a non-permissive host with mutants in gene 
I, only class I proteins are synthesized, one of the phage-induced proteins is 
missing, and cut-off of class I and bacterial proteins does not occur normally: 
synthesis of these proteins continues for a long time, though at a progressively 
reduced rate. Infection with mutants in gene II also results in class I protein syn­
thesis only, followed, however, by a clear cut-off of both phage-induced and 

",AI .."' Ok"" .ow '."" '""M "" 1M," , 

bacterial protein syp-thesis. From these results we predicted that cells infected 
with mutants in gene I should remain superinfectable by mutants in gene I for a 
long time after the primary infection, if cut-off of class I protein synthesis does 
not occur, and that superinfection should result in synthesis of all three classes 0 f 
protein, as well as phage production. On the other hand, cells primarily infected 
with mutants in gene II should only remain superinfectable until cut-off of 
class I protein synthesis occurs. Preliminary experiments indicate that this is so. 
These results confirm the previous findings: if mutants in gene I and II cannot 
transfer more than their FST-DNA to the nonpermissive host, one would not 
expect synthesis of class II and III proteins. In addition, the results indicate that 
we may have mutants in a gene normally responsible for the resulation of class I 
protein synthesis. 

McCorquodale, D.J. and Yvonne T. Lanni 1964. J. Mol. BioI., 10, 10 

Lanni, Yvonne T., DJ. McCorquodale and Carol M. Wilson, 1964, J .Mol. BioI. 


10, 19 
Lanni, Yvonne T., 1965. Proc. Natl. Acad. Sci., 53, 969 
Lanni, Yvonne T., Frank Lanni and Mary J. Tevethia 1966. Science 152. 208 
McCorquodale, DJ., Arland E. Okson and John M. Buchanan 1967. In "The 

Molecular Biology of Viruses" (Academic Press Inc., New York), 31. 

W. MICHALKE 

Orientation of DNA Synthesis in Bacteriophage T 1 

The replication of TI DNA has been studied, follOWing the method of 
Pratt et ai., (1961), by measuring the reversion of amber mutants to wild-type 
follOWing different times of treatment with 5-bromodeoxyuridine (BUDR). 
Bacteria grown in BUDR were multiply infected with TI phage in the presence 
of BUDR. Samples were then diluted at different times into thymidine medium 
and further incubated until lysis. 

The frequency of revertants started to increase about 5 minutes after 
infection at 300 , 350 or 400 C. At 250 C the first increase in revertant frequency 
was observed at about 8 minutes. Probably no DNA synthesis occurs before 
these times, but a later start of DNA synthesis cannot be excluded. 

After the start of DNA synthesis, the revertant frequency increases 
linearly with time of treatment for at least 8 minutes, depending on the 
temperature. Again the slope of this increase is about the same in the tempera­
ture range from 300 to 400 C and is less at 250 C. 

The question whether two different points of a DNA molecule start to 
replicate at different times was tested by mutagenic treatment of double amber 
mutants at 400 C and measurement of the revertants at both sites. No significant 
time delay in the start of replication of two different sites was observed, indi­
cating either that more than one starting point of DNA replication exists on the 
TI chromosome or, more likely, that one replication cycle of the TI chromo­
some takes Ies'J than about 20 seconds. 

Pratt, D., G.S. Stent and P.D. Harriman, 1961. J. Mol. BioI. 3,409 
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M.H. PATRICK 

The Nature of Repairable Damage in DNA 

UV photochemistry of DNA. A third thymine-derived product in UV­
irradiated DNA has recently been reported (Varghese and Wang, 1967). While 
the structure of this product is not yet known, it has been shown to have an 
absorption maximum around 312 nm. Irradiation at this wavelength will reverse 
the product to a compo.und chromatographically identical with thymine. We 
are investigating the biological significance of this product, using radioactive 
thymine- and cytosine-labelled DNA and biological assay of irradiated trans­
forming DNA, subsequent to treatments such as enzymatic photoreactivation. 
Particular emphasis is being focused on Streptomyces griseus spores, in which a 
mutant has been found by H. Takebe that lacks the capacity for photoreactiva­
tion at the usual longer wavelengths, but can photo-reverse lethal far-UV damage 
with light around 312 nm. 

It has been reported that thymine dimers can be formed in DNA by energy 
transfer from triplet state excitations in certain types of organic solute mole­
cules, when these are exposed to wavelengths lying above the limit of DNA 
absorption (Lamola and Yamane, 1967). We have tentatively confirmed that 
aqueous solutions of DNA irradiated at 313 nm in the presence oflow concen­
trations of the chemical sensitizer, acetophenone, yield a product chromato­
graphically identical to thymine dimer. In contrast to the usual 254 nm UV 
irradiation (no sensitizer), there is apparently little or no formation of other 
thymine-derived products. In the absence of acetophenone, this product can 
be quantitatively reversed to one having the Rf of thymine, by exposure to 254 
nm light. 

Repair of damage in bacterial transforming DNA. H. injluenzae possesses 
an efficient dark-repair mechanism for UV damage to DNA (Patrick and Rupert, 
1967). In transforming DNA, the Widely differing UV sensitivities among various 
genetic markers appears to reflect the extent to which they undergo dark 
repair. Presently being investigated is the correlation of extent of repair with 
extent of formation of a particular UV photoproduct. Using the acetophenone 
sensitization system described above, initial results show that: (1) differences in 
inactivation rates between markers, as well as the extent of dark repair, is sig­
nificantly less for sensitized inactivation than for 254-nm inactivation, and (2) 
such damage is repairable by enzymatic photoreactivation. If the damage pro­
duced in the presence of acetophenone is indeed only thymine dimerization, 
such studies may provide a way to estimate more accurately the contribution 
of thymine dimer to biological inactivation and to assay the efficiency with 
which it is repaired. 

Also in progress are attempts to determine the degree of dark repair of 
various damages in DNA. We have found that interstrand covalent cross-links 
induced by nitrous acid are dark-repairable, although to a somewhat less extent 
than such damage caused by UV. 

Varghese, A.J. and S.Y. Wang, 1967. Science 156,955 

Lamola, A.A. and T. Yamane, 1967. Proc. Natl. Acad. Sci. 58,443 

Patrick, M.H. and C.S. Rupert, 1967. Photochem. PhotobioI. 6,1 
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C.S. RUPERT, R. DAY, HELGA HARM 

Inactivation and Repair of Transforming DNA 

inactivation of transforming DNA by chemical or photochemical i 
theoretical investigation of models for the transformation process wa 
taken to elucidate the shape of inactivation curves for linked-double m. 
transforming DNA (i.e., markers lying on the same DNA fragments in t 
preparation). A model correctly relating the fraction S of transformati 
viving a dose D of UV radiation or nitrous acid for single markers 
(1 +CD)2], also gives the correct relation for linked-double markers 
(1 +CD)4] , providing that random recombinations of the incoming DJI 
the bacterial genome in the region between the markers is allowed for. 

However, it was shown quite generally that other models differi 
this one could also give the inverse-square law for singles and inverst 
power for linked-doubles. Thus the ability of a model to predict theSE 
not strong evidence for its validity. Nevertheless, in all the model types I 

the number of lesions per unit length of DNA was proportional to dose, 
(JfTS .1) for single markers and ( ~-1) for loosely linked doubles w 
a relative biological measure of the amount of effective damage. 

Factors in the transformation process affecting UV sensitivity. A c· 
genetic marker Nb2 of Haemophilus injluenzae, conferring resistance 
J-Lg/ml novobiocin, has been resolved into two closely-linked mutations N 
Nb3 which can be scored separately as resistance to 5 J-Lg/ml and 1 
respectively. Using cells carrying one or the other or neither of these mll 
as recipients, the UV sensitivities of differently marked transforming 
were tested, scoring for the transformations corresponding to various I 
recombinants of these two markers. It was found that wherever thl 
resistance phenotype selected for was one requiring a recombination bet 
marker in the cell and one on the incoming DNA (thereby decreasing 
fective length of the transforming DNA strand actually utilized in th( 
formation) a diminished UV sensitivity of the DNA (dose-reduction f: 
0.2) was observed. This result, consistent with the explicit model refern 
paragraph 1, rules out certain other possible models. On the other hand 
there was a mismatch! in the Nb3 region between the reCipient cell geno 
the incorporated segfnent of the DNA, an increased UV sensitivity 
modification factor ::::: 12) occurred. This effect is not shown for misr 
with respect to Nb 1. The two sensitivity effects are displayed indeper 
making the UV survival curves fall into four clearly defined groups. 

Qualitatively the same effects are seen when using an ultraviolet-s 
mutant of H. injluenzae (colony forming D37 =2 ergs/mm2) as the n 
cell. 

Flash photolysis of photoreactivating enzyme-substrate complex 
high enough ratios of enzyme to UV lesions in irradiated transforming D 
are able to erase over 60% of the effective UV dose to the DNA with. 
millisecond high intensity flash. A second flash then adds either little 0 

more dose reduction depending on whether sufficient time is allowed 
enzyme freed by the Hrst flash to diffuse and attach to new dama~ 
(substrate), Thus, where a single flash erases 61% of the UV dose, a 
taneous second flash raises this to 68%. However, delaying the second f 
1 second raises this to 74%, by 10 seconds to 79% and by 60 seconds to 
(The maximal dose reduction after complete photoenzymatic repair is ( 
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Nature of Repairable Damage in DNA 

UV photochemistry of DNA. A third thymine-derived product in UV­
ated DNA has recently been reported (Varghese and Wang, 1967). While 
tructure of this product is not yet known, it has been shown to have an 
ption maximum around 312 nm. Irradiation at this wavelength will reverse 
)roduct to a compo.und chromatographically identical with thymine. We 
westigating the biological significance of this product, using radioactive 
ine- and cytosine-labelled DNA and biological assay of irradiated trans­
ing DNA, subsequent to treatments such as enzymatic photoreactivation. 
:ular emphasis is being focused on Streptomyces griseus spores, in which a 
nt has been found by H. Takebe that lacks the capacity for photoreactiva­
at the usual longer wavelengths, but can photo-reverse lethal far-UV damage 
light around 312 nm. 

It has been reported that thymine dimers can be formed in DNA by energy 
'er from triplet state excitations in certain types of organic solute mole-

when these are exposed to wavelengths lying above the limit of DNA 
ption (Lamola and Yamane, 1967). We have tentatively confirmed that 
us solutions of DNA irradiated at 313 nm in the presence oflow concen­
ns of the chemical sensitizer, acetophenone, yield a product chromato­
ically identical to thymine dimer. In contrast to the usual 254 nm UV 
ation (no sensitizer), there is apparently little or no formation of other 
ine-derived products. In the absence of acetophenone, this product can 
antitatively reversed to one having the Rf of thymine, by exposure to 254 

t. 

Repair of damage in bacterial transforming DNA. H. inj1uenzae possesses 
icient dark-repair mechanism for UV damage to DNA (Patrick and Rupert, 
· In transforming DNA, the widely differing UV sensitivities among various 

ic markers appears to reflect the extent to which they undergo dark 
· Presently being investigated is the correlation of extent of repair with 
t of formation of a particular UV photoproduct. Using the acetophenone 
ization system described above, initial results show that: (1) differences in 
vation rates between markers, as well as the extent of dark repair, is sig­
ntly less for sensitized inactivation than for 254-nm inactivation, and (2) 
damage is repairable by enzymatic photoreactivation. If the damage pro-

in the presence of acetophenone is indeed only thymine dimerization, 
studies may provide a way to estimate more accurately the contribution 
ymine dimer to biological inactivation and to assay the efficiency with 
it is repaired. 

Also in progress are attempts to determine the degree of dark repair of 
s damages in DNA. We have found that inter strand covalent cross-links 
ed by nitrous acid are dark-repairable, although to a somewhat less extent 
uch damage caused by UV. 

ese, AJ. and S.Y. Wang, 1967. Science 156, 955 
,la, A.A. and T. Yamane, 1967. Proc. Natl. Acad. Sci. 58, 443 
'k, M.H. and C.S. Rupert, 1967. Photochem. Photobiol. 6,1 

C.S. RUPERT, R. DAY, HELGA HARM 

Inactivation and Repair of Transforming DNA 

Inactivation of transfonning DNA by chemical or photochemical injury. A 
theoretical investigation of models for the transformation process was under­
taken to elucidate the shape of inactivation curves for linked-double markers in 
transforming DNA (I.e., markers lying on the same DNA fragments in the DNA 
preparation). A model correctly relating the fraction S of transformations sur­
viving a dose D of UV radiation or nitrous acid for single markers [S = 11 
(1+CD)2], also gives the correct relation for linked-double markers [S:::::: 11 
(I+CD)4], providing that random recombinations of the incoming DNA with 
the bacterial genome in the region between the markers is allowed for. 

However, it was shown quite generally that other models differing from 
this one could also give the inverse-square law for singles and inverse fourth 
power for linked-doubles. Thus the ability of a model to predict these laws is 
not strong evidence for its validity. Nevertheless, in all the model types covered, 
the number of lesions per unit length of DNA was proportional to dose, so that 
(,JfTS -1) for single markers and ( ~-I) for loosely linked doubles would be 
a relative biological measure of the amount of effective damage. 

Factors in the transformation process affecting UV sensitivity. A complex 
genetic marker Nb2 of Haemophilus inj1uenzae, conferring resistance to 50 
p.g/ml novobiocin, has been resolved into two closely-linked mutations Nb 1 and 
Nb3 which can be scored separately as resistance to 5 J-Lg/ml and 1 J-Lg/ml 
respectively. Using cells carrying one or the other or neither of these mutations 
as recipients, the UV sensitivities of differently marked transforming DNAs 
were tested, scoring for the transformations corresponding to various possible 
recombinants of these two markers. It was found that wherever the drug­
resistance phenotype selected for was one requiring a recombination between a 
marker in the cell and one on the incoming DNA (thereby decreasing the ef­
fective length of the transforming DNA strand actually utilized in the trans­
formation) a diminished UV sensitivity of the DNA (dose-reduction factor::::: 
0.2) was observed. This result, consistent with the explicit model referred to in 
paragraph 1, rules out certain other possible models. On the other hand, when 
there was a mismatch in the Nb3 region between the recipient cell genome and 
the incorporated segment of the DNA, an increased UV sensitivity (dose­
modification factor ::::: 12) occurred. This effect is not shown for mismatches 
with respect to Nb 1. The two sensitivity effects are displayed independently, 
making the UV survival curves fall into four clearly defined groups. 

Qualitatively the same effects are seen when using an ultraviolet-sensitive 
mutant of H. inj1uenzae (colony forming D37 = 2 ergs/mm2) as the recipient 
cell. 

Flash photolysis of photoreactivating enzyme-substrate complex. Using 
high enough ratios of enzyme to UV lesions in irradiated transforming DNA, we 
are able to erase over 60% of the effective UV dose to the DNA with a single 
millisecond high intensity flash. A second flash then adds either little or much 
more dose reduction depending on whether sufficient time is allowed for the 
enzyme freed by the first flash to diffuse and attach to new damage sites 
(substrate). Thus, where a single flash erases 61% of the UV dose, a simul­
taneous second flash raises this to 68%. However, delaying the second flash by 
1 second raises this to 74%, by 10 seconds to 79% and by 60 seconds to 80.5%. 
(The maximal dose reduction after complete photoenzymatic repair is close to 
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90%.) The time required for a released enzyme molecule to "find" a new site is 
thus relatively long. The same conclusion is indicated when delayed flashes are 
applied after the irradiated DNA and PR enzyme are rapidly mixed. These effects 
are being used to probe time relations in the repair reaction. 

Patrick, M.H. and C.S. Rupert, 1967. Photochem. Photobiol. 6, 1. 
Wang, S.Y., M.H. Patrick, A.J. Varghese, and C.S. Rupert, 1967. Proc. Natl. 

Acad. Sci. 57, 465. 
Rupert, C.S. 1968. Photochem. Photobiol. (in press) 

H. WERBIN 

Photochemical and Photobiological Studies of Reactivation 

Repair of UV radiation damage in blue-green algae. Algae have no doubt 
evolved mechanisms for simultaneously utilizing the visible rays of the sun for 
driving their photosynthetic machinery while counterbalancing the harmful UV 
radiation. One process for reversing harmful UV effects is photoreactivation and 
this phenomenon was recently found to occur in the blue-green alga, Plectonema 
boryanum (Wu et al., 1967). The alga repairs far-UV damage to itself and a UV­
irradiated phycovirus, LLP-l, which infects it. We sought a photoreactivation 
enzyme in extracts of P. boryanum in order to establish the molecular basis for 
this phenomenon in blue-green algae. Our efforts were successful (Werbin and 
Rupert, 1968). 

Evidence that supports the enzymic nature of the active factor in algal 
juice is: (1) heat and addition of trypsin inactivate the factor, (2) the factor is 
precipitable by acetone and can be adsorbed to calcium phosphate gel, and (3) 
the factor is inactive at 00 • Furthermore, the extent of photoreactivation is 
dependent on the dose of light and the concentration of protein in the algal 
extract. 

Photochemistry of naturally occurring quinones. Although near-ultraviolet 
radiation (300-400 nm) is harmful to biological organisms and certain of their 
substructures, it can reduce the lethal far-ultraviolet effects in many micro­
organisms (Jagger and Stafford, 1965). The cellular quinones, vitamin K, 
ubiquinone, and plastoquinone, have been implicated as the principal targets of 
near-UV radiation, but the precise photochemical alteration in molecular 
structure remains obscure. 

To mImiC the action of near-UV radiation on tri-substituted 1, 4-p­
benzoquinones, such as plastoquinone and demethyl vitamin Kl (found in 
plastids and in H. parainjluenzae, respectively) we chose as a modeI2-methyl-l, 
4-naphthoquinone (menadione). Sunlight irradiation of menadione in the solid 
state confirmed that the major products are two stereoisomeric cyclpbutane 
dimers (Asahi, 1965). The dimers were easily detected by thin-layer chromato­
graphy on silica gel and were separated in macro quantities by column chromato­
graphy on a silicic acid-celite mixture. The same photo-dimers were produced by 
near UV irradiation of a microfilm of menadione on a glass slide. 

In contrast, irradiation of menadione adsorbed to silica gel leads to a 
plethora of photoproducts detectable by thin-layer chromatography. Two of 
these appear to be the third and fourth cyclobutane photo-dimers. 

Wu, J.H., R.A. Lewin, and H. Werbin, 1967. Virology 31,657 
Werbin, H. and C.S. Rupert, 1968. Photochem. Photobiol. 7, 225 
Jagger, J. and Stafford, R.S., 1965. Biophys. J. 5, 75 
Asahi, Y., 1965. J. Pharm. Soc. Japan, 76, 373 
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H.L.K. WHITEHOUSE 

The Mechanism of Crossing Over 

The model. Since the model was first proposed (Whi 
it has been modified and more clearly defined by postula 
fixed primary breakage points in the DNA, and that these ~ 
of genes (Hastings and Whitehouse, 1964 ), (b) that these 
one specific end of each structural gene (Whitehouse, IS 
initial step in recombination is not breakage of a nucleoti, 
make the phosphodiester link between one replicon a 
previous DNA replication (Whitehouse, 1967a). The publisl 
tion data were found to be in agreement with the me 
Hastings, 1965), apart from some data associated with rec 
of alleles. These anomalous results are now attributed to 
normal process of crossing-over due to multisite mutation 

Application of the model has led to a picture of po 
DNA in the chromosome (Whitehouse, 1967a), and to a p 
antibody variability (Whitehouse 196 7b). 

Testing the model using ascospore color mutants. An 
study of recombination is provided by certain 8-spored a 
(meioses) can be selected in which recombination has oe 
mutants affecting the color of the ascospores. The ree 
recognized because they contain one or more wild­
fullest information, it is necessary to have marker genes. 
that for spore color. The studies with Ascobolus if. 
Rizet and associates, have lacked such markers, and thm 
ates with Sordaria ftmicola have involved only a single a! 
In collaboration with M.H.V. Cooray, OJ. Bond and A 
versity of Cambridge, an investigation is being made ( 
particular gene for spore color (locus 2A, buff) in S. 
cooperation of Dr. L.S. Olive at Columbia University a 
Michigan State University, at least 15 mutants are now 
as well as linked marker genes on each side. Future eXI 
to provide detailed information about recombination 
chromosome. The results should be most useful as a tes 
model and, more indirectly, of the chromosome model. 

I 
Whit~house, H.L.K., 1963. Nature 199, 1034 
Whitehouse, H.L.K., 1964. Proc. XI Intemat. Congr. Gen, 
Hastings, PJ. and H.LK. Whitehouse, 1964. Nature 201, 
Whitehouse, H.L.K., 1966. Nature 211, 708 
Whitehouse H.L.K. and PJ. Hastings, 1965. Genet. Res. I 

Whitehouse, H.L.K., 1967a. J.Cell Sci. 2,9 
Whitehouse, H.L.K., 1967b. Nature 215,371 
Whitehouse, H.L.K., 1967c. Nature 215, 1352 
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90%.) The time required for a released enzyme molecule to "find" a new site is 
thus relatively long. The same conclusion is indicated when delayed !lashes arc 
applied after the irradiated DNA and PR enzyme are rapidly mixed. These effects 
are being lIsed to probe t ime rel ations in the repair reaction. 

Patr ick, M.H . and C.S. Rupert , 1967. Photochem. Photobiol. 6, 1. 
Wang, S.Y. , M.H. Patrick, A.1. Varghese, and C.S. Rupert, 1967. Proc. Natl. 

Acad. Sci. 57, 465. 
Rupert , C.S. 1968 . Photochem. Photobiol. (in press) 

H. WERBIN 

Photochemical and Photobiological Studies of Reactivation 

Repair of UV radiation damage in blue-green algae. Algae have no doubt 
evolved mechanisms for simultaneously utilizing the visible rays of the sun for 
driving their photosynthetic machinery while counterbalancing the harmful tN 
radiation. One process for reversing harmful UV effects is photoreactivation and 
this phenomenon was recently found to occur in the blue-green alga, Plectonema 
boryamlln (WU et aI., 1967). The alga repairs far-UV damage to itself and a tN­
irradiated phycovirus, LLP-l , which infects it. We sought a photoreactjvation 
enzyme in extracts of P. boryanum in order to establish the molecular basis for 
this phenomenon in blue-green algae. Our efforts were successful (Werbin and 
Rupert, 1968). 

Evidence that supports the enzymic nature of the active factor in algal 
juice is: (1) heat and addition of trypsin inactivate the factor, (2) the factor is 
preCipitable by acetone and can be adsorbed to calcium phosphate gel , and (3) 
the factor is inactive at 00 . Furthennore, the extent of photoreactivation is 
dependent on the dose of light and the concentration of protein in the algal 
extract . 

Photochemistry of naturally occu"ing quinones. Although near-ultraviolet 
radiation (300- 400 nm) is harmful to biological organisms and certain of their 
substructures, it can reduce the letllal far-ultraviolet effects in many micro­
organisms (Jagger and Stafford, 1965). The cellular quinones, vitamin K, 
ubiquinone, and plastoquinone, have been implicated as the principal targets of 
near-UV radiation , but the precise photochemical alteration i.n molecular 
structure remains obscure. 

To mUTlIc the action of near-UV radiation on tri-substituted 1, 4-p­
benzoquinones, such as plastoquinone and demethyl vitamin K 1 (found in 
plastids and in Ii. parainj1uenzae, respectively) we chose as a model 2-metbyl-l , 
4-naphthoqu inone (menadione). Sunlight irradiation of menadione in the solid 
state confirmed that the major products are two stereoisomeric cycJpbuune 
dimers (Asahi, 1965). The dimers were easily detected by th in-layer dlTomato­
grapby on silica gel and were separated in macro quanti t ies by column chromato­
graphy on a silicic acid-celite mixture. The same photo-dimers were produced by 
near UV irradiation of a microfllm of menadione on a glass slide. 

In contrast , irradiat ion of menadione adsorbed to silica gel leads to a 
plethora of photoprodu cts detectable by thin-layer chromatography. Two of 
these appear to be the third and fourth cyclobutane photo-dimers. 

Wu, I .H., R.A. Lewin, and H. Werbin, 1967 . Vi rology 31,657 
Werbin, H. and C.S. Rupert , 1968. Photochem. Photobiol. 7, 225 
Jagger, J. and Stafford , R,S" 1965 . Biophys. J. 5, 75 
Asah i, Y., 1965 . J. Pharm. Soc. Japan , 76, 373 

H.L.K. WHITEHOUSE 

The Mechanism of Crossing Over 

The model. Since the model was firs t proposed (Whitehouse, 1963, 1964) . 
it has been modified and more clearly defined by postulating (a) that there are 
fixed primary breakage points in the DNA, and that these are located at the ends 
of genes (Hastings and Whitehouse, 1964), (b) that these opening points are at 
one specific end of each structural gene (Whitehouse, 1966), and (c) Ulat the 
initial step in recombination is not breakage of a nucleot ide chain bu t fa ilure to 
make the phosphodiester link between one replicon and another after the 
previous DNA replication (Whitehouse, 1967a). The published fu ngal recombina­
tion data were found to be in agreement with the model (Whitehouse and 
Iiastings, 1965), apart from some data associated with reciprocal recombination 
of alleles. These anomalous results are now attributed to a modification of the lJarold L.K. Whitehouse 
normal process of crossing-over due to multisite mutations (Whitehouse 1967c). 

Application of the model has led to a picture of possible organization of 
DNA in the chromosome (Whit.ehouse, 1967a), and to a possible explanat ion of 
antibody variability (Whitehouse 1967b). 

Testing the model using ascospore color mutants. An ideaJ situation for the 
study of recombination is prOvided by certain 8-spored ascomycete fungi. Asci 
(meioses) can be selected in wh ich recombination has occurred between allelic 
mutants affecting the color of the ascospores. The recombinant asci can be 
recognized because they contain one or more wild-type spores. For the 
fullest information, it is necessary to have marker genes linked on each side to 
that for spore color. The studies with Ascobolus immersus, init iated by 
Rizet and associates, have lacked such markers, and those by Olive and associ­
ates with Sordaria fimicola have involved only a single ascospore color mutant. 
In collaboration with M.H.V. Cooray, OJ. Bond and A.F. Ahmad at the Uni­
versity of Cambridge, an investigation is being made of recombination at a 
particular gene for spore color (locus 2A, buft) in S. brevicollis. With the 
cooperation of Dr. L.S. Olive at Columbia University and Dr. W.G . Fields at 
Michigan State University , at least 15 mutants are now available at this locus, 
as well as linked marker genes on each side. Future experiments arc expected 
to provide detailed infonnation about recombination in this region of the 
chromosome. The result s should be most useful as a test of Ule recombination 
model and, more indirectly, of the chromosome model. 

Whitehouse, H.L.K., 1963. Nature 199. 1034 
Whitehouse, H.L.K., 1964. Proc. XI Internat. Congr. Genet . 2,87 
Hastings, P.1 . and H.L.K. Whitehouse, 1964. Nature 201. 1052 
Whitehouse,H.L.K., 1966. Nature 211 , 708 
Whitehouse H.L.K. and P.1. Hastings, 1965. Genet. Res. 6, 27 
Whitehouse, H.L.K., 1967a. J .Cell Sci. 2, 9 
Whitehouse, H.L.K., 1967b. Nature 215, 371 
Whitehouse, 1I.L.K., 1967c. Nature 215. 1352 
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