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DELCON

AIR and GAS LEAKS are LEAKS in PROFIT
LOCATE GAS LOSSES QUICKLY

~

MODEL 42
ULTRASONIC
TRANSLATOR DETECTOR

Hewlett-Packard Delcon Ultrasonic Translator Detectors bring new simplicity to the detection of
air and gas leaks in either pressure or vacuum systems. As easy to operate as a flashlight, so even untrained
personnel can detect leaks at a distance from the equipment under inspection. The directional probe
quickly pinpoints the exact leak location more accurately than with old-fashioned bubble solutions.
Great saving in cost and man hours has already been proven in hundreds of applications throughout
the industrial world.

Positive detection in seconds — Hewlett-Packard Detectors locate leaks immediately in pressure or
vacuum systems without costly set-up time, and are more accurate than many tape-burnt or sniffing
techniques because their directional probe homes on the exact leak source. Indoors or out, even in
high-noise or explosive environments the portable, battery operated HP detector can find leaks in bulk
heads or inflange fittings.

Economy through efficiency — Bearings, flow in hydraulic lines and other friction producing apparatus
also create ultrasonic energy detectable by the contact probe. In noisy environments where bearing noise
is masked, the contact probe detects wear by converting ultrasonic energy to audible sound.

Corona discharging from high voltage electrical equipment generates ultrasonic energy. Therefore, the
Ultrasonic Translator Detector is an ideal device to locate arcing in power stations, genera. rs, bushings,
insulators and other associated equipment.

DELCON —a division of HEWLETT-PACKARD CO.

For details, please write to :

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CA:LCUTYTA M2 DRHS NEW DELHI
Head Office: 6 Tej BahaGur Sapru Road, Allahabad
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SERVES RESEARCH & INDUSTRY

HARTMANN & BRAUN AG

Electrical measuring

instruments and process | : SRR S

control equipment of I

any type B En

Now manufactured | B '

under licence in India 5 :
by :

TOSHNIWAL INDUSTRIES PVT. LTD.

AJMER

Sole selling agents

TOSHNIWAL BROTHERS PRIVATE LTD.

198 JAMSHEDJI TATA ROAD, BOMBAY |

Branches
Kacheri Road, AJMER e 85A Sarat Bose Road, CALCUTTA 25
3E 8 Jhandewalan Extension, NEW DELHI |
Round Tana, Mount Road, MADRAS 2
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BOROSIL

; COFINING®

BRAND

| BEAKERS AN FLASKS

‘, LOW & TALL FORM R.B., F.B., & CONICAL
I UPTO 2 LITRE CAPACITY UPTO 20 LITRE CAPACITY

|
|
|
‘ NOW OFFERS
|
|
i
|

FILTER FLASKS
HEAVY WALL

DISTILLATION FLASKS

STORAGE BOTTLES

NARROW MOUTH, WITHOUT STOPPERS
UPTO 20 LITRE CAPACITY.

Manufactured by :

BOROSIL

BOROSIL GLASS WORKS LTD.
CHOTANI ESTATES,

: PROCTOR ROAD, BOMBAY-7

! Phone: 71166

‘ Grams: '‘BOROSIL’

Branches

! 89 THAMBU CHETTY STREET,  19/90 CONNAUGHT CIRCUS 4 CANAL WEST ROAD,

MADRAS-1. NEW DELHI-1 CALCUTTA-15
Phone: 23775 Phone: 42176
Grams: ‘BOROSIL Grams: ‘BOROSIL’

CORNING® is Registered Trade Mark of Corning Glass Works, New York U.S. A,

SPECIAL
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Imagine a world without colour—a light-and-sh1dow world instead of
our multi-hued universe. Colour implies life, vigou., variety...

Primitive man realised the significance of colour and made it very much

a part of his life. He incorporated it in ritual. He used it for adornment or
to make hiniselfl fearsome in battle.

Modern man uses colour even more—to make life varied and joyful—
with bright colour schemes for homes, offices, automobiles—and beautiful
illustrated magazines, multi-coloured rubber and plastic articles.

All these and many others need pigments, and more so organic pigments
such as those manufactured by COLOUR-CHEM.

Textile printers use organic pigment emulsions as well as synthetic binder
materials, both of which COLOUR-CHEM were the first to manufacture

in India. With the technical knowledge of Germany’s leaders in the field —

FARBENFABRIKEN BAYER AG. and FARBWERKE HOECHST AG.—
and skill born of experience and unceasing research, COLOUR-CHEM
continue to manufacture the finest quality products.

UNQUESTIONABLY

COLOUR-CHEM

Distributed through:
* CHIKA LIMITED, Mehta Chambers, 13, Mathew Road, Bombay-4.
* HOECHST DYES & CHEMICALS LTD.,
Parekh Mahal, Veer Nariman Road, Bombay-1.
* INDOKEM PRIVATE LTD,, 221, Dadabhoy Naoroji Road, Bombay-1.

3| ( Backed by 100 years of German experience)

COLOUI{-CHéM LIMITED

Fort House, 221, Dadabhoy Naoroji Road,

Fort, Bombay-1.

Makers of Pigments & Binders
in collaboration with
FARBENFABRIKEN BAYER AG., Leverkusen, West Germany; and
FARBWERKE HOECHST AG., Frankfurt, West Germany.

IWT-CC. 2422

JSIR—JUNE 1565



ELEGTROLYTIC
GONDUGTIVITY
EQUIPMENT ]

Electrolytic Conductivity Solu Bridges, Indicators, Recorders and Controllers & Soil
Moisture, Salinity and Fertilizer Testing Equipment s Concentration Indicators and
Controllers for acids, alkalies, detergents, electroplating rinses, etc m Gas and Steam
Analyzers m Continuous Sugar Detectors m Dissolved Oxygen Analyzers

7
—
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 INSTRUMENTS INC.

Get complete details from BLUE STAR offices at:

Connaught House, Connaught Circus, New Deihi 1
Band Box House, Annie Besant Rd., Bombay 18
ly by 7 Hare Street, Calcutta 1

2 23[23 Second Line Beach, Madras 1
18 Kaiser Bungalow, Dindli Road, Jamshedpur
14/10 Civil Lines, Kanpur

CEDAR GROVE OFERATICNS

old and serviced in India exclusive
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Indispensable in Research and in Practice . . .

Photoelectric Colorimeter UK VII S
according to Dr. B. Lange

It operates on the principle of deflection and compensation

@ for individual, mass and continuous measurements

® for colorimetric, turbidity and fluorescence measurements
@ for photoelectric titrations

e for amounts of liquid from 0.1 ml to 100 ml

Direct Reading and Recording
ELEKTROPHYSIKALISCHE WERKSTATTEK |

117 Berlin-Kopenick, Griinauer Strasse I0la I
German Democratic Republic

AGENCY

MESSRS K. LAL BHAKRI
P.O. Box 487, New Delhi, India
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Matthey

GROUP

SPECTROGRAPHICALLY
STANDARDISED
SUBSTANCES

ELEMENTS

Available 'Lvu“gh

The Andhra Scientific Co Lid
4, Blackers Road. Mount Road
MADRAS-2

JOHNSON. MATTHEY & CO

JSiR - JUNE 1966

determination.

The Johnson Matthev range of spectrographically standardised

substances 15 wide and now embraces metals and compounds
representing 70 clements. All the materials are of the highest
practicable degree of purity and are subjected to stringent analysis.
The report that accompanies every batch states the amount of each

metallic impurity in parts per million and also the method of

Where the highest purity 1s not nceded, many of the elements can

be supplied as metals and compounds of a lower degree of purity.

Johnson ’I(%} Matthey

Arora-Matthey Limited
166. Netaj Subhas Chandra Bose Road.
Tollygunge. CALCUTTA-40

Associated Instrument Manufacturers (India)
Private Limited,

Sunhight Insurance Buildings.

26-27 Asaf Ali Road. NEW DELHI

LIMITED.,

HATTON GARDEN

Raj-Der-Kar & Co.
Sadhana Rayon House
Dr. D. Naoroji Road.
BOMBAY-|

The Scientific Instrument Company Ld..
6. Te) Bahadur Sapru Road,
ALLAHABAD-|

LONDON ENGLAND
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REICHERT

MICROSCOPES

and
MIGROTOMES
for
Research
and
advanced
Teaching

Sales & Service Cantres throughout the world !

Compact-Elegant-Versatile-Novel Equipment:
For Research and routine work in Science, Medicine, Technology and Industry

Specialities:

*“Polyphos* condenser for variable illumination for phase contrast,

dark and bright field,"Binolux' Mercury llluminator for contrast fluorescence-
Combination of phase Contrast and fluorescence.

Accessories for all modern techniques like micro vacuum heating,
cinephotomicrography, micro television, etc.

Sold and Serviced in India by:
Exclusive Agents and Distributors

NEO-PHARMA INSTRUMENTS CORPORATION

Kasturi Bldgs., J. Tata Road, BOMBAY-1.
Technical Service Offices: CALCUTTA-DELHI-MADRAS
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Couronary Thrombosis

A development in the treatment of coronary

thrombosis and deep venous thromboss

has been the introduction of

BINDAN

(2-Phenyl-1: 3-indanedione)

7w

Y _>

In ora anticoagulant therapy

BINDAN provides * more rapid onset of action

e e a s el 2 4 o g o

* easy management
* uniformity in action

Manufactured by

BENGAL IMMUNITY

COMPANY LIMITED
CALCUTTA 13
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‘LAB-CHEM’
ANALYTICAL BALANCES &
WEIG'4TS

for
INDUSTRIAL, RESEARCH & COLLEGE
LABORATORIES

Manufactured by
LAB-CHEM BALANCE WORI S

BOMBAY |1

Contact Sole Selling Agents:

INDIA SCIENTIFIC TRADERS

DEALERS IN LABORATORY EQUIPMENT
OF EVERY DESCRIPTION
PEERBHOY MANSION
460 SARDAR VALLABHBHAI PATEL ROAD

BOMBAY 4 (BR)

Phone: 76236 Gram: ‘Esvijack

FOR. CHEMICAL
EXPER!MENTS -

'ANDANALYSIS .
USE AN'AI-YTICRI.

'REAGENTS °
“MHNUFACTUR.ED
-v BY. . .

JAN
THE INTERNATIONAL
CHEMICAL INDUSTRIES

103-B, UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ROAD)
CALCUTTA-9
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- RAW MAIERIALS FOR
RESEARCH & INDUSTRY...5

JENAER GLASWERK

SCHOTT & GEN. . ]
et Germany optical instruments

GLASS MATERIALS and
FOR

ELECTRICAL AND allied Gﬂmpﬂﬂﬂﬂts

ELECTRONIC INDUSTRY

®
For further particulars contact:

K. S. HIRLEKAR GHARPURE & CO.

Western India House P-36 INDIA EXCHANGE PLACE EXTN.
Sir Pherozshah Mehta Road CALCUTTA |
BOMBAY |

Gram : MEENAMO e Phone:22-2061
Gram: ‘INDBUREAU', Bombay e Phone: 251931/252073

"~ ‘CORNING’ srano
CONICAL OR PHILIPS BEAKERS

Highly resistant to the chemical attack of water and almost every acid,
in the general working range of temperature. Withstand repeated

Q sterilization, wet or dry.

Now available for immediate delivery. Sizes: 250 ml. and 400 ml.

Other ‘CORNING' Brand Glassware such as Low Form Beakers, Flasks, Test Tubes, etc.,
are also available from stock. Price List on request.

DISTRIBUTORS

B. PATEL & COMPANY

27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

‘CORNING’ BRAND LABORATORY GLASSWARE is now manufactured in India in active collaboration with a
world leader in glass: CORNING GLASS WORKS, CORNING, N.Y., U.S.A.
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AVAILABLE FROM READY STOCK
‘ERMA’ Japan make ABBE REFRACTOMETER 1

for determination of refractive index of any transparent liquid, plastic or solid
body, from 1.300 to 1.700. More details on application.

Also available ex-stock

‘SPECTRONIC 20’ SPECTROMETER-CUM-COLORIMETER,
FLAME PHOTOMETER, SINGLE PAN BALANCE,
VACUUM PUMPS, ETC.

PLEASE CONTACT

RATIONAL SALES ASSOCIATES |

Registered Office

382-83 Lalji Nathu Building, Telang Cross Road No. 2
MATUNGA, BOMBAY 19 DD
Phone: 475686
Sales Office
. 65-67 Sutar Chawl, First Floor, Zavari Bazar
ABBE BOMBAY 2 BR

REFRACTOMETER Phone: 327617 & 327647

SP.RS 3

COUNCIL OF SCIENTIFIC &
INDUSTRIAL RESEARCH

(Indian Languages Unit)

From Ready Stock

pH Meters: Beckman, Photovolt,
Metrohm

Balances:BOSCh,Lab—(,hcm.,ctc, Advertise in and subscribe for the only

popular science journal in Hindi ‘VIGYAN
PRAGATI’ approved by the Hindi speak-
ing States for subscription by all Schools,

Photoelectric Colorimeter:
Dr. Lange & EEL

Tintometer: Lovibond
New Comparators: Hellige
Ovens, Incubators, Hot Plates, etc.

Laboratory Glasswares of Pyrex,
Corning, D.G.W., Sigcol, etc.
Silicaware, Porcelainware, etc.

Please contact

SCIENTIFIC SALES SYNDICATE

Palkhiwala Building, 24/1 St. Dhobi Talao Land
BOMBAY 2, BR

Tel : 29160

Gram : CENTROFIX

Libraries, etc.

Single copy 0.50 paise
Annual subscription Rs 5.00

For full particulars, please write to the Manager,
Indian Languages Unit, CSIR, P.L.D. Building,
Hillside Road, New Delhi 12

Note — M.O.s/Cheques should be sent drawn in favour
of the Secretary, Council of Scientific & Industrial
Research, Rafi Marg, New Delhi I
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Gansons ISOTOPES HANDLING EQUIPMENT

Production Plant for lodine-131 at the Atomic Energy Establishment, Trombay

@ GANSONS PRIVATE LIMITED, POST BOX NO. 5576, BOMBAY-I4.

RapIoTONE PRODUCTS

RADIOTONE products cover a wide range of
articles in Electrical & Electronic industry.

* Selenium metal rectifiers

* Rotary switches up to |l pole Il way

* Potentiometers, adjustable resistances
for different ratings

* Spectral chokes Ballasts for SV, Wotan,
Fluorescent lamps, etc. etc.

-

These as well as battery chargers, d.c. units and
transformers for various ratings are our special
products and in demand with Industry, Trade
and Government Departments.

Write giving details of your requircments.  You
will fird our quotations for these and also
transformers, rectifier units, etc., very attractive.

RADIO ELECTRIC PRIVATE LTD.

MANUFACTURERS OF RADIOTONE PRODUCTS
Lamington Chambers, Lamington Road
BOMBAY 4

RB[GS/20

GRAM : : "ASHACOM' PHONE : 22855

SUPERIOR LAMP BLOWN
PYREX CLASS APPARATUS;
ASSEMBLIES ACCESSORIES
OF ALL TYPES

0 Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

DIRECT IMPORTERS & MANUFACTURERS' REPRESENTATIVES,
503, GIRGAUM ROAD, BOMBAY 2.

Interchangeable Lzboratory
it D
Glassware “Our Speciality

WE SUPPLY COMPLICATED RESEARCH APPARATUS
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NMR.ESR
AWS ++

POLYTRONIC
ELECTROMAGNETS

Nuclear Magnetic Resonance and
Electron Spin Resonance are used
more and more throughout the world
tor basic research in Physics as well
as in chemical analysis of substances.
Both NMR and ESR expeiriments
require reliable Electromagnets capable
of producing High Fluxdensity with
continously variable air-gap facility.
Polytronic 'H' Type Electromagnets
fulfil these exacting requirements.

Polytronic 'H’ Type Electromagnets
are available from 75 mm to 150 mm
Pole sizes with Ceonstant Current
Regulators.

Pt

mass-pc125

Sor electronics, science and  technology
POLYTRONIC CORPURATION

20A, Shakti Sadan, Junction of Tardeo
Bridge & Lamington Road, Bombay-7 WB.
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PLEUGER:

PLEUGER S.A.
Wijnegem, Belgium

LABORATORY

EQUIPMENT
FOR RESEARCH & INDUSTRY

Apparatus for
Electrophoresis & Chromatography

Fraction Collectors, Chromatodesalters,
Micrometer Burettes, Brewery Apparatus
for CO2 Determination and Testing
Purity of CO2, Permeameter for Cement,
Mercury Oxifiers, Sodium

Vapour Lamps, Ultra Violet Lamps.

SOLE AGENTS

J.T. JAGTIANI

National House, 6 Tulloch Road,
Apollo Bunder, Bombay-1.

COLLECTOPHOR

=
INDEX TO ADVERTISERS
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ATG

Tempo~
FURNACES

Muffle Furnace
Maximum Temperature 1000°C
Working Temperature 930°C
available in various sizes

Crucible Furnace

Maximum Temperature 950°C

Combustion (Tube) Furnace

for Organic Hydrogen andCarbon estimation
Maximum Temperature 1000°C

For further particulars please contact manufacturers

TEMFO INDUSTREAL CORPORATION

394 Lamington Road, Bombay 4 BR
Phone: 41233 Grams: ‘TEMPOVEN' sz
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Afro-Asian Collaboration in
Science & Technology

THE Symposium on Collaboration between Afro-
Asian Countires for Promotion and Utilization
of Science and Technology (CAAUST), organized
by the Association of Scientific Workers of India and
held in New Delhi during 25 April to 2 May 1966,
marks an important step in creating the necessary
climate and machinery for generating self-confidence
and self-reliance in the Afro-Asian countries to
meet the complex challenges posed by their develop-
ment plans and programmes. Conceived at the time
of the symposium on ‘Science and the Nation’
[This Journal, 23 (1964), 359] held earlier (July
1964) in New Delhi, the broad objectives of the
CAAUST symposium were : to provide opportunities
for exchange of information, discuss common prob-
lems, work out a machinery for frequent contacts,
promote the commitment to science and technology
in developing countries, exchange information on
patterns of international assistance, and finally
prepare joint programmes for seeking international
assistance in the field of science and technology.
In the words of Dr S. Husain Zaheer, Director-
General, Scientific & Industrial Research, and
Convener of the Preparatory Committee for the
CAAUST Symposium, ‘“the holding of the sym-
posium was based on the belief that each country
and nation has its own path of development. It
seeks to break the isolation of scientists from neigh-
bouring countries from each other. It hopes to
build fresh and continuing contacts between scien-
tists of different countries and initiate a process
of collaboration in all spheres of science and techno-
logy on the basis of concrete proposals. The
symposium is organized around the belief that apart
j,r,maeésdigenous effort in each country, mutual
.aid ard assistance for development of science and
technology is possible. But perhaps more im-
portant than that, the symposium might initiate
steps towards exchange of information to enable
the preparation of an Afro-Asian plan for receiving
international assistance.” The decisions and re-
commendations that emerged from the symposium
should pave the way for a greater measure of co-
‘operation and collaboration between these countries
in the fields of science and technology.

Attended by about 270 delegates from 40 coun-
tries, besides observers from Unesco, FAO, OECD
and the World Federation of Scientific Workers,
the symposium was addressed among others by
Shrimati Indira Gandhi, Prime Minister of India,
Dr Zakir Husain, Vice-President of India, Shri M. C.
Chagla, Union Minister for Education and
Scientific. Research, Prof. V. K. R. V. Rao and
Prof. P. C. Mahalanobis. Over 200 papers were

Topics

presented at various sessions devoted to (1) National
Science Policy, Planning, Organization and Financing
of Scientific Research, Order of Priortity in Scientific
Development, Coordination of Scientific Activities
and Integration of Science with the Needs of the
Country; (2) Communication of Scientific Informa-
tion and Utilization of Results of Research;
(3) Education and Training of Scientific and Techno-
logical Personnel; (4) History of Science, Develop-
ment of Scientific Societies, Creation of Scientific
Outlook and Popularization of Science; (5) Equip-
ment and Text-books; (6) Medical; (7) Agriculture;
(8) Engineering; (9) Power and Atomic Energy;
(10) Basic Sciences; (11) Housing; and (12) System
of Aid from International Agencies and Their
Critical Evaluation, Suggestions for Better Methods,
etc. Reports from a dozen countries on the state
of science and technology, particularly research,
teaching and training facilities were presented.

While deliberations at the technical sessions were
more concerned with generalities, the eleven com-
missions which met on the penultimate day dealt
mostly with practical aspects of collaboration
between the participating countries.. There were
separate commissions on Science policy; Scientific
and technical information; Education and training;
History and popularization of science; Technical
aid from international agencies; Medicine and
health; Agriculture, irrigation and food; Natural
resources; Power and atomic energy; Energy and
industrial research; and Housing and town planning.
The commissions covered a wide ground and their
recommendations were aimed at laying the founda-
tions for joint activity. Several recommendations
dealt with organizational matters. The main re-
commendations related to the need for establishing
(i) Joint Scientific Boards on a bilateral or multi-
lateral basis for the purpose of scientific collaboration;
and (ii) an Afro-Asian Association for the Advance-
ment of Science and an Afro-Asian Centre for the
Coordination of activities. The Commission on
Medicine and Health recommended the establish-
ment of Asian and African Health Organizations
in place of the existing WHO regional offices. The
need for creating suitable machinery to ensure
effective and speedy exchange of information in
science and technology between the- various coun-
tries in the region was stressed by almost all the
commissions. Realizing the diversity of conditions
prevailing in different countries, the Commission on
Science Policy felt that no single model in respect
of science policy was applicable to all the countries
and that each country should work out a model suited
to its needs.

Formulation of plans and policies in respect of
international aid received by the participating
countries from various agencies and countries was
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one of the important items that came up for con-
sideration. It was recommended that foreign aid
received should have an intimate bearing on the
requirements of the country and should not conflict
with its socio-economic policies. While stressing
the need for coordinating all international aid, it
was pointed out that the foreign aid should be
primarily concerned with the training of techno-
logists in each country and procurement of
equipment.

Other major recommendations worthy of notice
are : (1) establishment of national science publica-
tion agencies charged with the responsibility of
producing standard, well-produced and low-cost
scientific and technical books and other literature
for different levels of education; (2) compilation of
national registers giving information on scientific
and technological institutions, facilities available for
scientific and technical education and training in
research, scientific and technical manpower available,
industrial-cum-training centres or organizations
imparting in-plant and in-service training; (3) draw-
ing up of common programmes of research on
disease patterns, screening of natural products,
infestation control, survey and exploitation of
natural resources; and (4) exchange of scientists,
postgraduate students, medical experts and teachers
so as to build up a cadre of men and women who
understand the problems of the whole region. It
was also decided to take necessary steps towards
the implementation of the decisions and recom-
mendations of the symposium. A permanent

committee, with one member from each or the
participating nations and provision to opt members'
from other countries which did not send represen-,
tatives to the CAAUST symposium was set_ = 4+
continue the work of crganizing and strengthening
Afro-Asian collaboration in science and technology
and to continuous’y indicate the areas of col-
laboration to all oficial and non-official agencies in
Afro-Asian cougfries. A  16-member Executive
Committee was dlso formed to look after th~ i~ .-
mentation of the programenes formulated.

In spite of the organizational difficulties and tie
short time at the disposal of the organizers, the
symposium achieved a good measure of success.
Such conferences should be planned more meti-
culously and a good deal in advance to acliieve
significant results. In multi-nation conferences of
this type, the active interest and encouragement of
the governments of the participating nations is
essential for the implementation of the recom-
mendations of the conferences. This calls for closer
association of representatives of the governments
concerned in future conferences. The discussions
must be based on more specific and concrete material
available to the delegates in the form of key papers
prepared sufficiently in advance about the state of
science and technology in each country, what each
country requires in terms of technical expertise and
equipment and what it can offer to others. This
would ensure objective and critical discussion of the
problems to be tackled and help in arriving at
workable solutions.

Indo-Yugoslavian Scientific Cooperation Agreement

The Council of Scientific & Industrial Research and
the Federal Council for the Coordination of Scientific
Activities of the Socialist Federal Republic of
Yugoslavia signed, in New Delhi on 1 March 1966,
a five-year agreement for scientific cooperation, and
promotion and expansion of relations pertaining to
science and scientific promotion of technology. The
salient features of the agreement are: (i) cooperation
in scientific researches by scientific research institu-
tions which are collateral according to their scientific
profile and corresponding best to their possibilities
and to the experience of scientists to the technical
outfit and other conditions necessary for solving
definite scientific problems; (ii) exchange of scientists
so as to ensure scientific researches, consultations,
exchange of experience, scientific improvement,
participation in scientific meetings, delivery of lec-
tures, assistance in organizational and scientific
matters; (iii) training of junior scientists and provid-
ing the trainees with opportunities for participating
in scientific investigations and similar activities;
(iv) mutually inviting delegates for attending national
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scientific meetings, congresses, conferences, advisory
meetings, symposia and seminars; (v) inviting re-
search scientists and university professors for holding
lectures, consultations and carrying out sugvevs for
short periods; (vi) exchange of information on the
organization of scientific research work, data about
the scientific institutions and scientists as well as
information and material of interest; (vii) mutual
assistance in publication of scientific papers, and the
results and development of scientific work of the
other countries in their countries’ scientific. perio-
dicals; (viii) mutual support for acquisition of
scientific equipment, literature, microfilms, photo
copies and other necessary materials for scientific
research and also, whenever feasible, organizing of
science exhibitions; (ix) encouraging the coopera-
tion among scientific libraries and scientific insti-
tutions in the exchange of books, periodicals and
bibliographies; and (x) encouraging direct- co-
operation among those Yugoslav and Indian institu-
tions whose activities include publishing of scientific
literature.



Symposium on Radioactivity & Metrology of Radionuclides

K. G. VOHRA
Atomic Energy Establishment, Trombay, Bombay 74

and Metrology of Radionuclides organized
- by the Atomic Energy Estailishment, Trom-
bay, was held at Trombay, Bombay, during 14-18
March 1966. The papers and invited lectures
included in the symposium covered diverse topics,
including radiation dosimetry and standards,
environmental radioactivity, life sciences and
techriques of measurement and their applications
in“prospecting for uranium and thorium. Forty-six
papers were presented in eight sessions including
three invited lectures. Twenty-two of these papers
presented were from institutions outside Bombay.
Of the 74 delegates who participated in the sym-
posium, 24 were from 16 institutions outside Bombay.
Many staff members in addition to the 50 delegates
from the Trombay Establishment also attended
the sessions of their interest.

THE. All India Symposiun: on Radioactivity

Techniques and Instrumentation

The papers on techniques and instrumentation
dealt with a variety of methods successfully adopted
in the country. These included the use of propor-
tional counters for absolute measurements, poten-
tiality of liquid scintillation counting, fast neutron
monitoring, gamma-ray spectrometry, alpha spectro-
metry and isotope scanning instruments and
techniques applied to measurements on gaseous,
liquid and solid samples. Stimulating discussions
were held on gamma-ray spectrometry techniques,
liquid scintillation counting and absolute measure-
ment methods.

Environmental Radioactivity

The session on environmental radioactivity
included papers on natural radiation environment
and environmental contamination from nuclear
weapon tests, both of which enable us to put into
a proper perspective different aspects of radiation
and _radioactive substances in their widespread
spplications. A vivid example of this was provided
“y £iof. C. A. Mawson in his opening lecture of this
session when he gave a comparison of the activities
on the Canadian NPD reactor air inlet filters and
the stack filters. Radioactive aerosols from the
normal outside air gave higher activity on the inlet
filters as compared to the activity on the stack
filters due to the discharge of effluent air from the
reactor.

Radioactivity in Life Sciences

The papers on radioactivity in life sciences gave
an idea of the progress made in the country in the
use of isotope techniques in biological and medical
sciepces using a variety of isotopes. Papers in this
session gave an account of the studies carried out

with different isotopes such as 1-131, P-32, Au-198,
Co-60, Fe-59, Po-210 and Pb-210. There were also
papers presenting interesting observations on the
mechanism of exchange of I-131 with certain enzyme
systems which are important in the biosynthesis
of thyroxine, effect of 32P injection in inducing
certain biological reactions in the bone marrow in
rats, medical applications of !%Au in malignant
diseases, studies on the changes in the fish liver as
a result of internal irradiation with ®Co, studies
on the mechanism of uptake of radioisotopes by
plants with 2%Po and *°Pb, and kinetics of

- radioisotopes in biological systems.

Prospecting Techniques

The session on techniques in prospecting included
papers on identification of uranium and thorium,
age determination, aerial prospecting and radon
measurements. The symposium revealed the com-
mendable activity in this field of development of
new techniques of prospecting in the country.

Invited Lectures

The invited lectures by Prof. P. B. Price from
General Electric, USA, and Prof. C. A. Mawson
from the AECL, Canada, provided an international
touch to the symposium. The new technique of
detection of nuclear charged particles by means of
tracks in insulating solids described by Prof. Price
is yet another milestone in the history of methods
of detection of charged particles. This technique
holds a great promise of finding useful applications
in the metrology of radionuclides and in the ana-
lysis of trace quantities of materials. The lecture
by Prof. Mawson on environmental radioactivity
illuminated the possibilities in the use of simple
inexpensive techniques in environmental monitor-
ing which should be of particular interest in this
country.

The symposium was unique in that it brought
together diverse disciplines involving the partici-
pation of physicists, chemists, biologists, members
of the medical profession, geologists and hydro-
logists.

Although the papers presented at this symposium
represented only a small cross-section of the overall
effort made in the country, they provided an indi-
cation of the transformation which has taken place
since the days when handling of radioactive mate-
rials was dreaded. This has been to a large extent
due to the widespread educational programmes and
the health physics assistance provided by the Atomic
Energy Establishment, Trombay, to different insti-
tutions in the country, as well as due to the avail-
ability of isotopes and electronic instruments from
the Trombay Establishment.
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Recent Progress in the Chemistry of Allenes

D. DEVAPRABHAKARA & I,

Department of Chemistry, Indian Institute of Technology,

bonds in 1,2-positions (I). Thus they contain

a highly reactive unsaturated system present
in a chain or a cyclic system. They are of interest
because they are not only monomers for poly-
merization but also unique chemical intermediates.
Though a great deal is known about the isomeric
acetylenes, relatively little is known about allenes.
Many of the reactions are still to be investigated.
The stereochemistry is another interesting feature
in this unusual unsaturated system. Only limited
numbers of natural products containing allenic
system are known. Onec of them is the antibiotic
mycomycin (II).

Q. LLENES are a class of dienes containing double

R R
C=0C=C
R’ R
(1)
HC C—C -C—CH=C—=CH —CH=CH—CH=CH—CH,
Zcoon
(I1)

Synthesis of Allenes

Various unambiguous methods of synthesizing
allenes have been reported in the literature prior
to 1958. There arc a number of disadvantages
and uncertainties in these methods. Further, they
do not lend themselves to the synthesis of both
acyclic and cyclic allenes.

In 1958, Doering and LaFlamme? reported a novel
two-step synthesis of allenes from olefins. The
first step involves the addition of dibromocarbenc
to an olefin and the second involves the reaction
of the resulting substituted 1,1-dibromocyclopropane
with magnesium or sodium to give the allene. Thus
the overall structural change involves the insertion
of a single carbon atom between the two of the
original double bond.

N o AN / Mgor \ /
C=C +:CBr,—» C-C ——5 C=C=C
7 N\ AN AN Na AN
<N
Br Br

1,1-Dibromocyclopropanes were prepared by these
workers conveniently in one step through the rcac-
tion in which an olefin is treated with bromoform
and potassium fert-butoxide. Thus they were able
to synthesize 2,3-pentadienc (V) and 1,2-hexadiene
(VIII) from 2-butene (I1I) and 1-pentene (VI) respec-
tively in 40-65 per cent yield.

—CH— CH—CH,

111
¢ CBr,

(1v)
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Kanpur

-=CH;—CH=C=CIH —CH,
v ¢

CH,=CH —Cli,—CH,—CH,

(V1) Chr, (V1)

—>Cl,= C=CH—CI,—CH, ~CIIy

(VILI)

Yields were found to be better with sodium than
mdgm\ium This two-step method has the advan-
tage of being adaptable to the synthuh of both
acyclic and cyclic allenes since the starting material
is an olefin which is readily available.  The only
dls(ul\nmtdg( is the formation of a small amount
of isomeric acctylene when magnesium metal is
used.

Cyclic allenes were first described by Favorskii?
and  Dominin® who claimed to have prepared
1,2-cycloheptadiene (X) by the action of sodium on
1-bromo-2-chlorocycloheptene  (IX).  Attempts by
other workers, using more general methods, to pre-
pare 1,2- cyclulupta(ln ne (X) and 1,2-cyclooctadiene
(XT) were not successful.

Br CH T—_—ﬁH
i
(CH,), (|3| (CHy)g ﬁ
Cl CH CH
X X XI

Ball and Landor®® were able to obtain only dimers
(XI) and (XV) by dropwise addition of 1-chlero-
cycloheptene (XII) and I-chlorocyclooctene (XIV)
respectively to sodamide in liquid ammonia. They
also attempted to prepare 1,2-cycloheptadiene (X)
and 12-cyclooctadiene (XI) using the proceauic
of Doering and Lallamme!. The addition or
7,7-dibromobicyclo[4.1.0]heptane (XVI) to sodium
dispersion on alumina gave bicyclo[3.2.0Thept-2-ene
(XVII) while the products from 8,8-dibromobicyclo-
[5.1.0Joctane (XVIII) were bicyclo[4.2.0Jocta-2-cne

aNHz

-

Xar
@w OO

S, = CH—CH, —CH,—ChT
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r Br Na
Br
b &'

XVII
S— Br ‘_.N_°> +\, vIX
Br
XViL Q
XX

(XIX) and 1,3-cyclooctadiene (XX). These results
suggest that seven- and eight-membered cyclic allenes
dimerize or rearrange internally when adsorbed on
alumina.

By a similar procedure, Ball and Landor®?® were
able to synthesize 12-cyclononadiene (XXII) and
1,2-cyclodecadiene  (XXIV)  from  1-chlorocyclo-
nonene (XXI} and 1-chlorocyclodecene (XXIIT) and
also by the addition of 9,9-dibromobicyclo[6.1.0]-
nonane (XXV) and 10,10-dibromobicyclo[7.1.0]-
decane (XXVI) respectively, to sodium  dispersion
on alumina (Chart 1).

)
\Niwz
Cl c
s |

XXI s G

I
E!r/"L CH
~N
g o XXII

XXV
I
| N(JNH2

(:ij\m\n S

H
|

X1 CHyly €
Br/' H
o No  XXW

XXVI

Chart 1 --Synthesis of 1,2-cyclononadiene (XXII) and
1,2-cyclodecadiene (XXIV)

Molecular models show little, if any, overlap of
one pair of p-orbitals in 1,2-cycloheptadiene (X)
and only little overlap in 1,2-cyclooctadiene (XI).
Models of 1,2-cyclononadiene (XXII) and 1,2-cyclo-
_ decadine (XXIV) can be constructed with little

difficulty.

Quite recently Moore and Ward® reported an
elgant conversion of 1,1-dibromocyclopropanes to
allenes using methyllithium or butyllithium. They
were able to synthesize 2,3-heptadiene, 1,2-undeca-
diene and 1,2-cyclodecadiene in 70-90 per cent yields.

The generality of the reaction of Moore and Ward®?
was later extended by Skattebol®® who prepared
2-methyl-2,3-pentadiene, 2,4-dimethyl-2,3-penta-
diene, 1,2,6-heptatriene, 1,1-diphenyl-1,2-propadiene,
I-phenyl-1,2-propadiene, 1,2-cyclononadiene and
1,2,6-cyclononatriene starting from a suitable olefin
in each case. Of particular interest is the synthesis
(Chart 2) of two cyclic diallenes (XXIX) and
(XXXII) from 1,5-cyclooctadiene (XXVII) and
1.8-cyclotetradecadiene (XXX) via 9,9,10,10-tetra-
tricyclo[7.1.0.0]decane (XXVIII) and 15,15,16,16-

tetrabromotricyclo[13.1.0.0Jhexadecane (XXXI)
respectively.
AR
CH CH
Br Bt il i
= — &
Br Br CH Ch
XXV XXV XXX
|—C H2)5_| r(C H2)5—| é-HGCHz)S—éH
CH CH Br_ CH CH _Br G
il Il —>>c{l =€ & ¢
CH CH g7 CH ch er  d, S
—l
L(CH2)5—I (CH2)§‘J L (CHy)5
XX XX XXX

Chart 2 — Synthesis of cyclic diallenes (XXIX) and (XXXII)

Logan® found that 1,1-dichlorocyclopropane
derivatives react with butyllithium to give only
low yields of allenes accompanied by a multiplicity
of other products.

Recently, Craig and Moyle!* have described a
new method of preparing allenes from the enol phos-
phates, Enol phosphate R'—CH=CROPO (OEt),
is rcadily converted into an allenc on treatment
with sodamide in liquid ammonia when the enol
phosphate contains a methylene group adjacent
to the central carbon-carbon double bond, and the
climination requires the presence of a double bond
in the group R’ in conjugation with the olefinic
linkage in the enol or, when R’ is equal to H in the
group R.

Although the last two reported synthesis of allenes
are the new methods of making allenes, the methods
are not promising in view of the better ones already
described.

Mechanism of Formation

Various possible mechanistic pathways (Chart 3)
have been proposed by Doering and LaFlamme!
in the conversion of 1,1-dibromocyclopropane deri-
vative (XXXIII) to an allene (I) by metals like
magnesium and sodium. Though a particular path
cannot be decided with certainty, two of the paths
shown in Chart 3 seem to be unattractive.

The first scheme depicts the opening of an inter-
mediate cyclopropyl radical (XXXIV) to the corres-
ponding allyl radical (XXXV). Although this kind
of cleavage occurs at high temperature, it does not
occur in the low temperature photochemical chlori-
nation of cyclopropane to cyclopropyl chloride!®.
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XXX11 XXXVI xxxvu
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R,C
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Rp¢ R,C

XXXVl 1

Chart 3 — Various pathways (1-4) for the conversion of
1,1-dibromocyclopropane to allene

Hence, the radical scheme does not seem to be
attractive. The second scheme, involving cleavage
of the cyclopropyl carbanion (XXXVI) to allyl
carbanion (XXXVII), also seems unlikely, in view
of the failure of cyclopropyl carbanion itself to iso-
merize'3. The third scheme involving the simul-
taneous loss of halide ion with ring opening from
carbanion seems to be a possibility. The last scheme,
where the loss of the halide ion leads to carbene
intermediate (XXXVIII) and finally to allene (I),
seems to be far more attractive.

In the reaction of 1,1-dibromocyclopropane deri-
vative (XXXIII) with methyllithium (Chart 4),
the first step in the reaction can be depicted as a
halogen-lithium interconversion with the formation of
1-lithio-1-bromocyclopropane derivative (XXXIX).
The exact mechanism of the reaction is not fully
understood. It is expected that this intermediate
would readily eliminate lithium bromide to form
allene (I). This may occur in two different mecha-
nisms: (a) concerted elimination and ring opening
to allene (I) and (b) «-elimination to the carbene

c _Br . R Li Il
Ry CH.Li 20
> e >l < e
ch Br R,C Br Il
c
XXX1I XXXIX ZI
1(b)
Cs
D
o€
XXXV

Chart 4 — Mechanism of the reaction between 1,1-dibromo-
cyclopropane (XXXIII) and methyllithium leading to the
formation of allene
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intermediate (XXXVIII). Path (a) may well be
the way by which the allehic product 1s formed.
However, the formation of a carbene intermediate
(XXXVIII) can be tested through additiorizand
insertion reactions of carbenes.

Accordingly, a number of 1,1-dibromocyclopro-
panes were treated with methyllithium in the
presence of an olefin like isobutylene, but no spiro
pentanes were detected But in 1961 Moore et al.lt
have been able fo trap the carbene intermediii
(XL) in the,Aeactlon of %7-dibromobicyclo[4.1.0]-
heptane (XVI) with methyllithium employing cycle®
hexene as a trapping agent (Chart 5). The treatment
of 7,7-dibromobicyclo[4.1.0]heptane (XVI) with
methyllithium in ether-cyclohexene at —80° gave
a mixture of products which contained a white solid
7,7'-{bicyclo(4.1.0) heptylidene} (XLI) and a liquid
7,7'-spirobi{bicyclo(4.1.0)heptane} (XLII). In the
absence of cyclohexene, only (XLI) was obtained.
This suggests that the formation of spiro pentane
may involve a carbene intermediate (XL). Further
investigation by the same workers gave evidence that
the reaction of 7,7-dibromobicyclo[4.1.0]heptane
(XVI) with methyllithium gives rise to carbene (XL).
Using diethyl ether as the solvent they were
able to isolate three insertion products (XLIII),
(XLIV) and (XLV). Of greater interest is the fact
that the carbene (XL) can undergo intramolecular
insertion to produce highly strained compounds

(XLIV) and (XLV).

OOt B @

XLV

Chart 5 — Reaction of Moore ef al.}4, providing evidence or
the carbene intermediate

Later Skattebol'® also came with an eyidence
of a carbene intermediate in the reaction ot
1,1-dibromo-2-(but-3-enyl) cyclopropane (XLVI) with
methyllithium. When this reaction was carried
out at —78° he obtained two isomeric products.
The major component was identified as the allene
1,2,6-heptatriene (XLIX) while the other has been
assigned the structure tricyclo[4.1.0.0%¢]heptane
(XLVIII) on the basis of physical and chemical
data. The formation of these isomeric products:
may be visualized through the carbene intermediate
(XLVII) as shown in Chart 6.

Br Brj —> —_ @1’ CH=C=CH- CHZ-CH CH=CH2

X XLy XxLvioe XX

Chart 6 — Reaction of Skattebol'®, providing evidence for
,the carbene intermediate
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At present it is impossible to choose between the
two reaction paths of ‘Moore et al. and Skattebol,
both of which might lead to the formation of allenes.
I indeed reasonable to assume that both mecha-
r4sms are operating. It is hoped that future work
will shed some light on the mechanism of this
reaction.

Spectral Data

Wiz and Mancuso’® have contiyded after the
infrared study of 58 allenic compounas that bands
at 1950 and 850 cm.™! are characteristic of allene
bond system with certain variations due to sub-
stitution. The antisymmetrical stretching frequency
at 1950 cm.~! appears as a doublet when the allene
—<oup is terminal and is substituted by an electron
attracting group (—COOH, —COOR, —CONH,,
—COCl, —COR, —CF3, —CN). The band at 850
cm.-l, which is due to torsional motion of an allene
terminal methylene group, is good evidence for the
presence of a terminal allene. This has an overtone
at 1700 cm.™* of low intensity.

When the double bonds are adjacent as in allenes
the ultraviolet absorption is greatly intensified in
the longer wavelengths but is still far less than that
of a conjugated system!’. For example, 1,2-penta-
diene shows Ahexane 2270 (¢, 630) and AvaPowr
1700 (e, 4000).

In NMR the allenic protons appear to absorb
at higher frequency by 0-3 ppm than those of the
analogous olefins. The region for non-terminal and
terminal allenes are 52 v and 5'6 © respectively!®.
Snyder and Roberts!® have shown recently the
existence of long-range nuclear spin-spin coupling in
some allenic systems.

Reactions of Allenes

The more important reactions of allenes studied
so far, viz. addition, reduction, isomerization and
polymerization, are discussed in the following
sections.

Addition Reactions

Fedorova?®® has studied the bromination of
2,3-nonadiene (L) and 6-methyl-2,3-heptadiene (LII)
in chloroform at —40°. The allenes give predomi-

~iiantly’ 3,4-dibromo-2-nonene (LI) and 3,4-dibromo-
v-uicthyl-2-heptene (LIII) respectively.

Br
CH, —(CH,),—CH=C=CH—CH, ———
(L)
CH,—(CH,), —~CHBr — CBr=CH —CH,
(LT)

Br,
CH,~CH(CH,) —CH,—CH=C=CH —CH;— >
(L11)

CH,—CH(CH,) —CH, —CHBr —CBr=CH —CH,

(LIII)

Jacobs and Dankner?! have carried out the addi-
tion of hydrogen chloride to allenes. The addition
of Rydrogen chloride to 1,2-butadiene (LIV) involves
attack at the terminal methylene group of the allenic
system. 1,2-Butadiene (LIV) gives a mixture of
cis- and #rans-2-chloro-2-butenes (LV) in the ratio
1:6:7. The orientation of additiow of hydrogen

chloride to the allenic bond is reversed when one
end of the system is disubstituted, attack occurring
at the middle carbon. 3-Methyl-1,2-butadiene (LVI)
gives a mixture of 3-chloro-3-methyl-1-butene (LVII)
and 1-chloro-3-methyl-2-butene (LVIII) in the ratio
1-8: 1. :

CH,=C=CH—CH, ——> CH,—CCl=CH—CH,

(LIV) (LV)
'CH,=C=C(CH,), ————> CH,=CH—CCI(CH,),
(LVT) (LVII)

+
CH,Cl—CH=C(CH,),
(LVIII)

Fedorova?? has also studied the addition of dry
hydrogen bromide to 2,3-nonadiene (L) and 6-methyl-
2,3-heptadiene (LII) at —40°. 2,3-Nonadiene (L)
gives a product consisting of 3-bromo-3-nonene
(LIX) and 2-bromo-3-nonene (LX) while 6-methyl-
2,3-heptadiene (LII) gives a product consisting of
3-bromo-6-methyl-3-heptane (LXI) and 2-bromo-
6-methyl-3-heptene (LXII).

CH,—(CH,),—~CH=C=CH—CH, ——>

L
® CH,;—(CH,), —CH=CBr—CH,—CH,
(LIX)
+
CH,—(CH,),—CH=CH—CHBr—CH,
(LX)
CH,—CH(CHj) —CH, —CH=C=CH—CH, —>
(LIT)
CH,—CH(CH,) —CH,—CH=CBr—CH, —CHj,
(LXT)
+
CH,—CH(CH,) —CH, —CH=CH—CHBr —CH,
(LXII)

Free radical addition of hydrogen bromide to allene
(LXIII) has been investigated by Griesbaum et al.22.
Allene yields 2-bromopropene (LXIV) as the major
product.

HBr
CH,=C=CH, > CH,—CBr=CH,
UV light
(LXIII) (LXIV)

It has been shown that allene (LXIII) adds to
n-propyl thiol (LXV) in the presence of a radical
initiator to form mainly #-propylallyl sulphide
(LXVI)®. Jacobs and Illingworth® have extended
this work with unsymmetrical allenes using ethyl
and phenyl thiols.
CH,=C=CH,+CH,—CH,—CH,SH——>

(LXIII) (LXV)

CH,—CH,—CH,—S—CH,—CH=CH,
(EXVI)

Fedorova et al.25 have shown that the addition
of methyldichlorosilane (LXVIII) to 1,2-hexadiene
(LXVII) in the presence of hexachloroplatinic acid
catalyst gives mainly 2-hexenyltrimethylsilane
(LXIX) after the treatment with methyl magnesium
bromide.

CH,—CH, —CH, —CH=C=CH,+CH,SiCLH ———>
(LXVII) (LXVIII)
CH, —CH,—CH,—CH=CH —CH,Si(CH,),
(LXIX)
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Moore and Bertelson®® have studied the addition
of 2,4-dinitrobenzenesulphiny! chloride (LXX) to
cyclic allenes. For example, cyclononadiene (XXII)
gives an adduct which is believed to be 3-(2,4-di-

nitrobenzencthio)-2-chloro-1-cyclononene  (LXXI)
(Chart 7).
Cl
i i
(CH“ ¢+ ©/ -——»(cn)6 lc -cl
L - SQNOZ
XX LXXI

LXX N,

Chart 7 — Addition of 2,4-dinitrobenzenesulphinyl chloride
(LXX) to cyclononadiene (XXI11)

Quite a few studies on the Dicls-Alder reaction
between allenes and activated double bonds have
been reported. Alder and Ackermann?"? gbtained
9,10-octahydro-naphthalenc-2,3,6,7 - tetracarboxylic
acid dianhydride (LXXIII) from the reaction
between propadiene (LXIII) and maleic anhydride
(LXXII) (Chart 8).

a o H, H
c > /cz\ e
2CH,=C=Ch, + v:@ \o —_ o< (C:I: l CIH \0
D
0 a  H O

LXXII LXXII

Chart 8 — Dicls-Alder reaction between an allene (LXII)
and a compound (LXXII) having activated double bond

The Diels-Alder reaction between allence (LXIII)
and a conjugated diene has been studied by
Pledger®. Hexachloropentadiene (LXXIV) reacts
with propadienc (LXIII) yielding only 1,2,3,4,7,7-
hexachloro-5-methylene[2.2.1]hept-2-ene (LXXV)
(Chart 9).

Q
CHzE C=CH, +

Cl
L ¢a

LXXIV

L c L

LXXY

Chart 9 — Diels-Alder reaction between an allene (LXIII)
and a conjugated diene (LXXIV)

The cycloaddition of allenes® to appropriately
substituted olefins affords a general route to —CN,
—COOR, —COOH, —CHO and —Ar substituted
3-alkylidenecyclobutanes. For example, propadiene
(LXIII) reacts with a large excess of acrylonitrile
(LXXVI) under proper conditions of temperature
and pressure to yicld 3-methylenecyclobutane
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H,C
v \c———cnz
CH,=C= CHyFCH,=CH=CN ———> b e
XLvin LXXVL SHp L
LXXVII

Chart 10 — General route for the synthesis of substity‘s?
s 1II\\Il(lnnu\duhumm

carbonitrile in - 60 cent  yield
(Clmrt 10).

Ball and Landor®! have found that dibromocarbene
adds to allenes (LXXVIII) to give m(tlulvn((:\cl"
propane derivatives (LXXIX) in 40- 60 per cent
yield, addition always being at the more substituted
double bond.  Thus the addition of dibromocarbenc
to allenes opens a new route to the synthesis
of methylenccyclopropane systems which are not
readily accessible by other methods. A later report
of Blomquist and Connoly®* is quite interesting.
The report deseribes the synthesis of methylene-
cyclopropane (LXXX) by the photochemical reaction
of propadiene (LXIII) with diazomethane. No
spiro pentane or insertion product was obtained in

this reaction.

(LXXVII) per

R’ R R’ CHR
G v
==l . - ST
/ 5 W
R i i
(LXXVI) (LXXIX)
R=ClL,; R'—Cl,; R*=C,H,
cr,
CHL = OO ACHN,, = = = (= } N,
(LXILI) NCl,
(LXXX)

Hydroboration of allenes has been  studieds32.
Monohydroboration (MHB) of 1,2-cyclononadiene
(XXII) followed by oxidation of the intermedidte
organoborane (LXXXI) gives mainly cyclononanone
(LXXXII) (Chart 11).

1,2-Cyclodecadiene and  1,2.6-cyclononatricne
behave similarly.  This suggests that the attack ot
diborane on the allene linkage occurs primarily at
the central carbon atom to form tris-1-cyclononenyl
borane (LXXXI).

H,0,
(CHZ)S C — (CH 2)6 —BRz—bN OH( H)e (|:=0
CH CHz CHy
XXII LXXXI Lxxxu
Chart 11~ Monohydroboration of 1,2-cvelononadiene (XXI1)

It has been shown that dihydroboration of pro-
padiene (LXIII) and subsequent oxidation yields
predominantly 1,3-propancdiol (LXXXIII). Similar
results have been  obtained with  1,2-heptadiene
and phenylallene.
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= (1) DHB
CH,=C=CH, -- e

>CH,—~CH,—CH,
(2) Hooy NaOH | |
| |

(LXI11) OH OH
(LXXXIII)

The=carbonylation of propadiene (LXIII) in water
in the presence of ruthenium carbonyl catalyst under
suitable conditions of temperature and pressure
has  been  reported  to  yield methacrylic  acid
(LXXXIV)3 . iy
: H.0
CH,=C=CH,+CO — —> CH,=C(CH,)—COOH

(LXILI) (LXXXIV)

It has been shown that 2,3-heptadiene (LXXXYV)
~a(l 6-methyl-2,3-heptadiene (LII) undergo hydration
on shaking with 80 per cent sulphuric acid for
20 min. to yield ethyl #-butylketone (LXXXVI) and
ethyl isoamylketone (LXXXVII) respectively®s.

—(CH,), —CH=C=CH —CH, ~ - >
(LXXXYV) 0

[i
CH, —CH,—CH,—CH, —C—CH,—CH,
(LXXXVI)
CH,—CH(CH,) —CH,—CH=C=CH—CHj - ---—
(LI1) 0

|
CH, —CH(CH,) — (CH,),—C —CH, —CHj,
(LXXXVII)
Reduction

Devaprabhakara and Gardner® have shown that
sodium-ammonia reduction (Chart 12) of allenes
gives olefins in good yield. 1,2-Cyclononadiene
(XXII) and 1,2-cyclodecadiene (XXIV) give cis-
cvclononene  (LXXXVIII) and  es-cyclodecene
(LXXXIX) respectively. Hence the reaction can
be utilized in the stereospecific synthesis of these
interesting olefins. The reduction of 1,2-cyclotri-
decadiene (XC), on the other hand, gives 48 per cent
cis-cyclotridecene (XCI) and 52 per cent trans-cyclo-
tridecene (XCII). The synthetic utility of this
method is illustrated in the reduction of 1,2,6-cyclo-
nonatrienc (XCIII) which gives only cis.cis-1,5-
cyclononadiene (XCIV). These results do not allow
confident prediction of the mechanistic course of
the icaction.

CH

Ti [ i
(CHdg G —> CHy), C—
[ —L]
XXH LXXXVII XX1Y LXXXIX

Tga

XC XCl Xcu XCUI aely

o
(CH,). C—»(CH,) n + CH ) “
210 pall 711
s

Chart 12 — Reduction of allenes to olefins

Moore3$ has studied the partial hydrogenation
of 1,2-cyclononadiene (XXII) and 1,2-cyclodeca-
diene (XXIV) under one atmosphere of hydrogen
in the methanol at about 25° over palladium.
1,2-Cyclononadiene (X X1I) gives exclusively cis-cyclo-

nonene (LXXXVIII) and 1,2-cyclodecadiene (XXIV)
gives predominantly cis-cyclodecene (LXXXIX).
The mechanism of the formation of these thermo-
dynamically stable isomers is discussed.

Isomerization

Although allenes to acetylenes and dienes inter-
conversions have been known for many years, most
of these observations have not been of much value
in establishing relative thermodynamic_stabilities®®.
The enthalpies data® of acyclic isomeric acetylenes
indicate that a terminal allene is of slightly lower
energy than an isomeric terminal acetylene, but
that an internal acetylene should be significantly
lower in energy than an isomeric internal allene.
All allenes and acetylenes possess much higher
energics than the conjugated dienes. If the acetylenic
and allenic linkages are incorporated into cyclic
systems, provided that the rings are sufficiently
large, it seems that the stability order should be
same as alrcady described. However, when the
ring size is reduced sufficiently to cause classical
strain, the order may be changed. The following
results indicate the relative stabilities of some of
these compounds. The naturally occurring allene,
mycomyecin (II), is known to undergo isomerization
to isomycomycin (XCV) in the presence of a base®.

CH C-C .C—CH=C=CH-CH=CH-CH=CH-CH,

(1) —COOH
OH-
—_—
CH,—C C—C C—C- C—~CH=CH—CH=CH—CH,
—COOH
(Xcv)

Dicthylallene (XCVI) has been shown to undergo
isomerization®? to 3-ethyl-1,3-pentadiene (XCVII)
by heating it with potassium ferf-butoxide in feri-
butyl alcohol.

CHy
/c:c:cr{2 ———CH,~CH=C—CH=CH,
C.H, du,
(Xcvin

Moore and Ward® have been able to establish
the allene-acetylene equilibria for Cq-, Cyg- and Cyy-
cyclic systems in feré-butyl alcohol employing potas-
sium fert-butoxide as a catalyst. The following
data (Table 1) show that the ring-strain is more
pronounced in cyclic acetylenes than in cyclic allenes.

It has also been shown that prolonged heating
of 1,2-cyclodecadiene (XXIV) gives mainly cis,
cis-1,3-cyclodecadiene (XCVIII) and a 1,4-cyclo-

(XCvI)

TABLE 1 — ALLENE-ACETYLENE RATIOS AT EQUILIBRIUM AT

100-3°

Starting material Ratio
1,2-Cyclononadiene 13-23
Cyclononyne 13:10
1,2-Cyclodecadiene 1-82
Cyclodecyne 1-82
1,2-Cycloundecadienc 0-34
Cycloundecyne 0-34
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(CH2)7 C@ @

XXIY Xcvnr

XCIX

decadiene (XCIX) which probably has cis,trans-
configuration?®.

Devaprabhakara e al* have found that
1,2-cyclononadiene (X X11)undergoes facile isomeriza-
tion (Chart 13) via 13-cyclononadienc (C) and
1,4-cyclononadiene (CI) to cis,cis-1,5-cyclononadiene
(XCIV) by potassium fert-butoxide base in dimethyl-
sulphoxide solvent at 70° for 144 hr. It thus would
appear that cis,cis-1,5-cyclononadiene (XCIV) is,
by a substantial margin, the most stable of the iso-
meric cyclononadicnes.

Tealiedi o

XX XClv

Chart 13 — Isomerization of 1,2-cyclononadicne (XXII)

Polymerization

A number of polymers have been prepared by
the thermal polymerization of allenes. Blomquist
and Verdol* have been able to obtain allene dimer,
12dimethylenc cyclobutane (CII) in 50 per cent
yield by passing propadiene (LXIII) over glass beads

heated to 500-10°.
//CHZ
D
\\CH

Clt

2 CH2=C=CH2

LXII

Benson and Lindscy*® have shown that cyclopoly-
merization (Chart 14) of propadiene (LXIII) at
110° under 112 atm. with a phosphorus modified
catalyst gives two trimers, identified as 1,24-tri-
methylenecyclohexane (CIII) and 1,3,5-trimethy-
lenecyclohexane (CIV) and a remarkable stable
tetramer identified as 1,3,5,7-tctramecthylenccylo-
octane (CV).

CH2

CH7 [ ] O
z
u 2C Gy HpC

CI]I

CH-C-—CH —_—

LXIIT

Chart 14 — Cyclopolymerization of propadiene (LXIII)

Recently, Slobodin and Khitrov4” have obtained
mainly solid polymer plus 3 per cent dimer by heating
propadiene (LXIII) under nitrogen for 80 hr at
110-15°. The dimer has been proven to be a
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CH, //CHZ

Sald
Poiymer

2 CH=C=CHy— %

Ny
LXIIr SCH, HC
cu ot

mixture of 1,2-dimethylenecyclobutane (CII) and 1,3-
dimethylenecyclobutane (CVI) in the ratio 7-2: 1.

Stereochemis*ry

The atonne orbital model of an allene (LXIII is
shown in Chart 15. In this formulation, the central
carbon atom is taken to form two collincar <p-g
bonds to the terminal sp* hybridized carbon atoms.
The two remaining electrons of the central carbon
atom occupy p-orbitals dirccted at right angles &7
cach other. The w=-bonds are formed by overlap
of the p-orbitals of the central carbon atom and
the p-orbitals of the terminal carbons. In allene
(CVIL) the p-orbitals of the double bond lie in planes
perpendicular to cach other and the groups « and 4
lic in a plane perpendicular to that occupied by
groups x and v; hence the molecule is asymmetric
and should be capable of existing in non-superimpo:-
able mirror image forms. Even an allene of the
type (CVIILI) xh(mh] be resolvable into a pair of
cnantiomers.

R vl cviit
L

Chart 15 - Stercochemical configuration of allenes

Verification of the predicted stercochemistry of
allenes came true when Maitland and Mills#® effected
asymmetric  dehydration of alcohol  (CIN) with
(+)-camphorsulphonic acid and obtained an optically
active form of hydrocarbon (CX), while dehydration
with (—)-camphorsulphonic acid gave the other
enantiomer.  Later Kohler eof al® synthesized, an
allenic acid (CXI) and resolved it by fractional
crystallization of the brucine salt.

e LGl G -
CatliC e CalaiC =
s N / X
xCyyH, Ol CoHprx  a-Cyily CyoHi2
CIX)
Cally , CO—Cl1,—COOH
C=C=C
e NGiH;
(€X1y

Landor and Smith® have been able to synthesize
an optically active allenic chloride (--)-3-fert-butvl-
1-chloro-3-methylallene (CXII) by a stereospecific

method.  The absolute configuration of the allene
(CXII) has also been established by Eliel®.
a , C(CHy),
L=C=C
n’ NCH,
(CX11)
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e
Summary )

The advances made i the chemistry of allenes
during the last 10 years (1954-64) have been criti-
cally reviewed with speeial reference to the various
available  methods  of synthesis, mechanism  of
formation, spectral data and reactions of allenes
including addition, reduction, isomerization and
polymerization.  Stercochemical configuration and
the isolation of a few optically active allenes are
discussed.  Scope for further research in allene
chemistry specially in the mechanism of formation
I~ indicated.

References

i. Doering, W. Vox E. & LaFramwe, 1I*. N, Tetrahedron, 2
(1958), 75.

. Pavorskir, AL K., [ gen. Chem., Moscow, 6 (1936), 720.

. bosmisix, N. A, J. gen. Chem., Moscow, 8 (1938), 851.

o Bawe, WL J. & Laxoor, S. R., Proc. chem. Soc., (1961),
143.

5. Bace, W. J. & Laxbor, S. R., [. chem. Soc., (1962), 2298.

6. Moore, W. R. & Wakp, H. k., J. org. Chem., 25 (1960),

4 L0

2073.
7. Moore, W. R. & Warn, 1. R., J. org. Chem., 27 (1962),
+179.
8. 8 snor, L. R., Tetrahedron Letl., (No. 5) (1961), 167.
9, L, L R, deta chem. scand., 17 (1963), 1683.
10. , Tetrahedrvon Lett., (No. §) (1961), 173.
) 1§18 & Movue, M., /. chem. Soc., (1963), 3712.

12. Rogrerrs, J. Do & DirsTiNg, P H., [. dwmer. chem. Soc.,
67 (1945), 1281.

13. Stasev, V. A, J. Adwmer. chem. Soc., T4 (1952), 4928.

14. Moore, W. R., Warnp, H. R. & Merrit, R. ., [, Amer.
chem. Soc., 83 (1961), 2019.

15. SkattEroL, L. R., Chem. & Ind. (Rev.), (1962), 2146.

16. Woriz, J. H. & Maxcuso, D. E., [. org. Chem., 22 (1957),
207.

17. Burg, G. O. & MiLLER, . S., Chem. Rev., 29 (1941), 419.

18. CHAMBERLAIN, N. nal. chem., 31 (1959), 56.

19. SxYDER, E. I. & Roserts, J. D., J. dwmer. chemn. Soc., 84
(1962), 1582.

20. Feporova, A., J. gen. Chem., Moscow, 33 (1963), 3575.

21. Jacoss, T. L. & DaNkxer, D., [. org. Chem., 22 (1957),
1424.

22. Grieseauy, K, Oswarp, A. A. & Harr, D. N, /.
Chem., 29 (1964), 2404.

23. Van pER rLokG, H. J., Knorxerus, J. & Bicker, A. I,
Rec. Trav. chim. Pays-Bas, 81 (1962), 775.

org.

24.
25.
26.
27.
28.

29:
30.

31.

—

32.
33.

34.
35

36.
37.

38.
39.

40.

41.

42.

43.
44.

45.
46.
47.
48.
49.

31,

Jacoss, T. L. & lLLixawortH, G. E., J. org. Chem., 28
(1963), 2692.

I'Eporova, A. V., Srtapnicuuk, M. D. & Potrov,
A. A, C.R. Acad. Sci., U.R.S.S., 145 (1962), 837.

Moorg, W. R. & BertELson, R. C., J. org. Chem., 27
(1962), 4182.

ALDER, K. & ACKERMANN, O., Ber. dtsch. chem. Ges., 8T
(1954), 1567.

ALDER, K. & ACKERMANN, O., Ber. disch. chem. Ges., 90
(1957), 1697.

PLEDGER, H., J. org. Chem., 25 (1960), 278.

Crieps, H. N., WiLLiams, J. K. & Suarkev, W. H,,
J. Amer. chem. Soc., 80 (1958), 751.

Bacr, W. J. & Laxpor, S. R., Proc. chem. Soc., (1961),
143.

Broyguist, A. T. & Connory, D. J., Chem. & Ind. (Rev.),
(1962), 310.

DEvVAPRABHAKARA, D. & GARDNER, I. D., J. Amer. chem.
Soc., 85 (1963), 1458.

Corsano, S., Chem. Abstr., 60 (1964), 3993.

KeaLy, T. J. & Bexson, R. E., J. org. Chem., 26 (1961),
3126.

FEnorova, A. V. & PETROV, A. A., J. gen. Chem., Moscow,
32 (1962), 1755.

DEvAPRABHAKARA, D. & GARDNER, P. D, J. Amer. chem.
Soc., 85 (1963), 648.

Moorg, W. R., [. Amer. chem. Soc., 84 (1962), 3788.

Jacoss, T. L., in Organic veactions, Vol. 5, edited by
R. Adams (John Wiley & Sons, New York), 1949, 1.

Rossing, . D., Wacman, D. D., Evans, W. H., LEVINE,
S. & JAFFF, 1., Selected wvalues of physical and thermo-
dynamic properties of hydvocarbons and velated compounds
(Carnegic Press, Pittsburgh), 1953.

Joxes, E. R. H., Leeming, . R., Tuomson, J. M. &
BuLock, J. D., J. chem. Soc., (1956), 3767.

Smanja, W., C.R. Acad. Sci., Paris, 257 (1963), 3950.

Moorg, W. R. & Warp, H. R., J. Amer. chem. Soc., 85
(1963), 86.

DevarraBHAKARA, D., CarpEnas, C. G. & GARDNER,
P. D., J. Amer. chem. Soc., 85 (1963), 1553.

Bromouist, A. T. & VErDOL, J. A., J. Amer. chem. Soc.,
78 (1956), 109.

Bexsoxy, R. E. & Linpsey, R. V., J. Amer. chem. Soc., 81
(1959), 4247.

Scosoniy, Ya. M. & Kuitrov, A. P, J. gen. Chem.,
Moscow, 33 (1963), 2822.

MarrLaxp, P. & MicLs, W. H., Nature, Lond., 135 (1935),
994.

KoHLER, E. P.,, WALKER, J. T. & TISHLER, M., J. Amer.
chem. Soc., 57 (1935), 1743.

. Laxpor, S. R. & Smrth, R. T., Proc. chem. Soc., (1939),

154.
EvieL, E. E., Tetrahedron Lett., (No. 8) (1960), 16.

241



Aspects of Primary Structure of Proteins

L. K. RAMACHANDRAN

Department of Chemistry, Osmania University, Hyderabad 7

&

K. S. V. SAMPATHKUMAR

Biochemistry & Food Technology Division, Atomic Energy Establishment, Trombay, Tombay 8

HE valuable and exhaustive reviews in the
T continually expanding serics of Advances in

protein  chemistryt and  Annual reviews of
biochemistry? deal with detailed up-to-date informa-
tion on the subject of protein structure. Enormous
strides in the understanding of the primary structurce
of many naturally occurring peptides and proteins
have been made since 1950, and all this can ultimately
be traced to the fundamental achievements in
improved analytical techniques, separation methods,
and methods for the degradation of polypeptides.
The following review is only intended to highlight
some of the achievements in the elucidation of the
primary structure of naturally occurring peptides and
proteins within the past decade. The coverage is
intended to be neither comprchensive nor detailed.
In many cases to avoid an excessively lengthy
bibliography resort has been made to citing reviews
rather than the original papers.

The origins of the developments, during the past
decade, in the clucidation of the primary structure of
proteins can clearly be traced back to Sanger’s
classical studies on the hormone insulin (mol. wt
6000) leading to the postulation of a unique structure
for bovine insulin, and to the pinpointing of variations
in the primary structure for insulins derived from
diverse species®. Techniques used today to obtain
fragments from peptide chains and for determining
amino acid sequence differ from the techniques
used by Sanger, but the skill, tenacity and courage
which aided him in both undertaking and solving the
structure of insulin have prompted others to take up
the problem of structure of proteins of even much
higher molecular weight.

Thus, today the primary structure of several
proteins are known. These include ribonuclease,
tobacco mosaic virus protein, haemoglobin, myoglo-
bin, cytochrome ¢, lysozyme, chymotrypsin, trypsin,
Ppapain, azurin, and others. Equally rewarding have
been the numerous studies conducted on relatively
smaller molecular weight peptides. Outstanding
among these was the elucidation of the structures
of the hormones oxytocin and vasopressin, and their
subsequent synthesis by du Vigneaud?®. To this
class belong various peptide antibiotics, including
gramicidin S whose structure was the first among these
to be worked out®, the angiotensins (hypertensing)to,
o- and -melanophore stimulating hormones (MSH)!1,
adrenocorticotrophichormone!?, glucagon!® and others.

All those features of the molecular organization
of proteins, including amino acid sequence and
cross-linking of chains, which can be discussed
within the traditional framework of organic chemistry,
come under the descriptive term primary structure.
While advances in techniques for the study of the
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primary structure of proteins have cnabled the
protein chemist to decipher the structures of many
peptides and proteins, the potentiality of a notable
alternative technique, namely X-ray diffraction,
has been examined with two proteins, haemoglobin™
and myoglobin!®-15, Tor hoth proteins it has been
possible to reconstruct the three-dimensional model
of the polypeptide chains and the configuration of the
heme groups.  The 2 A, Fourier of myoglobin showed
resolution of a great majority of the side chains,
and a unique clectron density  distribution was
frequently found which would allow only one kind of
side chain to be fitted at most positions along the
polypeptide chains. A 1:5 A. Fouricr of myoglobin
will provide even better detail of the sequence.
It is indeed a tribute to X-ray crystallographers
to note that today an actual mapping of amino acid
sequences of proteins has become possible by a
physical technique. Indeed, it is possible that
m the future for.good proof for the structure of a
protein the requirement that evidence from both
physical and chemical techniques agree will be there.
The main requirement for success with the technique
is that isomorphous heavy atom derivatives of the
proteins be available for study, where the locations
of the heavy atoms are known. Uniform success
does not attend all efforts to form such derivatives of
proteins, and, as Perutz'? once remarked, “it appears
that some fundamental organic chemistry is needed to
get heavy atom compounds . A thorough investiga-
tion of metal-protein interactions and of methods
for preparation of well-characterized metal-protein
compounds is much needed.  What surprises there
may be in store is evident from one recent finding
that tryptophan residues, most unlikely candidates
as judged from carlicr literature, are sites (pyrrole
ring) for mercury binding in proteins's. Arother
illustration of the impact of X-ray diffraction methods
in the protein structure ficld is available in the
advances made in the structure of collagen. The
idea of a triple helix had been postulated in 1951 by
Pauling and Corey', but to account for many of the
experimental findings Ramachandran and Kartha®
introduced new ideas involving a structure in which
the configuration of the chains was related to that
for polyproline with a repeat of 9-5 A. containing
three residues related by a threefold screw axis.
A revised model of this structure containing the
chains forming gentle-coiled coils with a repeat -
period of 28-6 A. and which can accommodate the
known -Gly-Pro-HyPro- sequence has been proposed
and accounts for most of the experimental data®2,
The collagen triple helix structure (collagen IT model
of diam. 13+6 A.) has an overall length of 3000 A. and
a mol. wt of 345,000%,
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While considerable success has attended the
{-ray studies of myoglohin and haemoglobin, in cases
such as chymotrypsinogen® at 10 A. resolution
not even a unique path for the polypeptide backbone
chain could be traced, nor anything like an a-helix of
~mor<"than one turn.  While the backbone chain
could be'seen, the disulphide bridges could not be seen.
Substantial progress has been made also in studies on
carbonic anhydrase?® and on carboxypeptidase??.

Knowledge of the purely chemical aspects of the
structure of proteins is by no means adequate to
eyplain many of their propertics.  The determination
of the spatial organization of proteins is a separate
and important part of the analysis of their structure.
Here it is that X-ray diffraction comes in handy,
~upplementing other tools such as the hydrodynamic
methods, infrared and ultraviolet absorption, optical
rotation and optical rotatory dispersion, deuterium
exchange studies, ete.

The knowledge of the primary structure of a protein
is helpful in several regards.  Firstly, it provides a
description of the molecule in terms of the framework
of classical organic chemistry.  Secondly, in the
clucidation of the active sites of hormones and
enzymes, progression  from  the  enumeration  of
essential  functional groups to their allocation
within the unique lincar array of amino acid residues
in the polypeptide chain hecomes possible by studies
of sequence on the fragments from derivatives of the
active protein in which a substrate or an analogue
has been tagged on to the active groups in the
catalytic site. This provides a more detailed de-
scription of the active site region — a description
which will become complete only when the three-
dimensional structure of the chain is known and the
important groups at the active site can be allocated a
unique disposition in the three-dimensional model.
The primary structure of a protein can perhaps also
explain why it is more or less helical® When a
sequence of 8- or random-forming amino acids is
contiguous to an g-helical section of a protein chain,
this may be the site where a loop or reversal of
direction can occur, and the presence of large amounts
of %- or random-forming amino acids may explain the
relatively low helix content postulated for certain
globular proteins, viz. TMV protein.

How important a role the primary structure has
on the final steps in the biogenesis of a folded native
enzyme is illustrated by the studies where reduced
ribonuclease A (4 disulphide bonds) regains through
reoxidation by air both the proper —S—S— bridges
as well as the physical and enzymatic properties of
native ribonuclease®. These experiments on  the
rapid conversion of an extended polypeptide chain
to a specific, active three-dimensional structure
can only mean that the multitude of interactions
between functional groups along the chain, including
the interactions that orient the half-cystine residues,
almost instantaneously determine a prescribed con-
formation in solution, containing a three-dimensional
geometry characteristic of that most probable of
configurations — the native enzyme.

Finally, numerous studies have pinpointed the
possibility of discovering principles governing the
relations between variations of the primary structure
of any selected protein and the evolution of species.

The variations are a function of the degree of
phylogenetic kinship between the species carrying the
proteins. By comparison with suitable palaeonto-
logical standards, the times elapsed since the
divergence of any two lines of evolution may be
calculated, and the number of variant amino acids,
that may be expected, predicted®'. This approach is
being exploited with the haemoglobins, cytochrome ¢
and fibrinopeptides. Indeed, in future years one may
look forward to a good understanding of relations
between morphological evolution of species and
evolution of primary structures of many proteins.

Methodology

The fascinating developments during the last two
decades in the field of primary structure of the pro-
teins can most be appreciated by one who is aware
of the status of the field in the fortiess. All the
improvements can be traced principally to newer
techniques of isolation and analysis. Highly effective
procedures for separation and isolation were developed
based on the various forms of chromatography,
sedimentation, gel filtration, dialysis, ultrafiltration,
countercurrent distribution, various forms of electro-
phoresis, and fingerprinting; and all these have now
become common tools®®. The older, tedious, and
occasionally unreliable, gravimetric procedures for
analysis of amino acids have been replaced by the
elegant manual and automatic procedures for the
determination of amino acids, by the ninhydrin colour
reaction, after separation on ion-exchange columns3t.
This shift was the result of the painstaking and
meticulous investigations of Moore and Stein in the
field of amino acid analysis.

The specificities of a wide array of proteolytic
enzymes have been established® and the recent
advent of water-insoluble cnzymes (proteolytic en-
zymes covalently linked to amino acid polymers) hold
considerable promise for the future®s. To supplement
these tools there are available today several selective
and preferential non-enzymatic techniques for the
degradation of proteins’”3. Of all the chemical
methods developed so far, which have been discussed
at length in recent reviews®”38, the selective cleavage
of peptide bonds adjacent to methionine residues in
proteins by the use of cyanogen bromide has been
very effective in structural studies as exemplified by
investigations on a number of proteins, e¢.g. ribo-

nuclease, myoglobin, trypsinogen and carboxy-
peptidase  A. Specific chemical cleavages find

greater use now, and newer techniques continue to be
developed, viz. the recent investigations on the
cleavage of bonds adjacent to proline?®%°. Even
techniques such as the preferential release of
aspartic acid from peptide chains by dilute acid
may be put to good use in structural studiest-*3,
Older methods of peptide analysis have been
refined, newer analytical tools have been developed
and chemical reagents causing restricted cleavage at
specific loci in the protein moiety are widely used.
While Sanger’s classical method* of determining
NH,-terminal residues in peptides and proteins by
1-fluoro-2,4-dinitrobenzene continues to be used
in structural analyses, alternative procedures are
available. Thus, the use of 2,4,6-trinitrobenzene-
sulphonic acid for acylating and determining primary
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amino groups has been advocated®™*?, and the
absence of undesirable side reactions with this reagent
under the conditions of coupling should prompt
its wide use. The advantages of 2-chloro-3,5-dinitro-
pyridine as a reagent for NH,-terminal group deter-
mination is detailed in a recent paper®. 3,5-Dinitro-
pyridyl amino acids are liberated almost quanti-
tatively on brief hydrolysis (less than 3 hr) of the
3,5-dinitropyridyl peptides in 6 HCl at 100°C.
Stark and Smyth* have suggested the use of cyanate
for coupling with the NH,-terminal groups. Treat-
ment of the carbamyl protein with acid results in the
formation of hydantoins that correspond to the
NH,-terminal residue. After isolation, most of the
hydantoins can be hydrolysed to the free amino acids.
The reaction sequence is as follows:

R R’
i l PH 50
+H3;N-CH-CO-NH-CH-CO-NH............ +"NCO— —
R’
. ! | S H
H,N-CO-NH-CH-CO-NH-CH-CO-NH.....covvnvenns —_—
R
|
CH—CO R’
| | |
NH NH + *HyN-CH-CO-NH ..cocvieniiniiniiians
N
Cco

—~

0:2M NaOH
— — H,N-CH-COOH + NH, + CO,
or 0-6M HCI

Another method that shows considerable promise
for the determination of NH,-terminal groups has
been suggested by Gray and Hartley®. The method
utilizes 1-dimethylaminonapthalene-5-sulphonyl
chloride which reacts with free amino and phenolic
groups. The derivatives formed are resistant to acid
hydrolysis and have an intense yellow fluorescence
making the method applicable even to 107-10-3
umoles of peptide. These authors have developed a
system to resolve all the substituted amino acids.

Eriksson and Sjoquist® have modified the
sequential phenyl isothiocyanate method of Edman?®
for the determination of NH,-terminal sequence of
peptides and proteins. Isle and Edman® have
recently defined the set of conditions which yield a
quantitative formation of phenylthiohydantoins.
These conditions together with separation methods
for the phenylthiohydantoins of amino acids* should
aid considerably in establishing the sequence of the
NH,-terminal residues. A subtractive procedure of
sequence determination of small peptides has been
adopted by Hirs et al.%, and Konigsberg and Hill%.
In this method, the NH,-terminal residue is identified
by the difference in amino acid composition of the
peptide before and after application of the degradation
procedure. This method is being widely used in
several laboratories.

There is a paucity of effective chemical methods
for the determination of COOH-terminal residues.
Digestion with carboxy-peptidase A or B continues
to be a popular method of identifying the amino acids
at the COOH-terminus. The hydrazinolysis approach
of Akabori ef al.”" is also in use.

The limited degradation of proteins to a few large
peptides is carried out not only by chemical means
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but also by directing the specificity of tryptic hydro-
lysis only to bonds adjacent *o arginine®-%2, This is
achieved by selective acylation of the e-amino groups
of lysine, thereby making the adjacent bonds
refractory to the action of trypsin with the result
tryptic digestion of the acylated protein -ields
fewer peptides and all with COOH-terminal arginine.
The procedures involving the reaction of lysine
side chains with carbon disulphide®! or amidination
with methylacetimidate® would prove of considerable
value in that these reactions are easily reversible,
so that hydrolysis at lysine bonds could be carried out
later. These methods would be most usefully
complemented by a method involving modifications of
arginine residues which would permit the action of
trypsin only on bonds adjacent to lysine. Itano and
Gotlieb®® have suggested that treatment of proteins
with benzil in a strongly alkaline medium results
in the quantitative modification of arginine residues
leaving other amino acids intact, thereby restricting
the action of trypsin to bonds adjacent to lysine.
The method is still to be tested.

New points of cleavage in the protein have bheen
introduced by modification of the cysteinyl side chains
with 2-bromoethylamine to form S-(4-aminoethyl)-
cysteine and a subsequent cleavage of the corres-
ponding bonds by trypsin®.  This method has been
successfully used in determining peptide sequences in
trypsinogen®. The disulphide bonds of trypsinogen
were reduced by mercaptoethanol prior to treatment
with 2-bromocthylamine.  The direct use of ethylen-
imine which is the active intermediate in the
acylation reaction with 2-bromocthylamine has been
suggested for the quantitative conversion of cysteinyl
side chains®s.

The disulphide bridges of proteins can be deter-
mined by the simple and elegant technique of Brown
and Hartley®?. An enzymic digest of the protein is
subjected to high voltage clectrophoresis on Whatman
3 mm. paper and is then exposed to performic acid
vapour which converts cach cystine-bridged peptide
to a pair of cysteic acid peptides.  The strip is dried
in vacuo over sodium hydroxide, and ionophoresis is
now done again at right angles to the original direction
of migration. All the peptides will lie on a 45
diagonal, but cach cystine peptide gives a pair of
cysteic acid peptides lying off the diagonal. The
authors were able to determine the disulphide bridges
of chymotrypsin in this manner.

Thin layer chromatography of peptides is of recent
origin®. The high resolving power of thin layer
chromatography should induce developments in
defining systems for resolution of peptide mixtures.
Some attempts have alrcady been made in this
regard, and future reports would perhaps deal
with the routine applicability of the system in
sequence determination studies.

Gas chromatography of amino acids is still at an
infant stage. The problems in the refinement of this
technique®®™ are many and a recent report™ has .
claimed that it is possible to effect the quantitative
separation of 16 amino acids in 10 min. provided
they are converted to n-butyl-(N-trifluoroacetyl)
esters. The latter process takes 5 hr but many
samples of amino acids can be esterified at the
same time. It holds considerable promise for the
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fircare from the viewpoint of speed, accuracy, and
sensitivity.

Specific Proteins

This section will deal with certain considerations
of the, primary structure of some well-characterized
wroteins. No attempt will be made to discuss all the
methodology used in the elucidation of the structure,
and the reader is referred to the original literature
on the subject. Salient features of the structure
determination along waith certain aspects of the
relation of the structure to function of the protein
will be discussed.

Ribonuclease A

The covalent structure of pancreatic ribonuclease A
has been elucidated by Hirs et at.”?, and Spackman
et al.”® determined the position of the disulphide
linkages in the molecule. The procedure followed
involved the scission of the performic acid-oxidized
molecule with trypsin into 13 major peptides, the
determination of sequence in each peptide by
degradative and conventional methods, and the
alignment of the peptides obtained by digestion with
chymotrypsin and pepsin.

The position of the disulphide bridges was located
through an analysis of the cystine containing peptides
obtained by sequential peptic, tryptic and chymo-
tryptic digestion of the protein taking care to ensure
that no disulphide interchange occurs during the
isolation procedure. Some of the sequences have been
modified later by Smyth ef al.”* and the sequence is
given in Chart 1. The application of cyanogen
bromide cleavage at the methionine residues by the
method of Gross and Witkop? has helped in the
establishment of the correct sequence in one of the
methionine containing peptides in ribonuclease.

Smyth et al.?*, while establishing the structure of
this protein, bring out a few problems of methodology
which interfere with the assignment of the correct

sequence in certain places. Thus, when the cycliza-
tion in the Edman degradation step is carried out in
glacial acetic acid-anhydrous HCl, a newly liberated
NH,-terminal glutamine from the penultimate posi-
tion cyclizes to a pyrrolidone carboxylic acid residue,
which, not having an a-amino group, does not allow
further use of the Edman degradation. An internal
asparagine or aspartic acid residue may form an imide
in glacial acetic acid-HCl at 100°C. Since a B-aspartyl
peptide is formed predominantly by the rupture of
the imide, the step-wise degradation cannot proceed
in good yield. Also, the acetylation of serine or
threonine hydroxyl group which takes place in
acetic acid-HCI interferes at the stage where these
amino acids become NH,-terminal because the
acetyl group migrates from the —OH to —NH, group
under alkaline conditions, thereby preventing sub-
sequent degradation. All these problems are over-

come by following the procedure of Konigsberg and

Hill%¢ using trifluoroacetic acid at room temperature
for cyclization, and purifying the residual peptide
after cleavage.

The determination of the linear structure of
ribonuclease provided a tremendous stimulus to
investigations on the relationship of structure to
function of the enzyme, and in understanding the
mechanism of catalysis in molecular terms. The
knowledge accrued on these aspects is extensive, and
its detailed discussion is beyond the scope of the
article. A review by Scheraga and Rupley’ deals
with these aspects exhaustively.

The technique of fingerprinting has been used
to define structural differences between ribonucleases
obtained from various sources. Thus, Anfinsen ef al.7?
reported that in ovine ribonuclease serine replaced
threonine at position 3, glutamic acid replaced lysine
at position 37, and a third unidentified difference
existed between positions 99 and 104.

Ribonuclease T,, isolated as a pure protein from
takadiastase by Takahashi’®?, has a molecular

5 6 ki 8 9 10 11 12 13 14 15 16 17 18 19 20
P Y
" éAlnoAlaoLyﬁPhe'Glqurgoélu ~His-Met-Asp -Ser-Ser-Thr-Ser-Ala-Ala o

'a’ v I 80 A
3|The NHg \ Ser| 22

H *Cys *'!yr»(.[zlu’Ser—Tyr-Ser—Thr-MetOSeg: Sér 5
2|Glu T\lieu]|

! o || N
1lLys The| (Asp| 24

@‘ Val ASp Tyr| 25
55 il 0y + '
NHg &ie Asp VI|Cys st 26
- ,diu-Aiao\Ial»CysoSer» lu-lys> Alaf] s
.54 Valﬁ - — 15 116 11 118 19 120 121 122 123 124 |ATg Aspl 27
[
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49\GIU_ 1is «Val+ Phe +Thr + Asp = Val ~ Pro « Lys - Cys-Arg-Asp-Lys<Tnr -Leu-Asp-Arg~
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u

Chart 1 — Amino acid sequence for bovine pancreatic ribonuclease A
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weight of 11,000 and consists of 109 residues. Its
NH,-terminal residue is alanine, followed by a cystine
involved in intra-chain cross-link. The sequence
at the COOH-terminus of the molecule was Val-Thr-.
The complete structure of the molecule of T, ribo-
nuclease is now available®.

Bovine pancreatic ribonuclease B, a glycoprotein
containing two residues of (acetyl) glucosamine and
five of mannose, has otherwise the same amino acid
composition as ribonuclease A. Digestion with
trypsin yielded a single glycopeptide which on further
chymotryptic breakdown also gave rise to a single
glycopeptide containing the Asp and Leu residues
of the Try-11 peptide found in tryptic hydrolysates
of ribonuclease A. The carbohydrate residues are
attached to the B-carboxyl of the Asp residueSl.

Proteolytic Enzymes of the Pancreas

Since the proteolytic enzymes were the first
proteins to be purified and characterized by the
methods of protein chemistry, these served as models
in studies on the elucidation of the relationship of
structure to function. Many of these enzymes occur
as inactive precursors, and studies on the mechanism
of activation of these precursors have thrown light
on the subtle intramolecular changes which produce
the active enzyme. All the current work on their
sequence, X-ray diffraction measurements, and
behaviour of model compounds is providing vital
information on the mechanism of action of these
enzymes.

Trypsinogen

The activation of trypsinogen to the active enzyme
is catalysed by trypsin which directs and limits
its action to the most susceptible bond between lysine
and isoleucine near the NH,-terminus of the
zymogen$. While the same bond is split in both
bovine and procine trypsinogens during activation,
the composition of the peptide liberated is different
in each case®. Thus, a hexapeptide, Val-(Asp),-Lys,
is liberated from the bovine zymogen, while
Phe-Pro-Thr-(Asp),-Lys is the product of porcine
zymogen activation. It is significant that the same
characteristic structure (Asp),-Lys precedes the
strategic bond and Ile-Val- becomes the new
NH,-terminal sequence in both the enzymes.

Conventional approaches to the determination of
the amino acid sequence in proteins were not adequate
for the long and heavily cross-linked polypeptide
chain of bovine trypsinogen. Enzymatic degradation
of di-isopropylphosphoryltrypsin or S-sulphotrypsino-
gen by trypsin®*¥7, chymotrypsin® or pepsin® have
given rise to many peptides whose sequences have
been determined. However, it has not been possible
to recover all the amino acids of the parent protein in
soluble peptides from any single digest. Recourse
was had to two additional methods which were
evolved for determining overlaps and for positioning
of peptides derived by enzymatic hydrolysis®.
One of these is the redirection of the action of trypsin
from peptide bonds adjacent to lysine residues to
those adjacent to half-cystine residues, by masking
the e-amino groups of lysine by the method of
Goldberger and Anfinsen® and converting the
cystine residues to lysine analogues after reductive
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cleavage, with 2-bromocthylamine®®. The ot
method involved the use of cyanogen bromide
to cleave at methionine sesidues which causes
fragmentation of the polypeptide chain ingo three
fragments of comparable length after reduction of the
disulphide bonds®. A tentative structure of Hovine
trypsinogen has been recently assigned by Walsh™
Neurath® and is given in Chart 2. The position of
all the disulphide bridges have to be worked out,
but it has been reported®9! that two of the histidines
in the molecule are presen* in one of the cystinyl
peptides isolated from a peptic digest and having the
following sequence: e
25 35
Asn-Ser-Gly-Tyr-His-Phe-Cys-Gly-Gly-Ser-Leu

S
|
S
4 | 53
Val-Val-Ser-Ala-Ala-His-Cys-Tyr-Lys-Ser-Gly-Ile-Gln
The significance of this finding will be discussed
later under chymotrypsin.
Chymotrypsinogen

The activation of chymotrypsinogen involves the
tryptic cleavage of an Arg-Ile bond which may be
followed by subsequent chymotryptic cleavages
which liberate the dipeptides Ser-Arg and Thr-Asn
to form the well-characterized a-chymotrypsin®8,
The initial cleavage occurring near the NH,-terminus
is not followed by liberation of any peptide because
of the NH,-terminal cystine residue holding the
molecule together. Chymotrypsin has three peptide
chains: A chain (13 residues), B chain (131 residues)
and C chain (98 residues). The sequence of bovine
chymotrypsinogen®® has been worked out by Hartley
and is given in Chart 2 along with trypsinogen for
comparison. The method involved the initial con-
version of cystines in a-chymotrypsin to cysteic acid,
S-sulphocysteine or S-carboxymethyleysteine deri-
vatives, followed by separation of the three moditied
chains on columns of Dowex-50 or DEAE-cellulose.
The sequences in these chains were determined by
conventional methods employing different typeseol
cleavage. The dansylation technique® for deter-
mination of NH,-terminal residues has been employed
in the analysis of several peptides. The disulphide
bridges which are determined by the diagonal
technique®? are between residues 1 and 122, 42 and 58,
136 and 201, 168 and 182, and 191 and 221. This
sequence differs from that proposed by Keil ef al.%,
but the latter work is not yet complete.  The work is
to be completed to permit comparison of the areas of
disagreement. .

Chymotrypsin and trypsin resemble each other in
functional and compositional characteristics. Thesg
include their formation in the acinar cells of the
pancreas at similar rates®® as the inactive pre-
cursors. Both are formed from their zymogens by
trypsin which cleaves a susceptible bond near their
respective NH,-termini.  They behave in a similar
fashion in their capacity to cleave peptide, amide
and ester linkages, and the specificity is dictated
by the amino acids donating the COOH groups®-%,
These carboxyl groups appear to be acylated as an
intermediate step during catalysis®®1%,
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Certain organophosphates like DFP (di-isopropyl-
fluorophosphoridate) inhibit these enzymes in a
specific fashion, and the site of action of this inhibitor
Jias been established as a serine hydroxyl group
In a unique tetrapeptide sequence, Gly-Asp-Ser-
GIy#%108 - The  same  sequence s present in
elastase, another pancreatic enzyme, which is alsoinhi-
bited by DFP in a similar fashion'®, An imidazole
has been implicated in the catalysis of both the en-
zvmes on the basis of pH data, photooxidation, and by
affinity-labelling studies™319%8_ Both the zymogens
after activation yield a new identical NH,-terminal
tripeptide sequence, Ile-Val-Gly . . . (Chart 2).

Chymotrypsin contains its two histidine residues
in a cystinyl peptide having the following struc-
ture?9;

His-Phe-Cys-Gly-Gly-Ser-Len
|
S
|
S
|
Ala-His-Cys

The determination of an identical sequence in the
same disulphide bridged structure in trypsinogens®
proves another area of similarity and raises the

1 2 3 4 5 6 T 8 9 10 11 12 13 W% 15 16 17 18
cys-gly-val-pro-ala-ile-gln-pro-val-leu-ser-gly-leu-ser-arg-ILE-VAL-GLY=
val-asp-asp-asp-asp-lys-ILE-VAL-GLY=

1 2 3 b 5 6 7 8 9

Chymotrypsinogen
Trypsinogen

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 Ll
agp~glu-glu-ala-val-pro-gly-ser-trp-PRO-trp~GLN-VAL-SER-LEU-gln-asp-lys-thr-GLY-phe-HIS-PHE=
gly-tyr-thr-cys-gly-ala-asn-thr-val-PRO-tyr-GLN-VAL-SER-LEU-asn- -ser=-GLY-tyr-HIS-PHE.
10 1 12 13 1 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

b2 43 44 k5 L6 4T 4B 49 50 51 52 53 5S4 55 56 57 S8 59 60 61 62 63 64
CYS-GLY-GLY-SER-LEU-ILF-ASN-glu-asn-TRP-VAL-VAL-thr-ALA-ALA-HIS-CYS-gly-val-thr-thr-ser-asp=
CYS-GLY-GLY-SER-LEU- ILE-ASN-ser-gln-TRP-VAL-VAL-ser-ALA-ALA-HIS-CYS-tyr-lys-ser-gly-ile-gln=
31 32 33 34 35 36 37 36 39 ho kI k2 43 L4k ks L6 LT 4B 49 50 51 52 53

65 66 67 68 69 T0 TL T2 73 74 75 76 77 78 79 80 81 82 85 8: 85 8 87
VAL-val-val-ala-gly-glu-phe-asp-gln-gly-ser-ser-ser-glu-lys-ile-gln-lys-leu-lys-ile-ala-lys=
VAL-arg-leu-gly-glu-asp-asn-ile-asn-val-val-glu-gly-asp-glu-gln~phe-ile-ser-ala-ser-lys-ser=

Sk 55 56 57 S8 59 60 61 62 63 64 65 66 67 68 69 70 7L T2 T35 Th 5 7T6

88 89 90 91 92 95 9% 95 96 97 98 99 100 lol 102 103 10k 105 106 107 108 109 110
val-phe-lys-asn-SER-lys-TYR-ASN-ser-leu-thr-ile-ASN-ASN-asn-ILE-thr-LEU-leu-LYS-LEU-ser-thr-
1le-val-his- pro-SER-  -TYR-ASN(pro, leu,thr,asn)ASN-ASN-asp-ILE-met-LEU-ile-LYS-LEU-lys-sec-
77 718 19 8 81 82 B85 8 85 8 87 8 89 90 91 92 93 % 95 96 97 98

111 112 113 11k 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133
ALA-ALA-SER-phe—ser-gln—thr—VAL-ser-a.la-va.l-cys-LEU-PRO-ser-ala,-w.r-asp-asp-phe-a.la-ALA_-GLY-
ALA-ALA-SER-1eu-as‘n-sor-arg-VAL-a1a-ser-iLe-sc-r-LEU-PRO-thr-scr-cj.'s- -ala-ser-ALA-GLY-
99 100 101 102 103 104 105 106 107 108 109 110 11! 112 113 11k 115 116 117 118 119

134 135 136 137 138 139 10 141 142 143 14k 145 146 1b7 148 149 150 151 152 153 15k 155 156
THR-thr-CYS-val-LhrAr.hr-GLY-TRP-GLY-lau-TllR-arg-tyr~thr-asn-ala-asn-thr-PRO-ASP-arg—LEU-gln-
THR-gln-CYS-leu-ile-ser-CLY-—TRP—GLY—asn—THR-lys-ser-ser-gly-thr-ser-tyr-PRO-ASP-val-LEU-Iys-
120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 133 139 140 141 142

157 158 159 160 161 162 163 16k 165 166 167 168 169 170 171 172 175 17% 175 176 177 178 179
gln—ala-ser—leu-PRO~1en-LEU-SER-asn-thr~asn-CYS-LYS-lys-tyr-trp-gly-thr-lys-ILE—lys-asp-ala-
cys-lﬁ—lys-ala-PRO-i1e—-LEU—SER-asp—svr-ser-CYS-LYS-scr-ala-tyr-pro-gly-gln-ILE-thr-ser-asn-
143 b4 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165

180 181 182 18% 184 185 186 187 188 189 190 191 192 19% 19k 195 196 197 198 199 200
MET-ile-CYS-ALA-GLY-ala-ser-gly-val-ser- -SER-CYS-met-GLY-ASP-SER-GLY-GLY-PRO-1leu~-VAL-
MEY-phe-CYS-ALA-GLY-tyr-leu-glu-gly-gly-lys-asn-SER-CYS-gln-GLY-ASP-SER-GLY~GLY~PRO-val-VAL«
166 157 168 169 170 171 172 173 17h 175 176 177 178 179 180 181 182 183 18+ 185 186 187 188

201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223
CYS-lys-lys—asn-gly-ala-trp-thr-lcu-val-GLY-ILE-VAL-spr-SER-TRP-GLY—SER-ser-thr-cys-ser-tht-
CYS-ser-gly-lys-leu-gln- -GLY-ILE-VAL~ -SER-TRP-GLY-SER-gly-cys-ala-gln-lys-
189 190 191 192 19% 19k 195 166 197 198 199 200 201 202 203 204 205 206

22k 225 226 227 228 229 230 23} 232 233 234 235 236 237 238 239 240 241 2h2 243 24l 245 246
e ser-thr-PRO-GLY-VAL-TYR-ala-arg-VAL-thr-ala-leu-VAL-asn-TRP-val-gln-GLN-THR-1eu~-ALA-ala-ASN
asn-1ys-PRO=-GLY-VAL-TYR-thr-lys-VAL-cys-asn-tyr-VAL-ser-TRP-ile- lys-GLN~-THR-ile-ALA-ser-ASN
207 208 209 210 211 212 213 21k 215 216 217 218 219 220 221 222 225 224 225 226 227 228 229

Chart 2 — Amino acid sequences for bovine chymotrypsinogen and trypsinogen [The comparison is designed to

draw attention to the homulogous arcas which are shown with capitalized abbreviations]
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question of its possible functional significance. Both
bovine chymotrypsinogen B and porcine elastase also
possess two histidines in a similar cystinyl peptide
sequencel®. It has been postulated®11° on the basis
of the common -Gly-Asp-Ser-Gly- sequence that the
active sites of these enzymes might have cvolved
from a common precursor. The demonstration of
even a larger area of identity containing the histidines
supports the postulate that the similarities are found
only in arcas of functional importance. The discovery
that two histidines in trypsin are found in a deca-
peptide sequence strikingly similar to that present in
chymotrypsin, in which one of the two histidines is
an integral element of the active site, led Walsh
et al$»9 to postulate that a functional role exists
for this unique structure and that not onc but
two histidines are involved in the mechanism of
catalysis. A similar postulate has been made by
Hartley®?, and Bender and Kezdy'! postulated a
general catalytic mechanism based on the presence of
two imidazoles. Itis of interest to mention here that
two imidazole groupings have been implicated in
other unrelated enzymes®13. Walsh and Neurath®
made a comparison of the molecular structures of the
two enzymes. The two sequences, given in Chart 2,
are started with the point of activation as the
common starting point, i.e. with Ile-Val-Gly, the new
NH,-terminal sequence formed on activation of
the zymogens. As in the haemoglobin-myoglobin
comparison, the alignment makes allowance for
occasional deletions. Striking homology is cvident
and approximately 40 per cent of amino acid residues
occur at identical positions. The homology can be
extended further if one equates certain amino acid
residues having analogous chemical properties.
These studies give credence to the postulate that the
degree of conservation of character is reflected in
areas, which have persisted in the course of evolution
of the two proteins from a common ancestral pre-
cursor, vital for function.

Porcine chymotrypsinogen A has a half-cystine
NH,-terminal residue and its amino acid composition
indicates considerable differences from that of its
bovine counterpart. In chymotrypsinogen B, the
serine at position No. 14 is replaced by alanine
near the NH,-terminus®.

Carbosypeptidase A

Carboxypeptidase A, like other cnzymes of the
pancreas, is formed essentially by tryptic activation
of its zymogen, procarboxypeptidase A4, But the
activation mechanism differs considerably from the
other zymogens in molecular details. This is neces-
sitated by the complex structure of procarboxy-
peptidase A which is a trimer of threc subunits,
subunit I giving rise to carboxypeptidase A, subunit
1T giving rise to an endopeptidase, and subunit ITI
whose ultimate identity is not known!*117. The
major chemical species in preparations of carboxy-
peptidase A, isolated from autolysing tissues of
bovine pancreas'8, is carboxypeptidase A, whose
NH,-terminal residue is asparagine®'® and whose
NH,-terminal sequence has been shown to be
Asn-Tyr-Ala .. 22, Carboxypeptidase Ay is the
major chemical species in preparations of the enzyme
isolated after activation of purified procarboxy-
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peptidase A2 and it contains NHy-terminal ala-

nine!®. The chemical relationship of these two

enzymes derived from the sume source was clarifiecd

by Sampathkumar ef al.'*® by subjecting chymo-
tryptic digests of the two proteins, after performic’
acid oxidation, to the technique of fingerpsating.

An additional pentapeptide, AI;l—Arg-bvr-'i‘hr'n—\:.n,‘
was found in the digests of carboxypeptidase A,

and it was inferred that this sequence precedes the

NH,-terminal sequence Asn-Tyr-Ala . . . of carboxy-

peptidase Ay and henee &lternative pathways of

activation of the zymogen yield different chemigal

species of the enzyme.

By the action of cyanogen bromide on carboxy-
peptidase Ay« pentadecapeptide was isolated which
appeared to be derived from the NH,-terminus of the
molecule?, A parallel study on carboxypeptidase A,
was expected to liberate an cicosapeptide containing
the additional pentapeptide sequence at its NH,-
terminus.  This fragment not only contained the
expected  pentapeptide sequence, but in o addition
a threonine and phenylalanine residue in a Thr-Phe
sequence, which has not been identified in - the
fingerprints.  The  sequence of  the NH,-terminal
fragment from cyanogen bromide cleavage is given in
Chart 3, and a mechanism depicting the origin of the
various chemical species  of carboxypeptidase A
from its precursor subunit I, has been postulated.
Only precise chemical techniques have been able
to detect subtle but significant differences between
seemingly identical proteins derived from the same
source but by different procedures.  The existence
of the different forms of carboxypeptidase A
differing in their NHy-terminal sequence has to be
reckoned with the studies of Coombs ef al .12 who have
shown that, in carboxypeptidase Ay, the zinc atom
which is essential for activity is bound by not only
a —SH group but also by the single NH,- group
in the polypeptide chain.

The single cysteine side chain of carboxypeptidase
A is bound to the zine atom!1, The protein also
contains another amino acid residue which upon
reduction gave rise to cysteine and upon oxidasion
to cysteic acid®?. The active site cysteine has been

Subunit I

Lys. .. Ala-Arg-Ser-Thr-Asn-Thr-Phe-Asn-Tyr-Ala-Thr-Tyr
CNBr
v
His-Thr-Leu-Asp-Glu-lle-Tyr-Asp-Phe-Met- .. ...
(Gly-Lys-Ala-Gly-Ala-Ser-Ser-Ser-Pro-Cys-Ser-Glu-
THETH) & 55 5 ¢ wv ooy (Cys-Val-Gly-Val-Asp)
CNBr

¢ =
................ -Met-Glu-His-Thr-Leu-Asn-Asn
Val

Chart 3 —Summary of the sequences known in bovine
pancreatic carboxypeptidase A
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18belled selectively and the sequence of amino acids
around this sulphur determined™?! and it is given
in Chart 3 (Also, Sampithkumar, K. S. V., Ericsson,
L., Wal<h, K. A. & Neurath, H., unpublished results).
The use of cyanogen bromide has facilitated
determyination of the COOH-terminal sequence of
carbokypeptidase A, Since methionine is converted
to "nomoscrine during the cleavage with CNBr?,
the only fragment devoid of homoserine is the
COOH-terminal fragment.  The use of this reagent
has been of value in detefmining the sequence of the
COOH-terminal hexapeptide and in detecting an
unu=ual heterogeneity in that region where a leucine
i replaced by a valine residue®. Perhaps, it is of
interest to mention here that in a single cow that was
investigated the carboxypeptidase A, consisted of
two chains which differed from ecach other in the
mutual replacement of leucine and valine near its
COOH-terminus'. All the sequence  knowledge
about this protein is summarized in Chart 3.

Pancreatic Trypsin Inhibitor

The lincar sequence of the bovine pancreatic in-
hibitor containing 58 residues (Chart 4) has been
recently worked out using conventional techniques of
sequence determination®, Contrary to the classical
views of Kunitz, the inhibition of bovine trypsin
by soybean trypsin inhibitor involves inactivation by
an enzymatic event, rather than by a mere electro-
static interaction between the two proteins, and an
arginyl bond in the inhibitor is cleaved in the
processBl However, the product of the reaction is
not liberated from the surface of the enzyme thereby
preventing the turnover of the enzyme.

10

Arg-Pro-Asp-Phe-Cys-Leu-Glu-’ro-Pro-Tyr-
20
Thr-Gly-Pro-Cys-Lys-Ala- Arg-Tle-le-Arg-

Tyr-Phe-Tyr-Asn-Ala-Lys-Ala-Gly-Leu-Cys-

40

GIn-Thr-Phe-Val-Tyvr-Gly-Gly-Cys-Arg-Ala-

* 50
Lys-Arg-Asn-Asn-Phe-Lys-Ser-Ala-Glu-Asp-

C_\‘s-.\Ivt-.-\rg-'l‘hr-(‘ys-('.l_\'-.‘:’ly-;\ la

Chart 4 — Amino acid scquence  for  bovine

trypsin inhibitor

Val Leu Pro Glu Ser-Ala-Val

pancreatic

Ala

Haemoglobins and Myoglobin

The structural studies on human haemoglobins
have been prosecuted by three groups of investi-
gators' 34 and has led to the elucidation of structure
of the a- and #-chains from Hb-A, of the 3-chains
from Hb-A,, and of that of the Y-chains from Hb-F.
HDb-A contains 574 amino acid residues distributed
in the four peptide chains it contains. There are two
o-chains each containing 141 amino acid residues,
while the two B-chains contain 146 cach. The
molecular weight for this globin portion works out to
61,992, while in association with heme the molecular
weight would work out to 64,458. The Y-chains of
foetal haemoglobin each contain 146 amino acids,
like the 8-chains of Hb-A, with 39 points of difference
in the amino acid sequence when a homologous repre-
sentation of structure is made. Numerous studies!®
on abnormal human haemoglobins, mammalian
haemoglobin, fish and cyclostome haemoglobins,
leghaemoglobin, and erythrocruorins have been made,
but notable amongst these was an early study on
Hb-S (from sickle cell anaemia cases) in which it was
shown that the grossly different physical and
physiological propertics of the molecule could be
accounted for by a defect residing solely in the
@-chains which contain at position 6 in the chains
a valine residue in lieu of lysine which occurs at
that position in the B-chains of Hb-A.

Several recent reviews!$139 cover the advances
made in the past years on the haemoglobins and
myoglobin, and deal extensively with species dif-
ference, the role of hybridization in accounting for
some of the naturally occurring haemoglobins, and
the physiological role of the molecule. The known
primary structure of the haemoglobin molecule
coupled with the three-dimensional model available
from crystallographic data together constitute the
most detailed concept yet of the structure of a
protein molecule. A comparison of the structure
of the Y-chain of Hb-F and the B-chain of Hb-A is
illustrated in Chart 5.

Cytochromes ¢

Cytochromes ¢ from several species have been
investigated in regard to their structure and much
of the work has been amply surveyed in several
papers!0 146 The detailed structure of the proteins
from species such as horse, man, dog, baker’s yeast,

Asp-Glu-Val

Gly-His-Phe-Thr-Glu-Glu-Asp-Lys- .\la«'l‘hr-llc-’l‘hr-Sor«L(-u-Try-Gl_\'-L)'s~\'a1-;\sn-\"al-Glu-Asp-Ala-Gly-Gly-

Ala

Glu As Thr-

- g ~ I3 G o ﬁp
Glu-Thr-Leu-Gly-Arg-Leu-Leu-Val-Val-Tyr-Pro-Try-Thr-Gln- Arg- Phe-Phe- Asp-Ser-Phe-Gly- Asn-Leu-Ser-Ser-

Pro-Asp  Val

Gly-Ala-Phe-Ser  Gly-Leu-Ala-

Ala-Scer-Ala-Tle-Met-Gly-Asn-Pro-Lys-Val-Lys-Ala-His-Gly-Lys-Lys-Val-Leu-Thr-Ser-Leu-Gly-Asp-Ala-Tle-Lys-

Asn Thr

His-Leu-Asp-Asp-Leu-Lys-Gly-Thr-Phe-Ala-Gln-Leu-Ser-Glu-Leu-His-Cys- Asp-Lys-Leu-His-Val-Asp-Pro-Glu-Asn-

Arg Cys

V8 His Pro
Phe-Lys-Leu-Leu-Gly-Asn-Val-Leu-Val-Thr-Val-Leu-Ala-le-His-Phe-Gly-Lys-Glu-Phe-Thr-Pro-Glu-Val-Gln-Ala-

Ala-Tyr Val Ala

Asn Ala-His-Lys

Ser-Try-Gln-Lys-Met-Val-Thr-Gly-Val-Ala-Ser-Ala-Leu-Ser-Ser-Arg-Tyr-His

Chart 5 — Amino acid scquence of the gamma chain of foetal hacmoglobin [The beta chain of adult haemoglobin differs from
the above at 39 locgtions, and the amino acid replacements are indicated]
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Acetyl.Gly. Asp.Val.Glu.Lys.Gly.Lys.Lys.Ileu.Phe.Val. GluNH,.Lys.CyS.Ala.GluN H,.CyS.His.Thr.
10 L—HEME—

g(n)l.Glu.Lys.Gly.Gly.Lys.His.Lys.Thr.Gly.gll)'o.AspNHz.Leu.His.GlyALeu.Phe.Gly.Arg. ’.ys.T:Or.

Gly.GluNH:.Ala.Pro.Gly.Phe.T hr.Tyr.’I‘hr.As(;a.Ala.AspNH:.Lys‘AspNHg.Lys.Gly.l lew.Thr.Try.Lys.
5 60

Glu.Glu.Thr.Leu.M et.Glu.Tyr.Leu‘GluAAspg‘(Hz.Pro.Lys.Lys.Tyr.Ileu.Pro.Gly.Thr.Lys.M t.Ileu.
70. 80

Phe Ala.Gly.Ilcu.Lys.Lys.Lys.Thr.Glza.Arg.Glu.Asp.Leu.lleu. Ala.Tyr.LeuLys.Lys.Ala. Thr.
9 100,

AspNH.,.GluCOOH
104

“
Chart 6 — Amino acid sequence for horse heart cytochrome ¢ [The residues in bold-face tyvpe are those that are identical

in the cytochromes ¢ from horse, man, pig, rabbit, chicken, tuna and Baker’s yecast.

The residues in italics are those

that are identical in the vertebrate proteins only]

Species comparison Number of  Divergence of

variant in millions
residues of ycars
Horse — — Man 12 130
Horse — — Pig 3 33
Horse — — Chicken 12
Pig — — Chicken 10 108-150
Rabbit -— — Chicken 11
Man  — — Chicken 14
Horse — — Tuna 19
Pig — — Tuna 17
Rabbit — — Tuna 19 184-228
Man — — Tuna 21
Chicken — —- Tuna 18
Horse — — Yeast 44
Pig — — Yecast 43
Rabbit — — Yeast 45 465-520
Man  ——Yeast 43
Chicken — — Yeast 43
Tuna ~—— Yecast 48

Chart 7 — Evolution of cytochrome ¢

and others arc¢ available. The work of Paleus and
Tuppy?, and Tuppy’s earlier work!® had pointed to
limited amino acid exchanges occurring in the
heme region of proteins derived from ox, horse,
pig, chicken, salmon, silkworm, baker’s ycast.
Rhodospirillum rubrum (c,) and further data enable
comparisons of structure with the proteins from
Chromatium * RHP °, Pseudomonas fluorescens (¢c-551),
and others. Acetylation of the NH,-terminus is
found in some of the cytochromes ¢ as in TMV protein
and ovalbumin. The presence of NH,-terminal
acetylglycine was located by Margoliash® by
identifying acetic acid upon gas chromatography of
the sulphuric acid hydrolysates of the NH,-terminal
peptide obtained by digestion with chymotrypsin.
Kreil and Tuppy™® isolated from peptic digests

acetylglycylaspartate, and the peptide bond was
cleaved selectively by heating at pH 2-0.

Margoliash1 analysed the sequences from divergent
species (Charts 6 and 7) to compare the extent of
variation of these structures with the known phylo-
genetic relations of species.  In an evolutionary sense,
all these proteins are truly homologous structures.
The largest differences are found between phylo-
genetically distant species like the vertebrate and
yeast, while a few differences are observed hetween
closely related species.  Certain sequences in the
polypeptide chains are invariant while others are
prone to variation. The extent of variation of the
primary structure can give some approximations
of the time elapsed since the lines of evolution leading
to any two species diverged.  Similar studies have
also been carried out by Doolittle and Bloomback!3t
who compared the sequences of fibrinopeptides
isolated from divergent species.

Lysozyme (Muramidase)

Egg white lysozyme has been studied mainly by
two groups of investigators!®-1% in recent vears
culminating in the successful clucidation of the
primary structure of the protein (mol. wt 14,307,
129 amino acid residues), including the correct assign-
ment of the —S—S—bridges, which latter was also
accomplished by Brown'® employing the diagonal
technique®”. The  proposed structure is given” in
Chart 8. Lysozymes, including cgg white lysozyme,
have lytic action on bgeteria and split the cell wall by
hydrolysing the § (1-4) linkages between N-acetvi-
muramic acid and N-acetylglucosamine.  Various
groups in lysozyme, such as indole, imidazole,
methionine, free amino groups, etc., are known
to be essential for the biological activity of lyso-

6
Lys-Val-Phe-Gly-Arg-CyS-Glu-Leu-Ala-Ala-Ala-Met-Lys-Arg-His-Gly-Leu-Asp-Asn-Tyr-Arg-Gly-Tyr-Ser-

30
Leu-Gly-Asn-Try-Val-CyS-Ala-Ala-Lys-Phe-Glu-Ser-Asn-Phe-Asn-Thr-GIn-Ala-Thr-Asn-Arg-A sn-Thr-Asp-

64
Gly-Ser-Thr-Asp-Tyr-Gly-Leu-Leu-Gln-Ile-Asn-Ser-Arg-Try-Try-CyS-Asn-Asp-Gly-Arg-Thr-Pro-Gly-Ser-

76 80 94
Arg-Asn-Leu-CyS-Asn-Ile-Pro-CyS-Ser-Ala-Leu-Leu-Ser-Ser-Asp-1le-T hr-Ala-Ser-Val-Asn-CyS-Ala-Lys-

115
Lys-Ile-Val-Ser-Asp-Gly-Asp-Gly-Met-Asn-Ala-Try-Val-Ala-Try-Arg-Asn-Arg-CyS-Lys-Gly-Thr-Asp-Val-

127
Gln-Ala-Try-Ile-Arg-Gly-CyS-Arg-Leu

Chart 8 — Amino acid sequence of egg white lysozyme which contains 129 amino acid residues.

The disulphide alignments are

6 - 127, 30 -» 115, 64 - 80 and 76 —» 94
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“2ymelsdIs 15199 Wit the structure of the protein
known it is to be hoped that studies on the nature
of the active site will e placed on a firmer footing
by the eharacterization and location of the important
groupings in relation to the known structure. One
example of such a fzfitful study is the identification
of thie single Try residue, at position 62, in lysozyme,
wlnch on modification with N-bromosuccinimide
causes the enzyme to lose almost all activity!60.
Tobacco Mosaic Virus Protein

In the past decade intensive research has been done
on the various aspects of structure, assembly,
stability and biological activity of the tobacco
mosaic virus (TMV) particle.  The progress in this
field, arising from the two groups working in Berkeley
and Tubingen, have heen amply surveyed?61-165
The complete covalent structure of TMV protein
is known and well documented (Chart 9) and a
great deal of information on chemical mutagenesis
and its consequences on the amino acid sequence has
emerged from these studies?66:167,

ASPECTS OF PRIMARY STRUCTURE OF PROTEINS

Ferredoxin

Ferredoxin, the non-heme iron-containing protein
from Clostridium pasteurianum, is involved in electron
transport and the protein has been isolated also from
some plants and numerous anaerobic bacteria.
The structure of the Clostridium pasteurianum
ferredoxin, of molecular weight approximately 6000
and containing about 55 amino acid residues, has been
the subject of several studies!68-17 (Also, Tanaka, M.,
Benson, A. M., Hower, H. F. & Yasunobu, K. T,,
personal communication). The protein contains
eight cysteine residues, six or seven moles of labile
sulphide S and seven atoms of Fe. The Fe and S
are incorporated in a poly-ferric-sulphide chain
in which there are two groups, comprising two and
five, respectively, Fe atoms which are non-equivalent.
At least two of the iron atoms are in the Fe3* state.
There are 6 inorganic sulphide bridges between the
various iron atoms, and in the poly-ferric-sulphide
structure in ferridoxin seven S atoms, from cystine
residues in the peptide chain, alternate with the six

Acetyl-Ser-Tyr-Ser-Te-Thr-Thr-Pro-Ser-Gln-Phe-Val-Phe-Leu-Ser-Ser- Ala-Try-Ala-Asp-Pro-1le-Glu-Leu-Tle-
Asn-Leu-CySH-Thr-Asn- Ala-Leu-Gly- Asn-Gln-Phe-GIn-Thr-GIn-GlIn- Ala-Arg-Thr-Val-GIn-Val-Arg-Gln-Phe-Ser-
Gln-Val-Try-Lys -Pro-Ser-I’ro-Gln-Val-Thr-Val- Arg-Phe-Pro- Asp-Ser-Asp-Phe-Lys-Val-Tyr-Arg-Tyr-Asn-Ala-
Val-Leu-Asp-Pro-Leu-Val-Thr-Ala-Leu-Leu-Gly- Ala-Phe-Asp-Thr-Arg-Asn-Arg-Ile-1le-GIn-Val-GIn-Asp-Gln-
Ala-Asn-Pro-Thr-Thr- Ala-Gln-Thr-Leu-Asp-Ala-Thr- Arg-Arg-Val-Asp-Asp-Ala-Thr-Val-Ala-1le- Arg-Ser-Ala-Asp-

Ne-Asn-Leu-[le-V:
Try-Thr-Ser-Gly-Iro-Ala-Thr

al-Glu-Leu-Ile-Arg-Gly-Thr-Gly-Ser-Tyr- Asn- Arg-Ser-Ser-Phe-Glu-Ser-Ser-Ser-Gly-Leu-Val-

Chart 9 — Amino acid sequence of the 158 residuc-long polypeptide chain in tobacco mosaic virus

Ala-Tyr-Lys-llc- Ala-Asp -Ser-Cys- Vai-Ser- Cys- Gly- Ala-Cys- Ala-Ser-Cys lle

Ser

Gln

xﬂMAW i

Fe-- -—Fe--—-Fe-—~-Fe~~-Fe~~Fe~~-~Fe Asp

Val

Giu \/\A Selr
Gi“ Ille

Phe

Pro-Ala-Gly-Val- Pm-Cys-Val-Asp-Ala-Cys-Asn-Gly-Cys-Asp-IIe-Cys-Thr Val

X = H0

Ile

Ala

Asp

+Chart 10 — Structure of ferredoxin
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10
Ile-Pro-Glu-Tyr-Val-Asp-Trp-Arg-Gln-Lys-Gly-Ala-Val-Thr-Pro-
20
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30

Val-Lys-Asn-Gln-Gly-Ser-Cys-Gly-Ser-Cys-Trp/[Ala-Phe [ (1Te),[/

40
Arg-Asn-Thr-Pro-Tyr-Tyr-Glu-Gly-Val-Gln-Arg-Tyr-Cys-Arg-Ser-Arg-
5 60

50
Glu-Lys-Gly-Pro-Tyr-Ala-Ala-Lys-Thr-Asp-Gly-Val-Arg-Gln-Val-

70
Gln-Pro-Tyr-Asn-Gln-Gly-Ala-Leu-Leu-Tyr-Ser-Ile-Ala-Asn-Gln-

80
Pro-Ser-Val-Val-Leu-Gln-Ala-Ala-Gly-Lys-Asp-Phe-GIn-Leu-Tyr-
100

Arg-Gly-Gly-Tle-Phe-Val-Gly-Pro-Cys-Gly-Asn-Lys-Val-Asp-11is-

110 120
Ala-Val-Ala-Ala-Val-Gly-Tyr-Asn-Pro-Gly-Tyr-1le-Leu-Tle-Lys-

Asn-Ser-Trp-Gly-Thr-Gly-Trp-Gly-Glu-Asn-Gly-Tyr-He-Arg-Tle-
140 150

Lys-Thr-Gly-Asn-Leu-Asn-GIn-Tyr-Ser-Glu-Gln-Glu-Leu-1 ..cu‘.\sp-

Cys-Asp-Arg-Arg-Ser-Tyr-Gly-Cys-Tyr-Pro-Gly-Asp-Gly-Trp//Ser-
180

170

Ala-Leu/[Val-Ala-GIn-Tyr-Gly-1le-His-Tyr-Arg-Gly-Thr-Gly-Asn-
19

Ser-Tyr-Gly-Val-Cys-Gly-Leu-Tyr-Thr-Ser-Ser-Phe-Tyr-Pro-Val-Lys-Asn

Chart 11 — Tentative amino acid scquence for papain [Residucs in sequences within slant lines are unassigned peptides
whose relative positions are not known]

10
Ala-Glu-Cys-Ser-Val-Asp-1le-Gln-Gly-Asn-Asp-Gln-Met-Gln-Phe-Asn-
3

20 30
Thr-Asn-Ala-lle-Thr-Val-Asp-Lys-Ser-Cys-Lys-GIn-Phe-Thr-Val-Asn-
4

0
Leu-Ser-His-Pro-Gly-Asn-Leu-Pro-Lys-Asn-Val-Met-Gly-His-Asn-Trp-
60

50
Val-Leu-Ser-Thr-Ala-Ala-Asp-Met-Gln-Gly-Val-Val-Thr-Asp-Gly-Mct-

70
Ala-Ser-Gly-Leu-Asp-Lys-Asp-Tyr-Leu-Lys-Pro- Asp-Asp-Ser-Arg-Val-

80

90
Tle-Ala-His-Thr-Lys-Leu-Tle-Gly-Ser-Gly-Gln-Lys-Asp-Ser-Val-Thr-

110

100
Phe-Asp-Val-Ser-Lys-Leu-Lys-Glu-Gly-Glu-GIn-Tyr-Mct-Phe-Phe-Cys-

120
Thr-Phe-Pro-Gly-His-Ser-Ala-Leu-Met-Lys-Gly-Thr-Leu-Thr-Leu-Lys-

Chart 12 — Amino acid scquence for azurin

sulphide S atoms and thereby provide points of
attachment for the poly-ferric-sulphide chain to the
protein molecule. The proposed structure for ferre-
doxin is indicated in Chart 10.

There is the possibility that this structure may
have to be modified, since there are reportedly
observations suggesting that Fe can be removed
from the protein without loss of sulphide.

Another protein, rubredoxin, involved in electron
transport has been isolated from Cl. pasteurianum™.
The structure for the protein is not available but
it is of size comparable to ferredoxin while not
containing any alanine or serine.

Papain

A tentative structure of papain has been postulated
recently!”? (Chart 11). The total number of amino
acid residues is about 200 which is appreciably
higher than the 178 reported previously?.

It is of interest to compare the amino acid sequences
around the active site of papain with that of ficin!™,
which, like papain, is also a —SH enzyme. The
two sequences are shown:

Papain  Pro-Val-Lys-Asn-Gln-Gly-Ser-Cys-Gly-Ser-Cys-

Ficin  Pro-lle-Arg-Gln-GIn-Gly-Gln-Cys-Gly Ser-Cys-

252

The close identity of these sequences probably
implies their direct involvement in a mechanism of:
action common to both enzymes.

Azurin

The copper protein, azurin (blue protein), from
Pseudomonas ~ fluorescens  was  investigated by
Ambler!™ 17, The metal was removed by precipita-
tion of the protein with trichloracetic acid.  Peptides
from conventional enzymic digests as well as those
obtained by cleavage with cyanogen bromide were
isolated and the sequences determined.  The scquence
of the apoprotein is given in Chart 12, The site of
binding of copper in this protein is not known.

Miscellaneous Proteins

The structure of Bence-Jones proteins, corres-
ponding in most instances to the light chains of the
myeloma protein from the same patient, has received
attention and a nearly complete scquence for the
212 (213) amino acid residues in Bence-Jones protein
Cummings is available'”. The structure work on
Bence- Jones protein Ag has also progressed apace!®.
The structure of clupeine Z has been worked
out!”, .
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The structure of porcine globin a is availablel8o,
Rattle snake heart cytochrome ¢ contains 104 amino
acid residues and the c/implete structure is known181,

In isezymes such as Hactic dehydrogenase, which is
tade up of four peptide chains, the sole differences
seem t¢ reside in the/presence of varying numbers of
twd™different™typés of peptide chains.

S;iiéll Molecular Weight Peptides

A vast array of polypeptides of relatively small size
occur naturally, a few a® hormones and the majority
as bacterial polypeptide antibiotics. An idea of the
fascinating structural variety in the latter group
may be got from two published surveys!82:183,  The
relatively small size of these peptides and the presence
of unusual constituents such as p-amino acids and
non-amino acid moieties naturally pose some ques-
tions relating to the mechanisms of biosynthesis.

Analogies to protein biosynthetic mechanisms have

been pointed to as relevant!® and alternate schemes!85
have been proposed. Much work remains to be done
in this area of mechanism(s) of antibiotic and other
small polypeptide biosynthesis.

Gramicidin (Dubos) known to consist of at least
three antibiotics’®® has now been demonstrated
to contain a fourth constituent (gramicidin D187%);
and indeed yet another (also named ‘ gramicidin D ’)
containing amino acids not found in the others.
The last has a very high partition coefficient, and a
high activity in bioassays!®®. The structure of
gramicidin A'?, a pentadecapeptide with a formyl
group protecting the amino group of a terminal
valine residue and an ethanolamine residue protecting
the carboxyl group of a terminal tryptophan residue,
is shown below:

1 5
OHC-L-Val-Gly-L-Ala-p-Leu-L-Ala-p-Val-L-Val-p-Val-L-Try-

10 15
Dp-Leu-L-Try-p-Leu-L-Try-p-Leu-L-Try-NHCH,CH,0H

The structures of gramicidins B, C and D" have
also been worked out!®. Gramicidin D has a formyl-
*L-isoleucine residue replacing the formyl-L-valine at
position one of gramicidin A. Gramicidin B contains
a L-Phe residue, at position 11, replacing L-Try in
gramicidin A, while in gramicidin C, L-Tyr replaces
L-Try at position 11 in gramicidin A. Both grami-
cidins B and C are also found in lesser amounts
in forms with L-Ile which replaces L-Val at position 1
(Sarges and Witkop'??). Indeed the question of
heterogeneity of gramicidin B had been raised
earlier’® on the basis of detection of non-stoichio-
metric. amounts of isoleucine in amino acid analyses
of gramicidin B. The synthesis of gramicidin A
has been accomplished!®!,

There is some confusion in relation to the nomen-
clature for the gramicidin components. One com-
ponent isolated in 1963 (Ramachandran'®?) has been
termed gramicidin D, and the same name given to
another isolated in 1965 (Gross and Witkop!#s).
This might have been avoided, and individual letters
<zf>the alphabet assigned to each component in the
order of discovery as, for example, with the tyro-
cidines!®2. Such a system also would, unfortunately,
not reflect well some of the structural relations
that do exist in the gramicidins. Names such as

valine-gramicidin A and isoleucine-gramicidin A
have been used. To avoid such lengthy names
we suggest that, while retaining the originall8é
A, B and C designations for the three major peaks at
500 transfers, the corresponding naturally occurring
minor components (analogues) with replacements of
isoleucine for valine at position 1 be designated as
gramicidins A;, B; and C,. Other arabic numeral
subscripts may be used with the same letters
of the alphabet to connote any related components
containing other * environmental * amino acid substi-
tutions. which may be discovered in the future.
The term D then can be assigned to the unique com-
ponent, not related to gramicidins A, B and C,
recognized recently!®s.

Tyrocidine, previously known to contain compo-
nents A and B, has now been fractionated to yield a
third tyrocidine C192. Tyrocidine A contains one
L-Phe and two D-Phe residues, of which one L-Phe is
exchanged for 1-Try in tyrocidine B while in
tyrocidine C one more residue (D-Phe) is exchanged
for a D-Try residue.

Other small peptides whose structures have been
worked out in recent times include, amongst others,
peptidolipine NA%, ferrichrome!® and ferrichrome
A, albomycin'®, telomycin!®, etamycin®?, ostreo-
grycin B1%, cell wall glycopeptide(s) of bacteria!®®,
serratamolide2®®, homoglutathione?'?, mycobacillin*°2,
co-fibrin peptides A and B, bradykinin, and kalli-
din203-205 maliformin A%, and rufomycin (ila-
mycin)2?. Partial progress in structure elucidation
has been made on several antibiotics, viz. the complex
thiostrepton28 which has also been taken up for
X-ray study. With some of these small but complex
molecules, X-ray crystallography should considerably
speed up structure elucidation. The extensive work
on the actinomycins and other antibiotics has been
well surveyed?®®. Interesting structure activity
correlations in the actinomycin series have been
made?®, The synthesis and chemistry of several
antibiotics and depsipeptides continues to receive
attention?'1,212,

Conclusion

Looking back, the progress during the past decade
in the field of primary structure of proteins has been
truly remarkable. The number of naturally occurring
proteins and peptides whose structures are known
is increasing by leaps and bounds. There has been
no better time for studies on the role of gene action
in relation to protein structure?!3. Aspects of second-
ary structure of proteins are better understood today,
while an increasing number of investigators have
taken on the more exacting problem of understanding
the elements of tertiary structure of proteins.

The role of automation has been increasingly
evident in amino acid analysis and in peptide
fractionation and analysis. The sequential degrada-
tion of peptides remains an area where the advent of
automation would effect dramatic economy in the
time taken for elucidating a structure. The tedium
of obtaining data with manual X-ray diffractometers,
and literally the period of years taken for completing
analysis, would seem to be avoidable in the near
future. Automated diffractometers are becoming
commercially available, and with computerization
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the time taken for an X-ray analysis of structure
may be cut by as much as 80-95 per cent.

A heartening sign of the times is the increasing
interest the chemist has shown in the synthesis of the
naturally occurring polypeptides and proteins. The
record of progress is impressive®1:214, Peptides
synthesized range from glutathione, the simpler anti-
biotics*!®, the peptide hormones of the pituitary?16,217
to insulin2!s-220_ Significant strides are being taken
towards automated peptide synthesis. All this
brings us nearer to that day when complex proteins
such as hormones and enzymes, some used in therapy,
may all be conveniently made in the chemist’s
workshop*.

Summary

Recent progress in the elucidation of the primary
structure of proteins, and innovations in techniques
for studying protein structure are surveyed. In
particular, our knowledge of the structures of ribo-
nuclease (A, B, T), proteolytic enzymes of the pan-
creas, pancreatic trypsin inhibitor, myoglobin and
haemoglobin, cytochrome ¢, lysozyme, tobacco mosaic
virus protein, ferredoxin, papain, azurin, etc., and
some of the bacterial polypeptides is summarized.
The potentiality of current peptide synthesis pro-
cedures is brought out in the recent synthesis of
insulin. The field of protein chemistry has developed
to the point that one can hopefully anticipate, in the
coming years, fascinating developments relating to
the structure and synthesis of large protein molecules.
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Biosynthesis of Phospholipids

U. K. MISRA
Departmentfof Radioisotopes & Biochemistry, V.P. Chest Institute, University of Delhi, Delhi 7

Functions of Phospholipids

HOUGH the knowledge of the metabolism of
’ I phospholipids is rapidly increasing, yet their

function in a living cell is not clear. Bloch!
recently commented that ‘‘ In the future...one
may expect a growing emphasis on the broader
physiological problems which were temporarily over-
shadowed by the spectacular success of enzymology.
It is already clear that the classical function assigned
to lipids, to serve as long-term reserve and storage
materials, is not the only one of importance.
Presumably, this is a function confined to the
triglycerides. The challenge facing the investigator
is to find a role for the vast array of phospholipids,
sphingolipids and glycolipids.”” Phospholipids are
essential structural elements of the cell, and are
typically in high concentration in membranous
structures, such as endoplasmic reticulum and the
mitochondria of plant and animal tissues, and in
the protoplast membrane of certain bacteria. This
wide distribution of phospholipids in nature suffi-
ciently explains their structural role. Besides this,
phospholipids have been assigned a role in the
permeability of ions across the biomembranes?.
For example, red cell membranes from several
animal species, known to have varying permeabi-
lity behaviour, differ greatly with regard to their
lipid concentration. Removal of the phospholipids
of mammalian liver mitochondria impairs oxidative
phosphorylation. It has, therefore, been suggested
that phospholipids may play a specific role in
electron transport.

Recently, phospholipids have been implicated to
Play a role in biosynthesis of proteins by Hendler?,
Gaby et al.* and by Hunter and Godson®. Silber-
man and Gaby® and Godson et al.7 and Hendler?
.observed that when protein synthesis in intact
bacteria, bacterial protoplast or tissue preparation
of hen oviduct was studied, a considerable amount
of radioactivity was recovered from the lipid frac-
tion as well as in the protein fraction. But Fukui
and Axelrod® have shown that radioactive amino
acids can be converted to lipid soluble forms in a
reactio» catalysed by a liver enzyme, which does
not require the input of metabolic energy in the
form of ATP and is unrelated to protein synthesis.
To prove a definite role of phospholipids in protein
biosynthesis much further work is needed. Experi-
ments on the binding of potassium by lipids of the
blood by Solomon et al.® seem to indicate that
phospholipids specifically bind potassium. Hokin
and Hokin«-13 have shown that phosphatidic acid
“5 Involved in the transport of sodium ions across
the cell membrane in the salt gland of certain
marine birds and other tissues. Some support for
the views of Hokin and Hokin comes from the
observations of Karnovsky and Wallach!t. These

investigators noted that when leukocytes were
allowed to injest starch particles, the pattern of
labelling of the leucocytic phosphatides from 3P
was changed in a manner roughly reminiscent of
the pattern obtained when secreting tissues are
stimulated by acetyl choline. The hypothesis ad-
vanced by Hokin and Hokin on the role of phospha-
tidic acid in Na* transport has been questioned recent-
ly. Kirschner and Barker!® presented evidence on
the basis of compartment analysis of labelling pattern

. as to the possible involvement of triphospho ino-

sitide in Na* transport. The role of phospholipids
in trapping iodine in thyroid gland has also been
indicated. From the various reports available on
the blood clotting mechanism it is quite clear that
phospholipids play an important role in blood
clotting. Recently, a number of workers!®-2! have
reported that phospholipids play a role in the
metabolism of spermatozoa. Phospholipids are also
known to help in the absorption and transport
process. The role of phospholipids has also been
implicated in certain enzymatic activities. Phospho-
lipids have been reported to be very effective in
reactivating various cytochrome ¢ oxidase prepara-
tions. Greenlees and Wainio?? reported that purified
preparation of cytochrome ¢ oxidase required added
phospholipids for activity and phosphatidyl serine
was most effective. Ambe and Venkataraman?3®
found phosphatidyl inositol to be the most effective
phospholipid activator of a depolymerized cyto-
chrome oxidase preparation. Lysolecithin has been
reported to be a very good activator of an acetone-
extracted cytochrome oxidase preparation?t. A
phospholipid preparation primarily of lysophospha-
tides (65 per cent ethanolamine containing 21 per
cent serine and small amount of inositol) has been
found to be very effective in activating the partially
purified cytochrome ¢ oxidase?. Sekuze et al.26
reported that lecithin is specifically required for the
activity of p(—)-B-hydroxy butyric-dehydrogenase
isolated from beef heart mitochondria. Phospha-
tidyl inositol?? has also been shown to be an acti-
vator for phospholipase C.

The specific structural role played by any given
lipid in the complex structures observed in electron
micrographs of the cell and of its particulate compo-
nents is conjectural. Such conjectures have, for
example, been based on the amphipathic nature of
the lecithin molecule, which partly explains the
layered structure present in the chloroplast?,
although the amount of lecithin present in the
chloroplast is insufficient to fulfil this role. Phos-
phatidyl glycerol® and sulpholipids are the two
new compounds which possess amphipathic pro-
perties®®. Whether the mono- and digalactosyl gly-
cerides play any part in the specific structural role
of lipids is not known although they are present in
considerable amounts.
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Classification and General Properties of
Phospholipids

Phospholipids have been classified under complex
lipids. These compounds may be considered to be
derivatives of L-a-glycerophosphate, substituted on
the «'- and P-hydroxyl groups with long chain
fatty acids. The parent glycerophosphatide, both
from a structural viewpoint and in the biogenesis
of these compounds, is the simple diacylglycero-
phosphate or phosphatidic acid. A large number
of glycerophosphatides are now known in which
the phosphatidic acids are further substituted by
various residues such as choline, ethanolamine,
serine, inositol, glycerol and others in phosphate
diester linkages. These compounds are called phos-
phatidyl choline, phosphatidyl ethanolamine, phos-
phatidyl serine, etc. The distribution of fatty
acids in «'- and B-positions of glycerolphosphatide is
highly specific. The saturated fatty acids are loca-
lized in «'-position31:32,  Recently, Lands®? has shown
that the fatty acids in the «'- and B-position of such
phospholipids may undergo turnover and meta-
bolism independently of each other.

In plasmalogenic glycerophosphatides the fatty
acid in-«’-position is replaced by an «,f-unsaturated
long chain alkyl ether’*%. Phosphatides contain-
ing saturated alkyl ethers in place of ester bonds
have also been reported.

The use of labelled precursors has been one of the
main factors in elucidating the biosynthetic path-
ways of phospholipids. The studies have revealed
that phospholipids are synthesized by most tissues
and that they are continually renewed.

Biosynthesis of Phosphatidic Acids

Phosphatidic acid is a diacyl-L-a-glycerophos-
phoric acid. Normally they are found in very small

concentration in most naturally occur.ing tissues36:37-
They are intermediates of great impigtance in the
synthesis of other phospholipids, e.g. Phagphatidyl
ethanolamine, phosphatidyl ‘choline, phospliatiayt
inositol, phosphatidyl glycerol) polyglycerophsspiia-"
tide, etc. Phosphatidic acids axe highly sn<ceptible
to decomposition under mild conditions "hi¢ are
quite stable for long periods when maintaines Fver
P,0O; in vacuo or stored as the sodium salt.
Kennedy® and Kornberg and Pricer® in their
early studies demonstrated’ that L-«-glycerophos-
phate (but not free glycerol) was the precursor of
the phosphatidic acids and other glycerophospha-
tides. The first step in the transformation of free
glycerol to glycerophosphate is its phosphorylation
to L-a-glycerophosphate. This reaction is cata-
lysed by an enzyme glycerokinase. This enzyme
was first reported by Kennedy® and later isolated
in crystalline form by Wieland and Suyter?.
Glycerokinase is quite limited in its distribution in
mammalian tissues, and it has been found so far
only in brain, liver, kidney and heartt!. In tissues
which do not possess glycerokinase, the major source
of L-a-glycerophosphate must be from the reduc-
tion of dihydroxy acetone phosphate, which is
catalysed by the enzyme, glycerophosphate dehydro-
genase®2. The next step in the biosynthesis of
phosphatidic acid is the acylation of L-a-glycero-
phosphate by long chain fatty acids. To date, no
convincing evidence for the direct acylation of free
glycerol to long chain fatty acids thioesters of
coenzyme A has been obtained. Kennedy® and
Kornberg and Pricer®® first demonstrated in wvitro
the acylation of L-a-glycerophosphate to phospha-
tidic acids. They observed that the acylation
reaction requires long chain thioesters of CoA as
donors of the fatty acyl residues. From the know-
ledge of the position specificity of the fatty acids

CH,0H CH,0H CH,OH
|
HOCH ATP HOCH o DPNH é:O [e]
Clycorokinase, | I e | ||
CH,0H yce(;)‘“ CH,—0—-P—-OH (b) CH,—O0—P—-OH
|
OH OH
(c)  RCOSCoA
(d) § R”"COSCoA
CH,00CR CH,00CR
| cTP
R’COOCH o B — R’COOCH (0] (6]
| I (e) || [|-=*
CH,—O—P—-OH CH,—0—P—-0-P-0
| | N\
OH OH OH Cyt
Diglyceride | ATP (f) | Phosphatidic acid
kinase (8) y phosphatase
CH,00CR
|
R’COOCH
) |
CH,0H

D-a,B-diglyceride

Chart 1 — Biosynthesis of phosphatidic acid
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ositions, it was possible to postulate

wo enzymes must be involved in acyla-

.o, that is one for putting saturated fatty

dciu- 4t o'-position ajd the other for unsaturated
Tattysacid at @-posjtion of L-a’-glycerophosphate.
Fhese reactions _are” shown in Chart 1. The two
acy[®iotis“are controlled by separate enzymes; the
£sF M. for putting saturated fatty acids at
o'-position) is sensitive to SH-binding reagents,
whereas the second one is not. Studies of Lands
and Hart® on the forfiation of diacylglycerophos-
phoric acid in guinea-pig liver microsomes indicated
an almost random system of acylation. If the
phosphatidic acids are formed with a nearly random
distribution of acids, as in guinea-pig liver, then
the patterns observed in the triglycerides and
different types of phosphoglycerides may arise
from a redistribution of acids after the lipids are
formed. Studies of Lands and Hart®® on the
formation of phosphatidic acid suggest that the
diacylglycerophosphoric acid formed by other tissues
could have a different distribution of fatty acids.
Very little is known about the fatty acid composi-
tion of phosphatidic acid in tissues. Hiibscher and
Clark** have reported 60-77 per cent linoleate and
10-17 per cent oleate in mammalian liver phospha-
tidic acid. Alternatively, phosphatidic acid could
be synthesized by the phosphorylation of D-a,@-di-
glyceride by ATP and an enzyme diglyceride kinase
(Chart 1). Phosphatidic acids once formed may
undergo at least two distinct metabolic reactions.
First of these is a dephosphorylation by a specific
enzyme, phosphatidic acid phosphatasef! (Chart 1).
This enzyme is found in liver, brain and other
tissues and dephosphorylates phosphatidic acid to
D-,B3-diglyceride. As pointed out earlier, D-o,3-di-
glyceride can be rephosphorylated with ATP by
diglyceride kinase. The reaction of dephosphoryla-
tion of phosphatidic acid by the phosphatic acid
phosphatase and rephosphorylation of its product,
D-a,3-diglyceride by diglyceride kinase to form
_phosphatidic acid has been implied to be operating
1n <he transport of cations across the cell membrane
by Hokin and Hokin®. A system similar to that
of animal tissues® for acylating L-a-glycerophos-
phate in plants has been found to be absent. This
leaves open the question of how the de novo syn-
thesis of glyceride bonds take place in plants.
In another important reaction phosphatidic acids
react with cytidine triphosphate to form cytidine
diphosphate (CDP) diglycerides. The involvement
of cytidine coenzymes in the biosynthesis of phos-
“pholipids was largely a serendipidity. Kornberg
and Pricer® reported that phosphoryl choline could
be converted to a lipid by rat liver enzymes requir-
ing added ATP. Kennedy and Weiss*® reported
that phosphoryl choline was relatively ineffective
as a precursor of lipid in cell free rat system in
_v‘vhich ATP is not added as such, but was conti-
nuously generated from AMP by means of oxidative
phosphorylation. Conversion of phosphoryl choline
to lecithin took place rapidly when an impure
preparation of ATP was added. Highly purified
ATP was quite inactive whereas amorphous pre-
paration stimulated the reaction. This observation
has led to the very important discovery that cyti-

NH,
N/ l

Y

07 N 0 0
Il I

CH,—0—P—0—P —R
OH HO
HO OH
0

+
1 R= —OCH,CH,N (CHysy

11 R= —OCH2CH2NH2
CH,00CR
, T
R COOCH

1 R= -0-— CH2

Chart 2 — Structure of cytosine containing coenzymes
important in the biosynthesis of phospholipids

dine coenzyme is involved in the phospholipid
biosynthesis. It was soon realized that the function
of cytidine coenzymes in the biosynthesis of phos-
pholipids throughout nature is a general one and
that there exists a class of these coenzymes of the
general formula shown in Chart 2. Three types
of cytosine containing coenzymes are now known
to play an essential role in the biosynthesis of
phospholipids. These are (i) cytidine diphosphate
choline, (ii) cytidine diphosphate ethanolamine and
(iii) cytidine diphosphate diglyceride. All coenzymes
containing cytidine participate in the same type of
enzymatic group transfer reaction leading to the
formation of the phosphate diester bond as shown
in Chart 3.

Several interesting reactions (discussed later)
have been found in which one phospholipid may
be converted to another. In all the reactions dis-
covered to date, a net formation of phosphodiester
bond in a phospholipid proceed by the mechanism

/
HO H
o] U 0
; |
Cyt—O0—P—OH + R—O—PI—O-—R

OH OH

Chart 3 — General mechanism of formation of phospho-
diester bonds in phospholipids
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TaBLE 1 — FuNcTION OF CYTIDINE COENZYMES IN THE
BIOGENESIS OF PHOSPHODIESTER BONDS OF

PHOSPHOLIPIDS??
Donor Acceptor Product
CDP-choline p-«,8-Diglyceride Lecithin
do ¢ Plasmalogenic Choline
diglyceride ’ plasmalogen
do N-Acyl-sphingosine ~ Sphingomyelin
CDP-ethanol- D-a,B-Diglyceride Phosphatidyl
amine ethanolamine
do ‘ Plasmalogenic Ethanolamine
diglyceride ’ plasmalogen
CDP-diglyceride Myo-inositol Phosphatidyl
inositol
do L,a-Glycerophosphate Phosphatidyl
glycerophosphate
shown above. This type of enzymic group

transfer reaction involving the cytidine nucleotides
is very different from that exhibited by the uridine-
diphosphate ~coenzyme series. In the cytidine
coenzyme reactions, enzyme catalysed nucleophilic
attack of the oxygen of hydroxyl group occurs with
the displacement of cytidine monophosphate and
formation of a monophosphorus diester linkage.
This is in contrast with the series of group transfer
reactions involving uridine diphosphate coenzymes
(u-PP-R), in which UDP is the product of the re-
action and the pyrophosphate bond remains intact,
with the formation usually of a new glycosidic
linkage. The reactions which have been observed
to lead to the formation of the phosphodiester
bonds of phospholipids are listed in Table 1. Phos-
phatidic acids as well as the cytidinediphosphate
diglycerides and D-«,p-diglycerides derived from

(0]
ase

Kin ||
(i) HOCH,CH;NH; + ATP————->HO — 1|3— OCH,CH,NH,
CH
o (o] o (o]
Il I I I
(ii) Cyt—=O—-P—
| !3 | |
OH H OH OH

0—P—0—P—0H+HO—P—0—CH,—CH,—NH,

them are families of ‘compounds c(

acids in varying chain lengths and W

of unsaturation. The nature of any Be.._

dual phosphatidic acid is \dependent upSmr=erre.
specificities of the enzymes \catalysing the ssteps
¢ and £, and other reactions (Chart 1). For efampls;
phosphatidic acid phosphatase Ty Teact fiviore
readily with phosphatidic acids containing . " #ain
type of fatty acid residue, which will then tend to
predominate in the D-a,8-diglyceride pool, while
phosphatidic acids with other fatty acid residues
may more actively form CDP-diglycerides. Further
steps, which may allow specific control of the fatfy
acid pattern of lipids, are those in which the p-a,p-
diglyceride pool is involved. Thus the enzyme
which catalyses the formation of triglycerides from
D-a,3-diglyceride has a pattern of specificity different
from that of the enaymes catalysing synthesis of
lecithin, which in turn may differ from that cata-
lysing the synthesis of phosphatidyl ethanolamine.
Similar considerations may apply to the enzymes
involved in the further metabolism of CDP-digly-
cerides. The net result is the formation of lipids
with a specific pattern of distribution of fatty acid
residues, though all of them may have been derived
originally from the same pool of phosphatidic
acids??48,

Biosynthesis of Phosphatidyl Ethanolamine (PE)

Though PE is found widely distributed in nature,
its isolation in highly purified form from natural
sources has been a difficult task. Perhaps one of
the chief difficulties encountered is the great
sensitivity of these compounds to atmospheric oxi-
dation and light. This may be attributed in some

Phosphoryl ethanolamine
P —

" =7
Citidyl transferase

o
Il Il
P—P+Cyt—0—P—0—P—CCH,CH,NH,
|
&H OH
CH,00CR o} o}
| I ||
(iii) RCOOCH +Cyt—0—~P—0—P—OCH,CH,NH; =~
CH,0H OH OH
CH,00CR o
I ’
RCOOCH O +Cyt—O—P—OH
I
CH,0 —P— OCH,CH,NH, OH
OH
PE
o o) o

Il || I
(iv) Cyt—O—P—OH+ATP

| |
OH OH OH

>Cyt—0—P—0—P—0—P—0OH

bu

Chart 4 — Biosynthesis of phosphatidyl ethanolamine’from ethanolamine
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he presence of traces of pigments
cally stimulate the oxidation of the
..o fatty acids, that predominate in this
4. <tlipid than ing any other more commonly
=ntered phosphqlipids. A sequence of reac-
tions, ,nadmg to the synthesis of PE in cell free
extrastsy 1§°%iowii in Chart 4. Free ethanolamine
is_fimdisphosphorylated with ATP by a kinase to
“form phosphoryl  ethanolamine?®®  which then
reacts with CTP. This reaction is catalysed by
an enzyme phosphoryl «ethanolamine cytidyl trans-
ferase to form CDP-ethanolamine. This enzyme
Tequires Mg** or Mn*" ions and is highly specific
for cytosine containing nucleotide triphosphate.
In the next step, CDP-ethanolamine reaction with
D-u,8-diglyceride to produce phosphatidyl ethanol-
amine with the liberation of CMP%.
Recently, it has been suggested that phospholipids

may act as obligatory intermediates in metabolic .

pathways, for example, conversion of phosphatidyl
serine (PS) to phosphatidyl ethanolamine by
decarboxylation reaction. This was first shown
by Wilson et al.5* and Bremer et al.’®53. These
workers reported that serine must be converted
to a phospholipid prior to decarboxylation. In
such reactions PE 1s formed by decarboxylation
of PS. Borkenhagen et al.5 described two enzymes
present in liver mitochondria and other tissues
which catalyse a ‘phospholipid cycle’ in the
decarboxylation of serine (Chart 5). In this cycle
the free amino acid serine exchanges with ethanol-
amine moiety of PE to form PS. This phosphelipid
then undergoes decarboxylation to PE, with the
release of CO,.  The PE then reacts with another
mole of free serine yielding ethanolamine. The
overall reaction is identical with the decarboxyla-
tion of free serine, but it differs in that the ethanol-
amine is not directly derived from the serine, but
from the PE pool. The phosphatidyl serine
decarboxylase is highly specific for the phospholipid
form of serine and does not act on serine or phos-
phoserine. The cell may have a distinct advantage
n such conversion reactions to form water insoluble
forms or fixed to some subcellular structure prior
to certain enzymatic transformation. PE can also
be synthesized in the cell by an exchange reaction.
In these reactions a single phospholipid component

CH,00CR
RCOOCH 0

~~MOCH_CH, NHy cnzo—?—ocnzﬁﬂcoon

’ OH NH,
co,

= HOCH,CHCOOH CHH00CR
NH, RCOOCH O

HO— T— OCH,CHNH,

OH

Chart 5 — A ‘ phospholipid cycle’ leading to the decarboxy-
lation of serine

is introduced. Reactions of this type are activated
by Ca?** ions and lead to the incorporation of free
ethanolamine as well as that of free serine and
choline.  Similarly, a Ca?"-activated incorporation
of free dimethyl ethanolamine into corresponding
phospholipid has also been observed®®. The
physiological significance of these Ca2?*-activated
reactions in the living cell, where the concentration
of Ca?* ion is probably very low, remains uncertain.
Perhaps such reactions play a role in the transport
across the cell membrane or from one type of cell
structure to another. It may be that by such
reactions a partial rejuvenation of the phospholipid,
is achieved, the rest of the molecule being meta-
bolized more slowly. Recently, Merkl and Lands®?
have shown that in rat liver microsomes, PE can
be synthesized by the acylation of lyso PE. The
enzyme requires ATP and Mg?*. The saturated
fatty acids (stearic acid) go predominantly to

o'-position whereas unsaturated fatty acids (lino-
leate) go to the B-position.

Biosynthesis of Phosphatidyl Choline

This phosphoglyceride is the most typical and
most abundant of the naturally occurring phospho-
glycerides. Its widespread presence in plants,
animals and microorganisms has led to considerable
speculation as to its metabolic role. The reaction
steps involved in the biosynthesis of lecithin are
shown in Chart 6. Choline is phosphorylated by
an enzyme, choline kinase, which requires ATP to
form phosphoryl choline®® which then reacts with
cytidine-5-triphosphate to form CDP-choline. This
reaction is catalysed by the enzyme phosphoryl-
choline-cytidyl transferase found in liver, brain and
other tissues. This enzyme is heat stable and
requires Mg?" or Mn** for optimal activity®. It
is highly specific for cytosine containing coenzymes,
but deoxycytidine diphosphate choline 1s also active.
CDP-choline then reacts with p-u,B-diglyceride to
form phosphatidyl choline and CMP. This reaction
is catalysed by the enzyme ‘phosphoryl-choline-
glyceride transferase ’60. This enzyme is com-
pletely inhibited by low concentrations of Ca®" ions
and shows a high degree of specificity both for
cytosine nucleotides and diglycerides. Recently,
Strickland et al.#* have shown that rL-«,(-diglyceride
could also form lecithin 4n vitro in brain slices, but
D-a,B-diglyceride is the natural acceptor. This step
appears to be readily reversible and cytolysis of
lecithin has been reported. The energy released
by breaking the phosphodiester linkage in lecithin
is apparently comparable to that released by
breaking the pyrophosphate linkage of CDP-choline.
The CMP which is set free upon the synthesis of
lecithin may be rephosphorylated at the expense
of ATP#2 to form CTP once again, thus constituting
a cycle in which the metabolic energy released by
the hydrolysis of ATP is used to form the phospho-
diester bond of lecithin. One mole of p-a,p-digly-
ceride and one mole of phosphoryl choline are
converted to lecithin at each turn of this cycle.

Methylation of PE to Phosphatidyl Choline

Stekol et al.%3 suggested the transfer of the methyl
group of methionine in the liver to an acceptor which
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Chart 6 — Biosynthesis of lecithin from choline

is a component part of a phospholipid molecule.
Studies on the precursors of methyl groups of cho-
line$4-66 seem to indicate that all the methyl groups
of choline arise by transmethylation from S-adenosyl
methionine to PE, which in turn may arise by
decarboxylation of PS78. The transmethylation
of S-adenosyl methionine to PE is catalysed by a
microsomal fraction of rat tissue and does not require
the addition of synthetic, pL-dipalmitoyl cephalin.
Incubation of microsomes with ethanolamine 1,2-14C
for labelling the bound lipid ethanolamine, and
exhaustive dialysis and reincubation of the labelled
microsomes with S-adenosyl methionine have shown
that the bound lipid ethanolamine is indeed the
methyl acceptor. Artom and Lofland®® have now
indicated a direct transfer of mcthyl group from
S-adenosyl mcthionine to PE by rat liver homo-
genate. This reaction is irreversible®. Free
dimethyl cthanolamine and S-adenosyl methionine
do not affect an isotope dilution indicating direct
conversion of phosphatidyl-dimethyl ethanolamine
to phosphatidyl cholinc®®. These studics show that
methylation of ethanolamine to choline takes place
via phosphatidyl ethanolamine, with phosphatidyl
(N-methyl) cthanolamine, and phosphatidyl (N,N-
dimethyl) ethanolamine as successive intermediates
(Chart 7). Bremer and Greenbergs® have confirmed
these results in rat liver. The synthesis of lecithin
also occurred when ¥C serine was injected to rats.
Radioactivity was also found in amino-ethanol and
choline labelled C in both hydroxyl and methyl
groups. This synthesis occurred by first decarboxy-
lation of PS to PE. All these enzymes appear to be
localized in the microsomal fraction of liver. It
thus appears that phosphatidyl choline is the first
form of choline to accumulate in tissues such as liver
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as a product of methylation of cthanolamine. The
transformation of PLE to lecithin constitutes an
important alternate pathway for the biosynthesis
of lecithin and for the utilization of the active methyl
groups in animal tissues. The physiological impor-
tance of these reactions has not been established
fully; however, the experiments of Groth ef all®
suggest that this new pathway for lecithin synthesis
is quantitatively of greater importance than the
pathway clucidated by Kennedy and  Weiss®.

Through this sequence of reactions quaternary

ammonium groups are introduced. Gibson ef al.™
speculated that the conversion of PE to lecithin glte®
the charge on a lipid membrane and thus has a pro-
nounced effect on its structure and permeability.
Since this system is located in the microsomes, it
may be a determining factor in the lamellar struc-
ture of the endoplasmic reticulum.  However, these
reactions do not lead to a net synthesis of phospho-
lipids by the living cell, but rather to the transforma-
tion of one kind of phospholipid into another. So
far as is known at present, the net production of

Phosphatidyl ethanolamine
S-adenosyl methionine
Phosphatidyl (N-methyl) cthanolamire
S-adenosyl methionine
Phosphatidy! (N,N-dimethyl) ethanolamire

S-adenosyl methionine

Lecithin

Chart 7 — Stepwise methylation of phosphatidyl cthanol-
' amine
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wfhosphodiester /linkage in phospholipid is confined
to reactions , involving cytidine coenzymes as
intermediate+

Ag¢yration of Lysolecithin to Lecithin

.Lecitpin constantly breaks down to glyceryl
phosphoiyi choline via lysolecithin?. Lysolecithin
could aiso be acylated to lecithin with fatty acid
“Sters of CoA. This type of reaction has also been
shown in human red blood cells, aortic walls and
brain?>-7.  Phospholipase A hydrolysing diacylgly-
cerophosphatidcs with the production of the corres-
ponding lysoderivatives and free fatty acids has
been shown in a number of tissues?76. The lyso-
lecithin so formed may then be further hydrolysed
yielding glyceryl phosphoryl choline. Alternatively,
*he lysolecithin may react with a thioester of CoA to
form lecithin once again. The reacylation of lyso-
lecithin by a thioester of CoA is a reaction coupled
to the release of free energy from ATP, which is
needed for the activation of the fatty acid to form
thioester. Lands®® has discussed the possible im-
portance of these two enzyme systems, phospholipase
A and acylating enzymes, acting in a cylic manner,
in relation to the independent turnover of fatty
acids in the lecithin molecule. They point out that
the combined effect could be a factor in determining
the position of a symmetry of saturated and unsatu-
rated fatty acids on the o'- and B-carbon atoms of
th> glycerol moiety.

Biosynthesis of Phosphatidyl Serine (PS)

Phosphatidyl serine is found naturally in most
tissues and is always present in the form of Na, K,
Ca or Mg salt. The exact mechanism of PS bio-
synthesis is still not clear. By analogy with the
reaction described for the biosynthesis of PE, it
might be presumed that serine would first be con-
verted to phosphoserine, then to cytidine diphosphate
serine and finally to phosphatidyl serine. No
evidence, however, in support of such a reaction
scheme has yet been obtained. Numerous workers
have sought to establish the presence of serine kinase,
or fur” direct phosphorylation of serine in animal
tissue but all such efforts have been unsuccessful.
Instead, it appears that serine arises from phospho-
serine and which in turn is derived from phospho-
hydroxypyruvate by transamination. Hiibscher
et al.” have demonstrated the incorporation of uni-
formly labelled L-serine C into phospholipids by
liver enzymes. This reaction was stimulated by
CMP and more so by Ca?", even in the absence of
CMP or any energy source. This suggests the
octuirence of an exchange reaction which does not
require a source of metabolic energy. Recently,
Miras et al.58 have reported the presence of an enzyme
system in the microsomes of human leucocytes which
catalysed the incorporation of (3-14C) serine into
phosphatidyl serine. This system differed from
the two other reported systems, viz. exchange reac-
uon and decarboxylation reaction, in that its activity
is absolutely dependent on the presence of added
ATP and Mg?* ions, in other words, a source
of metabolic energy is needed rather than cytidine
nucleotides. During recent years evidence has been
forthcoming to suggest the occurrence of other amino

acids in phospholipids. However, serine, present
as phosphatidyl serine, is still the only well-authenti-
cated example of such a combination. Recently,
evidence has been presented for the ecxistence of
amino acids other than ethanolamine and serine
such as ornithine and lysine in the phospholipids °
from several different sources”81. Some functions
have been suggested for this amino acid-phospholipid
combination. For example, phospholipid may play
a part in the supply of lysine for the synthesis of
cell wall in Staphylococcus aureuss'. 1f pH of the
medium is lowered to 4-8 by adding glucose, ac-
cumulation of phosphatidyl glycerol lysine occurs.
Another function may be balancing the positive
charge of phosphatidyl glycerol in the lipid layer (s)
of the membrane.

Biosynthesis of Plasmalogenic Phosphatides

The plasmalogens contain a fatty acid residue,
an aldehydogenic (a vinyl cther) and glyceryl phos-
phoryl ethanolamine or choline. These compounds
are found widely distributed in animal tissues, with
particularly high concentrations in the myelin of
brain and nerve, in heart and skeletal muscles, and
in semen®-%. Kiyasu and Kennedy™ have sug-
gested that plasmalogen may be formed biologically
by a sequence of reactions essentially similar to
those described for lecithin and PE, as shown below:
1. CDP-choline 4 plasmalogenic diglyceride ——

Plasmalogenic phosphatidyl choline+4CMP
2. CDP-ethanolamine + plasmalogenic diglyceride ——
Plasmalogenic phosphatidyl ethanolamine+-CMP

They have obtained compounds having the struc-
tures shown in Chart 8 by the degradation of the
plasmalogenic analogues of lecithin. These com-
pounds are closely similar to p-«,8-diglycerides, and
react with CDP-choline or CDP-ethanolamine in the
presence of particulate enzyme from liver to form
plasmalogenic phospholipids of lecithin and phos-
phatidyl ethanolamine types respectively. Presu-
mably ‘ plasmalogenic phosphatidic acids’ would
be an essential intermediate in such a reaction
sequence but there is no direct evidence for a com-
pound of this structure. Recently, Baumann and
Goldfine®” have suggested that the diacyl phospha-
tides are converted directly into the corresponding
acylalkenyl phospholipids. Although the glyceryl
alkenyl ethers appear to be metabolically related
to the acyl and alkyl analogues, the only recognized
metabolic reaction of the alkenyl cther is that of
hydrolytic cleavage. Warner and Lands®® showed
that alkenyl glyceryl phosphoryl-choline hydrolysis
is catalysed by microsomal particles of rat liver,
although the acylalkenyl glyceryl phosphory! choline
is not affected. The ethanolamine analogues react
similarly9%100, with liver microsomes, but Ansell
and Spanner!®! have recently described on enzyme
from rat brain which requires Mg?* for maximal
activity. Recently, Carter ef al.1%2 isolated a new
ethanolamine containing phospholipid from egg yolk
which they reported to be O-phosphoryl ethanol-
amine derivative of butyl alcohol. Karnovsky!03
and others have reported the existence of phospho-
lipids analogous in structure to glycerol ethers in
lipids in the tissues of marine and other animals.
Their biological function is not yet known.
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Chart 8 — Biosynthesis of phosphatidyl inositol

Biosynthesis of Phosphatidyl Inositol

The occurrence of carbohydrates as structural
components of certain lipids of plants, animals and
bacteria is now well established. Inositol phospho-
lipids were™ first isolated from tubercle bacilli*04105
and soybean®-8. Folch and Wooley!®? isolated
inositol phospholipids from brain on the basis of
the occurrence of either inositol mono- or di- or tri-
phosphate in the hydrolysates of phosphoinositides.
The terms monophosphoinositides, diphosphoinosi-
tides and triphosphoinositides have been used to
describe these inositol containing phospholipids.
Recently a phospholipid from brain has been reported
to be a tetraphosphoinositide!®® but now this claim
has been withdrawn. As these inositides are acidic
substances, they usually qccur as Na, Mg, K or Ca
salts. The monophosphoinositides are present in
rat, beef and pig liver and cardiac muscle where they
constitute approximately 5-10 per cent of the
total phospholipids. Phosphatidyl inositol has been
shown recently to be an activator for phospholipase
Cgp- It has also been shown by Dawson0%110 that
phospholipase B of Penicillium hydrolyszs lecithin
only if phosphatidyl inositol or certain other lipid
activators are present. These results suggest that
perhaps the true substrate of phospholipases B and
C may be complex between lecithin, and phosphatidyl
inositol. By analogy with the scheme for lecithin
biosynthesis one would surmise that in the pathway

*for ~ phosphatidyl inositol biosynthesis, inositol
monophosphate  would be an intermediate.
Attempts to show the presence of an inositol kinase
in several animal tissues or in yeast have proved
unsuccessfulll. A partially purified yeast hexo-
kinase has been reported to be able to phosphorylate
inositol in the presence of ATP and Mg?* but the
rate of reaction is very low and therefore be of doubt-
ful significance. The failure to demonstrate an
active inositol kinase suggested a discrepancy in
the postulate that phosphatidyl inositol synthesis
follows a pathway similar to the mitochondrial
phosphatidyl choline system. Agranoff ef all1?
studied the incorporation of tritium labelled inositol
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into lipids by guinca-pig kidney mitochondria. Thies
incorporation into phosphatidyl ingitel requires;
Mg?* and CDP-choline or CMP. In Soqe cases the
incorporation of inositol is stimulatedm
tidic acid but not by «@-diglycerides.
suggested that phosphatidyl inositol is SW
by transphosphorylation of CDP-choline #id phbs-
phatidic acid with the formation of CDP-diglyggride.
Further a phosphorylytic reaction occurs be I
CDP-«,p-diglyceride and a hydroxyl group of inositol
with subsequent formation..of inositol phosphatide.
The reactions are shown below:
(a) CDP-choline -+ L-phosphatidic acid —
CDP-«,B-diglyceride -+ phosphoryl choline
(b) CDP-o,B-diglyceride+inositol ——
Inositol phosphatide+ CMP
The stimulating effect of Mg?* has been explained.
by assuming that it inhibits a phosphatidic
acid phosphatase. Later work by Paulus and
Kennedy'1%:114 suggested that there are two pathways
for the incorporation of inositol into the lipids. One
is an exchange reaction which was put forward to
explain the data of Agranoff ef al.l'2. The second
pathway leading to net synthesis involves CTP rather
than CDP-choline, in the formation of CDP-digly-
ceride. This CDP-diglyceride is chemically unusual
because it is not only a nucleotide coenzyme, but
also it is a phospholipid and can be purified by silicic
acid chromatography with organic solvents. In
the. schemes for the syntheses of inositol put
forward!12-114 the liponucleotide-CDP-diglyceride is
implicated. However, the reaction proposed for
the formation of CDP-diglyceride differs. Agranoff
et al.11? suggested that CMP in CDP-choline is trans-
ferred from phosphoryl choline to phosphatidic acid,
whereas Paulus and Kennedy!3:114 suggested that
CTP and phosphatidic acid react to yield CDP-
diglyceride and  pyrophosphate. Paulus and
Kennedy!® found that free inositol could be incor-
porated into lipid by particulate enzyme from chicken
liver by a reaction which is stimulated by CMP.
At low Mn2* ion concentration, a considerable sti-
mulation by CMP is noted, while with saturating_
amounts of Mn2*, CMP had little or no effett= In
the latter case, an extensive incorporation of labelled
inositol, almost linear with time, is observed in the
complete absence of an added source of metabolic
energy. For this reason the incorporation of labelled
inositol into lipid as observed by Agranoff ef al.l1?
was ascribed to be an exchange reaction which did
not lead to the net synthesis of phosphatidyl inositol.
Using L-o-glycerophosphate 32P as a tracer it has
been shown that phosphorus of phosphatidy! inositol
is derived from L-a-glycerophosphate and thatcCir—
is specifically required for this transformation while
CDP-choline is quite inactive!®. In contrast to
this the phosphorus of lecithin and PE is derived
from CDP-choline and CDP-ethanolamine respec-
tively, since the phosphate of phosphatidic acid
is removed by the reaction of phosphatidic acid
phosphatase. Using CTP labelled with 3P in T
a-phosphorus atom, the enzymic fcrmation of a
radioactive compound having properties expected
of CDP-diglyceride was observed. Tiie adGdition
of inositol prevented the accumulation of this com-"
pound. Synthetic CDP-dipalmitin reacted with
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iree inositol in the presence of chicken liver to form
phosphatidyl inositol. The scheme proposed by
Paulus and Kennedy!* for the biosynthesis of phos-
pitatidyl inositol is shown in Chart 8. These studies
Tave wecently been confirmed in all detail by
Trompscn et al.M'% in brain tissues. They showed
that phosphatidyl inositol is readily formed from
[3H) inositol and (4C) phosphatidic acid in brain
dispersions. The fatty acids in phosphatidyl inositol
may be distributed randomly between «'- and f-
positions, but saturated fatty acids predominate
at the o'-position, and unsaturated acids at the
B-position of the phosphatidyl inositol from pigeon
pancreas. Recently, Kennan and Hokin!'® have
reported the acylation of lysophosphatidyl inositol
by pigeon pancrcas homogenates or guinea-pig brain
microsomes. These enzymic reactions require ATP
and CoA. These authors have reported that the
enzyme
phate)-acyl transferase may control the specific posi-
tional distribution of fatty acids in the inositol lipids.

Biosynthesis of Polyglycerophosphatides

Phosphatidyl glycerol (PG) — In the past few years
several types of nitrogen-freec, phospholipids have
been shown to be present in many natural sources.

acyl-CoA: acylglycerol-3-(1'-inositol-phos-

in Scenedesmus by Mauro and Benson!'”118, This
phospholipid is present in small concentration in
most of the animal tissues but is more abundant
in plants. Its biosynthetic pathways have been
investigated by Kiyasu et al'?. It is synthesized
enzymatically by a reaction between L-a-glycero-
phosphate and CDP-diglyceride. They found that
on incubation of L-a-glycerophosphate and CDP-di-
palmitin with liver particulate enzyme, a lipid was
tormed which was rapidly dephosphorylated by
phosphatase to produce phosphatidyl glycerol. The
two enzymes are readily distinguishable since the
phosphatase is sensitive to inhibitors which attack
sulph-hydryl groups; while the second enzyme cata-
lysing reaction between L-a-glycerophosphate and
CDP-diglyceride is unaffected by these reagents.
The reaction sequence is shown in Chart 9.
Polyglycerophosphatides (cardiolipin) — This com-
plex phospholipid was isolated by Pangborn!?® from
beef heart and named cardiolipin. This compound
is essential for the complement activity with the
sera of syphilitic subjects. Besides heart, it is also
present in other tissues. Recently, Marinetti e al.12!
have demonstrated the presence of cardiolipin in
chlorella, Rhodospirillum rubrum chromatophores
and higher plants. In chlorella, cardiolipin consti-

Phosphatidyl glycerol was first shown to be present  tutes only a small portion of total lipids. = However,
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Chart @ — Biosynthesis of polyglycerophosphatides
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Chart 10 — Structure of cardiolipin

its concentration increases in phosphate deficient
media. The chromatophores of R. rubrum may contain
cardiolipin in concentrations as high as 1-5Xx10-2M.
The structure of cardiolipin is shown in Chart 10.

Biologically, cardiolipin is synthesized by a
reaction between a mole of phosphatidyl glycerol
and mole of CDP-diglyceride. The reaction steps
are shown in Chart 9.
Biosynthesis of Sphingolipids

Sphingolipids, the name proposed for this group
of lipids by Carter et al2?2, are defined as those lipids
which contain the long chain amino alcohols sphingo-
sine, dehydrosphingosine, phytosphingosine and
dehydrophytosphingosine. Recently, several other
long chain amino alcohols have been discovered.
Complex sphingolipids containing sphingosine and
dehydrosphingosine have been found so far only
in animal tissues, while phytosphingosine and dehy-
drosphingosine appear to occur only in plant sources.
Animal sphingolipids are present in particularly
high concentrations in brain and nerve tissues and
in lower concentrations in other tissues. Sphingo-
myelins are phospholipids in which sphingosine or
a closely related base is bound by an amide linkage
to a long chain fatty acid and by an ester linkage
to phosphoryl choline.

Sphingomyelin .

Isotope tracer studies in vivo by Zabin and Mead!®
and Sprinson and Coulon'* revealed that carbon
atoms 1 and 2 and the amino group of sphingosine
are derived from serine, while carbon atoms 3-18 are
derived from acetate, probably via 16 carbon inter-
mediates. Ethanolamine was shown not to be an
efficient precursor of sphingosine, eliminating the
possibility that decarboxylation of serine occurs
prior to its incorporation into the long chain base.
An enzyme system which carries out the synthesis
of free sphingosine from radioactive serine was found
by Brady et al.1?512%6 in the brain tissues of young
rats. The system requires numerous cofactors for
optimum activity, including CoA, ATP, pyridoxal
phosphate, a source of NADPH and divalent cation.
The primary product of this reaction appears to be
dehydrosphingosine which on enzymatic dehydro-
genation produced sphingosine. Later it was shown
that palmitic aldehyde could replace CoA and
NADPH. )

Zabin and his colleagues!?” reported a partially
purified enzyme from cell free extracts of brain,
which catalys2s the reduction of palmitoyl CoA to
palmitic aldehyde and requires NADH in contrast
to NADPH as reported in enzymatic transformation
of ceramide (sphingosine amide) from serine. The
cofactor requirements for this enzyme system are
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similar to those reported by Brady and Ko<all?.
The exact stage at which the long chain fatty acid
is formed still remains unceitain. An enzyme,
phosphory! choline ceramide transferase from liver,
and other tissues catalysed the formation of sphings=
myelin from CDP-choline and ceramide!®, This
enzyme requires Mn?* ions for optimum activity
and is highly specific for the sphingosine pogtion
of the ceramide which acts as an acceptor for the
phosphoryl choline moiety of CDP-choline. The
reaction sequence is shown -velow:
1. Palmitoyl CoA 4+ TPNH ——

Palmitic aldehyde+TPN +CoA

Mn2+

2. Palmitic aldehyde + L-serine ——-————— -
Pyridoxal phosphate

Dihydrosphingosine - COg
—2H
3. Dihydrosphingosine ———-> Sphingosine-2H
En

Recent studies have shown that metabolic path-
ways for the synthesis of cerebrosides and sphingo-
myelin are common up to the stage of ceramide
formation. Studies on (1-4C) acetate incorporation
have shown that the radioactivity of cerebrosides
was higher than that of sphingomyelin. In the
case of (1-14C) palmitate, the radioactivity of cere-
brosides and sphingomyelin was almost equal. But
in the case of (1-14C) lignoceric acid or (6-*H) cere-
bronic acid the radioactivity of sphingomyelin is
higher than that of cerebrosides. It may be assumed
that metabolic system synthesizing sphingomyelins
can utilize preformed fatty acids. In contrast, the sys-
tems synthesizing cerebroside utilize preformed fatty
acids less rapidly, their fatty acid moiety being formed
in sttu from the low molecular weight precursors!?.

The significance and interrelationships of the
enzymic transformations described above are not
altogether clear at the present time. Thus free
sphingosine acts as an acceptor for galactosyl units
from UDP-galactose in the enzyme studied by
Cleland and Kennedy'®, while a ceramice is ap-
parently the acceptor in the reaction observed by
Burton ¢f al.13'. Perhaps one reaction is partiof a
pattern leading to the formation of a simple cere-
broside, while the other may be a part of sequence
which produces a more complex ganglioside type of
sphingolipid. Tentative pathways for the bio-
synthesis of sphingolipids on the basis of the present
state of our knowledge on the subject are presented

. below:

Palmitic aldehyde + L-serine

v
Dihydrosphingosine

. \ . UDP-galactose .
Sphingosine — ——— Psychosine

l: RCO-S-CoA (?)
¥ UDP-galactose ‘s,
Ceramide ~—» Cerebroside
CDP-choline
Sphinéomyelin
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Glycerol

ATP-glycerol kinase

L-a-glycerophosphate

Lecithin

A w /
CDP-choline

S-adenosyl methionine

CDP-ethanolamine

Phosphatidyl ethanolamine

Triglvceride

D-a.B-diglyceride

l 2 RCO-S-CoA

Phosphatidic acid

Phosphatidy! inositol

\ / nositol

CDP-diglyceride

RCO-S-CoA L-a-glycerophosphate

Phosphatidyl glycerophosphate

Phosphatidy! glycerol
]

: CDP-diglyceride

Y
Cardiolipin

Chart 11 —- Interrelationship in the metabolism of glyceride and glycerophosphatides

A summary of interrelationship between the biosyn-
thetic pathways of phospholipids and glycerides is
indicated in Chart 11.

Phospholipid Distribution

The vzst amount of data accumulated show that
the ph f.”/pho]ipids occur in all biological membranes.
As‘biéyfogical membranes contain phospholipids, it
is suggested that the phospholipid content of a tissue
would reflect of its membrane behaviour’32. Some
evidence to support this concept is provided by the
brain tissue, which possesses the highest phospholipid
content among the various tissue (82 mmoles/g.
fresh weight), is remarkably rich in membrane struc-
tures, due largely to its myelin component!¥. The
qualitative distribution of phospholipids is very
similar in biological systems. Lecithin is the pre-
phospholipid of mammalian tissues
followed by phosphatidyl ethanolamine lipids. Next
to these two lipids are phosphatidyl serine, phos-
phatidyl inositol and sphingomyelin, often present
in much smaller amounts. In the mammalian
plasma, lecithin is the predominant phospholipid,
followed by sphingomyelin and phosphatidyl etha-
=,lamine. “The distribution of phospholipid in
erythrocytes is very interesting. Erythrocytes from
mainmals ‘exhibit remarkable differences. The
runinant zed cell membranes contain less than 10
per cent lecithin as compared with 30 per cent in
non-ruminant. The distribution also shows species
(differences!34-138, Kochen ef al1%® have shown the

Jeovizant

existence of significant differences in phospholipid
distribution betwezn the myocardium, conducting
bundles and valves in beef heart. Getz ef ql.140,141
have analysed rat liver mitochondria, fluffy layer,
microsomes and cell sap. Mitochondria exhibited
equal amount (38 per cent of total) of lecithin and
cephalin, whereas microsomes contained 60 per cent
lecithin and 30 per cent cephalin. Fleisher et al.14?
reported the phospholipids of mitochondria and
purified electron transport particles and fragments
thereof. Recently, the presence of a-glyceryl ethers
has been reported in nature and the subject has been
reviewed recently by Bodman and Maisen#. The
possible role of a-glyceryl ether in wound healing has
been suggested. Also glyceryl ethers have been
shown to possess erythropoietic, thrombopoietic
and the granulopoietic activity'4*. Brohult has
proposed that glyceryl ethers also function as bone
marrow protective agents against irradiation4® and
as growth stimulators for some microorganism!4é.
Glyceryl ethers have been isolated from fish oill4?,
egg yolk!8, calf and human brain'?, human milk,
liver, kidney, spleen, and bone marrow?®,15!, rat
brain, bovine red blood cells, bone marrow!??, ox
heart!®® and human plasmal®*. Analogues of both
phosphatidyl ethanolamine and phosphatidyl choline
have been reported. Little is known about the
biogenesis of glyceryl ethers. Ansell and Spanner?st
reported that in rat brain 32P orthophosphate was
incorporated into glyceryl ether lipids much faster
than it was taken up by sphingomyelin. Thompson
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and Hanahan!3 in their studies on the incorporation
of glucose-6-14C reported that «-glycerophosphate
may be a direct precursor. Available evidence is
insufficient to determine whether glyceryl ethers
are functionally and biosynthetically related to the
structurally similar plasmalogens. That such a
relationship may exist is apparent from a compa-
rison of the ether containing lipids of bovine!s! and
human erythrocytes!®. Blomstrand'®? studied the
metabolism of glyceryl ethers fed orally to rats in the
free and esterified forms. Both forms are readily
absorbed by the intestine. When #C-chimy! alcohol
was fed 50 per cent of the radioactivity was recovered
as palmitic acid, proving that the ether linkage can
be enzymatically cleaved. Enzymatic cleavage of
the ether bond has also been demonstrated in the
"human?s8.

Summary

Phospholipids are essential structural elements
of the cell, and have been implicated to play an
important role in various biochemical reactions of
the cells. The biosynthetic pathways of phospho-
lipids in animal tissues have been discussed.
Phosphatidic acid, which occurs in small concen-
trations in various tissues, is the vital intermediate
for the synthesis of other phospholipids, viz. phos-
phatidyl ethanolamine, phosphatidyl choline, phos-
phatidyl inositol, polyglycerophosphatides. Free
glycerol is phosphorylated to glycerophosphate with
ATP by an enzyme glycerokinase. Glycerophos-
phate is then acylated at «'- and pB-positions with
fatty acids to produce phosphatidic acid. Phos-
phatidic acid once formed either may be dephos-
phorylated by an enzyme phosphatidic acid
phosphatase to p-a,8-diglyceride or could react with
CTP to produce CDP-diglycerides. D-a,8-Diglyceride
could be phosphorylated by an enzyme diglyceride
kinase to phosphatidic acid or acylated to form
triglycerides. D-o,8-Diglycerides could also react
with CDP-choline and CDP-ethanolamine to form
phosphatidyl choline and phosphatidyl ethanol-
amine respectively. CDP-diglyceride could react
with inositol, and L-a-glycerophosphate to produce
phosphatidyl inositol and phosphatidyl glycerophos-
phate respectively. Phosphatidyl glycerophosphate
can be dephosphorylated to produce phosphatidyl
glycerol which could react with another mole of
CDP-diglyceride to produce cardiolipin. Phos-

phatidyl ethanolamine and phosphatidyl choline are.

also formed by the acylation of lysophosphatidyl
ethanolamine and lysophosphatidyl choline respec-
tively. Phosphatidyl choline can also be formed by
stepwise transmethylation of phosphatidyl ethanol-
amine. Phosphatidyl ethanolamine can also be
formed by decarboxylation of phosphatidyl serine
by the enzyme phosphatidyl serine decarboxylase.
The exact mechanism of the synthesis of phosphatidyl
serine in the body is unknown. It is formed in the
body by an energy dependent exchange reaction.
Calcium activated exchange reactions are also
involved in the synthesis of phosphatidyl ethanol-
amine and phosphatidyl serine. The exact mecha-
nisms of the synthesis of plasmalogenic phospholipids
and sphingomyelin in the body are not yet fully
understood.
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Fifth International Coal

The Fifth International Coal Preparation Congress
will be held in Pittsburgh, Pennsylvania, USA,
during 3-7 October 1966. The congress is being
jointly organized by the US Bureau of Mines and the
American Mining Congress. There will be eight
technical sessions devoted to (i) Preparation of fine
coal by flotation procedure; (ii) Preparation of fine
coal by means other than flotation; (iii) Automa-
tion or remote control of plant and equipment;
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(iv) Miscellaneous coal preparation research; (v) New
developments; (vi) Control of product quality;
(vii) Moisture reduction in coal; and (viii) Preparation
trends.

Correspondence regarding the congress should be
addressed to the Secretary, Fifth Internati¢aal Coal-

Preparation Congress, c/o Bureau of Min\ﬁ;*l‘ UsS

Department of the Interior, Washington DC 20z4v; .

USA.
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OPTICAL MASERS: ADVANCES IN ELECTRONICS AND
FugictroN Puysics: Supplement 2, by George
Birnbaum (Academic Press Inc.,, New York),
1965. Pp. xi+360. Price $ 9.50

This booF presents a connected account of a large
amount of informationecontained in the extensive
liferature concerned with the new and rapidly
growing field of optical masers, or lasers as they
are more popularly called. The growth of this
field has resulted in a new look at optics and at
the operation of many optical devices which are
beginning to be understood clearly for the first time
as a result of the striking properties of optical
masers. In a field developing in such an explosive
manner, a book in which the basic ideas are ex-
plained at a level which a physicist or an engineer
with average background,.can comprehend deserves
warm reception.

The book covers fairly well all important work
done in this field up to the middle of 1964, the speci-
fic subjects dealt with being optical resonators,
methods of pumping, theories of steady state and
transient behaviours of optical masers, spectral
characteristics of maser materials, principles of
operation of various optical maser systems, char-
acteristics of optical maser radiation and also the
multiple quantum effects produced by it. A theory
of oscillation in imperfect crystals, as claimed by
the author, is presented in this book for the first
time and a chapter includes discussion on the ap-
plications of optical masers. The emphasis is mainly
on the fundamentals and, consequently, little is
said about specific engineering design. Quantita-
tive general relations are developed in such a way
as not to interrupt the trend of thought significantly.
Copious technical data are given for comparisocn
with th7" analytical results. An extensive biblio-
graphreis also provided which should greatly help
1€, Investigator working on related problems not
discussed in the book. In addition to the authcr
and subject indices, five appendices are included
at the end giving a summary of optical maser char-
acteristics and dealing with the theory of spon-
tancous and induced transitions and also the
raechanism cf interactions between electromagnetic
waves in a nonlinear dielectric. In the opinion of
the reviewer, the author has done well by including
these Jast two subjects in the form of appendices
rather than in the main body of the book and by
1..aking each chapter as independent of others as is
piacticable. The printing and get-up are excellent.

The book should prove useful to anyone interested
in optical masers. It should be particularly helpful
to those who intend to prepare a syllabus for a course
in optical masers which is at present offered by few
institutions in India.

o & J. N. Buar

ApPLIED OPTICS AND OPTICAL ENGINEERING: Vol. 2
— THE DETECTION OF LIGHT AND INFRARED
Rapiation edited by R. Kingslake (Academic

Press Inc., New York), 1965.

Price § 15.00
The book under review is Volume 2 in a series of
five volumes of fifty chapters edited by R. Kingslake,
and deals with the detection of light and infrared
radiation.

The last fifteen years have been a period of
renaissance in the field of optics, which was pre-
viously just one branch of physics. A gradual
transition from physics to engineering has started
and is very much accelerated with the new dis-
coveries on one side and new aids for design like
computers and new methods of evaluation of optical
systems like frequency response. Other branches

Pp. xiii4390.

" of engineering like civil, mechanical, electrical and

electronic have long back passed this transition
stage and advanced so far as independent entities
that their original link with physics is often not
recognized by the present generation. Those who
are interested in optics at present are more fortunate
and can follow this very interesting change. We
have already noticed the difference in the text-
books for geometrical and physical optics on one
side and the later publications on technical optics
by various authors. In the more recent times we
have also noticed new vocabulary like Optical
Physics ’ as against ‘ Physical Optics’ as a result
of the linking up of electronics to optics through
various electro-optical detectors, and the develop-
ment of various semi-conducting generators and
detectors of infrared radiation. Technology of thin
films is another exacting branch of physics in these
developments contributing to these changes.

In view of these developments, the editor of the
volume under review correctly claims that ‘ a specific
branch of engineering has ariszn, devoted to the
theory, design, manufacture, testing and use of
optical instruments”. There is a large demand
for optical and electro-optical devices of * vital
importance in industry and research, in medicine,
in the armed forces, in space projects and in every-
day life.”” The much needed data for this young
branch of optical engineering ‘‘are scattered
widely in many different places or are not available
atall . ‘

The five volumes are planned to answer this
requirement. The stress has been mainly on the
principles and operations of various devices de-
scribed and equipment existing in the present time.

Chapter I deals with the eye and vision. The
physical as well as physiolcgical aspects of the eye
are dealt with. Binocular vision, light and dark
adaptation and the visual perception of the space
are some of the other topics.

Chapter II deals with stereoscopic vision, with
particular stress on stereoscopic cameras, viewers,
etc. Methods of production of polychromatic
anaglyphs and polarized anaglyphs have been
described. This chapter ends with a description
of the panoramic parallax stereogram for use in
industrial photography.
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Chapter III deals with photographic emulsions
and films and summarizes their characteristics; data
on a number of Kodak products are given.

Chapter IV is a short account of the principles
of frequency response methods of image evaluation,
with particular reference to photographic images,
a short account of the calculations of image by point
spread functions, the criteria of granularity, the
Fonnier theory of detail reproduction, and measure-
ment of modulation transfer functions. Finally,
the application in practice of the above theory has
been summarized.

In Chapter V, a concise account is given of illu-
mination in the optical images which is an important
consideration in the camera and projector systems;
this chapter also gives very useful tips for the
designer like ‘‘what distortion will give uniform
illumination of the image *’ and *“ what are the toler-
able distortion limits in detection systems where
image quality is important .

Chapter VI deals with various types of phototubes,
photocells and television camera tubes. A short
account of the vidicon tubes, uvicon, orthicon and
the intensifier image orthicon is given. Character-
istics of the image intensifier tubes and the infrared
image converter tubes are also given.

In Chapter VII, the television optics have been
dealt with in detail. Chapter VIII gives a short
account of the wide variety of infrared detectors,
while Chapter IX deals with infrared equipment.

The bcok is claimed to be a comprehensive
treatise; it is probably more correct to call it an
introductory volume to the topics discussed. As
the editor says in the preface, the material has been
divided ‘arbitrarily’ into fifty chapters of five
volumes, which inevitably results in a certain
amount of imbalance between the scope of the
subject and the space devoted. In a number of
places too much is attempted in too small a space.
One typical example is a sentence like this, *“ Lens-
mirror combinations range from the simple Mangin
mirror to Schmidt, Bouwers and Maksutov systems
employing correcting lenses of glass, fused quartz,
arsenic trisulphide, or other infrared materials suited
to the spectral range . The result is that the book
is not adequately self-sufficient to serve the role of
a text-book. Probably the scope of optical engineer-
ing has already gone too wide; if so, the need
for more books giving a more detailed treatment
is all thc greater. However, the present volume
forms an important landmark in the development
of this young branch of engineering.

V. RAMAKRISHNA RAo

OPTICAL CIRCULAR DicHROISM — PRINCIPLES,
MEASUREMENTS AND APPLICATIONS by J. Velluz,
M. Legrand & M. Grosjean (Academic Press Inc.,
New York), 1965. Pp. xii+247. Price $ 10.00

After the demonstration of the power of optical

rotatory dispersion measurements in the study of

the stereochemistry of organic molecules it is natural
that attention has been turned without much loss
of time to the related phenomenon of optical circular
dichroism (OCD). Although very few laboratories
have the necessary equipment for OCD measure-
ments, a substantial literature on their organic

272

chemical applications has already come into being.
Also commercial ‘ dichrographs ’ are now beceming
available. The appearance of the book under review
is, therefore, most timely and it is sure to be
widely welcomed, particularly as it is written by
one of the most active groups of workers in this
field. "N

With a brief historical introduction on rotatory
power and circular dichroism in the first chapter
the authors proceed in the second chanter%o explain
in detail the relationships Jxetween them. Chapter
IIT which deals with measurements of OCD gives
all pertinent details that will be of interest to thosc
who aspire to build their own °dichrographs’.
An extensive survey of the application of OCD in
the study of optically active carbonyl compounds -
is made In the next chapter. Methods of studying
functions which do not absorb in the visible or ac-
cessible UV region are discussed next. Separate
chapters are devoted to complex chromaphcres
in natural products and to the effects of physical
factors on OCD. A brjef account of molecular
theories of optical activity forms the final chapter.
The table of data obtained by the authors which
is appended adds to the usefulness of the book.

This book is to be highly recommended on all
counts. The translation is quite readable and the
get-up of the book meets the standard of excellence
to be expected from the publishers.

P. MADHAVAN NAIR

ITALIAN PHYSICAL SOCIETY COURSE 31, QUANTUM
ELECTRONICS AND COHERENT LIGHT edited by C. H.
Townes & P. A. Miles (Academic Press Inc., New
York), 1965. Pp. viii4+371. Price § 16.00

The book is based on material presented at the Inter-

national School of Physics on the subject organized

in August 1963 by the Italian Physical Society with

Prof. C. H. Townes as the Director. The proceed-

ings have been edited by Prof. P. A. Miles. The

book has about twenty papers and begins with two
excellent surveys on optically pumped ¥qpd solid
state as well as semiconductor masers amt lasers
by A. L. Schawlow and B. Lax. The theoty o<
optical resonators is treated next by G. Toraldo

Di Francia. In their papers, W. E. Lamb and H.

Haken, and H. Seuermann outline their theories

of maser oscillators, while J. Gordon discusses in

his paper the problem of noise in lasers. The paper
by F. T. Arecchi is on thermal effects in a He-Ne
optical maser. The dynamics of quantum oscil-
lators is discussed in a paper by A. S. Grasiuk and
A. N. Oraevskij. The subjects of Fourier transform
spectroscopy and high resolution interferometric
spectoscopy are discussed in two separate papers
by P. Connes. W. Low and S. Yatsiv discuss the
crystal field energy levels of iron group and rare
earth ions and vibronic spectra of gadolinium com-
pounds. The article by N. Bloembergen presents
an overall picture of non-linear optical phenomena.

0. Krokhin and O. Svelto treat the phenomrena of

saturation and photomixing in Semicondurtors.

The paper by A. Javan outlines a theory of stimu-

lated Raman effect based on density matrix_

approach. This is followed by a paper by B. P.

Stoicheff on stimulated Raman scattering. The
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theory” of Raman and phonon masers is dealt with
in t¥c paper of R. Y. Chiao, E. Garmine and C. H.
Townes. The operation of high intensity flash
tubes is discussed in a paper by J. L. Emmett.
J. Haisma describes in his paper the construction of
‘a small He-Ne gas laser made of quartz. The last
eg{tép‘g by Z. Bay and H. S. Bayne deals with the
problem of accurate measurement of the velocity
of lght with photobeats observed on a velocity

modulifa}cam%\de ray tube.
Since the book is a gellection of papers on a wide

jange of topics by different authors from different
Jountries the task of editing must have been quite
exhausting. Although the arrangement of the
papers has been done remarkably well, yet in many
articles grammar has been sacrificed and the printer
ds perhaps to be blamed only pattly. There are
quite a few printing errors (too many to list here)
and even one page has been wrongly numbered

“(pr 339 instead of p. 239). Some of the reference -

‘humbers are also misplaced in text. However,
these are only minor points. The editors and pub-
lishers are to be warmly congratulated on their
efforts to bring the proceedings of the international
school to a wider audience. To those interested
in quantum electronics the present book will cer-
tainly serve as a useful source material. )

P. T. NARASIMHAN

ADVANCES IN X-RAY ANALYsIS: Vol. 8, by W. M.
Muller, G. R. Mallet & M. J. Fay (Plenum Press
Inc., New York), 1965. Pp. xiii+472. Price
$ 20.00

Volume eight of this continuing series is the proceed-
ings of the Thirteenth Annual Conference on
application of X-ray analysis, held during 12-14
August 1964 in Denver, Colorado, sponsored by
the Metallurgy Division of the Denver Reszarch
Institute, University of Denver. It contains 42 of
the papers presented at the meeting on the recent
and most important developments in X-ray tech-
niques for industrial and research applications.
Mo,stf o the papers are related to metallurgical pro-
52ms of importance. Topics included are crystal
structure, analysis (structure of alloy carbides),
stress determinations, microscopic and microprobe
techniques, soft X-ray studies, X-ray diffraction
and fluorescence analysis and satellite and non-
satellite line studies. The book gives an account
of the recent technological advances in the field
mentioned above and presents some new apparatus
for industrial applications. Mention may be made
of a portable 2X-ray unit for measuring residual
stress in alloy structures used particularly in aero-
nautics and of the vacuum spectrograph for ultrasoft
¥-ray fluorescence analysis.

In the field of soft X-ray analysis an interesting
study on the effect of valence and coordination on
K emissions in low atomic number elements will
haye far-reaching implications in the field of X-ray
analySis by revealing much about electron con-
figuration im molecular systems. The use of soap
analysing films for dispersing soft X-rays in micro-
.probe and macroprobe analysis of low atomic number
elements down to boron will extend the scope of
soft X-ray analysis.

All scientists concerned with X-ray analytical
techniques will find this book very helpful. It can
be used as an excellent reference book in courses
involving X-ray analysis.

M. A. QUADER

DicitAL  INSTRUMENTS: MODERN  ELECTRICAL
Stupies by K. J. Dean (Chapman & Hall Ltd,
London), 1965. Pp. viii4181. Price 25s.

The book reviews the fundamentals of digital instru-
ments and explains the principles of their working.
In his apparent desire to make the book self-con-
tained the author has also included — as the first
chapter —an outline of the information theory
and digital codes. The book explains switching
logic and how transistors are used for the realization
of these logical operations. The book explains
various methods of digital voltage measurements,
voltage-frequency conversion, etc., and discussss
their relative merits and also outlines the principles
and operation of some of the commercial digital
instruments under current production.

The book is divided into nine chapters. A list
of problems, a bibliography and solutions to the pro-
blems are also included at the end of the book.

The subjects covered in the various chapters are:
(1) Information theory and digital codes; (2) Prin-
ciples of transistor switching systems; (3) Input
devices; (4) Output devices; (5) Measurement of
frequency and time; (6) Digital voltmeters; (7) Ramp
function digital voltmeters; (8) Voltage-frequency
conversion; and (9) Other digital instruments. The
appendix deals with the assessment of accuracy
of digital voltmeters.

The book is well organized and well written. The
explanations and discussions are clear and concise.
Chapter I on information theory and digital codes
is very well presented. The book should be very
useful to the student, the practising engineer and
the technical manager alike.

L. K. WADEWA

OLIGOSACCHARIDES by R. W. Bailey (Pergamon
Press Ltd, Oxford), 1965. Pp. 178. Price 60s.
The chemistry of oligosaccharides has made rapid
progress in recent years mainly due to development
of efficient chromatographic techniques for the
isolation of these carbohydrates in pure state from
complex mixtures. The publication of this book,
which forms the fourth volume of the International
Series of Monographs on Pure and Applied Biology,
Division — Biochemistry, has satisfied the need felt
recently by workers in this field for a comprehensive

reference book on this subject.

This monograph gives a coverage up to the end of
1962 of all the oligosaccharides which have been
isolated in the pure state and whose structures
have been conclusively established. Even data about
compounds whose structures have not been complete-
ly established or which have been prepared only as
derivatives have also been included provided they
have been sufficiently distinguished from the known
compounds.

The book is divided into eleven chapters. The
first three chapters deal with topics of general interest
such as nomenclature, source, preparation and general
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properties of oligosaccharides and methods used for
their structure determination. The rest of the
chapters deal with different types of oligosaccharides
classified by the author under Homogeneous oligo-
saccharides (Chapters 4-6), Heterogeneous reducing
oligosaccharides (Chapters 7 and 8), Heterogeneous
non-reducing oligosaccharides (Chapter 9), and Oligo-
saccharides containing amino sugars and uronic acids
(Chapters 10 and 11). A classified index of oligo-
saccharides and a separate index of their trivial names
have been included in addition to the general index
for locating the required references easily.

Evolving a short but comprehensible system of
nomenclature for oligosaccharides is a difficult job.
In this connection one is reminded of the late
Dr C. S. Hudson’s advice, “ If you can’t name it,
don’t make it ”’. The author has followed Dr W. ]J.
Whelan’s system of nomenclature, which makes use
of accepted and well-established trivial names of di-
and:trisaccharides and subscripts of numbers in the
homo- and letters in the hetero-oligosaccharides.
The configurational prefix, if D, and the ring form,
if pyranose, are omitted in this system. Thus,
O0-B-D-fructofuranose (2—>6)-O-8-D-fructofuranose
(2->1)-a-D-glucopyranose is designated as 6F-p-fructo-
furanosylsucrose. Space saving no doubt, but takes a
little time to comprehend !

The printing and the get-up of the book are in
keeping with the excellent traditions of the Pergamon
Press.

J. L. Bose

OsCILLOMETRY AND CONDUCTOMETRY by E. Pungor
(Pergamon Press Ltd, Oxford), 1965. Pp. xvi+
239.  Price 70s.

This book is Volume 21 of an international series of

monographs in analytical chemistry. Prof. Pungor

is an eminent authority in this field and many
commercial instruments of Hungarian origin are
production models of equipment designed by him.
This monograph consists of five parts. The first
part is devoted to an exposition of the fundamentals
of electrical conductivity and dielectric constant of
solutions and their determination along with relevant
theory. Part II is the most valuable section of the
book and gives details of the instrumental techniques

including automatic titrators. Parts III and IV

illustrate the applicability of oscillometry and

conductometry in a wide variety of acid-base preci-

pitation, complex formation and redox titrations.

Part V gives application of these methods in kinetic
studies, etc.

This book contains an extensive bibliography of
current literature and is provided with an author
index and a subject index. The newness of these
instrumental techniques is shown by the dates of the
references cited. Of the 374 references, none is
earlier than 1950. As is to be expected only
sophisticated electronic instruments are described.
At least for conductometric titrations, the late
Prof. N. Rae showed that the ‘ megger tester ’ of the
electrician is a suitable instrument to carry out a
variety of titrations [Ref. Rae, N., A simple method
of conductometric titration, J. chem. Soc., (Part II),
(1931), 3143 and other papers]. The reviewer has
made a reference to this work so that institutions
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in India which may not have access to sophisticated
instruments need not eliminate experiments...in
conductometry from their curricula.

A wide circle of university teachers, analysts and
researchers will find this book useful. The price tag:
of 70s. makes one hope for a cheap paper-back edition’
of this book.

M. A. V. DEVANATHAN

SULFONATION AND RELATED REacTioNs By E. E.
Gilbert (John Wiley & Sorsdnc., New York), 1965.
Pp. xi+529. Price $ 16.50

The Editor of the series has been fortunateif-

persuading Dr Gilbert to write this book, because

Dr Gilbert was one of the pioneers in the development

of stabilized SO, (‘ Sulfan’) and is the author of

numerous patents, original papers and reviews on
sulphonation. As one of the most important unit
processes of organic synthesis, sulphonation has been
treated extensively in books on synthetic dyes,
but this is the first monograph on sulphonation.

. The title, however, is somewhat misleading, because

the book deals with organic derivatives of sulphur
trioxide rather than sulphonation. The wide scope
of the ‘ related reactions’ covered by Dr Gilbert
can be judged from the fact that he has discussed
at considerable length the Bucherer reaction, the
condensation of phenol sulphonic acids and aniline
sulphonic acids to form polymers containing sulphonic
groups, and the use of the condensation product of
sulphanilic acid with cyanuric chloride as a sulpho-
arylating agent. One omission is sulphonation in the
presence of boron fluoride, which has some advantages
as a laboratory method. Mechanistic aspects receive
less attention than in de la Mare and Ridd’s Aromatic
Substitution (nitration and halogenation). There is
no reference, for instance, to the work of Brand
and of Melander on the mechanism of sulphonation.
However, the section in which kinetics, mechanism
and orientation are discussed is clearly written
and adequate as a background for studying technical
sulphonation.

The eight chapters provide a very tRqrough
coverage of the reagents, sulphonation with €omi:
pounds of sulphur trioxide and sulphur dioxide,
sulphonation by the oxidation of sulphur compounds,
methods for indirect sulphonation such as sulpho-
alkylation, sulphation, sulphonation and desulphona-
tion. There are nearly 3000 references to papers and
patents, and the volume is the most valuable source of
information on sulphonation and related reactions
available at the present time.

K.V.

ProGRESS IN NUCLEIC ACID RESEARCH AND MOLE-
CULAR BroLoGy: Vol. 3, edited by J. N. Davidson &
Waldo E. Cohn (Academic Press Inc., New York),
1965. Pp. xiv4+363. Price § 11.50

There are three outstanding features of this book:

firstly, it contains several topics which have, to the

reviewer’s knowledge, never before been reviewed
so comprehensively; secondly, the subjecis chosen are
well defined and represent areas on the frontiers of

molecular biology and biochemistry; and thirdly, .

most, if not all, of the reviews are not merely a

catalogue of information in the particular area but
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contain a critical evaluation of the information
axailable, which is presented in an integrated manner
indicating areas in which knowledge is insufficient
and where there is legitimate scope for speculation and
experimentation.

Th;, first review is by K. S. Kirby on isolation and
frastonation of RNA and DNA. This is a most
readable account of the various methods which have
beermysed for the above purpose and should serve
as an exceiles rce material when one is confronted
with a specific problemn this field. The next chapter
Dy D. M. Prescott on cellular sites of RNA synthesis
documents evidence for the hypothesis that all
RNA synthesis is DNA dependent and occurs in the
nucleus. This chapter is well written and presented.
The only criticism that could perhaps be made is
that the possibility of extra-nuclear, DNA-dependent
RNA synthesis, for example, in mitochondria and

chloroplasts, has not been considered (although

it has been mentioned that DNA is contained in
chloroplasts). There is already some evidence for
DNA-dependent synthesis of RNA in mitochondria.
Therefore, the conclusion on page 54 that all RNA
synthesis is restricted to the cell nucleus and that
all cytoplasmic RNA must be derived from the
nucleus cannot be accepted without reservation.

The review on ribonucleases T1 and T2, written by
Prof. F. Egami and his colleagues, that follows is a
delight to read. It summarizes the work done on the
isolation of these two exceedingly important enzymes,
their purification, their physico-chemical properties,
the determination of their primary structure (which
at the time of publication of the book was only
partially worked out but now has been fully
worked out by Prof. Egami), and the relationship
between their structure and function. This is
perhaps the first time that all these aspects of an
enzyme have been studied in such great detail by a
single group of workers and exemplifies the great
tenacity, patience and attention to details which has
characterized Japanese biochemical work in recent
years.

Thahext review by J. J. Weiss is on chemical effects
of radiation on nucleoproteins, and their precursors,
the bases, nucleosides and nucleotides. The following
review is by F. C. Neidhardt on the regulation of
RNA synthesis in bacteria. The introduction to this
chapter, where the problem is defined, is recom-
mended for reading to all those who have access
to this book. It very nicely sets the framework
for the development of the important question of
regulation of RNA synthesis. The subject has been
subsequently dealt with in a most imaginative
manner. Since out of all the fields reviewed this is
one in which the least amount of definitive informa-
tion is available, it allows the greatest speculation,
and the author has fully recognized this ‘merit’
of the subject.

The comprehensive review on actinomycin and its
effect on nucleic acid function would be welcomed by
every worker in the field of molecular biology
intevested fh using actinomycin D which, within a
few years of its first use (only 2 out of 181 references
cited are pre-1960), has proved to be one of the most
useful tools in elucidating the molecular mechanisms
underlying the biological role of DNA. -The emphasis

in this review is on the mechanism of action of
actinomycin. The following chapter on de novo
protein synthesis ¢ witro by B. Nisman and
J. Pelmont is an orderly, well-presented and well-
documented review of what is known of the forma-
tion from amino acids of completely new protein
molecules in 4n wvitro systems. The emphasis has
been rightly laid on the question of the formation
of functionally active protein molecules in such
systems.

The coverage of the last review is very wide;
it describes the discovery, isolation, fractionation,
characterization and estimation of the free nucleotides
from animal tissues and their qualitative and quanti-
tative variations under various physiological and
pathological conditions. This-again should serve as a
very good source material for those who are interested
in free nucleotide pools. One may have liked to see
some areas, like those describing methods used for the
separation of individual components in the free
nucleotide pools, covered in a greater detail than has
been done, but this is compensated for by a carefully
chosen set of references. The only minor error
that came to the reviewer’s notice is the citation of
reference No. 269 in support of the statement that
““ genital organs have rather high contents of free
nucleotides ”’; this reference, in fact, shows that
spermatozoa (which are #of an organ) are rich in
free nucleotides.

In conclusion, the book is a very well-written and
readable account of the state of our knowledge
at the time of the writing of the review, i.e. about
1963, in several well-chosen, well-defined and im-
portant subjects of general interest to workers in
the fields of nucleic acids and molecular biology.
The material is, by and large, presented in a well-
integrated manner with clear indication of where the
major problems of the future in the particular field
may lie.

The get-up of the book, particularly the type used,
is excellent. The book is strongly recommended
to be on the shelf of every worker in the fields of
nucleic acids and molecular biology.

P. M. BHARGAVA

PRINCIPLES OF SENSORY EVALUATION oF Foop* by
M. A. Amerine, R. M. Pangborn & E. B. Roessler
(Academic Press Inc., New York), 1965. Pp. x+602.
Price $ 19.50

Taste and smell are sensations in response to a

stimulation of the tongue and the nose by a material

substance. As to how these two sensations arise
is still little understood, though intensely studied.

Knowledge gained so far in this study on the

pathway to the final revelation yet far off has been

substantial. Even to make a brief mention of the

significant contributions up to 1965 has taken 600

pages of printed matter classified under: (1) Sensory

evaluation problems of the food industry, (2) The
sense of taste, (3) Olfaction, (4) Visual, auditory,
tactile and other senses, (5) Factors influencing
sensory measurements, (6) Laboratory studies: Types
and principles, (7) Laboratory studies: Difference and

*First in the series of Monographs on Food Science and
Technology edited by M. L. Anson, E. M. Mrak, C. O.
Chichestor and G. F. Stewart.

275



J. SCI. INDUSTR. RES., VOL. 25, JUNE 1966

directional difference tests, (8) Laboratory studies:
Quantity-quality evaluation, (9) Consumer studies,
(10) Statistical procedures, and (11) Physical and
chemical tests related to sensory properties of foods.
To document this vast and scattered literature,
some of them obscure and not all easily accessible,
is a commendable effort. The monograph as a
literature survey is thorough, since even stray
observations, if important, like the role of ear in
taste, has not escaped the notice of the authors.
The monograph is thus an important source book.
Typical are Chapters 2 and 3 for completeness of the
literature compiled and reviewed. In Chapter 2,
for example, is elaborated, with illustrations where
necessary, anatomy of the tongue and its functional
part — the taste buds, the concept of the four
fundamental tastes and their thresholds, factors which
influence taste, especially the genetic factor so well
proven with phenylthiocarbamide, our present
understanding of taste stimulation in relation to the
chemical configuration of the stimulant and theories
regarding the mechanism of taste perception.
Equally elaborate information on olfaction is provided
in Chapter 3.

With the growing increase in the number and
variety of processed and sophisticated foods, the need
has arisen for their sensory evaluation, especially
of their nuances. As long as taste and smell continue
to be the factors determining acceptability of a food
by the sentient, so will the primitive acuity of man
to perceive subjectively these sensations continue
to be the only means of assessing food quality. In
recent times, a methodology, both experimental and
statistical, has been built in into the sensory evalua-
tion of food (Chapters 6-11) to provide a common
basis for the expression of results by workers in this
profession. Terms esoteric to this branch of science
are explained in a glossary.

The architechtonics of production are the best
traditions of an Academic Press publication.

M. SRINIVASAN

Foop TecunoLocYy THE WORLD OVER: Vol. 2—
SOUTH AMERICA, AFRICA AND THE MIDDLE EAsT
AsiA edited by Martin S. Peterson & Donald K.
Tressler (AVI Publishing Co. Inc., Westport,
Connecticut), 1965. Pp. ix+414. Price $ 14.00
(US); $15.00 (Foreign)

The world population is increasing at a fast pace.

Yet, it is possible to feed many times the existing

population if concerted efforts are made to conserve
and increase the available food resources by efficient
use of modern technology and scientific achievements.
The countries dealt with in this book are faced with
problems of undernutrition as well as malnutrition.
The first prerequisite, therefore, is to make a careful
assessment of the resources and the technology,
both traditional as well as modern, against the
economic and sociological conditions. The editors
have done useful service in pooling the information
on different deficit regions, in the shape of articles
contributed by leading workers in the field.

The subject matter has been distributed in four
parts: (i) the establishing of a modern food industry;
(ii) the food technology in South America; (iii) Africa
and the Middle East; and (iv) Asia.
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The first part gives brief, rapid, yet relevant look
into the basic technical literature in food technology :
it is supplemented with over 100 references.

The remaining parts deal with the food technology
in different regions of the world. The articles are
full of information on food resources, economy,"
levels of nutrition, technologies (traditionall_and
modern), utilization of raw materials, existing state
of the food industries, their problems, and the.sope
for development. Notes are also_giuz#on the
training facilities, professioral. bodies, etc., in dif-
ferent regions. The matter is supplemented with
commercial and production data. :

The information presented provides sharp contrasts
between ancient techniques and modern technology
which exist in several of these deficit countries.
Thus, while Latin America shows the coexistence
of traditional and modern practices, tribal Africa
still retains basically primitive food processing tech-
niques. Egypt had a heritage of ancient food
technology, but has begun to apply the most modern
techniques. Israel and Taiwan have rapidly de-
veloping food industries, while Japan has already
reached high standards of food technology.

The article on India shows that food technology
in this country has developed rapidly after the
second world war, with the result, one of the biggest
centres of food technological research is situated
here. The article is documented with references of
Indian work done during the last fifteen years. The
problem of foodgrain conservation, with special
reference to the losses occurring from the stage of
harvest to the consumers’ table, and the technology
available to prevent them, has not received adequate
attention, though data are available. Similarly,
milling technology, and modernization of equipment
and machinery and other engineering aspects to put
the food industry on a sound footing like in Japan
should have received emphasis.

Food technology in the Philippines is still tradi-
tional; some suggestions have been made for its
improvement. Brief account of the food technology
in South Vietnam, Cambodia, Laos, Thailayd and
Federation of Malaya is also given.

The notes on the indigenous relishes and other food
products given in some of the articles are of particular
value to food technologists. A comprehensive sub-
ject index covers the entire matter. The book
should prove valuable to students, planners, in-
dustries and all those concerned with augmenting
the food supplies and ameliorating the deficiency
states in the world. It should have a definite
place on the shelf of every technical and science
library. ;
H. A. B. Parria

D. N. Wapia CoMMEMORATIVE VoLUME, Editor-in-
chief A. G. Jhingron (Mining, Geological and
Metallurgical Institute of India, Calcutta), 1965.
Pp. xxiii4833. Price Rs 35

This is a volume of geological papers presented

to Dr D. N. Wadia, doyen of Indian gsologists, to

felicitate him on his 81st birthday. It commences
with several pages of congratulatory messages
followed by an appreciation of the life and work of

Dr Wadia by W. D. West. There are some 57 papers
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covering various aspects of stratigraphy, palaeonto-
tagy, structural geology, petrology, applied geology,
etc., by authors from different countries.

Marvin Weller writes on palaeontology and evolu-
tion, while Stirton describes the cranial morphology
of thz.Casteroides. Chakravarty and Deraniyagala
dcal'with Indian Elephantoides and extinct hominids
respectively. Invertebrate studies include papers

on the Cretaceous ammonites and nautiloids by
S. S. Sarkar am V. A. Sastry, on Myogypsinidae
by Wright Barker an@ on a unique Baragwanathia

specimen by Edmund Gill. Several interesting papers
on stratigraphy and structure have been contributed
by A. Desio, Percy Evans, Arogyaswamy, S. V. P.
Iyengar and Alwar, D. Niyogi, B. Rama Rao, L. Rama
Rau, H. Crookshank, Brian Engel, W. R. Danner
and others. Several papers deal with petrology:
A. 1. Johnson writes on the hydrologic properties of

“voleanic rocks; L. R. Wager on injected granite sheers

in Sikkim; A. K. Saha on variations in composition
of granites; J. Harpum on the late Precambrian
tholeiites of East Africa; S. C. Chatterjee on some
anorthosites in Kalahandi; T. M. Mahadevan on the
porphyritic granites of Bihar.

There are several papers on other aspects of
geology. R.W. Boyle deals with the geochemistry of
Galena Hill in Yukon; B. Dey and P. R. Sen Gupta
describe the copper belt of Bihar; H. S. Pareek,
M. N. Deekshitulu, S. P. Sanyal and S. M. Casshyap
deal with coal geology and petrography; K. Kanchara
gives an account of natural gas in Japan; Vasilenko
on salt domes in Tadjikistan; G. C. Chaterji on
recent data on subsurface geology and hydrology in
India; A. K. Roy on ground water in Eastern
Rajasthan; and N. K. Panikkar on the International
Indian Ocean Expedition.

In a collection of papers of this nature, dealing with
a variety of topics, it is scarcely possible to expect
uniformity in presentation, scope or standards.
Many of the papers are interesting and authoritative
and provide a varied fare to satisfy a large circle of
readers. Many of the papers by Indian authors
contain material on recent advances in the knowledge
of the geology of the Indian subcontinent, which is
to be welcomed. The price of the publication is
quite modest and the printing and get-up are good.
The editors are to be complimented for the trouble
they have taken in bringing out this publication.

M.S.K.

REVIEW OF JAPANESE LITERATURE ON BERIBERI AND
THIAMINE edited by Norio Shimazono & Eisuke
Katsura (Vitamin B Research Committee of
Japan), 1965. Pp. 308.

This book, as the title suggests, is a comprehensive

review of"the work done on beriberi and thiamine in .

Japan. As‘the editors rightly point out, work done
in Japan does not get abroad the recognition it
“rperits; and this book should obviate such a defect.
1ne- first three chapters are devoted to the
clinigal aspects of beriberi. Some of the noteworthy

features here are the discussions regarding the
contributory role of intestinal bacteria in the develop-
ment of beriberi and the role of sodium in oedema
formation in beriberi. Inouye and Katsura’s classi-
fication of Type I and Type II beriberi is novel;
their suggestion that the former is due to a dietary
inadequacy of thiamine and the latter due to a
disturbance of proper utilization of the vitamin is
interesting.

The rest of the book deals with various aspects of
thiamine and will prove of interest not only to the
clinician and nutritionist but to the organic chemist,
biochemist and bacteriologist alike. Many may not
be aware of the discovery of allithiamine and the
chapter written by Fujiwara should not be missed.
If it is true that allicin, the principle in garlic,
by formation of allithiamine facilitates better ab-
sorption and retention of thiamine in the body,
it achieves great nutritional significance; and there
will be much to commend the extensive use of
garlic !

An extensive review such as this demands great
effort and the editors of this book as well as the
Vitamin B Research Committee of Japan need to be
congratulated. This book, as the editors hope, is
definitely illustrative of ““ how a study of one disease
could contribute to the progress of science at large
as well as to human welfare ”’.

KaMALI S. Javya Rao & C. GOPALAN

PUBLICATIONS RECEIVED

LABORATORY Pmysics: Part A — Berkeley Physics
Laboratory (McGraw-Hill Book Co. Inc., New
York), 1964. Pp. x+115

LABORATORY PHysics: Part B — Berkeley Physics
Laboratory (McGraw-Hill Book Co. Inc., New
York), 1965. Pp. ix+117.

ELECTRICITY AND MAGNETISM: Berkeley Physics
Course, Vol. 2, by Edward M. Purcell (McGraw-
Hill Book Co. Inc., New York), 1965. Pp. xviii
+459

RADIOACTIVITY AND ITS MEASUREMENT by W. B.
Mann & S. B. Garfinkel (D. Van Nostrand Co.
Inc., New York), 1966." Pp. 168. Price $1.75

INFRARED RaDIATION by Ivan Simon (D. Van
Nostrand Co. Inc., New York), 1966. Pp. 119.
Price $ 1.50

Prasmas — LABORATORY AND CosMiC by Forrest I.
Boley (D. Van Nostrand Co. Inc., New York),
1966. Pp. 164. Price $ 1.75

MICROWAVE SPECTROSCOPY OF Gases by T. M.
Sugden & C. N. Kenney (D. Van Nostrand
Co. Inc., New York), 1965. Pp. ix-+322

APPLIED MAGNETISM — A STUDY OF QUANTITIES by
E. Olsen (Philips Technical Library, Eindhoven),
1965. Pp. x+144. Price Rs 33.66

MEecHANICS: Berkeley Physics Course, Vol. 1, by
Charles Kittel, Walter D. Knight & Malvin A.
Ruderman (McGraw-Hill Book Co. Inc., New
York), 1965. Pp. xviii{-480
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A new nuclear model

A nuclear model in which the
protons and neutrons are arranged
in clusters or spherons has been
suggested recently by Dr Linus
Pauling. These  groups, each
occupying a sphere of space, are
close-packed in concentric layers
about a single group or two groups.
The spherons proposed are mainly
helions (alpha particles) and tri-
tons (one proton and two neu-
trons). The proposed model is
compatible with the earlier
liquid-drop and the shell structure
of nuclear behaviour. The model
built upon spherons offers a simpler
explanation of the asymmetric
fission of heavy elements such as
uranium and predicts the magic
numbers (elements whose atoms
contain certain even numbers of
either protons or neutrons) which
intrigued nuclear modellers for
three decades.

In the new Pauling model,
spherons are part of either a core
layer or a surrounding mantle.
Heavier nuclei have both an inner
and an outer core, the whole
surrounded by the mantle. It has
been suggested that three layers
are sufficient for all but very heavy
nuclei. In a very heavy nucleus,
a single neutron appears to occupy
the centre of the structure. Sphe-
ron assignment to the various
layers is dictated by the geometric
considerations of close-packing.
These geometric considerations
suggest that asymmetric fission
should occur when the nucleus
contains about 226 or more neu-
trons and protons which has been
observed experimentally [Chem.
Engng News, 43 (42) (1965), 23].

New method for increasing
the resolving power of a
spectrograph

A new method for increasing
the resolving power of a spectro-
graph, based on the interference
phenomenon, has been proposed
at the Swedish Solar Observatory,
Anacapri. The principle of the
method and the set-up used in
measurements are described below.

In a grating spectrograph having
narrow entrance and exit slits a
double image unit (composed of
a Wollaston prism W of small
deviation, a quartz retardation
plate and two polarizers P; and
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P, in 45° position) is placed before
the ray comes out of the exit slit
S, after which the light is recorded
by a phototube. If the two rays
produced by the double image
prism pass the slit S, simultaneous-
ly, interference can be observed
by the phototube. The Wollaston
prism acts as a Babinet wedge as
well, and when it is displaced
sideways intensity variations are
recorded by the phototube. Each
wavelength in the spectrum will
appear as two adjacent images,
and because of the diffraction
image of the spectrograph (and
limited resolving power of the
grating and finite size of the slit)
these images will be good enough
to make it possible for some ad-
jacent wavelengths to contribute
to the light passing the slit S,.
Analysis of the intensity equations
shows that the function Ipyin.(A—2,)
has a shape which could be altered
by changing the separation be-
tween the double images. A
comparison of the waveshapes of
this function with and without
the double image device clearly
shows that this proposed inter-
ference  method  considerably
increases the resolution. Experi-
ments conducted using artificial
spectral lines made up of two slits
polarized in the perpendicular
directions demonstrated the reali-
zation of the increased resolution.
Experiments conducted at Ana-
capri by replacing the phototube
with a photographic film showed
interference patterns traced by
the Fraunhofer lines which gave
rise to increased resolving power
of the spectrograph.

An interesting observation made
from the inspection of the Fraun-
hofer lines was that in the maxi-
mum positions of intensity a single
spectrum line appears as a doublet,
whereas in minimum positions
the same line appeared as a singlet.
However, only extensive experi-
ments will prove if a real gain is
obtained with the suggested
method. Even though there is
bound to be a reduction of light
intensity ~with the increased
resolution, it may be possible to
improve the intensity by the use

of ‘heliometer lenses’ [Nalure,
Lond., 207 (1965), 1284].

Thin films withz=2:5dbstrate

In electron microscopy, thin
films or membranes to serve as
supporting substrates are prepared
from some plastic material such
as collodion, formbar, or poly-
styrene or evaporated light metals
(beryllium or aluminium) or from
oxides (SiO or SiO,). The plastic
membranes are easier and -less
time consuming to make. Such
membranes can be used as initial
supports for thin metallic films
and can be subsequently dissolved
in the proper solvent leaving
behind the required metallic film.
Sodium chloride and potassium
chloride crystals can also be used
for the same purpose.

Membranes of collodion can be
quickly and conveniently prepared
from USP collodion (12 per cent
nitrocellulose dissolved in ether
alcohol) diluted with four parts
by volume of normal amyl acetate.
Formbar (a polyviny] acetate resin)
films of required thickness and
strength can be made using 0-125-
0-25 per cent formbar in ethylene
dichloride.

The inflammability of nitro-
cellulose led to the development
of cellulose acetate which is not
inflammable though it will burn
slowly. The researches carried
out by Dreyfus led to the use of
cellulose acetate ‘dope’ (com-
monly defined as rapid drying
lacquer of cellulose type) as fabric
covering of aircraft wings and
fuselages. Membranes prepared
out of such dopes have been found
to be very useful 4nitial supports
for preparing ‘films without
substrate * required for use as
targets in nuclear reactiors or for
the study of their elec‘f;:cal, ther-
mal or optical properties. The
method for preparing films without
substrate as developed in thiz-
laboratory is as follows.

A proper solution of*Qlw.‘ depe’
is prepared in dope thinner, the
exact strength of the solution
being judged by experiments. A
drop of castor oil is also added



to lubricate. This is then poured
on the surface cf water in a wide-
mouthed trough. A thin film
spreads out, which is lifted on the
propét mount (to be used in the
actual experiment) having the
aperture of the required size.
After drying, the mounted plastic
film*e.placed in a vacuum chamber
where tth is de-
posited by vacuunte=aporation.
Care is taken that the plastic
membrane is not placed too close
to the filament. Several metals
have been succ:ssfully deposited by
this process; they stick uniformly
without' breaking = the plastic
membrane. The mount is then
gently placed in a dish containing
acetune, which readily dissolves
the plastic membrane. On drying
in air the thin metallic film
without substrate is obtained. —
R. G. SiNGH, National Physical
Laboratory, New Delhi

Ultrasonic grinding of
natural graphite

The application of ultrasonic
radiation to grindirg of graphite
in mortars and ball mills has been
found to result in flat glancing
faces and clear twin boundaries
as revealed under an optical
microscope, in contrast to the
rough surfaces and close fringes
of laminated steps in the basal
plane characteristic of ordinary
grinding process.

Graphite powder (50-65 mesh)
made into a slurry in an aqueous
solution of tannic acid is treated
with 20 kc/s., 150 V.-amp. ultra-
sonic radiation in a cylindrical cell
26 mm. in diameter. The slurry
enters the cell through a pipe
and leaves through another, fitted
in c¢pposite sides and is circulated
slowly with a gear pump. The
ultrasenic " power is  supplied
thiough the top of the cell which
is the end planz of the oscillator
horn. .When successive stages of
grinding were examined with
X-ray jpowder camera using
CoK, rad.Xion, it was found that
the rhombohedral lines (100) and
(110) increase progressively with
ingrease in grinding time [Nature,
Lona.,,207 (1965), 1189].

Al _ g™
Electrochromatography

A simple electrolytic chromato-
graphic technique developed at
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the Kyoto University can be used
to determine trace elements such
as copper, lead, cadmium and
radioactive metals like the dis-
integration products of tho:ium,
in very dilute solutions.

A small difference in electrode
potential is applied along a glass
column packed with electrode
material like silver grains. The
column is divided into several
chambers by insulating materials
such as glasswool. Controlled
potentials can be applied to each
chamber of the column. At the
beginning of a sample run the inlet
is kept at a more positive potential
than the outlet; the more noble
metal ions deposit on the inlet
part and the less noble ones on
the outlet part. This is the
clectrolytic deposition step. Then
the column is eluted with a suitable
solvent, for example, 0-1N hy-
drochloric acid plus 1 per cent
hydrazine which depolarizes any
anodic  product  formed. The
potential gradient along the
column is lowered. The less noble
metals dissolve first, followed by
the rest, and are swept away one
by one into a detector where they
are determined. An a.c. polaro-
graph with a single dropping
mercury electrode serves as a
detector. :

In one of the initial experiments,
cadmium, lead and copper were
separated from 100 ul. of a solu-
tion containing 10-2 moles/litre of
each metal ion, the elution taking
132 min. in all.

The system involves a single
operation and the compesition of
the electrolyte and potentials can
be so adjusted as to meet any
combinations of metal ions. Fur-
ther work is directed towards
quickening the elution process,
exploring the possibility of esti-
mating surface active organic
reagents, introduction of detection
systems, such as colour, radio-
activity, etc., checking out new
electrode materials like glass beads
coated with silver or silver
amalgam, and working out the
parameters such as electrode
potentials, scanning potential rate,
electrode grain size and flow rates.
The usefulness of this technique
will increase manifold if a system
wherein a continuous potential
gradient can be applied along the
column can be worked out [Chem.
Engng News, 43 (32) (1965), 42].

A new reactor for high
pressure oxidation of butane

A new fast-mixing and quench-
ing reactor has been developed
at Phillips Petroleum, USA, for
the study of very rapid chemical
reactions. This reactor makes
possible the large-scale production
of olefins by high pressure oxida-
tion of butane in a region of
reaction conditions not explored
previously.

The reactor combines direct jet
impingement for mixing with
expansion through a de Laval
nozzle for rapid quenching.

The reactor is fed with pre-
heated butane and air. Water
added upstream of the nozzle to
avoid increase in the temperature
of the reaction products in the
subsonic zone following the nozzle
gives a condensed aqueous phase
in it. The aqueous and gaseous
effluents from the first cyclone
separator are sampled. The gas
stream is then made to pass
through a condenser to the second
separator which removes the
aqueous stream containing small
amount of formaldehyde and
formic acid to avoid corrosion of
the steel flare line.

Preheat temperature, reactor
residence time and butane-oxygen
mole ratio are the three most
important factors in the conver-
sion of butane. Small reactors
with 7 millisec. residence time
cause reduction in the conversion
of butane with increase in tem-
perature, the butane-oxygen ratio
being fixed. In the case of large
reactors with residence time 20-40
millisec., increase in temperature
above 820°F. causes increase in
butane conversion. At about
820°F., there is an abrupt rise in
conversion. The reaction here is
exothermic and the compounds
formed are mostly hydrocarbons
having molecular weight lower
than thosz of butane, carbon
monoxide and water.

Various types of products are
obtained under different condi-
tions. For butane-oxygen ratio
2:5, butane yields are high at low
conversions. Propylene yields are
highest when the oxygen content
in the feed is small. Propylene
yield increases up to 50 per cent
conversion of butane and then
comes down slowly up to 70 per
cent conversion. High yield of
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ethylene is -obtained with high
converisons of butane and it
reaches a maximum at about 80
per cent conversion. Although
high conversion generally decreases
the amount of CO, CO, and water-
soluble- oxygenated hydrocarbons
in the product stream, the yields
of methane and ethane are on the
increase [Chem. Engng News, 43
(15) (1965), 66].

High sensitivity voltammetry:
Spot electrolysis

The sensitivity of voltammetry
can be increased either by modi-
fying the electric current as in
the case of differential polaro-
graphy [Perone, S. P. & Mueller,
T. R., Analyt. Chem., 37 (1965), 2]
and a.c. polarography [Brayer, B.
& Bauer, H., A.C. polarography
and tensimetry (Interscience Pub-
lishers Inc., New York), 1963] or
by increasing the rate of move-
ment of electroactive material to
the electrode surface by intro-
ducing convective transfer as is
the case with the rotated wire
electrode [Laitinen, H. A. &
Kolthoff, I. M., J. phys. Chem.,
45 (1941), 1079] and tubular elec-
trode [Blaedel, W. J., Olson,
C. L. & Sharma, L. R., Analyt.
Chem., 35 (1963), 2100].

An extension to the above
methods has been given by Evans
[Analyt. Chem., 37 (1965), 1520] in
which the electroactive material
was already at the electrode sur-
face. A small volume of the
solution was applied to gold foil
electrode whose surface was
slightly etched and the solvent
was allowed to evaporate, leaving
a spot of the electroactive mate-
rial adhering to the electrode.
The electrode was mounted on a
laboratory jack with the lower
part submerged in the supporting
electrolyte solution but the sample
spot above the solution. ~After
adjusting the potential the sample
spot was brought into contact
with the supporting electrolyte
and the resulting current was
measured as in the case of ordinary
polarographic  methods.  This
method has the advantage that
no pre-electrolysis is necessary to
deposit the electroactive material.

This method is tested with the
reduction of Fe(III) in IF.H,SO,
supporting electrolyte and hydro-
quinone oxidation in IF.H,SO,

280

in 50 per cent ethanol. In the
case of Cd(II) reduction, the gold
electrode suffered the disadvantage
of evolution of hydrogen with
very little overpotential. So, a
gold amalgam electrode having
almost the same rough surface as
the original gold electrode was
used. The results are not depen-
dent on the presence or absence of
oxygen.

The exact physical behaviour
of the process involved is quite
complex, but reproducible results
are always obtained. When the
supporting electrolyte contacts the
sample spot, the dissolution and
electrolysis begin simultaneously.

The method has the advantage
of high sensitivity. Less than 1
nanoequivalent of electroactive
material (< 0-1 pg.) is detectable;
0-5-2:0 pg. amounts are easily
determined with good accuracy.
No additional instrumentation is
necessary and the method requires
very little time (3 min.) and avoids
the deaeration of the samples.—
A. L. J. Rao, Punjabi University,
Patiala

Determination of leaching rates
of antifouling compositions

A simple biological method for
assessing the leaching rates of a
variety of toxic compounds,
particularly the newer antifouling
compositions based on organo-
metallic compounds, has been
reported []. appl. Chem., Lond.,
15 (1965), 469]. The method
consists in first determining, under
controlled conditions, the critical
toxicity (the minimum concen-
tration of toxin required to inhibit
growth completely in 50 ml. of
an unstirred culture medium in-
oculated with a known concentra-
tion of an alga). The concentra-
tion of toxin in-the leachate from
the composition under test is
then determined by diluting the

leachate till it reaches the critical.

toxicity under identical conditions.
The indicator organism used is
the unicellular organism Chlamy-
domonas. The method works
successfully at molar concentra-
tions as low as 1-32x10-8, where
all known chemical methods fail.

A new monoclinic pyroxene
from meteorites

An emerald green mineral found
as an accessory constituent in the

iron meteorites from three places,
Coahuila, Toluca and Hex River,
Mountains, has been identified as-
a new chromium member of the
jadeite group. The mineral” has
been named ureyite after Harold
Urey. The composition 6f this
mineral has been found to be
NaCrSi,Og.  Unlike jadeitsy’ a
high pressure phw be
synthesized=5:bm melts at 1 atm.
presure. It has been synthesized
by fusing SiO,, Na,SiO; and
Cr,05 at 1100°C.

Ureyite is monoclinic, optically
negative, and strongly pleochroic.
The optical properties of the three
meteoric occurrences of ureyite
are similar, but not identical, and
the indices of refraction are sJsme-
what lower than those of synthetic
Na,CrSi,O4. The reason for this
is found in the presence of small
and variable amounts of Ca, Mg
and possibly Fe?*, indicating a
compositional variation analogous
to that extending from aegirine,
NaFeSi,O4, to aegirine-angite,
(Na,, Ca) (Fe?t, Mg, Fc?r, Al)Si,O4.
Crushed grains exhibit a well-
defined cleavage on (110) and a
pronounced parting on (001). The
cleavage angle was measured as
87°23' 10" [Science, 149 (1965),
742).

Insect ¢ bitometer’

The methods generally employed
to examine the mosquito bite
are limited to visual observations
or to the measurement of engorge-
ment by changes in weight or
radioactive tracer intake after
mosquito bite. The method of
visual observations is laborious,
uncertain and in many cases im-
practical. In the method of
engorgement, employed to deter-
mine the repellent and attractive
properties of a compound.there
is no possibility to determine
whether a mosquito has pene-
trated and salivated in the skin
of a host unless engorgement
occurs. Since salivationsis the
vector by which mos/dito-borne
disease is disseminated, the measure
of repellency of a compound
by the degree of engorgement
is seriously limited. <

The difficulties encyzaterbd in
the above methods are overcome
in the new method described
[Nature, Lond., 208 (1965), 462]
which employs an electronically



operatéd ‘bitometer’. The var-
ious phases of mosquito bite
$70m "the initial penetration of
the _mouth parts to final with-
drawal can be detected electro-
nically by using the contact
betweén mosquito and its host
to form an integral part of an
ele&‘;’ica\l circuit, where the inser-
tion ana ithdrawal of the
‘Eosquitom from the
host are used as the making and
breaking by a switch in the circuit.
A 58 or 100-mesh bronze screen
is used to separate the mosquito
from ifs host and the screen is
connected by a soldered lead to
a resistance (16 megohms) and
then to a negative pole of a stan-
darCgmercury cell (135 V.). The
positive pole of the battery is
connected to a recording instru-
ment. The circuit passes through
the recorder and is carried by
another lead from the recorder to
the tail of anaesthetized animal
(host) where it is embedded via
a hypodermic needle soldered to
the lead.

When a mosquito bites the host,
the mosquito holds on to the wire
screen with its legs and passes
its proboscis through the spaces
of the mesh into the host and then
the circuit is completed. The
resulting flow of current is regis-
tered on the recorder. When the
proboscis is withdrawn the circuit
is broken.

By changing the mesh size of
the screen or the host animal,
the apparatus can be employed
to determine the biting activities
of many species of biting and blocd
sucking insects and the attractant,
repellent and insecticidal proper-
ties of various compounds can be
determined. The recorder can be
used for portable operations with
a battery_converter and can be
adap+=ilor operation under field
conditions.

Detection of soil

miacgorganisms by
catalave activity
~ ;

Catalase, the enzyme catalysing
the decomposition of hydrogen
Teroxide to water and oxygen, is
um;ormly found in plants, higher
anirP2]se*&obic bacteria and most
of the facultative anaerobic
bacteria. The detection and
estimation of intracellular catalase
under  appropriate  conditions,

NOTES & NEWS

because of the prevalence of cata-
lase in microorganisms and the
insensitivity of activity to reaction
conditions, should be a simple
and convenient indication of the
presence of microorganisms in
soils. A reasonable correlation
between catalase activity and
bacterial content measured by
plate count was observed in
desert soils.

For the detection of catalase in
soils it is required that: (1) the
soil sample should be homo-
geneous; (2) a method be avail-
able for releasing enzyme from
indigenous microorganisms into
the surrounding medium; and (3) a
method be available for assaying
the catalase without the neczssity
of extracting or separating it from
the other components of soil.
Soil homogenates can be made
by grinding with a mortar and
pestle. Lysing of bacteria can
be achieved by rupturing the
cell walls, permitting the contents
to disperse throughout the solu-
tion, partially by the addition of
the enzyme muramidase (lyso-
zyme), an enzyme which can
hydrolyse muramic acid, a com-
ponent of cell wall. The enzyme
assay can be made by using
differential manometers which
were made by connecting to-
gether two Warburg manometers
and wusing Krebs’ manometric
fluid.

The enzyme assay was made
placing two equal weights of soil
samples in the bottom of each
tube. Buffer was added to the
control and an equal volume of
muramidase to the other.
allowing 20 min. for muramidase
to react, the upper reagent vessels
were turned, so that the hydrogen
peroxide  solution,  previously
measured into each, was poured
into the tubes. If the muramidase
released catalase, the excess
oxygen produced from hydrogen

" peroxide increased the pressure

on that side, causing the liquid in
the U-tube to move.

The quantity of intracellular
catalase found in an ‘average
bacterium’ was calculated as
follows, based on values found in
the literature for pure cultures.
If 10-? to 10-1° moles of haem are
found in 1 mg. of organisms and
up to 10 per cent can be catalase,
then 1 mg. of organisms contains
10-1° to 10-1! moles of catalase.

After -

One bacterium weighs approxi-
mately 10-12 g. This means one
organism contains 10-1% to 10-20
moles of catalase. For this cal-
culation the heavier organisms
such as the algae and fungi which
contain larger quantities of cata-
lase are not accounted. The
smallest quantity of enzyme
detectable by this method was
10-1% moles of active enzyme
producing 9 pl. of oxygen in 40
min. Taking into account the
amount of catalase expected per
microorganism the method can
detect 10° to 10* microorganisms
in" a relatively short time.

With an improved technique for
lysing the organisms (freezing and
thawing, and grinding with glass,
detergents and other lytic enzymes
including the newly reported cell
lysing enzyme, lysostaphin) and a
more sensitive method of detect-
ing oxygen (pressure transducers,
quenching of fluorescance, or luci-
ferin-luciferase  reaction  which
depends on the oxygen for lumines-
cencs) it may even be possible to
detect 1-10 lysed organisms.

This technique may also be
applicable in detecting any enzyme
which produces a gas, such as
carbon dioxide or oxygen. Thus
amino acid carboxylase might be
detectable by this technique. It
is also useful to the soil micro-
biologist for the relative deter-
mination of microorganisms in
soil samples. This method of
detecting organisms in soil may
also be of use in detecting extra-
terrestrial organisms, if instru-
mented for inclusion in a planetary
probe [Nature, Lond., 206 (1965),
1019].

Preparation of follicle
stimulating and luteinizing
hormones from horse
pituitary glands

An improved and rapid methcd
for the preparation of follicle
stimulating hormone (FSH) and
luteinizing hormone (LH) from
horse pituitary glands has been
described by Dr B. B. Saxena
and Philip H. Henneman of the
Seton Hall College of Medicine,
Jersey City, NJ [Biochim. biophys.
Acta, 104 (1965), 496-502].

An improvement over the earlier
method of the same authors has
been effected by reducing some
of the chemical steps. This
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reduction has not affected signi-
ficantly the yield or the activity
of the FSH traction and has per-
mitted the recovery of LH.
Horse pituitary gland (1 1b.) is
ground and extracted with 33
per cent cold aq. ethanol 3 times
and the pH of the extract adjusted
tc € with 0-1N HCl. The proteins
1 the supernatant having gonado-
tropic activity are precipitated
at 1°C. by the addition of 2 vol.
of acetone. The precipitate is
dissolved in water, adjusted to
pH 7, lyophilized and then filtered
through a 42x30 cm. column of
Sephadex G-25 in the cold.

After lyophilization, 1-2 g. of
protein from the Sephadex G-25
gonadotropic fraction is fraction-
ated into FSH and LH fractions
by zone electrophoresis, using a
3-2%x180 cm. acid alcohol-treated
cellulose column, equilibrated with
0-037M phosphate buffer (pH 7-7)
at 1°C. Secondary buffer cham-
bers containing 0-02) phosphate
buffer (pH 7-7) are used to mini-
mize pH change and heat produc-
tion during electrophoresis. The
electrophoresis is performed for
72 hr at 1500 V. and 70 ma. The
column is eluted with the same
buffer, and 3 ml. fractions
collected every 10 min. on an
automatic collector. Protein peaks
are detected by measuring the
absorbancy at 278 mp for each
fraction. Protein fractions are
assayed in female and male rats
for FSH and LH activity. Out
of the two, one fraction contains
FSH plus LH activity and this
fraction containing 15 g. of protein
is further purified by vertical
starch-gel electrophoresis using
0-05M phosphate buffer (pH 7-7)
and a discontinuous buffer system.
Resolution cf protein components
is better in the discontinuous
buffer system. The electrophoresis
is performed for 20 hr at 9 V./cm.
at 10°C. The zones containing
FSH and LH are determined by
bioassays and these zones subjected
to a second electrophoresis in an
elution cell, specially designed to
permit recovery of the hormones.
FSH and LH fractions from
several experiments are pooled,
desalted by filtering through
Sephadex G-25 and lyophilized.
Contaminating soluble starch from
the FSH and LH preparation is
removed by ion-exchange chro-
matography on Dowex 2X 8.
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Progress Reports

School of Research and Training
in Earthquake Engineering,
Roorkee

The annual report of the school
for the year 1964-65 records its
activities in the fields of struc-
tural dynamics, soil dynamics,
seismology and instrumentation.

An improved design of elevated
water towers capable of resisting
seismic forces has been finalized.
A novel feature of the design is
that it remains elastic during
moderate earthquakes and absorbs
energy in plastic condition when
a very strong earthquake occurs.
Studies of period and damping
measurements on an elevated
reinforced concrete water tower
indicated very little change in
period with different levels of
water in the tank.

A model of a single storeyed
RC frame with unreinforced
brick walls has been tested. The
study included determination of
stiffness and the natural frequency
of the model in two perpendicular
directions. Vibration  absorbers
have been successfully used to
reduce forces on the main struc-
ture due to steady state forced
vibrations. A digital computer
programme has been used for the
analysis of earth dams subjected
to vibrations.

Studies on the liquefaction of
soils under vibrations have shown
that the pre-pressures attain a
maximum value prior to resonance,
and at resonance these get partly
dissipated. Liquefaction of the
top layer occurs first and the
bottom layers liquefy subsequently
and the settlement of the deposit
varies  characteristically ~ with
acceleration of the table motion.

A comprehensive study on the
behaviour of single piles and pile
groups subjected to dynamic
lateral loads has shown that the
initial static strength of the pile
under steady state dynamic
loading is less than the dynamic
strength. After the soil gets
sufficiently compacted, the static

strength is greater than the
dynamic strength. But under
transient loading, the static

strength obtained before and after
transient testing is less than the
transient strength; damping of soil
pile system is about 3 per cent,

The results of the study va the
horizontal and vertical n:odulug
of subgrade reaction in cohesiOm=
less soils indicate that the valus
of K, modulus of subgrade reaciion
in vertical direction, goes on de-
creasing as the diameter of plate
increases. Also, K3, modulus
of subgrade reaction in horizgutal
direction, is not zerg..w# ground
surface - and.ie*"decreases as the
diameter of plate increases.

The behaviour of pile grours
under lateral loads has been investi-
gated. Trom tests on single piles
in sound it has been observed
that the resistance of negative
battered piles to deflection in-
creases by 022 8, where { is the
angle of batter in degrees. jime
resistance of positive battered piles
decreases by 04 B.

A study of resonant frequency
of machine foundations has led
to the conclusion that the first
natural frequency of such a
machine-foundation-soil system
can be expressed by a simple
expression in terms of the base
area, height to base ratio, weight
of the machine and the foundation
and  eccentricity  factor. The
amplitudes of vibration were found
to be in good agreement with the
theoretical values.

Among the new instruments
designed and fabricated are: (1) a
large shear box of 30x30 cm.
size for studying shear charac-
teristics of soils under dynamic
loads; (2) a vacuum type triaxial
equipment for transient loading;
(3) a proton precession magneto-
meter for measuring magnetic,
anomalies for prediction of earth-
quakes in seismic zones; (4) a
strainmeter for recording shearing
strains in walls of buildings; and
(5) displacement meters of linear
variable differential transformer
typeof very low natural ireqegnceies.

Announcement

» The Third Asia and Oceania
Congress of Endocrinology yetl take
place in Manila, Philippi;){, during
2-6 January 1967. Abstracts of
papers to be presented should
reach the Chairman, Organizipg=
Committee, Third Asia and OCea-
nia Congress of Endvexindogy,
Deparment of Physiology, College
of Medicine, University of Philip-
pines, Herren Street, Manila,
Philippines, before 31 July 1966.



o New Publications

THE WEALTH OF INDIA

Industrial Products: Part VI (M-Pi)

Contains comprehensive account of development and present position of 28 Indian
industries, important among them being Machinery, Motor Vehicles, Petroleum
Refining, Pharmaceuticals, Paints & Varnishes, Paper & Paperboards, Metal

« Containers & Closures, Perfumery, Opium Alkaloids, Mica & Mica Products, Oxygen,
Pin & Clips, Needles, Match and Papier Mache.

Pages xiv--315+xii Demy 4to, 6 plates and 89 illustrations
Price Rs 28.00 ($8.00, sh.56)

DRUG ADDICTION
With Special Reference to India

by
R. N. CHOPRA & I. C. CHOPRA

Contains two parts consisting of |2 chapters dealing with: Drug addiction as a
world problem, Addiction producing drugs, Psychiatric and clinical aspects of drug
addiction, Treatment of drug addiction, Minor drug habits, Tobacco habit, Alcohol,
R~ iTurates, Cannabis, Opium, Cocaine, Control of drug addiction in India.

Pages xiii-264 Royal 8vo Price Rs 12.00 (§3.50, sh.24)

Copies available from :
.-2ublications & Information Directorate, CSIR
Hillside Road, New Delhi 12
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~
EBERT 3.4 METER PLANE GRATING SPECTROGRAPH ‘]
for

CHEMICAL ANALYSIS

PHYSICS RESEARCH

World’s most advanced
spectrograph, commercially
available

® Extreme simplicity of

operation (can be used and
interpreted by novices)

© Very high dispersion and
resolution at utmost flexibility

@ A Photographic Spectrograph,
easily convertible into a Direct
Reading Spectrometer

Sold & Serviced in India by:

INDUSTRIAL & RESEARCH INSTRUMENT CO.
D2, COMMERCE CENTRE, 74 TARDEO ROAD, BOMBAY-34.

FOR @ AND
QUALITY SERVICE

CENTRIFUGES

* Robust design for continuous and efficient running
‘QUICO’ MODEL SC/CE/2 (ii) * Large range in speed variation * Noiseless anu : all |
balanced (vibration force) movements * Lubricating
ball bearings and resilient rubber buffers * Different types like: Hand operated or electric, close
or open model, with aluminium tubes, holders, glass tubes, or buckets, free oscillating heads
to take 2, 4, 8 tubes, etc. Working on AC/DC supply, duly painted with hospital white el
or in metal finishing.

Please contact :

UNIQUE TRADING CORPORATION"

SPECIALISED IN LABORATORY EQUIPMENT

221 SHERIFF DEV)l STREET, BOMBAY 3
Gram: ‘UNILAB’ Phone: 325611 & 323489
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RESEARCH ELECTROMAGNET

TYPE NP-53

The magnet provides reasonably uniform fields and an air gap continuously
adjustable from zero to 10 em. The pole pieces are 10 cm. in diameter. A pair of
cylindrical pole pieces is provided with the magnet. Tapered pole pieces are
specially made and supplied. Energizing coils carry low current and are air-cooled.
Current Stabilized Power Supply for use with this magnet is available.

A number of these magnets are in use in Universities, Colleges and our
National Laboratories.

Also available
5 e~ Electromagnet, Type P51 o 7.5 cm. Electromagnet, Type NP-52

LARGER ELECTROMAGNETS MANUFACTURED TO SPECIAL ORDER

Manufacturers :

UNIVERSAL SCIENTIFIC COMPANY

32 PAREKH STREET, BOMBAY 4
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A I TRSL.,
Cauvery Brand

STABLE
BLEACHING
PONDER

| etextile bleaching,

ewater purification,
senvironmental sanitation

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED
Mettur Dam R.S.
Managing Agenis:
SESHASAYEE BROTHERS PRIVATE LIMITED

Salem Dist.

“CRITERION-MC-370

TOWA-INDIAS ANOTHER FIRST

CLEAR AND LUMINOUS IMAGE
MAGNIFICATION UPTO 400

An ideal instrument for demonstration

MICRO
PROJECTOR

MODEL - TWMP

Also these Microscopes:

@ STEREO BINOCULAR

® METALLURGICAL

® BINOCULAR RESEARCH

@ MONOCULAR RESEARCH ang MEDICAL
® MONOCULAR STUDENT

@ DISSECTING

Manutactured by :

TOWA OPTICS (INDIA) PRIVATE LTD.

in collaboration with TOWA - Japan
Regd. Office : 4, Daryaganj, Post Box 1685, Delhi-6 Phone : 271497
Branch Office : 33, Sembudoss Street, Madras-1
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S. H. KELKAR & CO. (PRIVATE) LTD.

DEVAKARAN MANSION, 36 MANGALDAS ROAD
BOMBAY 2

Gram: * SACHEWORKS’, BOMBAY-DADAR

Manufacturers of

NATURAL ESSENTIAL OILS, AROMATIC CHEMICALS, RESINOIDS
& WELL-KNOWN ‘COBRA BRAND’ PERFUMES, USEFUL
FOR ALL COSMETIC & TOILET PERFUMES SUCH
AS HAIR OILS, BRILLIANTINES, SOAPS,
AGARBATTIES, FACE POWDERS, ETC.

FOR SAMPLE AND PRICE, PLEASE WRITE TO THE ABOVE ADDRESS

Phone : 272426 Gram : GRAPHMAKER

CHHENNA CORPORATION

P.O. BOX 1728 . 723 DARYA GUN|
DELHI 6

Leading manufacturers of

SECTIONAL TRACING CLOTH IN ROLLS
DATA CHARTS IN SHEETS & ROLLS
with
Sectional Graphs, Logarithmic Papers, Polar Co-ordinate
Papers, Probability Charts, Frequency Papers
Triangular Papers, etc. etc.

JSIR—JUNE 1966 A23



SCIENTIFIC INSTRUMENTS & EQUIPMENT!

FOR . !
EDUCATION, RESEARCH & INDUSTRY

*RESEARCH, STUDENT & DISSECTING MICROSCOPES

* MICROTOMES  * pH METERS * PHOTOELECTRIC

COLORIMETERS * OVENS * INCUBATORS * WATER

BATHS * ANALYTICAL BALANCES * LABORATORY

GLASSWARE * PORCELAINWARE & SILICAWARE
* PHYSICS INSTRUMENTS

DISSECTING MICROSCOPE

INTERNATIONAL AGENCIES

79 GHOGA STREET, FORT, BOMBAY |
Gram: ‘SCIENAPP' ¢ Phone: 325375

AGATE MORTARS & PESTLTS

(Grade Al)
L
l"""“_\lill\lll“" Absolutely and totally flawless quality, both internally -
‘ o externally. These Agate Mortars and Pestles are b ..g

exported to very well-known users and trade housc: ir
U.K., US.A., Japan and all other countries of the worla.

Yl
e

Sizes available from 20 mm. to 200 mm. diameter

Also available _
All types of IP THERMOMETERS for the Petroleum Testing Laboratories

PLEASE CONTACT

LABORATORY FURNISHERS

DHUN MANSION, 186C VINCENT ROAD, DADAR, BOMBAY 14
Phone : 442761 Telegram : L ABFURNISH

Branch Office: KAPASIA BAZAR, AHMEDABAD 2
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In laboratories and industrial plants, for analysis and process control, and in a host of other
applications, these indicator papers are in continual use. They are the quickest and handiest
means of making pH checks ‘on the spot’, the paper covering the appropriate range simply
being dipped into the test solution; the colour which develops is compared with the standards
shown on each book. It is often an advantage to use B.D.H. Wide Range pH indicator papers in
the first instance, followed by the appropriate Narrow Range papers for an accurate pH determi-
nation. Where both the Wide Range and Narrow Range papers are in use the B.D.H. Multi-
Range package s very convenient

B.D.H. Narrow Range Indicator Papers O B.D.H. Wide Range Indicator Papers
B.D.H. Multi-Range Indicator Papers O B.D.H. Litmus Papers

British Drug Houses (India)
Private Ltd.,

@ Laboratory Chemicals Laboratory Chemicals Division,

8 Graham Road, Bombay 1
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The first Pelletising Plants for Nickel Ore
The first plants for pelletising Nickel Ore will be built in New Caledonia for Messrs.
Société Le Nickel S.A., second biggest Nickel producer of the world. POLYSIUS will supply
all machinery and equipment for preparing and pelletising Garnierite from the Poro and Nepoui
mines. Four units using the well-proven POLYSIUS Grate-Kiln process (Lepol process), will
produce a total of 1.5 million tons of pelletised nickel concentrate. POLYSIUS engineers can
solve your pelletising problems. Our pilot plant facilities permit testing on a semi-industrial
scale of all ores regarding their adaptability to pelletising.

SALES REPRESENTATIVES:
[POLYSIOS) oIS GmMBH MOTWANE

127 Mahatma Gandhi Road, Post Box No. 1312 Bombay-%

W ] Phone: 252337.Grams: "CHIPHONE' all offices * Branches att
New Delhi, Caloutta, Lucknow, Kanpur, Madras and Bangalose,

ML-65

A26 JSIR —JUNE 1565



Safe & Dependable
INJECTABLES

A wide range of parenteral preparations for meeting the growing requirements of the
medical profession are processed in our laboratories. They are made from standard chemicals
employing double distilled and PYROGEN FREE water. Their containers (ampoules) undergo
rigid neutrality tests before they are selected for use. These injectables are, therefore, guaranteed
to be absolutely safe and dependable.

The following are but a few of our well-known injectables:

s RETICULIN — A potent Extract of Liver

« HEXOPURIN — An Urinary Antiseptic

» CALCITOL — Injectable Calcium Gluconate
» BEVITAMIN — Injectable Vitamin B,

« CEVITAMIN — Injectable Vitamin C

s GLUCOSE SOLN — Injectable Pure Dextrose

THE MYSORE INDUSTRIAL & TESTING LABORATORY LTD.
MALLESWARAM P.O., BANGALORE 3

Selling Agents :
Messrs Khatau Valabhdas & Co., Bombay Messrs Karnatak & Deccan Agencies, Hubli
Messrs Ventlax, Secunderabad

GAS ANALYSIS APPARATU

IMPORTERS & :
MANUFACTURERS OF _
SCIENTIFIC S
GLASSWARES PEC'”“STS EXTRACTION APPARATUS
FROM L
PYREX GLASS.

VOLUMETRIC GLA

SINTERED GLASSWARE

CHEMICAL APPARATUS

SLENTIFIC

11. ULTADANGA ROAD. CALCUTTA -4
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Available from Stock

% METROHM pH-METER E 350
« Measuring range 0-14 pH; — 500+ 500 mV
e Accuracy of reading: 0.05 pH, 5 mV
o Absolute accuracy: 0.1 pH, 10 mV

% KUSTNER ANALYTICAL BALANCE,
with and without air damping from Ger-
many. Models AL 49 and AF 48 with
weight box

o Maximum load: 200 gm.
o Sensitivity: |.mg.

% ENDECOTT’S STANDARD TEST
SIEVES

Contact:

PHARMA TRUST

114 Princess Street, Bombay 2

MODERN SCIENTIFIC INSTRUMENT SHABNAM
COMPANY PLASTIC ANALYTICAL BALANCE
48A/48B SADASHIV CROSS LANE COVERS
BOMEAY 4 HELP KEEP YOUR
* LABORATORY BALANCES

FREE FROM DUST AND STAINS

Direct Importers & Stockists of

‘PYREX’ Brand

Laboratory Glassware and

Apparatus
*

Manufacturers of

‘MODERN’ Brand

Laboratory Equipment

AND ADD GLAMOUR TO YOUR LABORATORY

Available in Beautiful Clear Plastic
at Rs. 11.50 each

(They are cheaper 25 per cent by the dozen)

Manufacturers:

OCEANIC INDUSTRIES
(INDIA) PRIVATE LTD.

12 PRESIDENCY COURT
55 GARIAHAT ROAD
CALCUTTA 19
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T
Q
V/K TECHSNABEXPORT

MOSCOW (USSR)

OFFERS
~“ROMPT DELIVERY OF:

Radioactive Isotopes @
Compounds of Radioactive Isotopes @

Alpha—, beta—and gamma
radiation sources @

Neutron sources @

Standard, reference and
calibrated sources @

Deuterium and tritium targets @
Compounds of natural radioactive
elements @
Stable isotopes and their
compounds @

Techsnabexpnrt

guarantees high chemical purety
of all the preparations.

Orders are taken for continuous delivery through the year and for
a single shipment as well as for special preparations of radioactive
isotopes under agreed specifications.

The Catalogues are sent on request.
AVAILABLE UN

RUPEE PAYMENT

for further details please contact
TRADE REPRESENTATION OF THE USSR IN INDIA

NEW DELHI CALCUTTA BOMBAY MADRAS
Plot Nos. 6 & 7 1 Bishop Lefroy Rd. 46 Peddar Rd. 50-A
Block 50-E St. Mary's
Nyaya Marg Road
INTERADS 654 08 223 58 Chanakyapuri Alwarpet
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ELECTRON MICROSCOPE

for universal application in Biology, Medicine,
Mineralogy, Metallurgy

Electron Microscope SEM 3-I
is a three-stage transmission microscope
with electromagnetic lenses

Electron-optical 1000 . . . 100,000 fold
magnification (eleven-stage)
Resolving power 1.5 mm
Beam voltage 40, 69, 80 and 100 kV
EQUIPMENT

® Micro beam condenser
¢ Cooling chamber up to 145 C
@ Specimen heating up to 1000 C

VEB WERK FUR FERNSEHELEKTRONIK

116 BERLIN-OBERSCHONEWEIDE, OSTENDSTRASSE 1.5
GERMAN DEMOCRATIC REPUBLIC

AGENCY

MESSRS K. LAL BHAKRI
P.O. Box 487, New Delhi, India
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JANETZAKI

TYPE T 24

JANETZKI
CENTRIFUGES

a synonym for quality!

for medical, chemical and

biological laboratories

Laboratory sugar centrifuges
Type TZ |

Rotating speed 2900 r.p.m.
Field of gravitation 520 g

Micro-haematocrite centrifuges
Type TH |
Rotating speed of
Haematocrite rotor
Microrotor

Field of gravitation
Haematocrite rotor
Microrotor

max. 18,500 g
max. 18,000 g

Laboratory table centrifuge
Type T 4

Rotating speed max. 3200 r.p.m.
Field of gravitation max. 1200 g
Laboratory table centrifuge
Type T 20

Rotating speed
Field of gravitation

max. 6400 r.p.m.
max. 4500 g

Messrs Heinz Janetzki K.G.

Leipzig

max. 16,060 r.p.m.
max. 20,000 r.p.m.

TYPL S 60

Laboratory table centrifuge
Type T 22

Rotor freely swinging max. 3400 r.p.m.
Angle rotor max. 4800 r.p.m.
Field of gravitation

Rotor freely swinging  max. 2000 g
Angle rotor max. 3250 g

Laboratory table centrifuge
Type T 23

Rotating speed

(4 - 100 ml) max. 6000 r.p.m.
(6 - 100 ml) max. 6500 r.p.m.
Field of gravitation

(4 - 100 ml) max. 5600 g
(6100 ml) max. 5800 g

Laboratory table centrifuge
Type T 24

Rotating speed max. 16,000 r.p.m.
Field of gravitation max. 21,5C0 g

Stand centrifuge Type S 60

Rotating speed

Rotor freely swinging ~ max. 3500 r.p.m.
Angle rotor max. 4500 r.p.m.
High-speed attachment max. 16,000 r.p.m.
Field of gravitation

Rotor freely swinging  max. 2600 g
Angle rotor max. 4000 g
High-speed attachment max. 21,500 g

AGENTS

TYPE VAC 60

Cooling centrifuge Types K 60 and
K 60 S (similar to Type S 60)

Type K 60 with cooling
aggregate
Type K 60 S with cool-
ing aggregate
Minimum temperatures
Rotor freely swinging
41000 ml

4x250 ml

Angle rotor

8250 ml and

6500 ml

High-speed attachment
Rotor 6x20 and
12x10 ml

Rotating speed

Rotor freely swinging
Angle rotor
High-speed attachment
Field of gravitation
Rotor freely swinging
Angle rotor
High-speed attachment

500 cal/h

1250 cal/h
K 60 K 60 §

1 0°C —15°C
-2°C -22°C
—5°C —25°C
40C —-8°C

max. 3500 r.p.m.
max. 4500 r.p.m.
max. 16,000 r.p.m.

max. 2600 g
max. 4000 g
max. 21,500 g

Preparative ultracentrifuge

Type VAC 60
Rotating speed

Field of gravitation
Vacuum in the rotor
chamber

Minimum temperature
in the rotor chamber

max. 60,000 r.p.m.
max. 300,000 g

5x107* Torr

-20°C

MESSRS K. LAL BHAKRI

P.O.B. 487, New Delhi, India
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GUARANTEED REAGENTS 4
Indicator papers

" and solutions

LABORATORY. REAGENTS ~ /VEE

MERCKOZONE

BULK ViTamIns &, 7
C & Bs X

SORBITOL

manufactured
in collaboration

with E. MERCK. A.G.
Darmstadt, Germany

Sales Enquiries

SARABHAI MERCK LIMITED

P.O. Box No. 16555, Bombay 18

sM.18
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i} Articte No. a3

AMMONIUM NITRATE

e T |0|\lv

MADE N |~Dm
IRSEESTTHET: pigmioais AVALEL

ML Estamuen cuguicais 1
VR e v ST ]

Manufactured.by :

BASIC

APPROACH

‘BASYNTH’ is your guarantee for
Standarised Reagent Chemicals
manufactured in modern laboratory
by qualified chemists—

BASIC & SYNTHETIC CHEMICALS PRIVATE LTD.

25, EAST ROAD * JADAVPUR * CALCUTTA-32

Progressive/BSC4

IN INDUSTRY
for

trace  metal  impurities in
metallurgical samples.
trace elements in industrial

electrolytes.
Ca. Fe. Na, K in cement.

Cu, Fe, Ni, Pb in catalytic feed
stock (petroleum).

LR

ATOMIC ABSORPTION

cum FLAME SPECTROMETER

for precise and rapid measurement of very low
concentrations of metallic elements

the

wear mezals in lubricating oils.

INDUSTRIAL & RESEARCH

D2 COMMERCE CENTRE, 74 TARDEO ROAD, BOMBAY-34.

Z52) MODEL-700-
ATOMIC ABSORPTION

Lk 4

ivMeDiciNe  (ERRESD N AGRICULTURE
determination

alkali and alkaline earth metals
in body fluids and animal tissues.

trace metals (Fe, Cu, Pb, Ca) in
blood ; Pb, Ni in urine.

heavy metal pollutants in air
and water,

Sold and Serviced in India by

of

Na, K, Zn, Fe, Sr, Mg and other
elements in plants ; metal dis-
persion in leaves.

micronutrient metals in soils.

heavy metal traces in feeds and
fertilizers.

nutritional metallic elements In
animal feeds.

metals in hydrophonic solutions.

INSTRUMENT CO.
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RFL -

PERMANENT MAGNET CHARGING
MEASUREMENT—STABILIZATION

A Complete System Approach

Permanent magnets used in
lravelling - wave - tbes, acce-
lerometers and electron-beam
Jocussing assemblies can e
magnelized,  measured  and
stabilized — quickly using a
combination of four standard

uniis.

The rapidly expanding use of permanent magncts has in turn caused new demands to be made
upon research, engineering and production personnel for techniques 1o enable accurate and  reasonably
fast means of magnetization, stabilization and measurement of hoth simple and comples magnet assemblies.
The complete process requires three types of cquipment: a magnet charger for initial saturation ol the
magnet, a magnct treater for stabilization down from maximum tlux level and a vaussmeter For measurement

of the flux density.

These requirements can be consolidated into one complete system, using off-theshelt” products, which

permit the reading of the flux density levels at the same time as the maenciization and stabilization

processes are being performed. The engineering- and production-time saved by utilization of a complete
magnetics system results in lower production costs, more accurate product and greater control of the

manfacturing process.

RADIO FREQUENCY LABORATORIES, BOONTON, U.S.A. .

For details, please write to :

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

ALLAHABAD BOMBAY CALCUTTA  MADRAS  NEW DELHI
Head Office: 6 Tej Bahadur Sapru Road, Allahabad
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burners

PRODUCT
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SMALL MEDIUM MEKER

TYPE No. | TYPE with BURNER BURNER
Gauze Top No. 3 with
No. 2 Gauze Top

No. 4

SMALL MEDIUM TECLU MEKER

TYPE with TYPE with BURITR BURNER

Cock. No.1A Gauze Top with Cack R
and Cock No. 3A Gauze Top
No. 2a and Cock
° No. 4A

e

GLASS WORKING
BURNER with
THREE changes

JSIR—IUNE 1966
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your nearest burshane dealer




The New Bausch
V.0.M.-7

records 500 microvolts full scale

FEATURES

Now, the onc truly versatile
Recorder that records volts, milli-
amperes and ohms, w hout extra
attachments or extra cost, is avail-
able in a high sensitivity model.
so0 microvolt signals  can  be
recorded  full scale with a 25
microvolt accuracy. For every con-
ceivable application in gas chromato-
graphy; monitoring of pH, tem-
perature, pressure  and  humidity
with appropriate transducers; time-
rate studies; extending the useful ab-
sorbance range of colorimeters—the
new V.O.\M.-7 is the ideal recorder.
And it’s priced very reasonably, too.

e 6 D.C. voltage ranges —o0.5 mv, T mv, 10 mv, 100 my, e Fast response

1 v, 10 v — full scale

e Built-in full scale offset control

e 5 D.C. current ranges — I microamp, 10 microamps, 100
mictoamps, 1 milliamp, 10 milliamps

e Operates in flat, tilt, or wall-mounted position
pe P

e Compact and portable

e 6 linear resistance ranges — 1 ohm, 10 ohms, 100 Ohms,
1 K ohm, 10 K ohms, 100 K ohms—full scale, zener diode

o Buit-in event marker

D.C. supply (accuracy 3 per cent) e 5 chart speeds between 2°5 inches/hour to 1000 inches /hour

BAUSCH & LoMB @

For further information, please wrile lo

Sole A Lenls

"MARTIN & HARRIS (PRIVATE) LTD.

(H(ll\llll( DEPARTMIENT)

SAVOY CHAMBERS, WALLACE STREET, BOMBAY 1

-
f
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