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HEWLETT

. Test signals
| Accurate ascillators for
avery application,
0.00005 ¢ps to 10 me.

e

s

'HEWLETT - PACKARD

PACKARD

One of these accurate, easy to use, Hewlett
Packard Oscillators is just right for your test
measurements. The resistance capacitance oscil-
lator pioneered by Hewlett Packard offers
simple operation, high frequency stability, wide
frequency range, with low distortion, excellent
frequency response and high amplitude stability.
Controls are few and easy to use. Latest advance-
ments are represented by new solid-state models.
Each is designed to make your test work faster,

easier and more economical.

MODEL

200AB Audio Oscillator
200CD Wide Range Oscillator
201C Audio Oscillator

202A Low Frequency Function
Generator

203A Variable Phase Function
Generator

204B Solid-State Portable
Oscillator

205AG Audio Signal Generator

207A Special Purpose Oscillator
211A Square Wave Generator
241A Pushbutton Oscillator

650A Test Oscillator

651A Test Oscillator

FREQUENCY RANGE

20 cps to 40 kc, 4 ranges
5 cps to 600 ke, 5 ranges
20 cps to 20 ke, 3 ranges
0.008 to 1200 cps, 5 ranges

0.005 cps to 60 ke, two lower ranges
of 0.0005 and 0.00005 cps available
on special order

5 cps to 560 kc, 5 ranges
20 cps to 20 kc, 3 ranges

20 cps to 20 ke, | range
| cps to | mc

10 cps to | mc

10 cps to 10 mc, 6 ranges
10 cps to 10 mc, 6 ranges

OUTPUT

| watt (24.5 v/600 ohms)
160 mw (10 v/600 ohms)

3 watts (42.5 v/600 ohms)
28 mw (30 vp-p/4000 ohms)

Max. output voltage 30 v p-p open
circuit for all outputs; output power
is at least 40 mw (5 v rms into
600 ohms)

10 mw (2.5 v/600 ohms)

5 watts
5000 ohms
160 mw (10 v/600 ohms)

3.5 v/75 ohms; 27 v/600 ohms
10 mw (2.5 v/600 ohms)

15 mw (3 v/600 ohms)

200 mw (3.6 v/50 ohms)

16 mw (3.16 v/600 ohms)

adjustable/50, 200, 600,

For details please write to:

ALLAHABAD

BOMBAY
Head Office: 6 Tej Bahadur Sapru Koad, Allahabad

SOLE DISTRIBUTORS

THE SCIENTIFIC INSTRUMENT COMPANY LIMITED

NEW DELHI

CALCUTTA  MADRAS
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N-PLABE
DENSITY
1281105

with the New
CN-980

VOLUMEASURE

The VOLUMEASURE provides a simple,
accurate and fast method of determining
the In-Place Density of Soils and Construc-
tion Fill Materials.

Typical uses include Embankment Control
and Subgrade Compaction. It can also be
used to check the In-Place Density of
Roadbeds * Dam Cores * Levees * Base
Courses * Embankments ¢ Compacted
Fills « Natwral Soils * Earth Dams
Runway Bases.

Sole Selling Agents:

TOSHNIWAL BROS. PVT, LTD.

198, JAMSHEDIJI TATA ROAD, BOMBAY - 1.
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GRAM

ASHACOM PHONE : 22855

UPERIOR LAMP BLOWN
YREX GLASS APPARATUS;
ASSEMBLIES ACCESSORIES
OF ALL TYPES

C) Manufactured by

SCIENTIFIC EQUIPMENT
MFG. CO.

An associate of

ASHA SCIENTIFIC CO.

DIRECT IMPORTERS & MANUFACTURERS

503, GIRG

FEPRESENTATIVES,

M ROAD, BOMBAY 2.

Interchangeable Laboratory
Glassware ‘Our Speciality‘

WE SUPPLY COMPLICATED RESEARCH APPARATUS

optical instruments
and
allied components

GHARPURE & CO.

P-36 INDIA EXCHANGE PLACE EXTN.
CALCUTTA |

Gram:MEENAMO @ Phone:22-2051

Improved models of

PROJECTION TYPE MICRO,
SEMI-MICRO, APERIODIC,
CHAINOMATIC AND

OTHER TYPES OF

ANEROY BALANCES

are obtainable from the

manufacturcrs

Keroy / P/ Lid.

32 LATAFAT HUSSAIN LANE
CALCUTTA 10

Phone: 35-5065

335 NADESHWAR
VARANASI CANTT.

Plione: 3282

or from their agents

LABORATORY STORES

3A Ripon Street
Calcutta 16

Phone: 44-1338
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Coronary Thrombosis

A devclopment in the treatment of coronary
thrombosis and deep venous thrombosis

has been the introduction of

BINDAN

(2-Phenyl-1: 3-indanedione)

@C‘O
/
COo

In oral anticoagulant therapy

BINDAN provides * more rapid onset of action
% easy management

+ uniformity in action

Manufactured by

BENGAL IMMUNITY

COMPANY LIMITED
CALCUTTA 13
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Gansons ISOTOPES HANDLING EQUIPMENT

RBIGS{20

FOR. CHEMICAL
EXPERIMENTS
ANDANALYSiS

USE AN'ALYTICN.

"REAGENTS
MANUFACTUR_ED
BY. ..

/\\
THE INTERNATIONAL
ﬁ7 CHEMICAL INDUSTRIES
103-B., UPPER CIRCULAR ROAD
(ACHARYA PRAFULLA CHANDRA ILCAD!
CALCUTTA-9
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Announcing another CSIR publication
THE FLORA OF DELHI

DR. J. K. MAHESHWARI
Central National Herbarium, Indian Botanic Garden, Howral

A flora of Delhi has long been desired.  What has been particularly desired is a flora which should cater
not only to the needs of the taxonomists but should also be usable by students and any one interested in the study
of the plants of Delhi. Several attempts were made but nonc before this was carried through to success and no
comprehensive flora of Delhi was published. The author has made a survey of the flowering plants of Delhi and
its cavirons, and has incorporated the results of his exhaustive studies in this book. Nine hundred and forty-two
species of indigenous, naturalized and cultivated plants under 549 genera belonging to 120 families have been
described; Bentham and Hooker’s order of families has been followed and botanical names have been brought up
to date in accordance with the latest International Code of Botanical Nomenclature.  Keys, based on easily observed
characters, have been provided to help identification of plants; local and English names and uses of the more
common plants are given.

The Flora of Delhi is a reference manual for the identification of flowering plants of Delhi. It is invaluable
to students, botanists and laymen alike.

Printed on offset paper, royal 8vo, full rexine bound Pages viii | 447
PRICE Inland: Rs 28.00 Foreign: Sh. 56 or $ 8.00

Can be had from
THE SALES & DISTRIBUTION OFFICER

PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12

OPTICA-INTERNATIONAL

DISSECTING MICROSCOPE

Focusing by rack and pinion.

Lens supported in a sleeve which moves backward and
forward and lens-carrier moves sideways, thereby the
whole stage is covered. Movable sturdy hand rests.
Circular glass stage with specimen holding clips. One
opaque disc. Concave mirror. Cptics [0x and 20x.

Instruments and Equipment for Education, Research and Industry

INTERNATIONAL AGENCIES

79 GHOGA STREET, FORT, BOMBAY |
Gram: ‘SCIENAPP’ e  Phone: 325375
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Cauvery Brand

STABLE
BLEACHIN
PONDER

etextile bleaching,

ewater purification,

M e cnvironmental sanitation &

THE METTUR CHEMICAL & INDUSTRIAL CORPORATION LIMITED

Mettur Dam R.S. Salem Dist.
Managing Agents:
SESHASAYEE BROTHERS PRIVATE LIMITED

CRITERION.MC-372

THE ‘ROTO SUPER?’ # efficient HIGH-SPEED (6000 r.p.m.) LABORA-

TORY CENTRIFUGE with all the features of

CENTRIFUGE Modern Centrifuge Engineering.

With brake and regulating ring transformer, electric speedometer, automatic timer
with safety device to avoid any sudden start, with control lamp, and complete
with the following accessories :

Swing Head for 4 1100 ml. complete with shields of V2A steel and glass tubes
Reducing Insertion of 50 ml. complete with glass tubes (fitting the swing head)

Multi-Carrier of 2.:25 ml. complete with glass tubes (fitting the swing head)

Multi-Carrier of 4 115 ml. complete with glass tubes (fitting the swing head)

Rs. 9000/- each

Various other models also available

Literature and B. PATEL & COMPANY

prices on DIRECT IMPORTERS & STOCKISTS OF SURGICAL & SCIENTIFIC GOODS
27/29 POPATWADI, KALBADEVI ROAD, BOMBAY 2

request Phones: 38639 & 39702 Grams : GLASALSORT

SP/BP;5

«
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NEWERA IN GRAPH PAPER INDUSTRY

SECTIONAL GRAPH PAPER IN ROLLS

STRIP RECORDING CHARTS
ARE NOW MANUFACTURED

1st TIME IN INDIA

XK

CHHENNA CORPORATION

P.O.BOX1728 - DELHI-6

Rama Pubs.

GLASS LINED RERCTION VESSELS

Dr.RAOS LABORATORY |
BOMBAY-8.

Impellers, Thermowells, etc.

REPAIR WORK OF FOREIGN EQUIPMENT
CARRIED OUT PROMPTLY

Reaction Kettles steam jacketed, Evaporators,
Distillation Unit complete, Condensers, Filters
and all accessories such as Stirrers anchor type,

UNIVERSAL OVENS

STERILIZING ® DRYING ® INCUBATING

RIB HEAT RADIATION SYSTEM
HEATEKS TOTALLY COVERED
VMEATERS IN BOTTOM & SIDIS

SEW
50

UNIVERSAL
OVEN

Automatic Temperature Contral
Without Contact Points
Sensitivity & Temp. Uniformity
105°Cto ?1' C

Being successfully used in tte Iaboratories of :

* Indian Standards Institution. Mathura Road.
New Delhi * Central Electro Chemical Research

Institute, Karaikudi 3 * Haffkine Irstitute. Parel,

Bombay * Universities of Lucknow, Rajzsthan
(laipur), Udaipur and many otker Industries

SEW P ——
TEMPERATURE| SCIENTIFIC EQUIPMENT WORKS
1777, MICHOLSON ROAD. DELMI-6
CONTROL | , L o comimcrmnnr
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MICROSGOPES

and
MICROTOMES

- for
Research
and
advanced
Teaching

Sales & Service Centres 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 Illuminator 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

All



SPECTROGRAPHICALLY
IVIatthey STANDARDISED

SUBSTANCES

GROUP O

H
Li Be
Ne | Na | Mg | Al Si P S Cl
K Ca Sc

FeCoNi

Cu ZIn Ga

Rb |Sr |V 'RuRh Pd
Ag Cd In Sn Sh Te LJ
Xxe |Cs |Ba | La Ce Pr Nd Pn Sm Eu Gd Th|
Dy Ho Er Tm Yb Lu | Hf Ta w Re OsirPt
Au| Hg| TI| Pb| Bi| Pol A
Ra Ac Th Pa

Fr

The Johnson Matthey range of spectrographically standdrdised
substances is 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 cach
metallic impurity in parts per million and also the method of
determination.

Where the highest purity is not nceded, many of the clements can
be supplied as metals and compounds of a lower degree of purity.

ELEMENTS Johnson < Matthey

Availagble through Arora-Matthey Limited Raj-Der-Kar & Co..
166, Netaji Subhas Chandra Bose Road. Sadhana Rayon House.
Tollygunge, CALCUTTA-40 Dr. D. Naoroji Road.
Associated Instrument Manufacturers (fndia) BOMBAYs!
Private Limited, The Scientific Instrument Company Ld..
The Andhra Scientific Co. Lid. Sunlight Insurance Buildings, 6, Tej Bahadur Sapru Road,
4, Blackers Road, Mount Road 26-27 Asaf Ali Road, NEW DELHI ALLAHABAD-I|
MADRAS-2.

JOHNSON., MATTHEY & CO. LIMITED, HATTON GARDEN LONDON ENGLAND
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ULTRASCAN
DOUBLE BEAM
RECORDING

SPECTROPHOTOMETER

* WAVELENGTH RANGE 2000-7500 A.
* AUTOMATIC CHANGEOVER OF LIGHT SOURCES
* FLAT BED RECORDER

* SCALE EXPANSION FOR LOW TRANSMISSION
* PROGRAMMED SLITS FOR CONSTANT ENERGY

Manufactured in UK.
by

HILGER & WATTS LTD.

LONDON

Sales and Service Agents

ASSOCIATED INSTRUMENT MANUFACTURERS
(INDIA) PRIVATE LIMITED
India House B-5 Gillander House Sunlight Insurance Buildings

Fort Street P.O. Box 2136 26/27 Asaf Ali Road
BOMBAY | CALCUTTA | NEW DELHI
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EASY,
SPEEDY
AND
ACCURATE
PACKING
OF
BULK
MATERIALS §

‘HAVER' VALVE
BAG PACKING
MACHINES are ideal

for bagging cement, lime, gypsum, basic slag and similar butk materials.
In a single operation they fill and weigh bags of 50 to 112 Ibs. gross
weight. Also available: vibrating screens, laboratory screens with test
sieves, electromagnetic feeders, wire cloth of all metals.

HAVER & BOECKER West Germany.

Sales Representatives: M o I WA N E

PRIVATE LIMITED
127 Mahatma Gandhi Road. Post Bos No 13'2 Bombay-1
Phone: 252337 Grarms: 'CHIPHONE" ali 0% ces » Branches at:
Naw Delti, Caici tta, Lucknow. Kanpur, Mag-as ard Bangaioie

M8

Al4

JSIR--MAY 19565



£
| Col()u I~y

Colour-Chem CO everywhere!
When you see the thrilling world of man-
mm;c L'()l|i:‘u:silr()\llcnd y:u.—ipc&:l:rlcul::rpl:i:\:s o II :

on your fabrics, colourful inks in your Bucked by 100 years of
magazines, pleasing paints in the intericr German oxperience

of your luvmw‘. fz.lscinnl.ing tapestry and the %?ng'&’:;ﬁgﬁmak'mﬁm
attractive furaishings of your drawing room, Fort, Bombay-1

plastic balls in the hands of your children -+ In direct participation wit:
remember  that  COLOUR-CHEM,  India’s FARBENFABRIKEN BAYER AG.,
leading makers of Pigment Colours, is very

Leverkusen, W. Germany
1 P FARBWERKE HOECHST AG..
much a part of your daily life.

Frankfurt, W, Germany

@113 Lt
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CSIR PUBLICATIONS

ENCYCLOPAEDIA
Wealth of India: Raw Materials
*Vol. I (A to B) Rs 20.00 Sh40 § 6.00
*Vol. II (C) Rs 30.00 Sh60 § 9.00
Vol. 11T (D to E) Rs 2200 Sh44 § 6.60
Vol. IV (F to G) Rs 25.00 Sh50 $§ 7.50
Vol. V (H to K) Rs 30.00 Sh60 $ 9.00
Vol. VI (L to M) Rs 40.00 Sh 80 $ 12.00
Wealth of India: Industrial Products
Part I (A to B) Rs 10.00 Sh20 § 3.00
*Part II (C) Rs 20.00 Sh40 $ 6.00
Part III (D to E) Rs 25.00 Sh50 $ 7.50
Part IV (F to H) Rs 25.00 Sh50 $§ 7.50
Part V(I to L) Rs 30.00 Sh60 $ 9.00
BOOKS & MONOGRAPHS
Aquatic Angiosperms — A Monograph by K. SUBRAMANYAM Rs 20.00 Sh40 $ 6.00
Coir: Its Extraction, Properties and Uses Rs 6.00 Sh12 § 1.75
Foundry Moulding Sands of India Rs 15.00 Sh 30 $ 4.50
Flora of Delhi by J. K. MAHESHWARI Rs 28.00 Sh56 § 8.00
Glossary of Indian Medicinal Plants by R. N. CHOPRA, S. L. NAYAR & Rs 800 Shl6 $§ 250
I. C. CHOPRA
Gnetum — A Monograph by Pror. P. MAHESHWARI & Dk ViyMLA VAsIL Rs20.00 Sh40 $ 6.00
Indian Scientific and Technical Publications — A Bibliography Rs 25.00 Sh50 § 7.50
Indian Essential Oils — A Review by A. K. MENox Rs 7.00 Sh14 § 2.00
Marsilea — A Monograph by K. M. Gurrta Rs 16.00 Sh33 § 5.00
Kinetics of Electrode Processes and Null Points of Metals Rs 500 Sh10 $ 1.50
by L. I. ANTROPOV
Pr;;b(li(jms relating to the Development of Internal Combustion Engine in Rs 12.00 Sh24 § 3.50
ndia
Essential Oils and Aromatic Chemicals Rs10.00 Sh20 § 3.00
Cellulose Research: Vol. T Rs 6.00 Sh12 § 1.75
Cellulose Research: Vol. IT Rs 1200 Sh24 § 3.50
Antibiotics — Their Production, Utilization and Mode of Action Rs 15.00 Sh30 § 4.50
Chemical Process Design — A Symposium Rs 18.00 Sh 36 § 6.00
International Geophysical Year: Vol. I — Symposium Proceedings Rs 18.00 Sh 36 § 6.00
International Geophysical Year: Vol. II —— Symposium Proccedings Rs 18.00 Sh36 $ 6.00
Plant Embryology — A Symposium Rs 20.00 Sh40 $ 6.50
Low Temperature Carbonization of Non-caking Coals and Lignites and  Rs 35.00 Sh 70 §$ 11.00

Briquetting of Coal Fines — A Symposium: Vols. I and II each

*Denotes out of stock

Can be had from

THE SALES & DISTRIBUTION OFFICER
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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CSIR PUBLICATIONS

REPORTS & SURVEYS

Report of the Dyestuff Exploratory Committee Re 1.00 Sh 2
Report on the Selection of a Site for the Location of a Ravon Factory in Re 1.00 Sh 2
India by Dr Lavar THokiA

$ 030
$ 030

MISCELLANEOUS
Adapted Processes for the Manufacture of Box Sides by B. M. Dass &  Rs 2.00 Sh 4 0.60
S. N. Bose
Adapted Processes for the Manufacture of Glazed Kid by B. M. Dass &  Rs 2.00 Sh 4 0.60
J. C. DEB
Austenitic Grain Size Countrol of Steel by B. R. Nijgawax & A. B.  Rs 3.00 Sh 6 1.00
CHATTERJEE
Cottonseed and Its Products by M. N. KRISHNAMURTHI Rs 2.00 Sh 4 0.60
Directory of Collections of Micro-organisms and List of Species Maintained ~ Re 1.00 Sh 2 § 0.30
in India
Geological Time Re 050 Sh 1 0.25
Index to Flora of the Upper Gangetic Plain and of Adjacent Siwalikand  Rs 250 Sh 5 § 0.75
Sub-Himalayan Tracts
Indian Graphite — Its Beneficiation and Uses by J. C. GuosH, Re 1.00 Sh 2 0.30
R. PANERJEE & M. R. ASWATHA NARAYANA
Indian Vegetable Oils as FFuels for Diesel Engines by J. S. AGGARWAL, Re 1.00 Sh 2 0.30
H. D. CuowpHuRy, S. N. MUKERJEE & LAL C. VERMAN
Indian Vegetable Oils as Lubricants in Internal Combustion Engines Rs 4.00 Sh 8 1.20
Manufacture and Application of Liquid Gold by ATyA Raym, KARIMULLAH Re 1.00 Sh 2 0.30
& LAL C. VERMAN
Patented Inventions of CSIR Rs 15.00 Sh 30 4.50
Patents for Inventions Rs 5.00 Sh10 1.50
National Register of Scientific & Technical Personnel (Indians Abroad)
Serics E.  Engineers Re 0.50 per part
E1to E 17, E 18, 1964 Re 0.75 for parts E16-
E 18 & E 2, E 13,
E 14
Series M. Medical Personnel Re 0.50 per part
M1toMS8 M9, 1963 Re 0.75 per parts M 8
&M9
Series ST, Scientists & Technologists Re 0.50 per part
ST 1to ST 17, ST 18, 1964 Re 0.75 per parts ST 2
& ST 14toST 18
Series B & A, Business Administrators & Accountants Re 0.50 per part

B&AToB&AZ B&AS

Can be had [rom

THE SALES & DISTRIBUTION OFFICER
PUBLICATIONS & INFORMATION DIRECTORATE, CSIR
HILLSIDE ROAD, NEW DELHI 12
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Available Ex-stock

#+ 'Beckman’ pH Meters Model H-2 = Photovolt pH Meters

Single & Two-pan Balances = Flame Photometers = Dr.
Lange's Colorimeters = B & S Abbe Refractometers = Labora-
tory Counters = Welch (USA) Vacuum Pumps = Centrifuges
+ Filter Papers = and Other Laboratory Glassware, Silicaware,

Porcelainware and Instruments

For details, please write to:

RATIONAL SALES ASSOCIATES

382-83 LAL)JI NATHU BUILDING, TELANG CROSS ROAD No. 2
MATUNGA, BOMBAY 19 DD

Phone : 327617 & 327647 Grams : CREAMWOVE, Bombay 2
RAW MATERIALS FOR Read
RESEARCH AND INDUSTRY-S i
Jenaer Glaswerk Schott & Gen. Advertise
(West Germany) .
In

All types of special glass materials for clec-
trical and electronic industry. Preformed glass

bulbs for mercury vapour, infrared, ultraviolet, S@ B Em @ E
X-ray, television tubes and clectronic valves.
Also glass to metal seals for refrigeraticn and

chemical plants, diode housings and basis for
transistor and silicon diode, ctc. @E@@E&TE&

For further particulars contact :

CSIR
K. S. HIRLEKAR ?
) Western India House Monthl)’
T eomeav 1 Publication

Grams : INDBUREAU, Bombay e Phone : 251931 252073
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FOR ADVANCED RESEARCH

ELECTRO MAGNETS
Type EM - 50 (27) 7,500 gauss
Type EM - 75 (37) 10,000 gauss
Type EM - 100 (47) 15,000 gauss

Jor electronies, science and iechnology

POLYTRONIC CORPORATION

mass- pc - 5
OFFICE : 136, GIRGAUM RD,1ST FLOOR, BOMBAY-4. INDIA

HIGH VACUUM ENGINEERING TOOLS

For the first time High Vacuum Equipments and Tools are being made in India under the guidance of qualified
specialists. We have embarked on a phased programme of manufacturing all types of Vacuum and High Vacuum
Equipments. Our Technical Section ha2s developed, tested and calitrated the following, which are being

manufactured :
e Oil diffusion pumps of 2” to 4’ dia. e Diaphragm isolation valves
o Pirani gauge with gauge head o Safety device water cut-out valves
o lonisation gauge head e ‘ Highvac’ solderless couplings
s Vacuum coating units of 6" and 12" e ‘Highvac’ stainless steel beljars
o Environmental chambers e Neoprene O-rings
o Baffle valves o Neoprene gaskets
e Air admittance valves e Tungsten baskets and helical coils

If you already own any high vacuum equipments, consult us for your spares, service, etc.
If you want any special vacuum equipments, refer it to us. We will undertake your job.

No more need of foreign exchange for your laboratory to buy high vacuum equipments and tools. No more
worry about an import licence. We can be of assistance to fabricate and supply any type of vacuum or high
vacuum equipments required for your needs.

Please forward your enquiries to:

HIND HIGH VACUUM CO.

F-52 INDUSTRIAL ESTATE, RAJAJINAGAR, BANGALORE 10
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Current Topics

Prevention of Malnutrition in the
Pre-school Child

FIVE-DAY International Conference on Preven-

tion of Malnutrition in the Pre-school Child was
held in Washington DC during 7-11 December 1964
under the sponsorship of the Food and Nutrition
Board of the National Academy of Sciences and the
National Research  Council.  Organized by the
Board’s Committees on Protein Malnutrition and
Child Nutrition, the meeting brought together more
than 100 leaders in medical and nutritional research
programmes and alleviative operations from 20
countries.  The conference s a sequel to an earlier
conference held under the same auspices in 1960
to discuss the * Progress in meeting the protein needs
of infants and pre-school children .

It is now being increasingly realized that the
nutrition of the pre-school child is of paramount
importance in the development of any country.
Malnutrition in this group is widespread and has
been recognized now as the cause of many diseases.
The nutrition of the infant is fairly well cared for
as long as it is on mother’s milk, provided the mother
is healthy and is able to supply adequate quantities
of milk. But the post-weaning period, when the
child is deprived of the mother’s milk and is not
provided with other nutritious food, is the most
critical. ~ Surveys in Africa, India, Burma and other
countrics  have established  that kwashiorkor and
protein malnutrition are generally prevalent in this
age group. As Dr W. H. Sebrell (Jr), Director,
Institute of Nutritional Sciences, Columbia Univer-
sity and Chairman of the Committee on Protein
Malnutrition, stated in his opening remarks, ** from
evidence gathered among under-privileged people in
all parts of the world, it has been established that
malnutrition in very young children is double-edged.
It is responsible for physical and mental retardation
that chains millions to poverty. It also is a primary
contributory factor in countless deaths attributed to
diseases that account for much lower death rates
in protein-vitamin sufficient arcas.  Achievement of
cconomic sufficiency by that half of the world termed
underdeveloped or emerging s tragically impeded
when so many of its populations are weakened
throughout life and large segments of new genera-
tions die Iin immaturity from deficiencies in calories,
proteins and vitamins.  The costs of this situation
to the world —in productive abilitics, in health
and well-being, and in its effect on peace — are
incalculable.”

The importance of this conference has to be viewed
against this background. To us in India, it has a
special significance, as nearly one-sixth of the total
population of the country is in this age group.
Due to lack of adequate supply of nutritious foods,

like milk or meat, and as a consequence of the
general poverty of the people, the weaned infant
is rarely provided with a food that can meet its
protein requirements. Gruels made out of cereal
grains or tubers, with very little (if at all any) milk
supplement, form the main food of many children
in this age group. More often they are fed on the
highly starchy diets that are taken by their parents.
Protein malnutrition, often associated with calorie
and vitamin malnutrition, is a frequent occurrence
in pre-school children, not only in India but also
in many other developing countries, where similar
conditions prevail.

During the last decade, considerable amount of work
has been carried out in India to overcome this prob-
lem. Milk is not in sufficient supply to meet the re-
quirements, nor is it available at a price within the
purchasing power of the large majority. The fish
wealth of the long coastline of India is still untapped,
and processing and preservation units have yet to
be established and developed. In this context, the
obvious solution is proteins from vegetable sources,
particularly oilsced meals. A conservative estimate
has placed the available amount of protein from
groundnut alone at 1 million tons per annum. This
itself, if properly processed and used for the weaned
child, would provide adequate amount of protein,
In addition to this, large quantities of other secd cakes
like cottonseed meal, sesame meal, etc., are available
in the country.

The Central Food Technological Research Institute
(CFTRI), Mysore, has pioneered research in this
ficld and has evolved many foods suitable for the
pre-school child. The Indian Multipurpose Food
based on peanut flour and Bengal gram has now been
established as a suitable food for pre-school children.
The food is fortified with minerals and vitamins and
has good nutritive value. Its use in the mid-day
meal programme of the schools in Madras State has
given encouraging results and this programme is
being extended to other States. Another signal
contribution of CFTRI in the field of protein-rich
foods has been the standardization of the method of
preparation of groundnut protein isolate and foods
based on it. Spray dried protein foods which
resemble milk powder have been prepared and tested
by carrying out large-scale trials on infants and
children.  Blends of protein isolate with milk powder
have been successfully used in the prevention
and cure of kwashiorkor. The institute has also
carried out considerable research work with malt
food, fish meal and other similar foods.

The Nutrition Research Laboratories, Hyderabad,
has carried out surveys and has established the wide
prevalence of kwashiorkor in the country. Their
work has thrown considerable light on the metabolic
aspects of the disease.
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Another active centre of rescarch on problems of
malnutrition and under-nourishment in pre-school
children is the Institute of Central America and
Panama (INCAP). This institute has evolved a
number of foods under the name INCAPARINA
based on vegetable proteins and one of the blends
contains 40 per cent cottonseed cake. INCAPARINA
has now been put out for sale through commercial
channels and is very popular in that country.

The purpose of the recent Washington conference
was to provide a forum for discussion of problems
connected with malnutrition in the pre-school
children. Representatives from countrics most con-
cerned with the problem, viz. Mexico, Peru, Central
and Latin America, Africa and India, presented the
problems of their respective countries and exchanged
views on the methods of overcoming them. The
discussions and proceedings of the conference when
published will be of considerable importance to the
research workers in the field.

The Committee on Protein Malnutrition which
organized the conference deserves to be congratulated
for holding the conference at a time when the problem
has assumed a very critical stage, especially in the
developing arcas of the world.

M. R. CHANDRASEKHARA

Puzzolanic Materials: Need for an
Organized Industry

HRONIC shortages of portland cement have led

to a revival of interest in puzzolanic materials
which had gone almost completely out of use with the
advent of portland cement. Besides the natural
puzzolanic materials such as trasses, tuffs and
puzzolanic clays, a variety of industrial wastes,
after suitable processing, are finding increasing use
as substitutes for portland cement. Among these,
the most important are fly ashes, blast furnace slags
and surkhi. Though, to begin with, interest in
puzzolanic materials rested mainly on considerations
of conservation of portland cement, extensive
researches during the past few years have shown
them to be versatile materials capable of imparting
many desired engineering properties to concrete, not
possible with portland cement.

For India, the development of puzzolanic materials
as partial substitutes for portland cement is of current
importance, as she has ambitious irrigation, highway
and building programmes. With an allocation of
Rs 8000 crores for these projects in the Fourth
Five Year Plan, the requirement of portland cement
has been estimated to be of the order of 24 million
tons per year. Against this, the present produc-
tion is nearly 10°5 million tons a year. And with
limited reserves of good quality limestone, the pro-
duction of portland cement cannot be stepped up
beyond a certain limit. Therefore, the bulk of the
deficit has to be met by puzzolana-based cements.

In this context, the symposium* on * Puzzolanas —
Their survey, manufacture and utilization * organized
recently by the Central Road Research Institute

*A detailed technical report on the proceedings of the
symposium has already been published [this Journal, 24
(No. 4) (1965), 158].
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(CRRI), New Delhi, is timely, While providing an op-
portunity to the participants to exchange views on the
various technological problems involved, the sympo-
sium emphasized the potentialities and versatility
of the various puzzolanic materials. Concretes from
puzzolana-metallurgical cements developed in France
have been found to be superior to portland cement-
based concretes and have been successfully used in
every type of construction. Fly ash-based cements
are extensively used in Japan in the construction of
dams, harbour piers, water tanks, bridges and water-
ways, and for lining canals and tunnels. In USA,
ready-to-use puzzolana mixtures are marketed in
tonnage quantities. Compared to the developments
elsewhere, India has made a rather modest beginning
in this field. Notable among the developments are:
(1) Use of locally available puzzolanic clays, after
caleination, as partial substitutes for portland cement
in the construction of dams; (2) investigations on the
compositions and puzzolanic properties of fly ashes
from different thermal power stations and slags from
blast furnaces; and (3) survey of puzzolanic clay
deposits of different regions.  The estimated avail-
ability of fly ashes from the various existing thermal
power stations in India is 1 million tons per year.
About 3 million tons of blast furnace slag are available
annually from the existing iron and steel plants.
The survey of puzzolanic clay deposits, conducted
by CRRI, has led to the location of more than 200
deposits of puzzolanic clay which can be commercial-
ly exploited. These data show that there arc bright
prospects for the production of puzzolanic materials
on an industrial scale and that steps should be taken
to organize such an industry,

Further work in several directions is necessary
before puzzolana cement industry can be put on
firm foundations. The survey on puzzolanic clays
carried out by CRRI has indicated that some of the
deposits located could be utilized by nearby cement
factories for the manufacture of puzzolana cement.
However, the fly ash available from power houses
needs improvement in quality and it is necessary to
install suitable processing units. Indian specifica-
tions for fly ashes should also be drawn up.  Quick
and reliable standard tests necessary for quality con-
trol and selection of puzzolanic materials have to be
developed to encourage their wide use.  Fundamental
studies on the mechanism of puzzolanic reactions
should be extended so that the right type of puzzo-
lana could be selected for a desired end use.

As puzzolanic cements can be tailor-made to meet
any specific requirement, there is need for close
coordination between the producer and the consumer
not only in quantitative terms but also as to the
type of product needed for a specific use. A more
important problem as far as India is concerned is
that of educating the consumer with regard to the
potentialitics and applications of puzzolanas. The
puzzolana industry is already well established even
in countrics which are better placed than India in
respect of production and  demand  for  portland
cement.  In India, where the shortage of portland
cement is acute, it is high time that a beginning is
made to evolve alternate materials for cement by
developing the puzzolana industry.



Structure & Function in Biological Systems— A Symposium

T. RAMAKRISHNAN

Pharmacology Laboratory, Indian Institute of Science, Bangalore 12

N recent years knowledge of protein structure

has increased enormously.  Complete sequences

are known for one enzyme and a number of
hormones.  Shapes are being probed by many of
the tools of the physical chemist and by X-ray
diffraction technique of the physicist. Since the
amino acid sequence of a  particular protein s
determined by a specific gene, the molecalar bio-
logist has studied the relationships existing  be-
tween the gene and the protein, though he has not
yet been able to determine the base sequences in
the deoxyribonucleic acid which makes up the gene.
Enough is now known about the relation of struc-
ture to function that scrious experimentation can
be carried out in this field. It was felt, therefore,
that a symposium that would bring together workers
in the diverse disciplines of physics, chemistry,
biochemistry and molecular biology would lead to
a productive exchange of information and ideas.
Such a symposium was held at the Indian Institute
of Science, Bangalore, on 28 and 29 January 1965,
A brief report on the papers presented at the sympo-
sium is given Delow.

Molecular Structure of Proteins and
Polypeptides

(. N. Ramachandran of the Madras University
spoke on molecular structure of proteins and poly-
peptides.  Both  proteins  and  polypeptides  are
polymers having a lincar unbranched chain  of
amino acid residues.  As there are some twenty
different amino acids occurring in a protein chain,
the first questions to be answered regarding the
structure of a protein are chemical, namely its
amino acid composition and sequence.  While the
composition is known in most cases, the sequence
is known only for a few, like insulin and ribonuclease.
However, even the sequence does not give the full
story, for the biological activity of a protein depends
vitally on the conformation of the polypeptide
chain, or the way in which it is folded up. Even
though the protein is chemically unaffected, if the
conformation or the specific folding of the chain is
disturbed  (even by such mild alterations as a
change in pH) then its activity is lost.  The study
of conformation is made mainly by physical
methods, the most useful of which is by X-ray
diffraction. By its very nature, X-ray diffraction
requires an ordered assemblage of molecules, so
that proteins in solution cannot be studied so
readily by this technique, as in the solid state.
In this form two types of proteins can be studied,
namely the crystalline (or globular) proteins and
the fibrous proteins.  The latter were the first to
be studied as they contain a helical backbone.
The helices, however, need not contain an integral
number of residues per turn, as was first proposed
by Pauling and Corey in 1951. The famous alpha
belix, with 3+6 residues per turn built by them in

1951, has since then been shown to occur in the
fibres of keratin, myosin and related proteins.
A different type of helix occurs in collagen, namely
a triple helix, each chain of which contains approxi-
mately 3-3 residues per turn and the three chains
of which form coiled coils, being wound around a
common central axis. This structure, put forward
by workers at the Madras University in 1954-55,
is now generally accepted. Related polypeptides
like polyproline, polyhydroxyproline and polyglycine
are found to have a similar triple chain. Of all
the fibrous proteins, only feather keratin is still
unsolved at the molecular level.

In crystalline proteins, the molecular chain takes
a compact form, although it may have short helical
segments, as has been found for myoglobin by the
Cambridge group. Apart from the closely related
protein, haemoglobin, the structure of no other
globular protein has yet been solved.

This raises the question, namely whether any
general principles can be formulated regarding the
way in which the units in the chain are joined to
cach other. Such a study has been made at the
Madras University. Although two neighbouring
residues are joined together by single bonds NCa«
and CaC! at an alpha carbon atom Ca, the rota-
tions about these single bonds are not free but
restricted because of possible short contacts be-
tween neighbouring residues.  Denoting the rotation
angles about the two bonds by angles ¢ and ¢,
only about 25 per cent of the allowed range in the
¢-¢" plane is allowed. The limits of the allowed
region have been worked out and tested in a
number of simple peptides and the known types of
conformations found in polypeptides and fibrous
proteins.  Recently, some work  (unpublished)
carriecd out in Cambridge University has shown
that all the conformations observed in myoglobin
fall within the allowed ranges. 1t appears that if
the allowed and forbidden ranges for contact
distances worked out at the Madras University are
followed, the working out of conformations of the
chains in many proteins can be greatly simplified.

Chemical Modifications of Enzymes and
Their Effects on Biological Function

P. J. Vithayathil of the Indian Institute of
Science, Bangalore, dealt with the significant pro-
gress in our knowledge of the mechanism of action
of proteins during their biologically important
enzymic function which has, in the past few years,
been achieved as a result of the increasing amount
of information available regarding the chemical
structure of enzymes and the chemical alterations
in the enzyme structure that influence the cata-
Iytic activity. In this area of biochemical research
two proteins, namely ribonuclease and «-chymo-
trypsin, represent two enzymes with some parti-
cularly important features; the mechanism of
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their catalytic action has been widely studied by
kinetic methods, the amino acid sequences are
known and the three-dimensional structures are
being actively studied. Moreover, the cnzymes
are of low molecular weight and are sufficiently
stable under mild chemical reaction conditions.
Studies with these enzymes have, in a remarkable
manner, brought out the primary role of some
amino acid side chain groups in peptide inter-
actions and in catalysis. In this context, in-
vestigation presently in progress at the Indian
Institute of Science on the chemical modification
of ribonuclease has revealed the functional nature
of at least one carboxyl group in the enzyme
molecule.

In the case of a-chymotrypsin, clear experimental
evidence has now been provided from a series of
chemical modification studies to show the cata-
lytically important function of a histidine in the
B-chain and of one serine and of one methionine
in the C-chain. The initial findings of Balls and
coworkers, who found that the nerve gas diisopropyl
fluorophosphate reacted stoichiometrically — with
a-chymotrypsin to yield a phosphoryl protein, have
recently been extended by similar stoichiometric
reactions with diphenyl carbamyl p-nitrophenyl
ester, diphenyl carbamyl chloride, r-1-tosylamido-
2-phenylethyl chloromethyl ketone, N-bromoacetyl-
a-aminoisobutyric acid, ethyl-5-iodopentyl phos-
phonofluoridate and p-nitrophenyl diazoacetate.
These reagents, while participating in a pseudo-
enzymic reaction, yielded chemically altered amino
acid side chain residues making possible the identi-
fication of the above-mentioned °active’ amino
acids in the sequences of the peptide chains.
Further experimental evidence regarding the func-
tional role of these amino acid residues has been
obtained from photochemical and hydrogen pero-
xide oxidation studies of the enzyme. Analysis
of the products of oxidation by the ‘all or none
assay " indicated the formation of a partially active
enzyme by the oxidation of the methionine residue
alone. This methionine residue as well as the
“active’ serine and histidine residues have now been
clearly identified in the amino acid sequence of
a-chymotrypsin.

In studies on ribonuclease, on the other hand,
the method of utilizing reagents that have some
structural similarity to the substrate of the enzyme
has so far not been successfully attempted for lack
of reagents. With this enzyme the approach has
so far been to correlate alterations in catalytic
activity of homogeneous protein derivatives, obtained
by modification of specific amino acid residues,
with the changes in charge or hydrophobic character
of the side chain groups. Thus, by the use of
simple reactions such as acetylation, guanidina-
tion, carboxy methylation and dinitrophenylation,
the functional roles of histidine 12, histidine 119
and lysine 41 have been detected and clearly
established.

As regards ribonuclease, little information is
available on the question of the functional contri-
bution, if any, of the eleven free carboxyl side
chain groups in the protein chain. That some of
the carboxyl groups have an important function
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in the maintenance of the tertiary structure of the
protein  was indicated from the studies on the
stability of the different forms of the protein under
conditions of varying temperature and pH. In
studies at the Indian Institute of Science it was
observed that esterification of some of the carboxyl
groups of ribonuclease resulted in the loss of the
enzymic  function of the protein. This loss in
activity could be completely restored by releasing
the carboxyl groups by carcful hydrolysis of the
ester. The location of the concerned ‘active’
carboxyl group in the protein chain has not yet
been determined.

The overall picture of the mechanism of protein
catalysis that has emerged from chemical modifica-
tion studies is that of a series of enzyme-substrate
complexes which in the simplest form is represented
as a single complex by the classical Michaclis-
Menton scheme of reaction. Once the enzyme and
substrate are in close proximity, a chain of reactions
takes place, determined by the specific chemical
structure of the substrate and that of the protein.
For maximum efficiecncy of catalysis these reac-
tions involve essentially the entire forces of inter-
action of amino; acid side chain groups in the
protein.  During the process the substrate as
well as the product of the reaction, being in
intimate contact with the side chain groups of the
protein, markedly influence the course of the
sequence  of reactions taking place within  the
protein molecule.

Mucopolysaccharides — Structural Units of
Living Cells

B. K. Bachhawat of the Christian Medical College
and Hospital, Vellore, presented a review of the
recent studies leading to the formation of various
monosaccharide residues of mucopolysaccharides of
connective tissue and described the studies on the
sulphatation reaction with particular emphasis on
the sulphatation at the polymer level of  muco-
polysaccharides.  The recent work of Dorfmann and
his coworkers on the enzymatic synthesis of the
chondroitin sulphate and the transfer of sulphate
after  polymerization  was also  discussed.  The
studies at the laboratory in Vellore on the enzymic
sulphatation of mucopolysaccharide in brain indi-
cate that the enzyme activity varies with age; a
change in the specificity towards acceptor muco-
polysaccharides was also observed.

Some of the work on the isolation and charac-
terization of mucopolysaccharides from brain was
described by Bachhawat who also discussed the
distribution and variation with age of mucopoly-
saccharides in brain. The role of mucopolysaccha-
rides in maintaining the ion balance of the living
tissue and its water binding capacity due to their
polyanionic character were also discussed.  The
physiological role of protein-polysaccharide com-
plexes as a structural component of connective
tissue and the possible role of individual muco-
polysaccharides due to their subtle structural differ-
ences in the binding with protein  were also
examined. The present concept of the role of
mucopolysaccharide in calcification and in collagen
fibrillation was outlined.



RAMAKRISHNAN: STRUCTURE & FUNCTION IN BIOLOGICAL SYSTEMS

Genetic Structure and Biologic Function

T. Ramakrishnan of the Indian Institute of
Science, Bangalore, traced our knowledge of the
genetic function from the earliest days to the pre-
sent day and explained how fine structure analysis
of the gene in bacteriophage and bacteria in modern
times has led to a clear understanding of the various
functions of the gene. In classical genetics each
gene is considered capable of function, recombina-
tion and mutation. Molecular biology was born
in the course of investigations whether these three
units are really coterminous and, if not, how they
are related to one another. Once it was known
that the gene was composed of deoxyribonucleic
acid (DNA), the next problem was to find out how
many nucleotide units comprised the unit of muta-
tion, recombination or function. Such fine struc-
ture analysis of the gene requires the examination
of a very large number of mutant strains, since the
random probability of two mutations arising in-
dependently at adjacent sites is 1 in 50,000. In
order to carry out genetic analysis, all possible
combinations of mutant pairs must be crossed to
find the pair with the smallest recombination fre-
quency, and thus the analysis of even 10,000
mutants would involve 50 million crosses. Hence,
fine structure analysis had to wait till it became
possible, in recent years, to carry it out in bacteria
or bacteriophages where it is possible to analyse
millions of organisms. S. Benzer of USA was
the first to carry out the fine structure analysis of a
gene. Benzer’s brilliant and remarkable studies
of the gene in the bacteriophage T4 showed that a
number of distinct mutational sites, separable by
recombination, might be found within the same
functional region of a chromosome. These results
have made it possible now to follow genetic events
at the level of the DNA nucleotide and bridged the
gap between chemistry and genetics.  From Benzer’s
work it is now possible to calculate the number of
nucleotide units which a functional unit of a parti-
cular gene contains.  In recent years estimates of
other genes which specify proteins of known com-
position have been made in bacteria.  Assuming
that the sequence of amino acids in such proteins is
laid down by the base sequence in the DNA of the
gene, the average number of base pairs which code
for a single amino acid (coding ratio) can be calcu-
lated. For example, if a gene is estimated to
constitute 900 nucleotide pairs of DNA and this
gene carries the genetic information for the syn-
thesis of a polypeptide composed of 300 amino
acids, then each amino acid is specified by a
sequence of 3 nucleotide  pairs.  Again, on  the
supposition that the average biological polypeptide
contains some 300-350 amino acids, the average
gene is about 1000 nucleotides long, which is the
same as that derived from rather different data.
Assuming that all of this DNA is genetically
meaningful, this indicates that the DNA of an
Escherichia coli chromosome, containing 107 base
pairs, is sufficient to determine the synthesis of
about 10,000 different proteins, and that of bacterio-
phage T4, with 210> base pairs, to determine the
synthesis of about 200 proteins.

Functional Attributes of Subcellular
Fractions

C. Bhubancswaran of the Atomic Energy Lstat
lishment, Bombay, dealt with the subject with part:
cular reference to the altered characteristics ¢
particulate liver fractions in the carbon tetrachlorid
injured rat. The recognition, during recent year:
that the subcellular structures of the cell have
among them, a level of organization above wha
can be ascertained from isolated enzyme system
and that, therefore, they have a complexity whic.
surpasses the sum of the activities and properties o
the individual enzymatic mechanisms, togethe
with the technical feasibility of the study of dif
ferent particulate fractions in vitro, has enabled th
biochemist to understand, increasingly, the function
of the cell at molecular levels. Most of thes
organelles are, by necessity, extensively organized i
relation to structure. With a view to correlatin;
functional with structural aspects and also witl
the object of finding out a suitable index of mito
chondrial damage, studies have been initiated botl
on enzyme functions as well as on some of th
structural properties like swelling and contractiol
and the electrophoretic behaviour of this organell
and on their changes in a stress condition inducec
by carbon tetrachloride administration. Bhubanes
waran presented and discussed the results to show
that in carbon tetrachloride liver injury, one o
the properties correlating reversibility of mito
chondrial damage with function may be the specific
activity of the mitochondrial succinoxidase.

Structure and Function of Flavoproteins

N. Appaji Rao of the Indian Institute of Science
observed that the bright yellow colour and the
yellowish green fluorescence of flavins were per:
haps among the reasons for the early recognition o:
flavins in various tissucs as components of enzyme
With a knowledge of the nucleotide forms of the
flavin, as well as the vitamin precursor and the
degradation products, it is not surprising that the
attempts during the subsequent years resulted in the
characterization and isolation of a large number o
flavin enzymes.

Michaelis was the first to propose that flavins are
reduced in two scparate and distinct one-electror
steps, with the intermediate formation of a semi-
quinone free radical. This was followed by the
observation that a stable red colour is formed or
the addition of TPNH to the old yellow enzyme
Although there is now some doubt as to the nature
of the coloured intermediate, this has been generally
accepted as the first demonstration of the occur
rence of a semiquinone in flavoprotein catalysis
Beinert obtained unequivocal evidence for the
formation of a semiquinone during the reoxidatior
of FMNH, by air. The semiquinone has absorptior
maxima at 570 and 900 my at pH 7-0. The maxim:
disappeared on complete reduction or oxidation
Massey and Gibson applied the technique of elec
tron spin resonance spectrometry (ESR) to th
study of flavoprotein catalysis and demonstratec
that a semiquinone is formed during this enzym
catalysis.
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Tt has been established by several workers that
oxidation of DPNH or TPNH proceeds via hydride
jon mechanisms, whereas flavins are oxidized and
reduced by free radical mechanisms. Thus, the
transfer of reducing power from pyridine nucleo-
tides to flavin nucleotides would be somewhat
incompatible unless some intervening  group s
involved which is capable of participating in both
hydride ion and free radical mechanisms. A vicinal
dithiol has been demonstrated as the link in the case
of lipoyl dehydrogenase. The possibility of a mono-
thiol (thioketone) as a link in DPNH dehydrogenase
and TPNH-glutathione reductase was discussed.

Changing Concepts of the Functions of
the Thyroid Cell

E. Raghupathy of the Medical College, Madras,
dealt with the subject. In the thyroid follicle,
the colloid has long been held to be the exclusive
site of synthesis and subsequent proteolysis of
thyroglobulin. Recent investigations on the pro-
perties of thyroid cells freed from follicular structure
and extracellular colloid have, however, thrown
considerable doubt on such a role for the colloid in
thyroid function. Dispersed thyroid cells obtained
by a continuous-flow trypsinization procedure retain
in a good measure most of the characteristics of
the intact thyroid gland. Thus, they concentrate
iodide, form protein-bound iodotyrosines and iodo-
thyronines and deiodinate iodotyrosines but not
iodothyronines. Further, when these cells are culti-
vated as monolayers, they respond strikingly to the
addition of TSH by undergoing a reorganization
giving rise to a structural pattern resembling the
cross-sections of the intact thyroid gland. Addition
of TSH also results in an increased utilization and
metabolism of iodide.  From thyroid cells cultivated
in monolayers, an iodoprotein resembling thyro-
globulin in electrophoretic mobility behaviour on gel
filtration and in reaction to anti-sheep thyroglobulin
antibodies can be isolated. These results permit
the conclusion that protein iodination occurs in the
follicular cells and that if iodide secretion into extra-
cellular colloid does occur, it is not an indispensable
or essential aspect of thyroidal iodine metabolism.

Isolation and Characterization of
Rat-liver Lysosomes

Lysosomes are cellular organelles whose density
and size are intermediate between those of mito-
chondria and microsomes. P. L. Sawant of the
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Atomic Energy Establishment, Bombay, reported
that lysosomes, free from mitochondrial succino-
xidase system activity but slightly contaminated
with uricase particle and microsomal fraction, have
been prepared from rat liver by differential and
density-gradient  centrifugation  techniques. In
batch operation, this method yields 60 mg. of
lysosomal protein from 160 g. of liver and has
permitted detailed  studies on the interaction of
lysosomes and other subeellular organelles and also
the membrane properties and internal organization
of lysosomes, This method can be adopted  to
isolate  lysosomes from sheep liver with  certain
modifications.

Concentrated  lysosomal  preparations  hydrolyse
proteins  and  phosphate  compounds  from  mito-
chondria and microsome and release cytochromes
and other compounds  from  mitochondrial mem-
branes; these results, according to Sawant, support
the view that lysosomal enzymes may have a role
in cellular catabolic hydrolysis.  Respiring  mito-
chondria when exposed to lysosomal enzyme show
membrane damage, loss of oxidative phosphoryla-
tion and related functions.  Variations of osmola-
rity and temperature of suspending medium result
in significant changes in light scattering properties
of the lysosomes — indicating their swelling  or
bursting.  This phenomenon is accompanied by a
release of lysosomal enzymes.  Observations on the
cffects of large molecular weight compounds, ions
and pH on lysosomal membrane show that under
the influence of a single factor all the enzymes do
not become available to the same extent.  Binding
of enzymes to different sites of membrane fraction
is shown by their availability pattern of acid,
alkaline and neutral pH, indicating that the lyso-
somal membrane has characteristics of a charged
membrane.

Although lysosomal membrane peroxidizes at a
comparatively slower rate than mitochondria or
microsomes, reaction systems producing free radi-
cals cause maximum damage to membranes and
thus release lysosomal enzymes.  The relationship
between the availability of lysosomal enzymes and
their internal organization was discussed.

Measurements of free and total specific activities
of marker lysosomal enzymes from the liver of
protein starved animals show increased structural
freedom  for lysosomal enzymes.  This  change
parallels accumulation of hydrolytic end products
of the tissue.




Molecular Structure of Living Matter*

from time immemorial.  The ancient philo-
sophers had imagined that life is an aspect
of nature specially created by a divine force and
that one should clearly distinguish between  in-
animate matter and living beings.  Even with the
great progress made in the physical and chemical
sciences during the last century, it was still believed
that the processes of life were beyond the domain
of pure science. Thus, a whole group of compounds
of carbon, which was found in the tissues of animals
and plants, was called ‘organic’ compounds, signi-
fving that they were essentially the products of
life processes in organisms.  However, in 1828
Waohler synthetically  prepared  urea, a  typical
secretion of animals, from two compounds, cvanic
acid and ammonia, which were at that time con-
sidered to be inorganic. This was followed soon
after by the artificial preparation of acetic acid and
a host of others.  Today, the separation of organic
and inorganic chemistry is purely formal.
Although it was thus possible to prepare arti-
ficially many of the chemical materials which occur
in living beings, it was still believed that a vital
force existed in all living organisms, which distin-
guished them from inanimate matter.  This theory,
known as the vitalistic theory, which was very much
in vogue during the beginning of this century, was
opposed more and more by scientists belonging
to the mechanistic school, who believed that once
we obtained more and more detailed information
about the physics and chemistry of the matter in liv-
ing Deings, it would turn out that the phenomenon of
life is only one of the manifestations of the physical
and chemical processes characteristic of this matter.
In fact, we have come in recent years very close
indeed to this goal of the mechanistic school, as
will be seen from what follows.

Tl{li riddle of life has always puzzled man

Nature of Living Matter

If we should be able to properly understand all
this exciting story, we must first of all be clear in
our minds as to what constitutes life cssentially.
There are of course several well-known features of
living beings, but the most essential of these are
clearly growth and reproduction. A living being
must have the capacity to grow when placed in the
proper environment and must be capable of dupli-
cating itself. This is true of all living organisms
down to the microscopic bacteria and the still
smaller viruses, which are probably the smallest
beings, which can be classified under this category.
However, it is an interesting fact that, when these
viruses are taken out of the cells of the host and
dried, many of them are cerystalline and look exactly

*A dissertation by Dr . N. Ramachandran, Director,
ity Grants Commission Centre of Advanced Study in
Madras University, Madras, on the occasion of the
sentation of the Shanti Swarup Bhatnagar Memorial
Award in Physics for the year 1961 at the National Physical
Laboratory, New Delhi, 14 January 1965.

Contribution No. 152 from the Centre of Xdvanced Study
in Physics, University of Madras, Madras 25.

like the crystals of any common chemical. On the
other hand, when viruses are inside a host, they
assimilate the body fluids of the host, convert them
into a material similar to their own and thus dupli-
cate themselves.  So also, just like plants, flies and
bacteria, whose hereditary characteristics can be
modified by chemical agencies and by X-rays, the
nature of a virus and its progeny can also be similarly
modified and the genetics of this (that is, the nature
of how this is passed on from generation to genera-
tion) has actually been studied. In the virus, we
have certainly reached the borderland between the
domains of the living and the non-living, and it is
very likely that the first artificial production of a
*living * organism will be that of a virus. :

\We may now ask the question, whether from the
chemical point of view, there is something common
in the essential constituents of all living matter,
right from the viruses to the largest beings. The
answer to this is in the positive, and all living matter
consists largely of just two types of materials known
as proteins and nucleic acids, both of which consist
of special types of molecules known as ‘ macro-
molecules*.  These molecules have the special pro-
perty that they contain a very large number of
atoms, thousands and sometimes as many as millions
of them, and that they consist of a large number of
smaller units linked together in the form of long
chains. Proteins and nucleic acids may be said
to form the twin bases of lifé. Proteins form the
bulk of animal tissue and the main component of
the cells of all organisms, the part known as proto-
plasm. In contrast to this, the so-called nuclei of
cells, the part in which reside their hereditary
characteristics, consist largely of nucleic acids.
The nucleic acids determine not only the nature of
the progeny that an organism will produce but
also the type of protein that it will synthesize and
thus indircctly the way in which its metabolism
(or growth) would progress. The exact nature of
the protein-nucleic acid relationship is only just
being unravelled and it is leading to some fascinat-
ing results.

Structure of Proteins

The molecules of proteins consist mainly of carbon,
hydrogen, nitrogen and oxygen and occasionally
sulphur. Their molecular chains are built up of
units known as amino acid residues, a typical one
of which is shown in Fig. 1. The side group R in
the residue may be one of twenty different types,
according to which we have twenty amino acids

Fig. 1 -— A schematic diagram of a protein chain [The atoms
within brackets form an amino acid residue, onc of the units
in the chain of the macromolecule]
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with different names, such as glycine, alanine, serine,
arginine, and so on. If we denote the different
amino acids by different letters of the alphabet, a
protein molecule may be pictured as a long sentence
written in this alphabet. Just as every sentence
has a specific sense, a protein molecule having a
definite amino acid sequence also has a specific
function in the tissues. The sequence has been
determined in some proteins such as insulin and
ribonuclease, and vigorous efforts are going on in
laboratories all over the world to determine the
sequences in various other important proteins and
in some cascs, even a partial synthesis of a protein
has been achicved from the known sequence.

It should be mentioned, however, that unlike
with the simpler molecules, the chemical composi-
tion does not make the complete story of a macro-
molecule. Thus, the molecular structure of a protein
does not get completely specified by its amino acid
sequence alone, but requires in addition the speci-
fication of the configuration (or conformation) of
its molecular chain. The situation is best under-
stood by considering a long chain of beads, each
bead having a hook and an eye attached to its
opposite sides. Then it is possible for different parts
of the chains to be cross-linked to onc another
through these hooks and eyes, forming a compli-
cated but compact agglomeration. This is what
happens in most of the so-called globular or crystal-
line proteins, such as insulin and haemoglobin, and
the hook-eye linkage occurs through what are known
as ‘ hydrogen bonds’. Every active protein has a
precise conformation in this sense; if the conforma-
tion is modified, say by treatment with chemical
reagents, the activity of the protein is lost, although
its chemical composition is in no way changed.
The protein is then said to be denatured; sometimes
it is possible to renature the protein and bring back
the natural folding of its chain.

The determination of the exact way in which the
molecular chain of a protein is folded is, therefore,
vital for our understanding of its function. Attempts
in this direction have been going on with several
crystalline proteins in various laboratories, but
success has been achieved so far in only two related
blood proteins. The molecular architecture has
been practically completely -elucidated in myo-
globin and the run of the chain has been determined
for hacmoglobin. These studies won the Nobel
prize for the Cambridge scientists J. Kendrew and
M. F. Perutz.

Occasionally, however, the linkages may occur
in a regular manner in a protein chain and the chain
may coil up and form a long helical rod. The best
known example of this is the famous alpha helix
(Fig. 2) with 3:6 residues per turn, which was
discovered in 1951 by Prof. Linus Pauling of
California and his collaborators. These rod-like
protofibrils may then aggregate together and form
strong protein fibres. This is what happens in hair,
muscle and related proteins, which have been
classified under the term fibrous proteins.

Structure of Collagen

Although the conformation of a number of fibrous
proteins was clarified by the work of Pauling, that
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of one class known as collagen, which occurs in
tendon and bone (in general in connective tissue)
was still an open  question. The first  pointer
towards the correct solution, namely that the
ultimate unit consists of three helices, was given by
Ramachandran and Kartha!. Unlike the alpha
helix, in which the different residues in the same
chain are linked by hydrogen bonds, the neighbour-
ing helical chains are connected together by hydrogen
bonds in collagen and these stabilize the triple-
helical structure. A comparison with the X-ray
diffraction pattern showed that cach of the helices
in the triple helix has three and one-third residues
per turn and that the three chains are all coiled
further about the common central axis. The mole-
cular architecture of the coiled-coil arrangement was
first worked out in 1955 by Ramachandran and
Kartha® and then refined, the best dimensions being
reported in 1960-62. The developments and the
latest results are summarized in an article by the
author?.

The triple-helical structure of collagen (Fig. 3) is
now universally accepted and has been confirmed
by various studies (physical, chemical and biochemi-
cal) made in different laboratories. Synthetic ana-
logues of collagen have been prepared, in which
the residues are all glycine or proline or hydroxy-
proline (three of the most commonly occurring

Fig. 2 - The well-known
alpha helix of  Pauling,
in which every amino acid Fig. 3-—"The  collagen
residue is linked to its triple  helix  structure

fourth ncighbour by a
hydrogen  bond

worked out at the Madras
University



MOLECULAR STRUCTURE OF LIVING MATTER

amino acids in collagen) and in cach case the macro-
molecules have been found to organize themselves
as triple chains exactly as collagen does. A minor
point of controversy, as to whether the number of
hydrogen bonds occurring for every three residues
is two, as proposed by the author and his associates
or only one as has been suggested by some workers
at Cambridge, has been settled in favour of the
former by the recent work of three independent
workers in the United States in 1964. Two of
these studies were on deuterium and  tritium ex-
change and the third on the physical-chemical data
of collagen, such as the shrinkage temperature.
All these studies show clearly that the number of
inter-chain hydrogen bonds is two for cvery three
residues.  Thus, not only the basic triple-helical
structure but also the details of the molecular
conformation, as proposed by the author and his
associates, can be said to be fully vindicated.

General Problems of Protein
Conformation

We may now pass on to more general problems of
protein conformation. In view of the fact that
two types of helical chains (the alpha helix and
the collagen helix) and a few other straight chains
(also discovered by Pauling and coworkers) do
occur in some proteins, the general question may
be asked as to what are all the possible types of
helices that may occur for a chain consisting of
amino acid residues.  This question has been tackled
in the laboratories of the Madras University during
the last few years.  In fact, it raises the auxiliary
question as to what are the possible relative orienta-
tions of two amino acid residues which are linked
together. It turns out that the latter is best
expressed in terms of two angles denoted by (4, 4'),
which are the angles by which the first and the
sccond residues are rotated about the two single
bonds by which they are joined together at the
common carbon atom, starting from a standard
conformation.  The range of allowed values of the
pair (¢, ¢') worked out purely from theory? is shown
in Fig. 4, and is scen to be supported by experimental
data.  Thus, future workers on protein structure
need restrict their attention only to the narrow
range of conformations (about 20 per cent of all
the possible ones) which have been marked out
in Fig. 4. So also, it has been possible to show
that only certain types of helices can occur for
protein chains, which again will turn out to be
very useful  for  scientists  working on  protein
structure.

At the same time as the above investigations on
proteins were being conducted, studies have also
been going on in the laboratories of the Madras Uni-
versity on the molecular conformation of simpler
compounds related to proteins, such as crystals of
amino acids and simpler peptides, whose structures
have been solved by X-ray diffraction. In  this
connection, a number of new techniques have been
developed in the field of X-ray crystallography, the
most important of which is the proposal of two new
types of Fourier synthesis, known as the alpha and
the beta syntheses.  The beta synthesis in parti-
cular has turned out to be very fruitful.
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Fig. 4 - Range of allowed values (within the thick lines)

for the pair of angles (¢, ¢) which specify the conformation

of a pair of amino acid residues.  The observed data are also
marked

Structure of Nucleic Acids

The other important component essential for the
sustenance of life is the nucleic acids. Unlike pro-
teins, they contain, in addition to carbon, hydrogen,
nitrogen and oxygen, also the element phosphorus;
hence the importance of phosphorus for life.  There
are two types of nucleic acid, known as ribonucleic
acid (RNA) and deoxyribonucleic acid (DNA).
Of these, DNA is the one which controls the genetics
and ultimately also all the activities in the organism.
On the other hand, RNA plays an essential part in
protein synthesis and, therefore, in its growth and
metabolism.  The chains in both DNA and RNA
consist of units (as in proteins), known as nucleotides.
However, unlike proteins, there are only four types
of nucleotides in cach.

The conformation of DNA was the first to have
been worked out.  If we denote the four types of
nucleotides by the numbers 1, 2, 3, 4, then they
have the peculiar property that, if a double helix
is built out of them, then unit 1 is linked to unit 3
and unit 2 to unit 4 by means of hydrogen bonds.
Thus, the nucleotide sequence in one chain is
complementary to that in the other chain. This
brilliant idca of Watson and Crick at Cambridge
was remarkably confirmed by the X-ray studies of
Wilkins in London. All three of them were awarded
the Nobel prize in physiology and medicine in
1962 for this work, which has far-reaching con-
sequences in genetics and reproduction. Because
of the unique way in which the units pair together,
it is possible to obtain an exact (complementary)
replica of cach chain of the DNA molecule. Thus,
from one double chain of DNA, two other exact
copies of it can be obtained. This is what is believed
to occur when cells divide.

RNA has the function of directing the synthesis
of proteins having a definite amino acid sequence
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from the pool of amino acids available in the body,
say from the digestion of the food taken. Each
protein is synthesized under the action of definite
RNA molecules, the latter again being ultimately
produced by the DNA in the genes. In fact, there
seems to be some sort of coding between the sequence
of nucleotides in the RNA and that of the amino
acid residues in the protein chain. This idea of a
coding, which was in the nature of a hypothesis until
about two years ago, has now been completely
established. The first evidence for it was obtained
by Nirenberg and collaborators in Washington and
the data have been greatly extended and the
nucleotide code for practically all the amino acids
obtained by Prof. Severo Ochoa of New York, who
incidentally had been awarded the Nobel prize
earlier for the first synthesis of RNA-like mate-
rial. What has emerged is that cach amino acid
residue is coded by a sequence of three nucleotide
units.

Thus nucleic acids are seen to be esseatial for
the synthesis of proteins. Conversely, the produc-
tion of nucleic acids themselves requires the presence
of protein-like materials like enzymes. The two
together, therefore, form a mutually interacting
system in which cach leads to the synthesis of the
other. This is the main feature of all living systems
and all the other activitics are only subsidiary.
As a matter of fact, the smallest living organism,
namely the virus, consists of nothing but protein
and nucleic acid, that is of nucleo-protein molecules,
an intimate mixture of the two at the molecular
level.
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Conclusion

Thus, from the chemical point of view, life appears
to be just the consequence of one of the types of
molecular organization — two types of macromole-
cules, cach synthesizing the other and mutually
interacting with each other. Can we hope to
produce such a system completely in the laboratory ?
It is not impossible, for several of the intermediate
steps have already been achieved.  Scientists have
taken a nucleic acid molecule, broken it into bits
and put them back together; they have made protein
under the influence of nucleic acids; they have made
changes in the nucleic acid and shown that the
proteins produced after this are also changed;
they are very near to finding the law which connects
the sequence of units in the nucleic acid and that
of the residues in the protein produced by it, and
so on. We are living in a most exciting era, and
perhaps the researches of the next few decades
may lead to some far-reaching revelations about
the nature of life.
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Artificial Transmutation of the Gene*

T is 100 years sinee Gregor Mendel presented his
I paper on ‘* Experiments in plant hybridization’

m which he propounded the laws of heredity.
The science of geneties was, however, born only in
this century largely because of the failure of carlier
workers to separate continunous from discontinnous
variation in their thought and work.  Though young
in years, genetics has grown with remarkable vigour
and occupies today a core position in the conceptual
structure of biology. The laws of genetics have
helped to solve the centuries-old puzzle of the
mechanisms underlying the basic unity as well as
the breadths of diversity and depths of differentia-
tion of living organisms. More important, a new
biological era has been opened up where man can
exert either a purposeful or unfortunately a destruc-
tive influence on evolution.

As a science, genetics has demonstrated the value
of * hybrid vigour " not only in thwarting Malthusian
predictions on the relationship between population
growth and food production but also in fostering the
growth of « scientific discipline itself.  The * narrow
domestic walls * which Tagore deprecated in a human
society are even more harmful in a scientific dis-
cipline, since by causing inbreeding depression they
promote  conclusions  based on hallucinations. By
mtegrating the principles and tools of mathematics,
chemistry and physics with those of conventional
biology, genetics has exploited hybrid vigour in its
own growth. Genetic determinants occupy a domi-
nant place today in the scientific work reported at
all international congresses  dealing with the life
sciences — whether it be a congress of biochemistry
or biophysics or botany. It is unfortunate that
much of the work on genetics in India is still con-
fined only to plant breeding institutes and the
immense implications of this science for medicine
and animal  breeding have remained  practically
ignored.  No university in our country yet has a
department or  professorship in genctics and the
solitary question on Mendel's work which usually
finds a place in B.Se. papers in botany and zoology
is the hot favourite for omission under the demo-
cratic right of ‘choice’ vested in the students.
This is particularlv unfortunate since our country,
as in many other ficlds, had in ancient times de-
veloped the most advanced ideas on evolution as
evidenced by the concept that God manifested
himself through different life-forms - first as fish,
and Jater as mammal.

Experimental Genetics

It was recognized towards the end of the Jast
century that chromosomes have the faculty of repli-
cation; in other words, the capacity for continuous
expansion.  Early in this century the Dutch scientist,

*A dissertation by Dr M. S. Swaminathan, Head of the
Division of Botany, Indian Agricultural Rescarch Institute,
New Delhi, on the occasion of the presentation of the Shanti
Swarup Bhatnagar Memorial Award in Biological Sciences
for the vear 1961 at the National Physical Laboratory, New
Delhi, 14 January 1965.

Hugo de Vries, postulated that the genctic determi-
nants located on chromosomes occasionally undergo
mutations, or permanent changes, which are them-
selves replicable.  Thus, an unlimited degree of
claboration of lereditary characteristics can be
attained.  de Vries saw in this process nature’s
most potent cevolutionary tool.  As a broad genera-
lization, evolution can be pictured as a process of
the * muddling through’ of microbes into men as a
result of recombination and selection acting upon
blind mutations. Simple organisms such as bacteria
or viruses, with a new generation every 10 or 20
min. and with cnormous populations consisting
of millions and billions of individuals could well
adjust to the vagaries of the environment by muta-
tion alone. Due to the low frequency of spontaneous
mutations, evolutionary progress in more complex
organisms would result in a blind alley if it were
entirely dependent on the occurrence by chance of
mutations of the right type. The higher organisms
have hence relied heavily on the exchange of genctic
information with each other, a process popularly
known as sex ! No wonder then that de Vries wished
very much that man could find a way of artificially
altering the gene, thereby gaining control over the
most powerful of nature’s evolutionary mechanisms.
This dream was realized when Prof. H. J. Muller of
the United States showed in 1927 that the sluggish
natural mutation rate, which forms the chief basis
of organic evolution, can be artificially accelerated
by exposing living organisms to X-rays. A new
hope was thus raised for the practical breeder who
had until then been compelled (to quote Muller's
words) ““ to remain content with the mere making
of recombinations of the material already at hand,
providentially supplemented, on rare and isolated
occasions, by an unexpected mutational windfall .
The discovery of methods of causing the artificial
transmutation of the genc opened up new vistas
in genetic research. The possibility of obtaining
mutants in which the synthesis of specific metabolites
was blocked ushered in the science of biochemical
genetics and the clevation of viruses and bacteria to
the genetic throne, in the place of the fruit fly,
Drosophila melanogaster, which had reigned as the
“Queen of Genetics” for over four decades! The
knowledge gathered in recent years on the struc-
ture, function and mode of organization and re-
plication of the genetic determinants has already
been recognized in the form of several Nobel awards.
We now know that except in a few viruses, de-
oxyribonucleic acid (DNA) is the carrier of the
hereditary codescript of the cell.  The information
needed to specify all the species and individual
characteristics of every organism is recorded in
its DNA in terms of non-overlapping triplet code
of bases. During gene replication this information
is reproduced by the unidirectional assembly of
new DNA strands, cach complementary in base
sequence to the single strand serving as template,
the result being the formation of two daughter mole-
cules of DNA, which are exact replicas of the parent
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molecule. The translation of genetic information
into protein structure is achieved by the tran-
scription within the nucleus of a specific DNA code
sequence into the complementary sequence of bases
in single stranded RNA molecule. This messenger
RNA leaves the nucleus and serves as the template
for the assembly of amino acids into a polypeptide
chain, the ribosomes in the cytoplasm serving as
the sites for this reaction. Each specific DNA base
triplet would specify a particular amino acid and
the sequence of base triplets determines the sequence
of amino acids in the final polypeptide product.
Thus, we now know how genes beget proteins and this
knowledge has helped in designing experiments for
attacking the gene at the molecular level and also
for ascertaining the effect of a gene mutation on the
protein chain. An early study of this type is that
of Ingram of UK, who discovered that in the ab-
normal haemoglobin causing the disease known as
“ sickle-cell anaemia’, a glutamic acid residue is
replaced by valine in the protein chain.

Prof. Melvin Calvin remarked in a recent sympo-
sium that the nature of matter can be conveniently
considered at four different levels — axioms, aons
(a new term for the leptons and baryons), atoms
and aggregates of atoms. In a similar way, the
possibilities for experimentally manipulating the
gene can be considered at four different levels —a
base pair in DNA (the purines, adenine and guanine
and the pyrimidines, cytosine and thymine), a
nucleotide (nitrogenous base-sugar phosphoric acid
combination), a cistron (a section of a chromosome
that has a unitary function and may consist of seve-
ral thousand nucleotides) and a chromosome (the
gene strings of one human chromosome have been
estimated to contain some 4x 10° nucleotide pairs).
Elegant experiments demonstrating alterations, both
structural and numerical, at the level of the indivi-
dual base pairs have been performed in micro-
organisms. In higher organisms like the crop plants,
experiments lending themselves to a precise inter-
pretation of the causal mechanism involved in an
induced mutation cannot be performed. Only two
major categories of mutations can be usually recog-
nized — those associated with visible chromosome
structural changes and those with no such detectable
change. The new knowledge from molecular bio-
logy has, however, provided many new classes of
mutagens and attempts can be made to relate an
observed effect to a change at a molecular level,
although these cannot be definitely proved. The
successful survival of a higher organism depends
upon a high degree of integration and coordination
of function at the level of the individual cell and of
the organ. Because of their delicately balanced
co-adapted genotype, such organisms are more often
than not affected unfavourably when a mutation
arises. It is hence that geneticists have been very
concerned not only about the damage that will be
done to later generations by the fallout from nuclear
test explosions but also by the increasing use of
radiations and radiomimetic chemicals in medical
diagnoses and cure. In plants, however, a signi-
ficant advance in crop production can be made even
if one out of 1000 mutants is of a progressive type.
Mutation breeding has, therefore, become a powerful
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instrument in modern plant breeding and in the
following arc bricfly summarized some results of
applied value in a few crop plants and some of wider
biological significance from the work carried out
during the last few years by Swaminathan and his
associates at the Indian Agricultural Research
Institute (IARI), New Delhi.  Results of consider-
able economic value could be obtained only be-
cause of the effort expended in standardizing methods
for raising the frequency of induced mutations to
very high levels (every treated seed in barley and
wheat can now be made to yicld one or more muta-
tions) and for altering the proportion of mutations
associated with invisible in contrast to visible
chromosome changes.

Mutations

The mutations induced can be grouped into the
following four classes according to the number of
genes involved and the phenotype produced.

Micro-mutations — These  involve  changes  in
quantitative characters and are hence of the greatest
value to the breeder. Such mutations affecting
several genes can be detected only through the use
of suitable biometrical procedures.  Work carried
out at IARI has shown that there is immense scope
for increasing the number of car-bearing tillers, the
number of grains per car, the weight of grains and
the protein content in the grains in wheat. In the
oilseed plant, Brassica campestris var. loria, in which
the chromosome number had been doubled two
decades ago through the use of another method of
chromosome engineering, progress in the develop-
ment of superior tetraploid lines had come to a
standstill, owing to the lack of variability in the
population for the number of sccondary and tertiary
branches. By subjecting the tetraploid line to
treatment with gamma rays, this deficiency was
overcome and the way paved for attempting a major
break-through in the yicld of this plant.

Mutations affecting single characters — One of the
principal attractions of the mutation breeding
technique is the possibility of rectifying solitary
defects in a varicty withont disturbing its good
qualitics and adaptive characteristics.  Two good
examples of this category of mutation from TRAI
are: (1) the development of the awned wheat
varicty N.P. 836 from the awnless strain N.P. 799;
and (2) the introduction of dense hairiness and
consequently of resistance to jassids in the long-
staple cotton variety Mescilla acala.

Macro-mutations — Such mutations  involve
changes in a whole constellation of characters and
have hence a striking phenotypic  effect.  The
stiff-strawed and non-lodging mutants isolated at
IARI in wheat, barley and rice are examples of this
type. These mutants have not only a shorter and
thicker culm but invariably also a more dense ear
and more stiff leaves. Such mutants are of great
practical interest since they confer upon the plant a
morphological frame vital for it to be grown under
conditions of high soil fertility and abundant water
supply.

Systemic  mutations — Mutations  which  cither
simulate an already existing taxon or necessitate
the creation of a new systematic unit fall under
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this category. Such mutations are of great value
in tracing phylogenetic trends and  demonstrate
that the cvolutionary scale can sometimes be tra-
versed by jumps of larger quanta. They raise
several questions in our current ideas in the field
of plant gcography. It has been possible to create
from one varicty of bread wheat (Triticum aestivum)
all the known sub-species of this species, namely
spelta, macha, vavilovi, compactum and sphaerococcum.
Also, from a variety of the tetraploid wheat species,
Triticum turgidum, mutants having the key charac-
teristics of 1. dicoccum, T'. durum and T. pyramidale
have been isolated. Thus, the artificial transforma-
tion of one species into another, which is one of the
two major goals sct for twentieth century biology
by Jacques Loeb in his book The dynamics of living
matter published in 1906 may be said to have been
attained (the other goal is experimental abiogenesis,
a field in which also great progress has been
made).

While we can now artificially generate in a single
varicty of wheat or barley almost the entire range
of variability found in a world collection of germ-
plasm, it is still rather difficult to obtain mutations
giving rise to characteristics scldom observed natu-
rally.  This is because of the fact that all non-lethal
mutations, which can pass through the somatic and
gametic sieves, tend to survive in populations unless
they are of negative selection value. One may ask
whether mutation research will represent a major
advance from the standpoint of plant breeding, if
the mutations which can be induced artificially are
the same as are found in nature. Work at IARI
has shown that for the following reasons the answer
to this question is in the affirmative. First, the
ability to create in a single well-adapted strain the
variability found in a world collection is definitely
an advantage, as has been clearly shown by the new
varieties developed in a short period of timein wheat,
barley, rice and cotton. Secondly, new characters
which are not found within the limits of a species
are observed in material treated with mutagens.
Thus, it has been possible to isolate a mutant in the
varicty N.P. 797 of Triticum aestivum with adventi-
tious branching in the car, a characteristic recorded
in nature only in 7. furgidum var. mirabile (popularly
known as ‘Miracle” or ‘ Mummy’ wheat). The
incorporation of this branching character in commer-
cial wheat varieties could lead to substantial gains
in vield.  Thirdly, new alleles of already known loci
occur in mutation experiments.  Fourthly, more
subtle variations in phenotype arising from new
recombinations of genes can be created.  Finally,
mutations for polygenically determined characters
and the release of hidden genetic variability due to
crossing-over in the regions adjacent to the centro-
mere (where normally crossing-over is rare) are of
definite value in breeding work. Mutation research
should, however, be regarded only as a valuable
supplement and not as a substitute to the conven-
tional methods of plant breeding. Mutation breed-
ing is unique in one respect.  While with some of
the great practical achievements in plant breeding
like the exploitation of hybrid vigour in maize, a
theoretical understanding of the reasons for the
enhanced vigour of the hybrid has not been an

essential prerequisite for economic gains, the reverse
is true of mutation breeding. The more one knows
about the genetic architecture of the material and
the mechanism of action of the mutagen, the greater
will be the chances of getting worthwhile results.
It is hence that I believe that the theoretical under-
standing currently being built up at the IARI of the
various processes connected with induced muta~
genesis would yield rich dividends in the near
future.

It was mentioned at the outset that genetics pro-
vides the key to the understanding of the basic unity
of the living world. It follows, therefore, that the
genetical knowledge gained from one test organism
may lend itself for extrapolation to totally different
organisms. It also emphasizes the importance of
avoiding the ‘single track’ approach to taking
decisions of biological significance. One example
from the work carried out at IARI illustrates
cach of these two points.

In 1956 it was observed that in plant species in
which multiples of a basic chromosome number
exist (technically known as polyploids), fast neutrons
produce very many more chromosome breaks in the
polyploid than the diploid. Thus, in species of
wheat (Triticum sp.) fast neutrons produced 10
times as many breaks in the hexaploid species with
42 chromosomes as in the diploid or the tetraploid
species with 14 and 28 chromosomes respectively.
In contrast, X- and gamma-radiation did not reveal
such a property. Such an enhanced ability for
chromosome breakage in polyploid cells, together
with the relative independence of neutron action
of cellular oxygen levels, suggested that neutrons
may be of great value in the treatment of advanced
malignancies characterized by a high degree of
endopolyploidy in the constituent cells.

Indirect Radiation Effects on Cells

The action of radiations on cells can be classified
into two major groups — direct and indirect. These
two groups, however, are not mutually exclusive.
In both, one of the main initiating events seems to
be the formation of a free radical. In the direct
action, this radical is formed in a genetically im-
portant molecule and may destroy that molecule
by chemical rearrangements, while in the indirect
action the radical migrates from an unimportant
molecule to an important one. Several studies
have been carried out at IARI to assess the radio-
mimetic potency of the indirect component of
radiation action. The data reveal that: (a) chromo-
some aberrations occur in the root meristems of
barley, onion and broad bean when they are cultured
on irradiated substrates; (b) potatoes exposed to
20,000 rads of gamma rays for inhibiting sprouting as
well as orange and apple juices pasteurized with
200,000 rads of gamma rays cause a low frequency
of chromosome breaks in barley root meristems; and
(c) there is a 2- to 4-fold increase in the spontaneous
mutation frequency in the fruit fly (Drosophila
melanogaster), when the flies are reared on a medium
pasteurized with 150,000 rads of gamma rays.
The extensive research on the wholesomeness of
irradiated food carried out in the United States and
Europe prior to our work had all been designed to
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deteet possible somatic effects but were not at all
planned for identifying probable genetic harm.
The recent tragic experience with #-(N-phthalimido)-
glutarimide (commercially known as phthalidomide
and by several other names), which induces chromo-
some breaks in onion root tips, has stressed the
necessity of remembering the generation as yet
unborn in all our attempts to make life casy for
ourselves. Chemicals with carcinogenic and muta-
genic properties are finding ever-increasing applica-
tions in various spheres of life and unless serious
biological thinking is dirccted towards such prob-
lems, on the lines so convincingly pleaded by
Rachael Carson in her book The silent spring
we may cause the gradual deterioration of the
genetic endowment of man.

One of the most significant discoveries of this
century is the unravelling of the biochemical consti-
tution and mode of functioning of the gene.  Much
of this knowledge has come through our ability to
cause experimentally  the  transmutation of the
gene and observe its consequences in the proteins
produced. Prof. |. Lederberg has drawn attention,
under the term * euphenics ' to the enormous further
possibilitics for rectifying sporadic infirmities in
man, that will be opened up by modern genetics
in its attack on problems of development and of
gene mutation.  To a country like ours faced with
the urgent task of enhancing food production, the
significance of modern genetics for the production
of new varieties of plants and new breeds of cattle
Is ¢ven greater.

Antishielding Factors of Halogen Ions in Crystals*

D. V. G. L. NARASIMHA RAO
Solid State Physies Laboratory, Delhi 7

role in the theory of electric field gradients

in ionic crystals in view of its surprisingly
large magnitude. Theoretical values have been
evaluated for a number of ions using the methods
of Sternheimer and coworkers'™® or of Das and
Bersohn®. A wide varicty of NMR, NQR, ultra-
sonic and dislocation studies on single and mixed
crystals of alkali halides have been carried out in
recent years. These investigations have yielded at
least a rough estimate of the antishielding factor
of halogen ions in crystals. While in the case of
positive ions the calculated antishielding factors
could be used successfully for explaining the field
gradients obtained from NQR or NMR measure-
ments, the situation is far from satisfactory in the
case of negative ions, particularly halogens.  Hence
it is considered that it would be of interest to
briefly review the results of all these investigations
and to compare the values of ¥, derived for Cl,
Br- and I~ with the idealized theoretical values
calculated using the free ion wave functions.
A significant feature which emerges out of this
detailed study is that values derived for halogen
ions from these diverse investigations show approx-
imate agrcement, though they are much smaller
than the theoretical values. Calculations of field
gradients  using  the point  charge model in a
few cases also confirm this conclusion. Possible
reasons for the difference between the values of 7
theoretically calculated and those deduced from the
several experimental data have also been discussed
in some cases.

THE antishiclding factor ¥, plays a significant

‘]’npcr prcsuzr;i:c;i_:;‘t_fll.c.gijlxp1 »sium on Solid State Physics,
held at the National Physical Laboratory, New Delhi, in
April 1964.
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Theory of Antishielding Factor

It was first pointed out by Rabi that the hyper-
fine splittings due to the nuclear quadrupole moment
include the effect? of an clectric quadrupole moment
induced in the electron shells.  Sternheimer? esti-
mated values of the induced quadrupole moments
im a core of closed shells for boron, aluminium,
celenium, gallium, indium, etc., using valence electron
functions obtained by means of the Thomos-Fermi
type potential.  As the accuracy of all nuclear
quadrupole moment  determinations is  dependent
on this factor, 1izorous theoretical calculations
have since been taken up in o large number of
cases.

In the theory of clectric field gradients in ionic
crystals, the individual fons are assumed, to a first
approximation, to have spherical symmetry and the
quadrupole couplings with their own nuclei vanish.
The field gradients at @ nucleus would thus originate
solely from charges external to the ion, ic. from
neighbouring ions in crystals with lower than cubic
symmetry or from imperfections in crystals.  These
charges, supposed for simplicity to be fixed in space,
produce at the nucleus of the ion a field gradient
deseribed by the numerical tensor Vi (e denoting
external) and the corresponding quadrupole coupling
is given by

H X0,V ()
Jik

where Qg is a tensor representing the quadrupolar
charge distribution of the nucleus.  There is, how-
ever, an additional contribution to the coupling
that is due to the distortion of the spherical clectron
shells of the ion by the external charges. Let Vi
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be the operator describing the field gradient pro-
duced by the electrons of the ion at the nucleus.
The expectation values V) = (‘o Vjil't,) vanish
because of the spherical symmetry of the un-
perturbed wave function of the ion W, calculated
in the absence of the external charges. If the
effect of the external charges on the ion can be
treated as a perturbation, the new ionic wave
function will be ¥y+¥, to a first approximation,
where ', is small and without loss of generality
may be assumed orthogonal to 'y. The new values
of the ionic field gradient will be

Vig = (Fot- ¥ Vie| Wo+ W) = 2(Vo! Vi) ... (2)
Using first order perturbation theory we obtain a
linear relation3 between the external field gradient
V¢, and the gradient Vig duc to the distorted
ion

Vie=YaV5 ..(3)

The total gradient is (1 +Y5) V5, where g, is called
the antishielding factor.

The effect of the external charges can be treated
perturbation-wise in three mathematically different
ways:

(a) Matrix mechanical perturbation theory can be
used as was done by Cohen (Thesis, University of
California, unpublished). This method suffers from
the requirement that energies and wave functions
of excited states of the unperturbed atomic system
must be known.

(b) One can find the exact solution of the in-
homogencous wave equation for the first order
perturbation of the wave functions as was done
by Sternheimer and coworkers’®. This is the
most accurate procedure in principle, but in practice
is rather difficult to carry out. Numerical solution
of the differential equation involves troublesome
cumulative errors due to the finite intervals of
integration.

(c) One can use a variation of parameters method

as was done by Das and Bersohn®!. A modified

function ¥ = «(¥,4-¥,) is used to describe the

ground state of the ion in the presence of external
charges, where o is a normalization coefficient, ¥,
is a trial function, the form of which is chosen from
considerations of symmetry and simple expediency.
The expectation value (W|H|Y¥') where H now includes
the interaction of external charges with the ion is
minimized with respect to the parameters contained
in ¥;. When ¥, has been determined in this way
the expectation value of the interaction of the ion
with the nuclear quadrupole moment is then
calculated with the corrected function ¥. This
procedure is in principle less accurate than method
(b) but much simpler to carry out and does not
involve any cumulative error. Moreover, where
analytical wave functions arc available, the varia-
tional method has the additional advantage that
it obviates numerical integration.

The results of methods (b) and (c) above are in
reasonable agreement in a majority of cases.

Physical significance of the antishiclding factor —

The simple physical basis for the antishielding
effect may be illustrated® using the expression

given below for the potential energy (V) of an elec-
tron in the field of a classical nuclear quadrupole
moment Q

Vo = —e2Q(3 cos? 0—-1)/4/° .4

where 7, 0 are the polar coordinates of the electron
with respect to the nucleus, 0 being measured from
the axis of Q. For positive values of @ the
potential is attractive along the axis and repulsive
along a direction normal to it. The electrons can
lower their energy by two distinct modes of charge
recarrangement. First, there can be an angular
shift of charge at constant radius which conserves
the total charge in each spherical shell. The
electron density increases along the axis and
decreases normal to the axis. Since the electron
charge is negative, this angular excitation gives
rise to negative electronic quadrupole moment,
i.e. to shielding of the nuclear quadrupole moment.
The rearrangement is greatest at small values of »
so that quadrupole moment produced by angular
excitation may be relatively small. Secondly, there
can be a radial shift of charges inward along the
axis and outward in a direction normal to the axis.
This radial excitation gives rise to a positive elec-
tronic quadrupole moment, i.e. effecting an anti-
shielding of (. Since the radial shift of charge
density should propagate outward to the outer
regions of the ion, the antishielding effect should
be relatively larger than the shielding effect. One
can present a precisely analogous argument for
perturbation of the ion by the local field gradient
and arrive at the same conclusions.

It has been shown by Burns® that the term (1-7,_)
multiplies not only the effect of an external charge
but also the effects of all external moments — dipole,
quadrupole, etc.

The antishielding factor has been used with vari-
ous measures of success in explaining quadrupole
couplings of alkali halide gases and ionic solids,
nuclear quadrupole spin lattice relaxation times,
ultrasonically induced nuclear spin transitions,
NMR acoustic absorption, etc. The existence of the
antishielding effect has been demonstrated by all
these diverse experiments. Most of these investi-
gations indicate that theoretical values of Y, are
fairly reliable for the positive ions but too large
for the negative ions?, particularly in the case of
halogens. In this review article, the discussion is
mainly confined to the antishielding factors of
halogen ions in crystals.

Theoretical Values of y,

Theoretical values of Y, for Cl-, Br- and I- (free
ions) are collected and given below:

Ion Theoretical Ref.
value of v
[ —566 2,3
Cl- < —49 8
L—27 7
Br- —99 8
I- —-179 8

In calculating the values of Y, of Cl- Hartree-
Fock functions were used. For Br- and I- no
such accurate functions were available and hence
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an interpolation procedure involving a knowledge
of the wave functions of neighbouring ions was
used to obtain approximate wave functions. Wave
functions for Br- were interpolated from tabulated
functions of Ge, As, Rb* and for I- from those
of Ag* and Cr*. So a high degree of accuracy
cannot be claimed for the ¥_ values reported® for
Br-, I~ values. Burns and Wikner? used contracted
wave functions for Cl-. The 3p wave function was
contracted by a linear scale factor so that the
experimental value of the susceptibility in the solid
could be obtained.

Values of y, Deduced from
Experimental Data

Several experimental investigations, mostly on
alkali halide crystals, have been made and these
studies give an idea of Y, for the halogen ions in
crystals. It would be of interest to discuss the
methods of evaluating ¥, from the various experi-
mental data.

Spin lattice relaxation times — Although there is
conclusive evidence?® available now establishing the
fact that in sufficiently pure ionic crystals the
coupling between the lattice vibrations and the
nuclear quadrupole moment can be the main relaxa-
tion mechanism in cases where the nuclear spin
I >}, there exist at present relatively few data on
nuclear relaxation times. In the ionic model of
Van Kranendonk® for cubic crystals and the
extension of the model by Das ef all! for body-
centred cubic crystals, the nearest neighbour ions
are considered to be effcctive in causing relaxation.
The acoustic modes of Debye spectra are assumed
to describe the phonon distribution in which second
order Raman processes are the most important.
The expression obtained for the transition probabi-
lity (W) from m to (m--u) is given by

Wi, m-p) = 12| Qun [ CTRE(T™)  ...(5)

27¢%
32rd3via®’
d, the density of the crystal; », the velocity of sound;
a, the nearest neighbour distance; 7%, the reduced
temperature =7/0; O being the Debye tem-
perature; and Q,,, is the quadrupole matrix element
connecting the two states m -y, .

L, (T = 1330(1_0-0056/1‘*2)} "
E,15(T*) = 476(1—0-0056/T*2) -]

for T* > 0-5. y is a measure of the polarization of
atomic orbitals by nuclear quadrupole moment and
perhaps includes any covalency effects and is intro-
duced by assuming that actual ionic charge is ¥,
instead of the simple clectronic charge e. The
introduction of this enhancement factor y brings
the calculated relaxation times closer to the mea-
sured values. Alternatively, values of y could be
deduced from the measured relaxation times. More
reliable estimates of y for negative ions could be
made (assuming the theoretical value of g for posi-
tive ions), from the measured relaxation times of
the two ions in the same crystal. Thus a value of
20 for v is derived!? for CI- in sodium chloride crystal
assuming the theoretical value for Na*,

where C = e, the electronic charge;
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Ultrasonic saturation —- The possibility of affecting
the nuclear magnetization in solids by means of
ultrasonic waves has been indicated by Kastler!®
and Al'tshuler®®,  Most of the experiments con-
ducted in this field are based on ultrasonic saturation
of the nuclear resonance resulting in a change of
the nuclear magnetization which is examined sub-
sequently by transient magnetic resonance methods.

The existence of nuclear quadrupole transitions
induced by acoustic vibrations was first demonstrated
by Proctor and Tanttila'® by saturation of zero
magnetic field resonance of CI1% in NaClO; crystal
at a frequency of 30-57 Mc/s. In later experiments
acoustic transitions were induced between nuclear
Zeeman levels in ionic cubic crystals where the
static quadrupole interaction vanished except for
crystal imperfections.  Although electric quadrupole
transitions |Am|== 1 and |Am| -= 2 have comparable
intensities, the acoustic frequency chosen  was
systematically twice the nuclear Larmor frequency
to ensure that the transition induced corresponding
to JAm| =2 was unambiguously of the electric
quadrupole type rather than magnetic dipole.

It could be shown'? that for I = 3/2, if the nuclear
spin levels are equidistant, spin-spin interactions
maintain a distribution of their populations which
could be described by a spin temperature and that
under these conditions externally induced transitions
corresponding to |Am| =2 induced by the ultra-
sonic waves with a probability per unit time W
reduce the nuclear polarization to a steady state
value given by

I [
Iy = | 4T .(7)

where T, is the spin lattice relaxation time. A
measurement of /I:> immediately after the ultra-
sonic saturation of the nuclear magnetic resonance
yields the value of W. The transition probability
IV can be computed exactly if the amplitudes of the
changes 8V in the electric ficld gradient at the
nucleus caused by the ultrasonic vibration are
known in addition to the nuclear quadrupole
moment. The difficulty in evaluating W is that the
exact theoretical relationship between 8V and the
stresses Wy caused by the ultrasonic vibrations
may not be the one obtainable by the point charge
model.  However, ultrasonic experiments may help
in the determination of the four index tensor S
relating the changes 8V to the stresses Wy as
follows:

8Vij = EI Sij W .--(8)
ks

The introduction of the polarization factor corre-
sponds to the assumption that if S” is the tensor
calculated using the point charge model, the real
tensor S is related to S” by a single constant S —= 5"
The experimental determination of the tensor S
or y requires a knowledge of the stresses (W), i.c.
of the amplitude, the wavelength and the polariza-
tion of the ultrasonic vibrations. The amplitude
could be deduced from the acoustic energy stored in
the sample. In view of the considerable uncertain-
ties involved, the estimated y values may not be
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reliable.  On the other hand, more reliable values
could be obtained for the ratio of the amplification
factors of the positive and negative ions by compa-
rison of relative saturation behaviour of cither spin
in the same crystal. In a single crystal of Nal
the ratio so measured™ is 109. Assuming the
theoretical value of y for Na® the value of g for
[- comes out to be about 50.

Taylor and Bloembergen® attempted to produce a
well-defined mode of oscillation in a cylindrical rod
cut from a single crystal of NaCl. The amplitude
of acoustic vibration was obtained from a careful
measurement of the displacements at the end of
the rod. Ultrasonic saturation of Na? and CI%
nuclear resonance was obtained.  y value of Na?
comes out close to theoretical value. From the
measured ratio yep/yne = 148, a value of yeps =
9 is obtained. Taylor and Bloembergen pointed
out that covalent effects may play an important
role in the determination of the effects of an
oscillating clectric field near the nucleus.

NMR acoustic absorption — Ultrasonic transitions
can in principle be detected by the direct absorption
of ultrasonic energy by the sample which results
in an increase in the load on the ultrasonic
generator when the resonance condition is satisfied.
Bolef and Menes? observed NMR acoustic absorp-
tion in single crystals of KI and KBr. The absorp-
tion in this case differs from normal NMR primarily
in the method of coupling to the nuclear spin
system.  In NMR, transitions are induced among
the nuclear spin levels by the interaction of the
r.f. magnetic field with the nuclear magnetic dipole
moment. In NMR acoustic absorption, transi-
tions are induced among the same levels, but by the
interaction of the nuclear electric quadrupole moment
with the clectric field gradient produced by the
lattice vibrations. Thus the selection rules and the
transition probabilitics will differ from those in
normal NMR. The effect of the acoustic wave is
to create a time varying strain and hence electric
field gradient in the locality of the nucleus. Bolef
and Menes?® have worked out the transition fre-
quencies and probabilities for I =3 and 3 with
and without static quadrupole interactions. For
the case I =35, the acoustic absorption « due to
the nuclear spin system is given as

2 = (212 1600)(NAQ2oe?kT gt sin0 ) o
i .:(217:‘2/4()())(Ne"(32/pc”k'l‘)vzg(v)q‘;’sinﬁOcos%]( )

In Eq. (9), N is the number of spins per cc.;
T, the temperature; p, the density of the crystal;
¢ is the velocity of the wave, ¢, is the first derivative
of ¢ with respect to 8 (3 is the peak value of the time
varying strain caused by the sound wave); v, the
frequency and g(v) the shape function of the absorp-
tion line. The technique of observing the reso-
nance is one in which the absorption of energy by
the nuclear spins from the acoustic wave is observed
as an additional attenuation of the wave in the
sample.  This attenuation results in a change in
the electric impedance of a piezoclectric transducer
which drives the sample.  The transducer impedance
is made to control a Pound-Watkins type of spectro-
meter through an inverting and matching network.

From the observed values of «, Bolef and Menes?®
derived that

¢*Qq,/h = 300 Mc/s. (for I'*? in KI)
€*Qq,/h = 82 Mc/s. (for Br8! in KBr)

Considering the uncertainties in various measure-
ments they quoted the values to be correct to
within a factor 1-5 for observations made in KI
and perhaps the factor being slightly larger in the
case of KBr.

Assuming a point charge model in which the
quadrupolar nucleus interacts with the six nearest
neighbour ions Bolef and Menes® obtained

0, = 121/’

where a is the lattice constant.

The values of g derived using Eq. (10) arc 26
for Br- in KBr and 38 for I- in KL

Mixed crystal experiments — Estimates of anti-
shielding factors of halogens could also be made
from NMR experiments on mixed crystals of alkali
halides. Kawamura ef al.®' observed striking reduc-
tion in intensity of the satellite lines of Na* in
NaCl crystal when small amounts of NaBr are
added to NaCl. Both CI- and Br- being monovalent
ions, the excess charge effect is ruled out and hence
Kawamura ef al. have assumed that the local strains
due to difference of ionic radii of CI- and Br- are
causing the effects observed.

The energy levels of the nucleus having a spin I
split into 2741 levels specified by the magnetic
quantum number m. The energy scparation be-
tween adjacent levels is given to a first order by

3¢2Qq
81(2I—1)

In Eq. (11), v, is the resonance frequency; 0, the
angle between the external magnetic field and the
axis of the electric field gradient. The transition
m =} to —4 is unaffected by first order quadrupole
effect. The second order shift of the central line
is given as

hAv = A (1—9 cos20)(1—cos20)

..(10)

Em,m—l = hvo—(ZﬁL*l)(l-—s 00520) (11)

.(12)
where
e B8 S
T 6441221—1)  hy,
If we write a, and 4; as the radii of solvent and
solute ions, the relative displacement (Aa) of two

neighbouring ions at a distance » from the solute

ion is given on the continuum model by
Aa = (a;—ao)a®[r® .. (13)

The change in the electric field gradient corre-
sponding to the compressional displacement will be

..(14)

Hence we have the frequency shift for first order
broadening as

186%0(ai~a) , (2m—1)(3 cost0—1)
r*a

Aeq = 6e(a;—ao)[r*a

hAv =

1T 1) ..(15)

If Av is so widely spread out then the satellites
would be utterly unobservable. Considering the
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signal to noise ratio in their experiments, this value
of Av corresponds to 10 ke/s. The term 7 represents
the radius of the critical sphere which bounds the
region around Na* in which the solute can cffect
the satellites and was obtained from a double logari-
thmic plot of signal intensity versus concentration of
the solute. The value of y could be determined from
measurements of the first order broadening. Of more
interest is the asymmetric broadening of the central
line by second order perturbation observed when
the solute concentration is incrcased to about 10
per cent, when there is an appreciable probability
of finding a solute ion next to the Na nucleus.
From such measurements a value of y close to the
theoretical value has been deduced for Na2.
Otsuka and Kawamura?? studied this effect in Br™
and Br#! resonance in the mixed crystal of KBr-
NaBr. Only the second order broadening could
be studied in this system as the satellites were
already smeared by first order broadening even in
the pure KBr crystal. In Eq. (12) since 0, the
angle between H and the axis of the clectric field
gradient, varies as the minority ion moves on the
sphere of radius # around the nucleus, the frequency
shift will take a series of values corresponding to
the possible locations of the minority ion on the
spherical surface. If there correspond many such
possible orientations for a given 7, we shall have a
broad frequency spectrum having two peaks whose
separation is given by

254 225 2143 e*Q® rai—aq\ , 16
9 h T 16 #1220 1) ltv.,r“( P Ll
Since Avg varies as 1/7%, it can be assumed that if
the minority ion comes within a certain critical
sphere the line is so much shifted that it contributes
nothing to the peak intensity. Thus the peak
intensity of the integrated absorption curve will
be proportional to the probability that the minority
ion does not come within this critical sphere.
Assuming Avy tentatively as the theoretical dipolar
line width, values obtained for y are 35 for Br™ and
39 for Br®. Considering the uncertainties in the
method y may be taken as 40 for both.

Dislocation studies — It has been shown (W. A.
Robinson, Doctorate thesis, University of Washing-
ton, 1956, unpublished) that an averaged field
gradient would result by dislocations in a crys-
tal. The density of dislocations was estimated
by Otsuka? from measurcments of anisotropy of
NMR. The reduction in intensity of I'* reso-
nance in deformed crystals of KI was measured
by Otsuka. From a comparison with measurements
on Br in KBr, he has estimated y ~ 50 for I
in KI.

Double resonance of F centres — The magnitude
and sign of ¢2Qg were determined by Feuchtwang?!
from electron nuclear double resonance (ENDOR)
measurements on I° centres in KCI = crystals.
Calculations have been made of the clectric field
gradient ‘seen’ by the Cl nucleus in the lattice
necar a I centre. This gradient is caused by three
factors: (i) the net positive charge associated with
a negative ion vacancy, (i) the F electron charge
density, and (iii) polarization of the lattice induced
by the I' centre. Feuchtwang has concluded that

Avg =
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the theoretical value of y for ClI- is probably too
large by a factor of 2 or more.

Quadrupole resonance — Barnes et al.® carried
out detailed calculations of the ionic field gradient
for a number of compounds representing several
types of infinite layer structure such as Cdl,, CdCl,,
Bil, etc. In no case the coupling due to ion
lattice alone was sufficient to explain the observed
interactions unless ¥ values larger than theoretical
ones are used and this assumption of a value higher
than the theoretical value appears to be untenable.
They suggest that the empirical values of ¥, are more
reasonable. In the case of Cdl, crystal the presence
of two non-equivalent I- lattice sites provides an
opportunity to compare the ratio of the coupling
constants (independent of Y) predicted by the ionic
model. As the experimentally observed difference
between coupling constants is so much smaller than
that predicted by the ionic model, they concluded
that the ionic ficld gradient makes a small contri-
bution to the total interaction in these cases,
The experimental difference is consistent with the
value based on ionic ficld gradient in conjunction
with empirical value of Y, when effects of covalency
are also considered.

The values of y determined from various kinds of
experiments are presented in Table 1. The mea-
sured Y, values of halogen ions in alkali halide
crystals are seen to be much smaller than the theore-
tical values and seem? to be around 10, 35 and 45
for CI-, Br- and I~ respectively.

In the case of alkali halide gases consistent values®
of T, quite close to the theoretical values (where
Hartree-Fock wave functions are available) were
obtained for the metallic ion from the mecasured
quadrupole coupling constants in a series of com-.
pounds as, for example, Na* in NaCl, NaBr, etc.
But Y values obtained for the halogen ions using a
similar procedure are widely divergent.  Hence it
was concluded that perturbation theory is appli-
cable to the alkali ions but not to the easily deform-
able halogen ions.

Tanre 1 CoMPARISON OF VALUES OF AMPLIFICATION
Factors (y 1] yg) LEVALUATED FROM EXPERIMENTAL
STUbiEs, witn TneoreTicarn VALUES

Method Value of g
Cl- Br- I
Spin lattice relaxation 20 s =S
(NaCl)
Ultrasonic saturation 9 — 50
(NaCl) (Nal)
NMR acoustic - 26 38
absorption (KDBr) (KI)
Mixed crystal — 40 —
experiments (KBr-NaBr)
Dislocation studies — - 50
(KI)
Suggested?>?® empirical 10 35 45
values of yg
Theoretical values 58 100 180

(free ions)

(The molecular formulae within parentheses represent the
crystals in which the ions are studied.)




NARASIMHA RAO:

The idealized model of ionic crystals used as a
basis in most of these investigations is inadequate®
in three respeets:

(i) Since the ions overlap, the effects of overlap
have to be treated by the orthogonalization pro-
cedures of Lowdin.

(ii) The excited states of the negative jon are
changed by incorporation of this ion in the crystal.
As the outer regions of the ion contribute signi-
ficantly to Y., the low lying excited states must
be important when the first order wave function is
expanded in terms of wave functions of the excited
states. For a negative ion in a crystal even the
lowest excited levels correspond to states in which
an electron is stripped from the fon, i.c. exciton
formation or excitation to the conduction band.
Hence ¥, of negative ions must change when they
are incorporated in the crystal.

(ii1) There may be a small transfer of charge from
negative ion to positive ion, which represents the
effects of covalency. When such transfer takes
place a hole remains in the p shell of the halogen
lon which contributes significantly to the ficld
gradients at the halogen nuclear site.  This contri-
bution varics more rapidly with interionic separa-
tion than the charge contribution so that the rela-
tive importance of charge transfer is increased for
field gradients produced by distortion of a cubic
crystal.

Kanda®® has estimated the percentage covalency
from measurements of chemical shifts.  Yosida
and Moriya®” carried out a detailed study of
the consequences of covalency in NMR of ionic
crystals.

Das and Dick?® have shown that the available
experimental data on first and second order effects
on NMR in solid solutions of NaCl-Br, NaBr-Cl
and KBr-Na can be explained adequately using
the theoretical antishiclding factors for the free
ions —Na', Br. They criticized that the simple
compression theory used in deriving ¢ values in
most of the experiments®2! may lead to erroncous
estimates of the displacement of lattice points
and also neglects the important contribution from
the displacements and  clectronic  polarization of
the ions adjacent to the nucleus whose nuclear
quadrupole interaction is being considered.  Das
and Dick have suggested that in general in imperfect
crystals the calculated values of Y for both positive
and negative free ions are reasonable and may be
used to explain observed splittings and shifts in
frequency of NMR lines if the field gradients due
to charges and dipoles of the fons of the crystal are
calculated carefully.  Even for the pure crystals
in which the nuclei are already at sites of less than
cubic symmetry, they suggest that it is reasonable
to use free ion values in the caleulation of ionic
contribution to the field gradients and ascribe the
difference between this and observed value to co-
valent or overlap effects hetween neighbouring ions
rather than ignoring these effects altogether and
trying to explain the observed field gradient by an
unreasonable alteration of Y, from the free ion
value.

On the other hand, Watson and Freeman?? are of
the opinion that the theoretical Y, values of the free

ANTISHIELDING FACTORS OF HALOGEN TONS TN CRYSTALS

ions Br-, I appreciably over-estimate the antishield-
ing effect appropriate to cxperiments in crystals
though very likely less severely than is the case for
Cl". The over-estimate could casily be by a factor of
2 for theseions. It appears that the position regard-
ing the values of antishielding factors of halogen
ions appropriate to experiments in crystals is still far
from satisfactory. Hence there is need for exten-
sive experiments on first and second order effects
on NMR of these ions in predominantly ionic
crystals and their solid solutions along with detailed
theorctical study of crystal field effects, inter-
ionic exchange, ctc., using an approach of the
unrestricted Hartree-Fock type.

Summary

The concept of the antishielding factor (Y,) in
the theory of clectric ficld gradients in ionic crys-
tals is outlined. The physical significance of Y is
explained using the cexpression for the potential
cnergy of an clectron in the field of a classical
nuclear quadrupole moment. Approximate methods
using quantum mechanical perturbation theory are
outlined for calculating Y_,. Theoretical values of
Y, for CI-, Br~ and I- calculated from free ion wave
functions have been compared with the values
deduced from different types of experimental obser-

vations on halogen ions in crystals. The detailed
study shows that values of Y, derived for halogen
jons from these observations on crystals differ
considerably from the theoretical values calculated
using free ion wave functions, the latter values
always being higher. In view of the large dis-
parity between the theoretical values of Y, and
those deduced from the different types of experi-
mental observations, there is need for further
cxperimental studies on first and second order
effects on NMR of these ions in predominantly
jonic crystals and their solid solutions. Also
detailed theoretical investigation of crystal field
effects, interionic exchange, etc., using an approach
of the unrestricted Hartree-Fock type, is necessary.
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Recent Advances in the Chemistry of Rutaceae Alkaloids

S. C. PAKRASHI & J. BHATTACHARYYA

Indian Institute for Biochemistry & Experimental Medicine,

HE family Rutaceae comprises about one
T hundred and fifty genera with sixteen hun-

dred species!. Of the four important sub-
families?, Rutoideae and Toddalioideae are almost
equally versatile in producing alkaloids. With one
exception, Flindersioideae is known to produce
furanoquinolines exclusively. Aurantioideac is the
only known source of simple quinazolines.

Alkaloids of diverse structural types, viz. quino-
line, furanoquinoline, acridine, quinazoline, proto-
berberine, 1,2-benzophenanthridine,  aporphine,
protopine, canthinone, imidazole, pyrrolidine, oxa-
zole and @-phenylethylamine bases, have been en-
countered in Rutaceae. Some of those types, viz.
furanoquinoline and acridine, are restricted only to
and thus diagnostic of this family., Like acridines,
with a few exceptions, quinolines and quinazolines
have also been found to be associated with furano-
quinolines though the reverse is not trued*.

The earlier work in this field has adequately
been dealt with in the well-known series of The
alkaloids of Manske and Holmes. Price® sum-
marized especially those considered to be originated
from the ‘anthranilic acid unit’ known before
1956. We, therefore, wish to list here the Rutaceae
alkaloids known up till now and to discuss the
detailed structural studies* of those not yet re-
viewed. We have not included those of doubtful
existence or the structures of which are not yet
known.

QUINOLINE BASES

include those
2-quinolones

derived
(IT) and

Quinoline bases which
from quinoline itself (I),

*Note added in proof: After submitting the manuscript we
came across an excellent review on the ultraviolet spectra of
alkaloids in which the individual spectrum as well as the
spectral characteristics of the Rutaccae alkaloids have been
extensively covered [Sangster, A. W. & Stuart, K. L., Chem.
Rev., 65 (1965), 69].
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Calcutta 32

4-quinolones (III) (Table 1) are next in abundance
to the furanoquinolines in the family Rutaccae.
Apart from the Angostura alkaloids®®? most of
them have been isolated comparatively recently.
The more recent additions to the quinoline bases
of novel structural types came from Lunasia and a
few other species.  2-Aryl substitution and an iso-
pentane side chain at position 3 of the quinoline
moicty are the important structural features of
considerable biogenetic significance.

General Characteristics

With a few cxceptions, the naturally occurring
quinolines are oxygenated at position 4. The
aromatic ring often carrics OCHy or CH,0, substi-
tuents. On Dbeing heated above melting  points,
the hydrochlorides of 4-methoxy quinolines suffer
loss of methyl chloride by thermal decomposition
and then resolidify to higher melting quinolones.
Again, when their methiodides are treated with
alkali, the corresponding iso-compounds are formed
conscquent on the migration of the CH, group
from O to N, a property in common with furano-
quinolines,

The pattern and the nature of shift in the UV
absorption maxima at the longer wavelength
region in neutral and acid media are quite diagnostic
of the quinoline system. A clear distinction be-
tween quinoline and 2- and 4-quinolones is also
possible as will be evident in the sequel34,

Y. oL OO
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Alkaloid

Quinolinc®a®

Quinaldine®
2-n-Amyl-quinoline®

4-Mcthoxy-2-n-amyl-
quinoline®
Cusparine?

Galipine?

Galipolinc®
Cuspareine?®

Dubamine!®

4-Mcthoxy-2-phenyl-
quinoline!!

4-Mcthoxy-2-(3",4"-
methylenedioxyphenyl)-
quinoline:12

Orixine®

Nororixine'

1-Methyl-2-quinolone®
Casimiroin'®

Lunacridine!s:17
Hydroxylunacridine!?
Hyvdroxvlunidine!?
Lunidine!®

Lunidonine!®
Balfourolone! (artifact)
Homobalfourolone®

1,2-Dimethyl-4-quinolone®!
Pilokeanine*!

7-Methoxy-1-methyl-
2-phenyl-4-quinolone!?22-24
(Eduleine?$)

Lunamarine®®

Lunasia %6

Graveoline®?

Eduline!®

2-u-Propyl-4-quinolone’®
1-Methyl-2-phenyl-
4-quinolone3®
1-Acetoxymethyl-2-propyl-
4-quinolones?

Flindersing?8.29
Lunacrinol'?.28
Isobalfourodime?®®
Khaplofoline3!

TABLE 1 — QUINOLINE ALKALOIDS AND THEIR SOURCES

Mol.
formula

ColIN

CrolpN
CyatlN

CsllgNO

CiohlsNOy

CaollgyNO,

Cyall1gNO,
CrotlgNOyg

CyallyNOg
CygHyNO

CallgNO,

CiallyNO,
Crgll1yNOg

CyHENO
Cpal1;,NO,

CiallyyNO,
Cial Iy NOg
€1y, NOg
Ciplly NOg
Cial11y,NOg
CiallyyNOg
CygllggNOg

Cy 11, NO
CigllyyNOy

C ol NO,

CrullisNOy
Crally)NOg
ChrllaNO,
Cral11;NO,
CiallzNO
Cyell13NO

CigHaNO,

CoaHaNOg
CratliyNO,
CalgNO,
CH gNO,

m.p./b.p. Source
%C.

QuiNoLiNgs (I)

237/760 mm. Citrus auvantium, Galipea

officinalis Hancock

246/760 mm. do
145-60/13 mm. do
190-200/14 mm. do
92; 110-22 do
115 do
193 do
56 do
96-7 Haplophyllum dubium
66-7 Lunasia amava
116-7 do
Ruta graveolens Linn.
152 Orixa japonica Thunb.
199-200 do

2-QuiNnoLones (11)

74 Galipea officinalis
202-3 Castmiroa edulis Llave ct
Lex
85-6 Lunasia amara
100-2 do
124-5 do
65-6 do
118-9 do
99-100 Balfourodendron viedelianum
137 do

4-QuiNorLoNes (111)

178-9 Platvdesma campanulaia
Mann.
Picrate, m.p. do
216 (decomp.)
198-200 Lunasia amara, 1.. querci-
Jolia
Casimirvoa edulis
245-7 L. amara
228-30 do
205 Rula graveolens
186-7 Casimiroa edulis
166-8 Boronia ternata
144-5 Balfourodendron riedelianum
112 Boronia lernata

PYRANOQUINOLINE

185-6 Flindersia australis

201-3 L. amara

204-5 Balfourodendron riedelianum
272-4 Haplophyllum foliosum

Structure

Ia, R=R'=H

Ib, R=CH,; R’'=H

Ic, R=(CH,),CHy;
R’'=H

1d, R=(CH,),CHj;
R’=0CH,4

Ic, R=(CHy)y(3",4-
methylenedioxy-
phenyl); R’=0CH,

If, R=(CH,),(3,4"
dimethoxyphenyl) ;
R’=0CH,

Ig, If but R”=0H

Ih, [fbut R'=H;
3,4-dihydro

v

A\
VI

X
XI

a, R=CII,
XV1

XX
XXII
XXIV
XXV
XXVI
XXI1I
XXIII

XXVIT
XXVIII
XXIX
XXX
XXXI
XXXI1
XXXVII

XXXVIII
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A pronounced bathochromic shift of the longer
wavelength maxima in passing from neutral to
acid medium characterizes the quinolines including
their 4-methoxy derivatives. On the other hand, a
hypsochromic shift of the typical bifurcated maxima
(310-350 my) in alcohol to a single peak (303-313
my) in strong acid medium is a distinctive feature
of the 4-quinolones and their 2-substituted deri-
vatives; the twin maxima of the 3-substituted ones
remain unaffected under similar condition. Identi-
cal shift in the basic medium has only been observed
with 4-quinolones and mnot with their 2- and
3-substituted analogues?®. 2-Quinolones exhibit the
same type of spectra in alcohol, dilute acid and
dilute alkali. In sufficiently alkaline (10 per cent)
medium, however, only the maximum around 275
my. is affected — cither bathochromic shift or com-
plete disappearance of the peak has been observed.

The infrared spectra of 2- and 4-quinolones show
a number of bands in the 1450-1700 cm. region.
In general, it appears®®37 that the C=0 group of
the 2-quinolones absorbs at a higher frequency
than that of the comparable 4-quinolones. Price
and Willis®8, however, showed that the frequency
of the C=0 absorption band is hardly a reliable
guide in characterizing them. Because, 2- and
4-pyridones also absorb®® in the frequencies of
C=0 absorption of 2-quinolones (1635-1665 cm.-!)
and 4-quinolones (1620-1645 cm.™!) respectively.
Moreover, 2- and/or 4-methoxylated quinolines show
a strong band in the region where the normally
regarded characteristic C=0 band of 4-quinolones
absorbs. They, however, considered the frequency
of the NH absorption band to be helpful in differ-
entiating between the systems. Thus, the 2-quino-
lones seldom absorb above 3160 cm.”! in the solid
state, while 4-quinolones exhibit a broad band in
the 2500-3300 cm."! region.

Dubamine (IV)

The base has been isolated from Haplophyllum
dubium. The initially assigned molecular formula,
C,,H,NO,, has subsequently been revised to
CsH; NO, and the carlier proposed 3,4-methylene-
dioxy acridine structure was also found to be
untenable®®. TFor, KMnO, oxidation of dubamine
yields oxalyl-anthranilic acid or quinaldic acid
depending on whether the reaction is run in acetone
or aqueous H,SO,. A 2-piperonyl quinoline (IV)
structure was thus proposed and substantiated by
its synthesis®!.

4-Methoxy-2-phenylquinoline (V)

It occurs in Lumasia amara. It has a molecular
formula, C,(H;;NO. The UV spectrum of the
base in ethanol shows maxima at 254 and 294 my,
the latter exhibits a bathochromic shift to 316 mu
in the spectrum of its hydrochloride in the same
solvent. Pyrolysis of its hydrochloride, m.p. 256-8",
to 2-phenyl-4-quinolone (identified by its synthesis
from ethyl anthranilate and acetophenol dicthyl-
ketal®?) and the formation of the iso-base from its
methiodide with alkali pointed towards structure (V)
for the original base. The structure was confirmed
by the synthesis of 4-methoxy-2-phenylquinoline
from 2-phenyl-4-quinolone!L,

228

VOL. 24, MAY 1965

4-Methoxy-2-(3',4'-methylenedioxyphenyl)-
quinoline (V1)

The base, C,Hy,NO,, was also found in Lunasia
amara. 1t has been characterized by the batho-
chromic shift of the UV maxima in acid medium,
behaviour of its hydrochloride at the melting point
similar to the hydrochloride of 4-methoxy-2-phenyl-
quinoline (V) and finally by its synthesis'™. 2-(3',4'-
Methylenedioxyphenyl)-4-quinolone  (XXXVI)  was
converted to the 4-methoxy derivative in the usual
way'2

Graveolinine, later isolated from Rula graveolens,
has been shown' to be identical with this com-
pound.

Orixine (X) and Nororixine (XI)

Orixine, CpH, NOg, was isolated from the root
bark of Orixa japonica™. On treatment with dry
hydrogen chloride it affords nororixine, which has
also been encountered in the same source later on!4.
Both of them contain one CH,0, bridge, a 1,2-glycol
system and a terminal CHy group.  Methylation
of nororixine furnishes iso-orixine (VII), m.p. 127°,
with one OCH; and one NCH, groups.

On HIO, oxidation, orixine and nororixine afford
acctone along respectively  with  2,4-dimethoxy-
7,8-methylenedioxy-3-quinoline acetaldehyde (VIII),
m.p. 122°, and 4-methoxy-7,8-methylenedioxy-
1,2-dihydro-2-oxo-3-quinoline  acetaldehyde (IX),
m.p. 230", having UV spectra similar to their parent
compounds. Therefore, oxidation of the side chain
without any change of ring structure must have
occurred.  Again, dithioacctal of compound (VIII)
on catalytic reduction and subsequent treatment
with dry hydrogen chloride gives a carbostyril
derivative (XII). The product which is identical
in all respects with the 2-quinolone prepared by the
catalytic reduction of kokusagine (XLIIIe) was also
obtained from nororixine!®,

The above reactions suggest structures (X) and
(XI) for orixine and nororixine respectively. The

N
O 3
W ] 2

Ry
IV, Ry=H;RyRy=—0—CHy—0—
V. Rj=0CHy;Ry=Ry=H
VI, Rj=0CHy;Ry~Ry=-0—CH; —0—
OCHy OCHy
CHaCHO R
P ( AN 2 N
\ P
o N ocHy " 0
\1«"° \(/°
2 Hy
vin IX R=CHyCHO
Xl R=CyHg
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HO
0CH;
H
\ 0
N-METHYLAT ION
N
0 H 0
\_
CHy
X lvn X1
| TREATMENT WITH 10 PER CENT HCI
2 CHROMATOGRAPHY OVER ALUMINA
ORIXIDINE ORIXIDININE
m.p. 191 m.p. 209-10°
cr;zuz | CHaNp L
%
! ACETYLATION
. ; 2 HYDROLYSIS
0 l 0 s 0 ¢
\_’0 CHy \’_0 CHy \/0 CHy
CHy CHy CH,
XV, N-METHYL-ORIXIDINE XIV, N-METHYL-ORIXIDININE XIIl, N~METHYL~1SO~ORIXIDININE
m.p. 154-5 m.p. 212-3° m.p. 233-4°
CHART 1

assigned  structures received farther support from
the NMR studies®™ of N-methyl-iso-orixidinine (XI1T),
N-methyl-orixidinine (XIV), including their acetates
and N-methyl-orixidine* (XV) as shown in Chart 1.
The interrelationship among orixine (X), nororixine
(XI) and iso-orixine (VII) is particularly clear
therein.

Casimiroin (XVI)

This non-basic substance, C,H;NO,, was iso-
lated from the seeds, trunk and root bark of
Castmiroa edulis™. The UV and IR speetra are
indicative of @ 2-quinolone structure.  On boiling
with conc. HCL it gives a phenolic  substance,
casimiroinol, C, [ IH,NO, ~m.p. 323", which on
methylation regenerates the original compound.

Casimiroin contains one OCHy, one NCH, [con-
tained in a tertiary ( CONCIHy) rather than a
secondary amide as shown by the absence of any
active hydrogen atom| and one CI1LO, groupings.
Although very resistant to acids and alkalis under
ordinary conditions, casimiroin yiclds casimiroinol
and its cthyl ether, casimiroitine, CzH;NO,, m.p.
1717, when boiled with ethanolic alkali.

On reduction with LiAlH,, casimiroin affords a
ketone, C,H, NO,, m.p. 108-9°, [rce from OH or
OCHj function. Assuming a l-methyl-4-methoxy-
2-quinolone  structure (XVI) for casimiroin, this
ketone (XVII) could arise via the compound
(XVIII). The validity of this mechanism has been
secured by the actual isolation of the intermediate
product (XVIII) without the use of an acid.

On oxidation with H,0,, casimiroin furnishes an
amino acid (XIX), C,HyNO,, m.p. 1817, which on
treatment  with acetic  anhydride  followed by

methylation regenerates casimiroin.  Therefore, not
only the position of the CH,0, group but also the
structure (XVI) of casimiroin is proved?®.

Lunacridine (XX)

The isolation of lunacridine, C;;Hy3NO,, [als
--28°, was first reported by Boorsma!® and sub-
sequently by others'”.  The UV spectrum both in
alcohol and in N HCl shows Ayax. 239, 257, 285,
294 and 333 mp. The IR spectrum exhibits
bands at 3370 (OH) and 1634 cm.”! (N-acyl C=0).
The displacement of the latter peak to 1644 cm.,
when acetylated, is regarded®® as a criterion for a
2-quinoline derivative with a side chain OH func-
tion capable of interacting with the C=0 group.
Vigorous acid treatment converts lunacridine to
(+4)-lunacrine, C;sH ¢NO;, with the sign of optical
rotation opposite to that of the natural one. The
structure of lunacridine will be dealt with later
along with lunacrine with which it is interconvert-
ible.  However, lunacridine is, in all probability, an
artifact that might have originated from the alkali
sensitive water-soluble Lunasia bases during the
process of isolation!™>2,

Hydroxylunacridine and Balfourolone (XXII)

Hydroxylunacridine, C,;H,NO;, [o], -+31-5°, iso-
lated from Lunasia amara'?, and balfourolone, [a],
—36°, from Balfourodendron riedelianum'®, are optical
isomers containing two active hydrogen atoms,
two OCH; and one NCH; groups. Hydroxyluna-
cridine’” shows UV and NMR (particularly with
respect to the signals of the aromatic hydrogen,
OCH,; and NCHj protons) spectra identical with
those of lunacridine. The physical methods thus
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indicated a 3-alkyl-4,8-dimethoxy-1-methyl-2-quino-
lone structure for hydroxylunacridine. The detailed
interpretation of the NMR spectrum for the presence
of —CH,CHOH—C(OH)(CH,), side chain at posi-
tion 3 has been advanced. The chemical evidences
for the nature and position of the side chain have
also been secured as follows:

Oxidation of hydroxylunacridine with periodic
acid furnishes, in addition to acetone, an aldehyde
which on NaBH, reduction yields a crystalline
aleohol (XXI), C;4H;;NO,, m.p. 120-1°.  The same
alcohol 1s also obtained by the action of aqucous
alkali on the methiodide of dihydro-Y-fagarinet?.
Thus hydroxylunacridine must have the structure
(XXTII).

Balfourolone has independently been shown to
have the same structure, and it has definitely been
established to be an artifact resulting from the base-
catalysed ring opening of 4-O-methyl-balfourodinium
salt (LXIIIb) during the isolation procedure (cf.
formation of lunacridine).

It is interesting to note that the structurally
corresponding alkaloids of the two genera, Balfouro-
dendron riedelianum and Lunasia amara, posscss
absolute configurations almost invariably opposite
to one another. Such occurrence of enantiomorphs
in different genus is rather uncommon??.

Homobalfourolone* (XXIIT)

This alkaloid, C;zH,NO;, has also been isolated
from Balfourodendron riedelianum?® as a companion
of balfourolone.

*The discoverer of this alkaloid called it 4-O-ethyl analogue
of balfourolone. For the convenience of discussion, it has
been so named by the reviewers on the basis of its relationship
with balfourolone.
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The base on periodic acid oxidation yields acetone
and an aldehyde. The latter on NaBH, reduction
followed by acetylation and dealkylation affords a
product identical with the compound obtained
from Dbalfourolone in the similar manner. The
above degradation and the fact that it has one
—CHy,— group more than balfourolone (XXII)
led to the structure (XXIII) for the base, confirmed
by its synthesis.  Balfourodine (LXIV) on treat-
ment with ethyl iodide furnished 4-O-cthyl-halfouro-
nium iodide that on further alkali treatment afforded
a base identical with the natural compound.

Hydroxylunidine (XXIV)

The base, C;HgyNOg, [a]y +27-6°, has been iso-
lated from Lumnasia amara. The UV spectrum
shows maxima at 228, 267 and 318 my. with shoulders
at 237, 260 and 330 mp. both in alcohol and in acid.
The IR shows sharp peaks at 1642, 1623, 1595 and
1063 cm.™! and weaker bands at 1048 and 940 ecm."!.
Though somewhat different from those of hydroxy-
lunacridine (XXII), these data clearly support the
presence of a 2-quinolone system. Labat’s test
and NMR spectrum show the presence of one
CH,0, group in the molecule.  Structure (XXIV),
the methylenedioxy analogue of hydroxylunacridine,
has, therefore, been suggested!? for it.

Lunidine (XXV)

Lunidine, C;;H,NO;, obtained  from  Lunasia
amara var. repanda®, contains onc acylable OH
function. The UV spectrum of the base is identical
with that of hydroxylunidine. Structure (XXYV)
for lunidine suggested on the basis of its mass and
NMR spectra has been confirmed by its conversion
to (-4)-lunine (LXV) analogous to the transforma-
tion of lunacridine to (4-)-lunacrine®s,

Lunidonine (XXVI)

Recently isolated from Lunasia amara®, lunido-
nine, C;,HyNO;, shows identical UV spectrum with
that of hydroxylunidine. The structure (XXVI)
for lunidonine follows from its formation from
lunidine (XXV) by CrOy oxidation. The IR, NMR
and mass spectra of lunidonine are also compatible
with the assigned structure.

[
CHy
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N X N ¢
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XXIX, R=OCHy; R; =Ry=Ry=H
XXX, R=0CHy; Ry=H; Ry~Ry=-0-CHp-0-
XXX R=H; R= 0CHy; Ry-Ry=~0~CHy-0-
KXXIL, R =Ry=H; Ry~Ry=-0-CHy-0—

XXXV, R=Rp=Ry=H; R=0CHy

2-n-Propyl-4-quinolone

It has recently been isolated from the leaves and
terminal branches of Boronia ternata. The structure
rests on its alkaline KMnO, oxidation to N-butyl-
anthranilic acid, m.p. 177-8°, and comparison of
its salts with the known ones.

1,2-Dimethyl-4-quinolone (XXVII)

This compound, C,,H;;NO, has also been recently
isolated?! as picrate, m.p. 234-6°, from the Hawaiian
plant, Platydesma campanulata. 1t is free {from
OCH, group. The UV spectrum of the alkaloid in
alcohol exhibits inler alia twin peaks at 322 and
336 my. which undergo hypsochromic shift to a
single peak at 303 my. in acid, typical of 4-quinolone
svstem with perhaps a 2-alkyl substituent®. The
NMR spectrum in CDCly (with tetramethyl silane
as internal standard) shows two peaks at § = 2-34
and 3-59 for two scts of CHy protons.  On the basis
of these physical evidences and by analogy with
the naturally occurring quinolones, the base has
been assigned the structure (XXVII). The final
confirmation was sccured through its synthesis
from 2-methyl-4-quinolone by N-methylation2!.
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Pilokeanine (XXVIII)

The alkaloid, C;HyNO;, an opaque oil, has
been separated as picrate, m.p. 216 (decomp.),
from the leaves of Platydesma campanulata®. It
contains onec OCH; and one NCHj groups. The
UV spectrum of the base in cthanol shows maxima
at 215, 242, 248, 325 and 336 my. Like 1-methyl-
4-quinolone and more specifically  8-methoxy-
1-methyl-4-quinolone®, the long wavelength maxima
of pilokcanine showed hypsochromic shift to an
indefinite maximum at 309 my in dil. acid. The
IR spectrum in chloroform shows a band at 3676
cm.! assignable to an alcoholic OH function and
the other b