
Meetings 

Histone Biology and Chemistry 

Recent advances in the biophysics 
and biochemistry of the nucleic acids 

have clearly shown that these are the 
molecules entrusted by nature with the 
task of storage and transfer of genetic 
information. Rapid developments in 

the status of the coding problem pro? 
vide us with the promise that the day 
is near when we shall have full under? 

standing of the genetic language. Atten? 
tion is gradually being focused upon the 

mechanisms which control the tran- 

scription of the genetic message, and 

which, by the exertion of such control, 

bring about organized biological activ? 

ity of the cell and orderly development 
of a single cell into a multicellular or- 

ganism. What substances in the cell 
could be expected to serve in the control 
of genetic activity; to program the tran- 

scription and expression of the genetic 

language? 
Chromosomal DNA of higher or? 

ganisms, unlike that of bacteria, is not 

essentially free within the cell, but is 

usually bound in some degree with the 

histones, the biology and function of 
which have, until recently, remained 
obscure. Because of their quantity, their 
exclusive location in the nucleus, and 
their strong interaction with DNA, his? 
tones may play a key role in organizing 
DNA into the superstructure of the 

chromosome, and thus regulate the 

properties and function of DNA. To 

try and discover this role, to discuss 
and think about histones, not only from 
the standpoint of histone chemistry, but 
also from the standpoint of their inter? 
action with DNA and their place within 
the framework of molecular biology, 
the first World Conference on Histone 

Biology and Chemistry was held 29 

April to 2 May 1963 at Rancho Santa 
Fe near San Diego, California. 

Histones as obtained from the nu? 
cleus are mixtures of many individual 

protein species. Calf thymus histone, 
for instance, contains at least two dozen 

separate entities, no one of which is, as 
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yet, of assured homogeneity. Present 
evidence indicates the probable exist- 

ence in thymus of a hundred, or a few 

hundred, chemically individual species 
of histone, a large number to be sure, 
but fewer by far than the number of 

genes in the calf genome. Plant his- 
tones are typically different from those 
of calf thymus, containing fewer com? 

ponents rich in arginine. Histones of 
different specialized cell types (includ? 

ing pathogenic cells) in the same or? 

ganism can and do differ. There is a 
need for histone preparative procedures 
more gentle than the acid extraction 

ordinarily used, and for more effective 

procedures for separation of the con- 
stituent histone species (Speakers: K. 

Murray, E. W. Johns, D. M. P. Phillips, 
J. A. V. Butler, H. Busch, K. Iwai, L. 

Hnilica, J. M. Neelin, and H. S. Cruft). 
Discussion on the structure of nucleo? 

histone and its components by x-ray 
diffraction, infrared spectroscopy, deu? 
terium exchange, and optical rotary 
dispersion indicates that histones as 

they are present in the nucleohistone 

complex possess about 50 percent of 
the maximum possible helical content. 
When dissolved in water in the absence 
of DNA, histones lose their helical con- 
formation. The denatured histones can 

partially reform the helical structure if 
caused to form a surface film, or if 
transferred to a solvent such as ethyl- 
enechlorhydrin in which they are spar- 
ingly soluble. No firm proposal for the 
structure of the nucleohistone complex 
was presented. Among the variety of 
tentative suggestions made were: (i) 
histone molecules may be wrapped 
around one or the other of the grooves 
of the DNA molecule; (ii) the structure 

may be sheet-like with DNA molecules 

running in one direction and histone 
molecules at an acute angle to them, 
an angle appropriate to cause the his? 
tone molecules to match up every other 

large groove of the DNA molecules 
(this arrangement would help to make 
understandable the coiling of DNA in 
the chromosomal structure); and (iii) 

the histone molecules may be localized 

between pairs of DNA molecules. 

Other compounds, steroids (the sex 

hormones) and polycyclic aromatic 

hydrocarbons, were shown to be 

strongly bound by denatured, but not 

by native, DNA. RNA also has much 
less affinity for these materials. The 

important contribution of hydrophobic 
and stacking interactions of the bases 
in nucleic acids and in binding of these 
substances was stressed. 

Stereoscopic electron microscopy has 

revealed an apparently uniform unit of 
the structure of interphase chromatin. 
This unit consists of a rod approxi? 
mately 160 A in diameter, which in 

turn consists of two DNA strands, each 
20 A in diameter, and wound together 
in a paranemically coiled helix. The 
histone molecules of the nucleohistone 

complex presumably occupy the space 
between and around the DNA strands 

(Speakers: G. Zubay, E. M. Bradbury, 
B. Richards, B. Hyde, N. Davidson, 
and P. O. P. Ts'o). 

It has been demonstrated, with tissue 
culture of hamster cells, that histones 
are not partitioned semi-conservatively 
at mitosis as are DNA molecules. 

During the course of DNA replication, 
the individual histone molecule can ap? 
parently depart from one DNA mole? 
cule and reappear associated with a 
different one. There appears to be a 

rearrangement of the position of his? 
tones even in cells in which there is 
no DNA multiplication. In fact, al? 

though histone synthesis ordinarily ac- 

companies DNA synthesis, the two are 
not necessarily coupled, since in the 

presence of 5-fluorodeoxyuridine which 
blocks DNA replication, histone syn? 
thesis proceeds unimpaired. From 

pulse-labeling experiments in vivo and 
incubation studies in vitro the seat of 
histones synthesis appears to be the 
nucleolus. The meehanism by which 
histone is transferred from the nucleolus 
to the chromosome is not known 

(Speakers: J. Schultz, D. Prescott, A. 

Dounce, G. Rudkin, H. Busch, G. 

Flamm, M. Birnstiel, and R. Vendrely). 
Native nucleohistones obtained from 

chromatin have limited capacity to sup? 
port DNA-dependent RNA synthesis in 

systems containing plant embryo 
chromosomal RNA polymerase, or 

purified E. coli RNA polymerase. Re? 
moval of histone from nucleohistone 
liberates DNA and thus supports RNA 

synthesis. Addition of purified histones 
to the system leads to inhibition of 
RNA synthesis, and to the formation of 
nucleohistone complexes which have 
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higher thermal stability than does free 
DNA. Similar. resultsv have been ob? 
served with the isolated thymus nuclear 

system as well as with the thymus 
chromosomal-RNA polymerase system. 
Methods are available for the prepara- 
tion of soluble (10,000g non-sediment- 

able) nucleohistones (native or re? 
constituted from purified histone and 

DNA); inhibition of RNA synthesis 
by histone in amounts stoichiometric 
to the DNA is not due to precipitation 
of DNA from solution. In the RNA 

polymerase system of Micrococcus 

lysodeikticus, however, diamines or 

protamines, at low concentration (and 
in amounts substantially less than 

stoichiometric to the DNA present) 
enhance the activity of RNA poly? 
merase; this occurs only with native 
DNA as template. The presence of the 

polycation may cause the removal of 
RNA from the complex of DNA tem? 

plate and enzyme. The RNA newly 

synthesized by native chromatin in vitro 
is informational and supports protein 
synthesis. The DNA-dependent RNA 

synthesis in chromatin may be cou? 

pled to the RNA-dependent ribo- 
somal protein synthesis. Preliminary 
information suggests that a specific pro? 
tein, seed globulin, may have been 

synthesized by such a coupling system. 
Interesting observations were reported 
on the action of histones and of the 
antibiotic actinomycin D on the activity 
and morphology of the lampbrush 
chromosomes of Triturus. Actinomycin 
D, which is highly and structurally 
specific in its action upon such chromo? 

somes, causes the loops to retract and 

simultaneously abolishes RNA synthesis. 
The action of histones mimics that of 
the antibiotic (Speakers: E. Stedman, 
A. Mirsky, J. Bonner, L. Hnllica, V. 

Allfrey, S. Weiss, R. C. Huang, and 
I. Leslie). 

The band pattern of the giant 
chromosomes of fly larvae appears to 
reflect the genetic structure of the 

chromosome; a single band comprises 
a single genetic unit. Swelling asso? 
ciated with RNA synthesis by such a 
band (the "puffing" phenomenon) is 

generally regarded as a symptom of 

gene activity. That specific; sequences 
of band puffing are evoked by applica? 
tion of the moulting hormone, ecdysone 
(a sterol), to such chromosomes 

strengthens this view. Puffing, which is 
inhibited by actinomycin D, is accom- 

panied by a loosening of the chromo? 
some structure and by the appearance 
of non-histone protein derived from 
some unknown precursor in the chromo- 

16 AUGUST 1963 

B & S SPECTROPOLARIMETER 

"POLARMATIC 62" 

,.\ 

?$&km 

PRICE: $31750.00 INCLUDES 
INSTALLATION AND 
CONTRACTUAL 12 MONTHS 
SERVICING. 

FOR STRUCTURAL 
ANALYSIS OF A WIDE 
RANGE OF BIOLOGICAL 
AND ORGANIC COM? 
POUNDS. 

MOST SUITABLE 
FOR RESEARCH ON 
STEROIDS. 

RANGE FOR 

PRECISION 

MEASUREMENTS: 

220 mu to 600 mu 

(Depending on the 
spectral energy and 
stability of Xenon lamp.) 

INSTRUMENTS FOR SCIENCE AND INDUSTRY 

EPIC INC. 

150 Nassau Street 
New York 38, N. Y. 
Tel. 212-Dlgby 9-2470 

THE HUMAN INTEGUMENT 

NORMAL AND ABNORMAL 
Editor: Stephen Rothmon 1959 

AAAS Symposium Volume No. 54 
A symposium presented on 28-29 De? 
cember 1957, at the Indianapolis 
meeting of the American Association 
for the Advancement of Science and 
cosponsored by the Committee on 
Cosmetics of the American Medical 
Association and the Society for In- 
vestigative Dermatology. The volume 
offers a fair illustration of what has 
been achieved by modern research in 
cultaneous physiology and pathophys- 
iology. 
270 pp., 59 illus., index, cloth. $6.75 
AAAS members' cash orders $5.75 

Chapters 
1) The Integument as an Organ of 

Protection 
2) Circulation and Vascular Reaction 
3) Sebaceous Gland Secretion 
4) Pathogenetic Factors in Pre-malig- 

nant Conditions and Malignan- 
cies of the Skin 

British Agents: Bailey Bros. & Swinfen, 
Ltd., Hyde House, W. Central Street, 

London, W.C.1 

AAAS 

1515 Massachusetts Ave., NW 

Washington, D.C. 20005 

Need reagents for 
medical research and 
biochemical testing? 
Why nof check with Borden's Dojoc 
Laboratories? 

Over 300 reagents are available for 
research and testing?including en- 
zyme substrates, fluorescent reagents, 
tetrazolium salts, and a wide variety 
of biological stains, amino acids, 
analytical reagents, sample and re? 
agent kits. 

New reagents are constantly being 
added as a result of Dajac's own 
independent research and the ad? 
vances of biochemical knowledge. 

Your inquiry is invited about special 
preparations made to your own 
specifications. Wifff rr::;llli||il 1 
Do you have ';:* *;s =j*l , 
Dajac's new 
catalog of II11I81P 'iSllr 
over 300 
medical 
reagents? 
Write for your 
FREE COPY today to Department S-83 

f CHEMICAL COMPANY 

653 



NOW.... 

INSTANT 

FLUORS 
I 

(PPO-POPOP CONCENTRATE) 

WWi 

WILL SAVE 

YOU HOURS 

OF MIXING 

TIME! 

New LIQUIFLUOR* is an ex- 
clusive development of Pilot 
Chemicals?a pre-mixed liquid 
concentrate of PPO and 
POPOP in specially purified 
toluene which will save you 
hours of mixing time in the 
laboratory ... and greatly re- 
duce the chance for error. 

No more time-consuming la? 
boratory weighing and stirring. 
No more waiting for ingredi- 
ents to dissolve. All you do is 
pour LIQUIFLUOR* into the 
solvent. 

Independent laboratory tests 
show counting efficiencies 
identical with old 'weigh and 
stir' method. 

ADVANTAGES: 
. Saves time ? just mix ? no waiting. 
. Less chance for error in compounding. 
. Flexible ? can be used with any liquid 

scintillator system containing toluene. 
. Contents: a 25x concentrate. 1 liter 

contains 100 grams PPO and 1.25 grams 
POPOP in specially purified toluene. 

. Available in 1 liter and 500 milliliter 
bottles. 

FOR COMPLETE INFORMATION. 
WRITE TODAY. 
(A request on your letter-head will bring 
you a free sample.) 

654 

some. This precursor is not histone 

itself, because histone, qualitatively at 

least exists in the puffing region 
throughout the duration of the puff. 
Further suggestions that steroid hor? 
mones act by intervention at the level 
of control of genetic activity are pro? 
vided by the cases of evocation by 
estrogens of RNA and protein synthesis 
in uterine tissue, by testosterone in the 

prostate gland, and by the flowering 
hormone, also presumably a sterol, in 
the bud, which is the subject of floral 
induction. In the latter case, too, a 
dramatic reduction of the ratio of his? 
tone to DNA accompanies the induc- 
tive action of the hormone, suggesting 
that steroids can in some manner bring 
about the removal of histone from 
chromatin. A principal difficulty in the 

study of the role of histones in morpho- 
genetic events is the quantitative and 

specific determination of histone. 

Cytochemistry of histones is still un- 

satisfactory. Acid fixation removes an 
unknown amount of histone from the 
test material. Fast Green, the standard 
histone stain, stains basic proteins in 
addition to histones, such as ribosomal 
structural protein. Better histochemical 

methods for histones are needed 

(Speakers: U. Clever, H. Swift, J. A. D. 

Zeevaart, E. GifTord, D. Bloch, W. 

Vincent, and M. Zalokar). 
Histones constitute a principal con- 

stituent of the chromosome, and are 

associated intimately with the chromo? 

somal DNA. In this association the 
histone renders the DNA inert in RNA- 

making. The way in which histone 
carries out its function appears to re- 

quire understanding of the structure of 
nucleohistones. If the histones con? 
stitute the repressor of genetic activity 
which participates in and is responsible 
for the programming of the transcrip- 
tion of genetic information during the 

course of development, a high degree 
of specificity would be required of the 
histone-DNA interaction. In the past, 
attention has been focused mainly on 

the ionic nature of this interaction. 
There are other possible types of inter? 
action of a weaker, but more selective, 
nature. One could, for example, think 
of the possibility of specific adapter 
molecules. Such adapters, if present, 
might enable histones to form specific 
complexes with DNA of specific in? 

formation content (Speakers: K. 

Murray, J. Vinograd, R. L. Sinsheimer, 
H. S. Swift, I. R. Lehman, and R. 

Dulbecco). 
The conference was held under the 

auspices of the division of biology, 

California Institute of Technology, with 
the joint fiscal support of the National 
Science Foundation, the Office of Naval 

Research, and a special gift from H. 
Kirke Macomber. It was attended by 
56 invited participants representing 
Canada, England, France, Germany, 
Japan, Scotland, Switzerland, and the 
United States. 

The proceedings of the conference 
will be published by Holden-Day, Inc, 
in the later part of 1963. 

James Bonner 
Paul O. P. Ts'o 

California Institute of Technology, 
Pasadena 

Molecular Structure and 

Spectroscopy 

Molecular forces, interactions, and 
structure and new spectroscopic tech? 

niques were the main topics of interest 
at the 17th annual symposium on 
molecular structure and spectroscopy 
at Ohio State University, 10-14 June. 

In a critique on nonbonded forces, 
E. B. Wilson, Jr. (Harvard), cautioned 
that most of the present attempts at 

determining such forces do not lead to 
an unambiguous interpretation. He 

presented the results of some micro- 
wave studies of the forces involved in 
barriers hindering internal rotation. 
One result is that in 1-substituted 

propylenes, CHsC^CHX, the cis-form 
has a much lower barrier than the 
trans-iorm. This presumably is a result 
of interaction between the methyl group 
and the substituent X. The cases where 

X=F, Cl, CN, and CH3 have been 
studied. 

Some very interesting work on energy 
transfer was described by G. W. 
Robinson (C.I.T.) and his co-workers 
in several papers dealing with exciton 
interactions in organic crystals. A 
direct measurement of triplet exciton 
interactions and information about the 
lowest singlet were gained from studies 
of mixed crystals of benzene and 

deuterobenzenes. By using isotopic 
species, preservation of the lattice 

symmetry and uniform mixing was as- 
sured. By varying the amount of 
deuteration in the isotopic species used, 
the depth of the exciton trap could be 

changed in a known manner. It was 
calculated that approximately 1013 

nearest-neighbor excitation transfers 
could occur during the lifetime of the 

triplet. 
W. H. Flygare (Illinois) proposed a 
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