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T/F (TIME/FLOW TYPE) 

FRACTION COLLECTOR y 

Let the Technicon Fraction-Colleetor 

take over the tedious chore of fraction- — : 

collection in your laboratory . . . it will” 

increase work output, give higher reso- 
lution, save staff time and labor. Com- 

pletely automatic, it needs only to be 

set up for a given experiment, which it 
will then carry to completion, turning 
itself off when the job is done. The 

T/F model here will handle routine 

fractionation competently. Based on a 
simple rate-of-flow principle, it will 

collect any number of samples up to 

200, each sample comprising any vol- 

ume from a few drops up to 28 cc (or 

more, on special order). 

P/E (PHOTO/ELECTRIC) 

DROP-COUNTING COLLECTOR 

For h¥per-critical determinations, 
this Technicon Collector employs a 

photo-electric drop counter and 

totalizer, shown here. Each collection 

will comprise an identical number 

of drops, yielding samples of iden- 

tical volume. Send for the detailed 

bulletin describing these precision 

Technicon instruments. 

fraction collecting apparatus \ 

TECHNICON CHROMOTOGRAPHY CORP., 215 EAST 149th ST., NEW YORK 51, N. Y. 



New (9th) Edition! RANSON-CLARK’S 

ANATOMY 

OF THE NERVOUS SYSTEM 

More than ever before, the New (9th) Edition of this famous work can be 

described as the most generally useful textbook of neuro-anatomy in the Eng- 
lish language. The keynote is correlation between function and structure. 

The student is led to think of the nervous system, not as an entity, but in 
relation to the rest of the living organism. In this way functional significance is 

made obvious, and structural details, which might otherwise make dull and 
tiresome study, become interesting. 

The book is carefully planned to help the student to progress more naturally 
through the complicated relationships of the subject. The first 7 chapters 

consider the phylogenetic history, ontogenetic history in man, gross anatomy 
and histology. The discussion then moves to the nuclei and tracts of the 
nervous system—both structural and functional aspects. Special attention is 

given to conduction pathways and functional localization. 

The material has been brought completely up-to-date for the New (9th) 
Edition. Here are some important sections that have been revised: structure 
and functions of the cerebral cortex and cerebellum; presumptive areas for 

? seat of consciousness and for domain of intelligence; thalmus and hypothal- 
: mus; consideration of pain; the Nissl substance; nerve cells of the spinal 

cord; cerebral angiography; autonomic nervous system. 

- There are over 400 illustrations of gross and microscopic sections—some in 
; color—and the cross sectional brain atlas in the back of the book is an excel- 

ont lent laboratory aid. 

This authoritative text cannot be recommended too highly. Every worker in 
the biological sciences should have a copy on his reference shelf. 

By SterHen Water Ranson, M.D., Ph.D., Late Professor of Neurology and Director of Neurological 
Institute, Northwestern University Medical School, Chicago. Revised by Sam Liuttarp Crarx, M.D 
Ph.D., Professor of Anatomy, The Vanderbilt University School of Medicine, Nashville, Tenn 
581 pages, 65” x 10”, 434 illustrations, 14 in color New (9th) Edition—Just Ready! 

W. B. SAUNDERS COMPANY 

West Washington Square Philadelphia 5 
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The New 1953 EDITION + 24 

WELCH CHART OF THE ATOMS 
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With 1952 International Chemical Society Atomic Weights No. 4854. 
Extensively Revised To Include 

e Comprehensive Tabulation of Isotopes 

e The Latest Data on All 98 Elements 
e The Most Recent Information About the Transuranic 

Elements Including Berkelium and Californium 

WRITE FOR CIRCULAR 

A comprehensive 48-page key booklet is furnished with each 4854. CHART OF THE ATOMS, 1953 Editi With formed-metal 
chart. It contains a brief discourse on the atom and the chart molding at top and bottom with eyelets for hanging, nen-glare 

iodi ] bibli h detailed l ti f th protective coating, and key booklet Each, $7.50 
eriodic law, a bibliography, a detailed explanation o e . P erap P 4854A. CHART OF THE ATOMS, 1953 Edition. Mounted on a spring 

chart data, numerous tables and graphs, and a large black roller within a metal case, suitable for permanent wall mounting, non 
and white reproduction of the chart. glare protective coated, and with key booklet Each, $15.00 

W. M. WELCH SCIENTIFIC COMPANY 
DIVISION OF W. M. WELCH MANUFACTURING COMPANY 

Established 1880 

1515 SEDGWICK STREET, DEPT. E CHICAGO 10, ILLINOIS, U.S.A 
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Training at Bar Harbor 

An AL test of the wisdom of “Recruiting 
through Education and Experience” is provided 

by a program offered ever since its founding in 1929 
by the Roseoe B. Jackson Memorial Laboratory in 
Bar Harbor, Maine. This laboratory is the oldest and 
largest independent research center in the United 
States on the biology of normal and abnormal growth. 
It has long been known that one can recognize at a 
very early age outstanding ability in mathematics, 
music, and art. The Jackson Laboratory has shown 
that the same is true of research ability in biology. 

The contact of the individual student with experi 
enced scientists at the laboratory is in themature of an 
apprenticeship. The student actually enters the re 
search laboratory, observes the techniques and pro- 
cedures employed there, and learns by direct experi 
ence what causes mistakes and how to progress in 
efficient and constructive analysis and utilization of 
material and methods in the search for new scientific 
truth. 

Kach year the laboratory receives applications from 
students enrolled in aceredited colleges, graduate 
schools, and medical schools throughout the country. 
They are all young men and women who believe that 
they desire to follow biological or medical research as 
their lifework. In some cases there remains in the 
mind of the student some doubt as to whether this 
is his real vocation, whether he possesses the spiritual 
and mental qualifications to enable him to enter a life 
of investigation and research. In an intensive period 
of ten weeks students are brought face to face with 
problems that test these qualifications and provide 
them with a practical challenge, the answer to which 
may determine their future careers. 

The greater part of each student’s day is devoted to 
the development of his individual research problem, 
and each is assigned as an apprentice to a staff mem- 
ber who works with him. At the end of the summer 

Gladys M. Keener 
Executive Editor 

AAAS EDITORIAL BOARD 
(Terma expire June 30, 1953) 

Howard A. Meyerhoff, Chairman 
William R. Amberson Bentley Class 
Wallace R. Brode Karl Lark-Horovitz 

Walter |. Nickerson 

F. A. Moulton, Advertising Representative 

the student is required to present oral and written re 
ports of his research project. Certificates are awarded 
for satisfactory completion of the program and have 
been commonly recognized by the student’s university 
or college in the form of academic credit. 

Those students who return for a second or third 
summer progress rapidly along lines of achievement 
that enable them to contribute directly to the dis- 
covery of new facts. Many who have been through 
this apprenticeship period have gone ahead to make 
their own mark as independent research workers and 
competent medical scientists, thereby demonstrating 
that it is possible to recognize, utilize, develop, and 
accelerate creative research ability. Those who fail or 
who find that they are not fitted for this type of work 
do so under circumstances that avoid the blunt, cruel, 
and impersonal elimination of young minds from our 
more formal educational efforts. They retain respect 
and admiration for the search for truth and may in 
their later experience find themselves in positions 
where that attitude enables others to obtain and utilize 
the opportunities for which they individually were 
not fitted. 

It is hoped that members of college, graduate school, 
and medical faculties will communicate with the Jack- 
son Laboratory and bring into contact with it such 
students as may be anxious to face early in their aca 
demie experience the test of their abilities and apti 
tudes along the lines of creative work. Students are 
selected competitively by the resident staff on the basis 
of sincerity of interest, scholastic record in biology, 
psychology, and related fields, degree of advancement 
in their college work, and expression of interest which 
seems best served by the laboratory’s facilities. Appli- 
cations for places in next summer’s tuition-free train- 
ing course must be made before March 20, 1953. 

C. C. LirtLe 

R. B. Jackson Memorial Laboratory 
Bar Harbor, Maine 

SCIENCE, founded in 1880, is published each Friday by the American As- 
sociation for the Advancement of Science at the Business Press, 10 McGovern 
Ave., Lancaster, Pa. Entered as second-class matter at the Post Office at 
Lancaster, Pa., January 13, 1948, under the Act of March 3, 1879. Accept 
ance for mailing at the special rate postage provided for in the Act of February 
28, 1925, embodied in Paragraph (d-2) Section 34.40 P. L. & R. of 1948. 

All correspondence should be sent to SCIENCE, 1515 Massachusetts Ave.. 
N.W., Washington 5, D. C. The AAAS assumes no responsibility for the safety 
of manuscripts or for the opinions expressed by contributors. Four weeks’ notice 

January 9, 1953 

is required for change of address, and an address stencil label from a recent 
issue must be furnished. Claims for a missing number will be allowed only if 
received within 60 days from date of issue 

Annual subscriptions, $7.50; single copies, $.25; foreign postage, outside the 
Pan-American Union, $1.00; Canadian postage, $ 50. Special rates to members 
of the AAAS 

The AAAS also publishes THE SCIENTIFIC MONTHLY. Subscription and ad- 
vertising rates on request 

Cable address: aADVANCESCI. 



NEW decade REDISCALER 

PORTABLE — LOW COST — VERSATILE 

for LABORATORY Counting and Standby 
The low cost of nuclear’s Model 180 Rediscaler makes 
it a logical choice for an “extra” unit, yet its construction 
to regular nuclear standards qualifies it for precise 
laboratory work. There is no “skimping” on quality 
and all essential scaler features are included. Model 
180 has 44-vole G-M input sensitivity—decade indica- 
tion—timer outlet—adjustable high voltage well 
stabilized—less than .05% change at 900 volts for 
line voltage change of 1% between 95 and 130 volts. 

for MEDICAL Diagnosis and Research 

Small size (only 10” x 914” x 1334") of Model 180 makes 
it easily portable —thereby available for many 
uses by medical technicians and research workers. 
Usable with standard G-M sample counters, 
probes, and liquid sample counters for clinical 
applications such as tumor location, blood 
volume determination, and urine analysis. 

for INSTRUCTION and Training 

Demonstrating radioactivity counting with Model 
180 Rediscaler keeps explanations clear and simple 
— gives instructors an excellent tool for 
basic education as well as a practical laboratory 
instrument. Whether just beginning, or 
expanding radiolaboratory facilities, the 
Model 180 is an excellent unit for new radio- 
technicians. You can depend on the 
Model 180 Rediscaler — it’s covered by 
nuclear’s exclusive one-year warranty. 

NEW nuclear 1953 Catalog! 
Make the 1953 nuclear catalog your 
all-need reference source for 
modern nuclear instruments, radio- 
chemicals, and accessories. 
New scalers, counters and ° Chicago 10, Illinois 
detectors all are completely Branch Offices: New York, N. Y.—Los Angeles, Calif.—Silver Spring, Md. 
described and illustrated ... Expott Department 
Your copy sent promptly on 
request—write for it today. 

nuclear INSTRUMENT & CHEMICAL CORPORATION 
237 West Erie Street 

13 East 40th St.. New York 16, New York 
Cob!e Address: Arlab, New York 

@ Scaling Units for Every Type of Radiation Counting 
©@ Complete “Packaged” Counting Systems 
@ Health Monitoring Instruments for Personnel Pr “it 

@ Glass Wall, Mica Window, and Windowless Counters 
@ Portable Count Rate Meters . oR ete See 

@ Complete Line of Accessories for the Nuclear Laboratory 

nuclear «PRECISION INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 
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IMPORTED 

STEREO 

CROSCO 
at 50% Saving! 

Wide, 3 Dimensional Field 
e 

Excellent Depth for Working 
Under Magnification! 

we Only $7590 
Now, for the first time——a fine, imported Binocular Microscope 
at a substantial saving. Used for inspections, examinations, 
counting, checking, etc. Fixed 3 power objective with 3 pairs 
of matched eyepieces to give you powers of 1 30X, 45X 
Rack and pinion focusing. Interpupillary adjustment. Instru 
ment is removable from base for mounting on equipment or bench 
for extra height. Fine hardwood case included. Recominended for lab, shop 
guarantee complete satisfaction or your money back 

Stock #70,011-W 

Working distance 

Steck + Size 
70,003-W 4% 
70,004 -W 6” 

2%”. Adjustable 70 005-W 8” 
factory or home use. We 70,006-W 10” 

70.007 -W 122 

MAKE YOUR OWN 
ASTRONOMICAL TELESCOPE 

the rings of Saturr 
Thousands of amateurs ‘ 

See the craters of the moon 
and the moons of Jupiter! 
have turned out beautiful instruments at a fraction o 
the cost of commercially built ones. You can do the 
same. No. special skill required. And what pride you 
will take in an Astronomical Telescope you have built 
with your own hands. Your telescope will be worth up 
to $600. Our kits include: PYREX MIRROR BLANK 

PLATE GLASS TOOL—TEM L 
PERED POLISHING PITCH 
8 ASSORTED EXTRA FINE 
ABRASIVES, ALL IN SHAKER 
TOP CONTAINERS (Rouge also 
included ) FIRST SURFACE 
MIRROR FOR DIAGONAT 
LENSES FOR 1” F.L. EYE 
PIECE MAGNIFYING LENS 
Order Kit according to mirror 
dia. desired 

$75.00 pstpd. 

Your Chance to Own a Very Fine Instrument 

IMPORTED MICROSCOPE 

100, 200, 300 Power 1 A 95 

io0d =optical $ 
95 

qualities. Fine focusing 
Certainly not the equal of a $200 in 
strument—but definition is surprisingly , ; 1 OCULAR clear and good in fact amazingly so } OBJECTIVE 
at this price. Serviceable construction LENSES 
The greatest microscope bargain on the RACK & 
market ! PINION 

FOCUSING 
TRY IT FOR 10 DAYS if you're REVOLVING 

DISC-LIGHT 
ADJUSTABLE 
MIRROR 
SQUARE § iE packed in sturdy, hard (OM TAee 

wood case 9.5 ) ") with 
SL IDE CLAMPS 

$14.95 Postpaid 

completely satisfied your money will 
be refunded in full 

Instrument comes 

Stcek No. 70,008-W 

UNUSUAL OPTICAL 
BARGAINS 

imported 150 Power Refractor Telescope with 
MONOAXIS EQUATORIAL MOUNT and AD- 
$400 Value AT OMY 929900 
Distinetly superior ming!y imilar 
truments available at less cost a is a 
Japanese import from e of Nippon’s finest 
quality telescope manufacturers 
¢ mm. diameter achromatk bjective witl 
00 mm fora length. For terrestr or 

momical use 
1. COMPLETE WITH EQUATORIAL MOUNTING, SLOW MOTION CONTROLS 

). EYEPIECES GIVE POWERS OF 23X, 30X 36X, 7T2X, 150K 
20 POWER IMAGE ERECTING TERRESTRIAL EYEPIECE 

4 DIAGONAI ZENITH” PRISM FOR COMFORTABLE VIEWING 
). SPLENDID SUNSPOT PROJECTOR 

6. FINDER 6 POWER 
STURDY WOODEN CASE HOLDS TELESCOPE AND TRIPOD 

LOOK AT THESE BARGAINS! SLIDE PROJECTOR SETS—Consist of all unmounted lenses you need to make the following size eaetese Stock 24029-W—35 mm. . $2.85 Postpaid Stock #4038-W ......... 24" x94"... .. $3.35 Postpai Stock #4039-w |...) °°": 216” x Big” 1777 7* +, S88 Postpaid 

SO MUCH for SO LITTLE! 
SIMPLE LENS KITS! Kits include plainly written, illus trated booklet showing how you can build lots of optical items. Use these lens’s in experimental optics, building TELESCOPES, low power Microsc opes, etc. 
Steck 2-W—19 lenses . 6660b08s6008 $ 100 Postpaid Stock 35-w—45 lenses coescceses $ 5.00 Postpaid Stock. =10-W—80 lenses ...... 2.2.0... c cece eee $10.00 Postpaid 
NON-ABSORBING BEAM-SPLITTING MIRROR Late ost 
development! Optically flat to ™ wave length. Size 
1-15/16” x 2-15/16"—%” thick. Reflects approximately 50% 
and transmits approximately 50%. No light is absorbed 
Has a three-layered film _ h accomplishes non-absorption. 

Stock 3567- beacccasssegecence 5.00 Postpaid 
( 

Stock No. 70:010-W $295.00 f.0.b. Barrington, . J 

IMPORTED! 50 POWER POCKET MICROSCOPE 
All Metal! 
Powerful! 
49 

Polished Chrome Diagonal Bottom! 
Dozens of Fascinating Uses asy te focus sears of 49 
strong ptical system Practical for all sor 
minute le up examinat ‘on Gives wonderful b ur magnification 
Polished chrome diagonal bottom con entrates light or bieck. Here's th 
most compart, handy microscope ¢ 1 $7 value. Meta 
body has hard. gray finish. I Approx 4%” long 
Stock No. 30,013-W ‘S 49 Postpaid 

Standard PREPARED MICROSCOPE SLIDE SETS 10 Slid n Set 8 
Stock No. 40,006-W Vegetables Per Set) $2.50 P 
Stock Mo. 40.007-W Animals (Per Set) $2.50 P 
Steck No. 40,003-¥ Micro-Organ ‘cms Per Set) $3.00 P 

A Handy, Usefel Bargain! 
HAND SIGHTING LEVEL 

alibrated 

v7 

Accurately designed and 
Indispensable as a hand sighting too 
that projects a level line of sight 
Invaluable for laying out drains 
ditches foundat ic gardet for 
contour plowing ar erosion work 

nstrument agair md =agalt 
necessary over an appre ble dista 

with each instrumet 
You w'll use this wherever grace compact little 
must be established or a level line I 

Simple illustrated directic 

IF YOU'RE INTERESTED IN OPTICAL BARGAINS 
$2.50 Postpaid 

Send Check or M. 6 
Satisfaction Guaranteed 

Stock #105-W 

ORDER BY STOCK NO. 
ae me for FREE a W feet ce oe Soo tes 

January 9, 1953 

BARRINGTON, N. J. 
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ChHROKLVOCRAPLY 

RADIO-ACTIVE Cui 

STEROIDS | -“®22 
equipment 

: carefully engineered 
Immediately for use in this new 

Available field of analysis. 

CHROMATOCABS 
STEEL OR GLASS RACKS 

DENSITOMETERS 
Estrone 16-C** INDICATOR SPRAYS 

ULTRAVIOLET LAMPS 
DRYING OVENS 

Activity per mg. Price per. mg. DISC CHAMBERS 
2.7 microcuries $50.00 SOLVENT TROUGHS 

MICRO PIPETS 
CLIPS 

Prompt Delivery 
Estradiol 16-C* 

Activity per mg. Price per mg. Write for Catalog 
2.7 microcuries $65.00 

Progesterone 21-C* 

Activity per mg. Price per mg. 
2.25 microcuries $40.00 

Jung 

Desoxycorticosterone acetate M I C R O T O M E S 

21-C™* 

Activity per mg. Price per mg. 
2.25 microcuries $40.00 

and 

MICROTOME 

. Form A.E.C. 374 and K N I V E ~ 
Form N.R.C. - C.R. 

niger yee FOR EVERY PURPOSE 

Rotary Dipping 

For further information, write to: Sliding Minot 
Freezing Tetrander 

Charles &.Frosst & Co. 
Industry Cylinder 

Electron Microscopy 
P. O. Box 247 

Montreal Canada For Detailed Information Write 

WM. J. HACKER & CO., INC. 

82 Beaver Street New York 5, N. Y. 
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Bird CRYO-DESICCATOR 

Catalog #9-99 .. 

~ 

rE eee aA ee Price $1450.00 

FURNISHED WITH THE FOLLOWING ACCESSORIES: 
e 1 extra glass tube for tissue heater 

January 9, 1953 

@ 1 electric cord 

tam! 

FOR USE IN: 

Histology « Cytology « Histopathology 

Cytochemistry « Histochemistry 

| he Bird Tissue Cryo-Desiccator provides 

a simple, rapid, reliable and inexpensive 
method of preparing frozen dried tissues. 

Tissues are supported in a basket which 
has movable partitions to accommodate 
specimens of different sizes. 

Temperature is measured under the same 
conditions as the tissue. Liquid nitrogen is 
used to cool the tissue. Automatic sealing is 
achieved by atmospheric pressure 

This new Cryo-Desiccator is inexpensive 
to operate and easy to use. Glass parts are 

held to a minimum and the construction is 
rugged. 

@ 1 flexible metal tube for attaching to pump 
e1 dial thermometer, Weston 0-180 Deg. F. for use on 115 V., 60 

cycles only. 

For further information write: 

2385 RHODE ISLAND AVE., N.E. 

\ 6th & Byrd St. 

LY, yt RICHMOND 
INC VIRGINIA 

WASHINGTON, D. C. 

Manvfacturers and Distributors of Scientific Equipment 



want uniformity. ei 

Feed Purina 

Laboratory Chow 

If you are doing experimental work with 
laboratory animals, you will probably 
want a uniform diet for accurate results. 
Place your confidence in Purina 
Laboratory Chow. Its formula is 
maintained constant for experiments 
requiring a uniform dietary history 
through several generations. 
Call your local Purina Dealer for a 
fresh supply today. You will like Purina 

l PURINA vB, Laboratory Chow Checkers in its pellet 
ABORATOR ms form. It’s clean and easy to feed. 

CHOW RALSTON PURINA COMPANY ~ St. Lovis 2, Missourl 
» 
Ne" Sy BEBBEBEBEBEEBEEESBEBeee 

a - We 

toe 
A READY REFERENCE 

That Will Save Time for You 
PRICE LIST 

Use this catalog as a “one stop” source of — 

supplies required in biological and microbio- SPECIAL 
: PRODUCTS 

logical research. jo | 

It lists Amino Acids, Vitamins, Carbohydrates, taakiteaas 

Adenylates, Nucleates, Purines, Pyrimidines, cacremessatens 
MOCHEMIC AL 

Tetrazolium Salts, Enzymes, Microbiological <—aama 

and Bacteriological Media, Complete Animal 

Test Diets and Ingredients, and a wide range Write for Your 

of Biochemicals for Investigational Use. Copy TODAY 

GENERAL BIOCHEMICALS, INC. 

® 60 LABORATORY PARK ° CHAGRIN FALLS, OHIO 
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with the 

NEW SCHELLBACH-TYPE 

EMSON 

VOLUMETRIC 

a WY) 4 

Now: for the first time, E. Machlett & 
Son offers a new “Emson” Volu- 

metric Flask marked with an easy-to-read 
Schellbach-type background. By utilizing 
a clear, yellow-pigmented graduation, and effort, these exclusive Machlett flasks 
these flasks permit faster, simpler meas- cost no more than ordinary flasks! 
urement of any liquid ~ regardless of You owe it to yourself, you owe it to 
color — with far less chance for error. your associates to investigate the expedi- 

While offering great savings in time _ ency of this great new laboratory aid. 

All flasks are calibrated on the basis of the metric liter and their volumes 
(e) are adjusted for a temperature of 20° C. subject to tolerances listed below. 

36-155 “Emson” Flask 36-235 “Emson” Flask 
without Stopper with ¥ Stopper 

Size mi. Tolerance mi. Each Dozen Size ml. Tolerance mi. Each Dozen 
10 40.06 $.76 §$ 7.60 10 0.06 $1.25 $1250 
25 0.06 80 8.00 25 0.06 1.30 13.00 
50 0.10 Ba 8.40 50 0.10 1.35 13.50 

100 0.16 90 9.00 100 0.16 1.50 15.00 
200 0.20 1.10 11.00 200 0.20 1.80 18.00 
250 0.24 1.15 11.50 250 0.24 1.85 18.50 
500 0.30 1.45 14.50 500 0.30 2.20 22.00 

1000 0.60 1.75 17.50 1000 0.60 2.60 26.00 
2000 1.00 3.00 30.00 2000 1.00 4.00 40.00 

All Prices F.0.8. New York, WN. Y 

ns E. MACHiETT & SON 
ESTABLISHED 1607 

Laboratory APPARATUS + SUPPLIES + CHEMICALS 

220 East 23rd Street: New Yor« 10, N.Y. 

January 9, 1953 
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See it better... | 

See it more easily... 

—_ 

’ 

IN VISUAL RESEARCH MICROSCOPY 
Complete line, with widest choice of superb apochromatic objectives 
for general and highly specialized studies. Slow-motion, low- 
position fine focusing adjustment; permanently aligned nosepiece; 
inclined parallel eyepieces, for strain-free observation. 
Adaptable to phase contrast, dark field and polarized light. 
Exclusive variable intensity Panfocal Illuminator, optional. 

@ IN ALL MONOCULAR 
APPLICATIONS 
Quickly interchangeable monocular 
tube adapts instrument for 
photomicrography, measuring, 
micro-projection, etc. Widest range 
of accessories, for maximum use. 

@ IN ON-THE-SPOT 
PHOTOMICROGRAPHY 
Viewing head and camera fit 
monocular tube. Make your own 
projection slides, “work-in-progress” 
records—completely independent 
of photomicro lab. 

for demonstration and 
catalog. Bausch & Lomb 
Optical Co., 642-34 St. Paul 
St., Rochester 2, N.Y. 

PD Bausch & Lomb Eoseaoh Microscopes 
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Steric Inhibition of Amide Resonance and its 

Possible Significance in Enzyme Action’ 

Robert W. Holley 

New York State Agricultural Experiment Station, Cornell University, Geneva 

S A CONSEQUENCE OF AMIDE RE 
SONANCE, I <— II, simple amides are 
planar (1-6). If for any reason the atoms 
attached to the nitrogen are forced out of 

the plane of the remainder of the amide group, as in 
III, sterie inhibition of amide resonance should result 

fe) S-—C 

Net * / fie el 
Cc 

I W 

(7, 8). A nonplanar amide, such as III, should have 
enhanced reactivity (7,9). This is the explanation- that 
has been given for the reactivity of the penicillins (7). 
As shown in IV, fusion of the four-membered 6-lactam 
ring with the five-membered thiazolidine ring forces 
one of the carbons attached to the nitrogen out of the 
plane of the amide group. Although the exact magni- 
tude of the effect is uncertain because of limited data 
and because of the complex structure of the penicillins, 
it is probable that steric inhibition of amide reson- 
ance inereases the rate of alkaline hydrolysis of the 
amide linkage in benzylpenicillin (10) by a factor* 
between 10° and 10°. 

Since the extent of the inhibition of amide reson- 
ance depends on the angle at which the attached atoms 

Journal Paper No. 912, New York State Agricultural Ex 
periment Station. 

The studies described in (10) indicate that the effects of 
the substituents on the reactivity of the B-lactam in benzyl 
penicillin either cancel each other or are small in magnitude 
The increased reactivity of the S-lactam in benzylpenicillin 
can therefore be attributed to steric inhibition of amide 
resonance. Since benzylpenicillin is hydrolyzed by alkali ap 
proximately 4x 10° times as fast as 1-methyl-2-azetidinone 
(N-methyl-8-propiolactam), a factor of 10° would appear to 
be the minimum for steric inhibition of resonance. According 
to a suggestion by Woodward (7), the fact that 8-lactams are 
more reactive than ordinary amides may also be due to steric 
inhibition of amide resonance. If this is true, the reactivity 
of benzylpenicillin should be compared with that of ordinary 
imides instead of B lactams, and this comparison gives a 
factor of 10° or 10° for the effect of steric inhibition of amide 
resonance 
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are distorted from the plane (8), inhibition would be 
at its maximum in a structure, such as III, in which 
the plane of the amide group is perpendicular to the 
plane containing the nitrogen and attached carbons. 
In the penicillins only one of the carbons attached to 
the nitrogen is out of the plane of the amide group, 
and this is out at an angle of approximately 55°.* 
Therefore, the increased reactivity observed in the 
penicillins is presumably less than the maximum pos- 
sible increase in reactivity.‘ 

Steric inhibition of amide resonance thus offers a 
means by which a steric effect imposed on an amide 
group can greatly increase the reactivity of the amide. 
The purpose of this note is to suggest that steric in- 
hibition of amide resonance may play a role in the 
enzymatic hydrolysis of amides. 

According to this hypothesis, an enzyme may facili- 
tate hydrolysis of a substrate amide group by distort- 
ing the susceptible amide group into a nonplanar and, 
therefore, reactive configuration. Distortion of this 
nature would be opposed by the resonance energy of 
the amide group. To overcome this opposition, the 
forees of attraction between the enzyme and the sub- 
strate would have to be greater with the substrate 
amide group nonplanar rather than planar. It is 
possible that the hydrogen bonds and other interac- 
tions between the substrate and enzyme might be 
greater in number or of greater energy with the amide 
group in a nonplanar configuration than in a planar 
configuration, and as a result a nonplanar configura- 
tion should be favored. The nonplanar amide group 
might then react directly, with water (a hydroxyl ion 
and a hydrogen ion), or indirectly, by way of some 
group present on the surface of the enzyme. 

It is possible to draw a rough picture of the sort 
of interactions between enzyme and substrate which 
might be effective in bringing about steric inhibition 
of amide resonance. Figs. 1 and 2 indicate conceivable 
enzyme-substrate interactions that might account for 

This angle is based on x-ray data reported by D. Crowfoot 
et al in (7, p. 310) 
‘Maximum reactivity would be observed in a compound 

such as 2-quinuclidinone 
CH 

fi ™, 
CHe CHe CHe 

| | | 
CHe CHe C 

XY 17% 
N 

Unfortunately, all attempts to prepare compounds of this 
type have been unsuccessful. The synthesis of such a com- 
pound and a study of its reactivity would be of great interest. 
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Fic. 1, Hypothetical trypsin surface showing interactions 
with an acyl-L-arginine amide or acyl-L-lysine amide. The two 
hydrogens on the nitrogen are distorted out of the plane of 
the amide group by hydrogen-bonding, (d) and (e). 

the specificity of trypsin. Fig. 3 indicates interactions 
that might account the absolute specificity of 
urease. 

It is known that trypsin catalyzes the hydrolysis of 
amides, peptides, and esters of various acyl derivatives 
of L-arginine and L-lysine (11). Fig. 1 is drawn to 
indicate conceivable interactions between trypsin and 
an acyl-L-arginine amide or acyl-L-lysine amide. The 
interaction (a) between a negatively charged group in 
the trypsin molecule and the positively charged argi- 
nine or lysine side chain of the substrate, in conjune- 
tion with a hydrogen bond (b), determines the posi- 
tion of the substrate on the enzyme surface.5 Hydro- 
gen-bonding (c) of the oxygen of the amide to the 
trypsin surface, possibly in combination with other 
steric factors, then determines the plane of the amide 
group. With these points fixed, it is possible that two 
oxygen atoms in the trypsin molecule may be so 
situated that both hydrogens on the nitrogen can be 
hydrogen-bonded, (d) and (e), if the hydrogens are 
distorted from the plane of the amide group. The 
amide would then be in a nonplanar and, consequently, 
reactive configuration. 

If in place of one of the hydrogens on the nitrogen 
of the amide there is a substituent, as there would 
be in an acyl-L-arginylpeptide or acyl-.-lysylpeptide, 
only one hydrogen is present on the nitrogen and is 
available for hydrogen-bonding. It might be expected 
that this would reduce the probability of the amide 
being distorted into a nonplanar configuration. How- 
ever, the a-carbon atoms, C’ and C” (V), of adjacent 

Oo cr” 
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C—N 

Fai \ 
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amino acids in the peptides are ordinarily arranged 
trans with réspect to the carbon-nitrogen bond of the 
amide (4,5, 12). If this trans-peptide structure, V, re- 

® The hypothesis does not require that the interactions (a) 
and (6) be of a specific type. However, at least two interac 
tions, illustrated by (a) and (6), are required to determine 
the position of the amide group, and to account for optical 
specificity. 
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places the simple amide of Fig. 1, it is reasonable to 
expect that, as interactions between trypsin and the 
substrate bring an acyl-L-arginylpeptide or acyl-L- 
lysylpeptide close to the surface of the enzyme, steric 
hindrance would tend to force the amide out of the 
planar configuration. This tendency, in combination 
with the formation of one hydrogen bond, may be 
sufficient to result in a nonplanar configuration of 
the amide group, as shown in Fig. 2. 

© 

TRYPSIN 

interactions between 
acyl-L-lysylpeptide 

Fic, 2. Hypothetical 
acyl-L-arginylpeptide or 
group nonplanar 

trypsin and an 
with the amide 

The hydrolysis of acyl-L-arginine esters and acyl-.- 
lysine esters might take place in an analogous fashion. 
The ester group, like the amide group, is planar be- 

) cause of resonance (1, 2, 13). Since esters also exist 
normally (13) in a trans-configuration, VI, the alkyl 

Oo R 

group of the ester would be foreed out of the plane 
of the ester group when the substrate interacts with 
the enzyme. Steric inhibition of ester resonance would 
result, and hydrolysis would be facilitated. Thus, an 
enzyme surface such as that pictured in Figs. 1 and 2 
may account 
trypsin. 

It is known that urease is absolutely specific for the 

satisfactorily for the specificity of 

hydrolysis of urea (14). In urea, resonance is possible 
with either or both of the amide groups. Therefore, in 
order to increase greatly the reactivity of urea, the 
hydrogens attached to both nitrogens would have to 
be forced out of the plane. This might be accom- 
plished, as shown in Fig. 3, by the formation of five 
hydrogen bonds. Since all four hydrogens and the 
oxygen of urea would take part in interactions with 
the enzyme, the absolute specificity of urease might 
be explained. 

This hypothesis is, of course, a specialized form of 
the general theory of enzyme action proposed by 
Michaelis and Menten (75), and it should not be in- 
ferred that the author discounts the possible signifi- 
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Fie. 3. Hypothetical urease surface showing interactions 
with urea. Both amides are distorted into nonplanar con- 
figurations. 

eance of other effects that might make the amide 
linkage more reactive, or of entirely different effects 
(16, 17). Sterie inhibition of amide resonance is of 
special interest because it has been found in naturally 
oceurring compounds, the penicillins, and it seems 
likely that it can be studied in other models. A con- 
sideration of the possible significance of a specific 
effect such as this may be of value in the development 

of experimental approaches to the important problem 
of enzyme action. 
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News and Notes 

Scientists in the News 

F. K. Bannister has been appointed to a new chair of 
thermodynamics in the Department of Mechanica! 
Engineering, University of Birmingham. The chair has 
been created in connection with the organization of 
the new graduate school in thermodynamics, and Dr. 
Bannister will be in charge of this school under G. F. 
Mucklow, head of the department. Professor Bannister 
was appointed lecturer in mechanical engineering in 
the University of Birmingham in 1941 and reader in 
thermodynamics in 1951. He has been closely associ- 
ated with the Air Squadron at the university since its 
formation in 1941. 

Christopher E. Barthel, Jr., has been elected chair- 
man of the board of directors of the National Elee- 
tronics Conference. Dr. Barthel succeeds Kipling 
Adams, of General Radio Company. The National 
Electronics Conference is a forum on electronics re- 
search, development, and application. 

Eric Bradshaw has succeeded John Hollingworth in 
the chair of electrical engineering in the Faculty of 
Technology in the University of Manchester. He has 
been special lecturer in high-voltage engineering at 
the College of Technology since 1944. 

E. Lucy Braun, botanist and forestlands expert, has 
been awarded the Mary Soper Pope Medal granted 
periodically by Cranbrook Institute of Science, for 
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outstanding achievement in fields related to the study 
of plant life. Dr. Braun is professor emeritus of 
botany at the University of Cinemnati. 

Colin G. Clark, recently under-secretary of state for 
labor and industry and financial adviser to the 
Treasury, Queensland, has been appointed director of 
the Institute for Research in Agricultural Eeonomics 
at Oxford, to sueceed A. W. Ashby, who is retiring 
under the age-limit provisions. 

Eduard Farber, chief chemist of Timber Engineer 
ing Company, affiliate of National Lumber Manufae 
turers Association, has been elected a fellow of the 
Royal Society of Arts, and an honorary member of 
the Mark Twain Society. 

Continental Can Company has announced the ap 
pointment of Raymond G. Fisher as director of eco 
nomic research, His responsibilities will include super- 
vision of the commercial research and sales analysis 
activities of the company. 

Among the recent recipients of medals and awards 
given by sections of the American Chemical Society 
are Reynold Clayton Fuson, University of Illinois, the 
1953 William H. Nichols Medal, from the New York 
Section, “for studies on nucleophilic substitutions and 
displacements of an unorthodox character, elucidation 
of abnormal organic reactions, discovery of stable ene- 



diols and vinyl alcohols;” Isadore Perlman, Uni- 
versity of California (Berkeley), the California Sec- 
tion Award for contributions in nuclear chemistry; 
Paul L. Day, University of Arkansas, the 1952 South- 
west Award, for research leading to the discovery of 
vitamin M; H. H. Lowry, Coal Research Laboratory, 
Carnegie Institute of Technology, the 1952 Pittsburgh 
Award for outstanding service to chemistry and to 
the community. 

Chris A. Hansen, former executive officer of the 
Communicable Disease Center, PHS, Atlanta, Ga., 
has been appointed assistant officer in charge, a new 
position. He will be sueceeded by George B. Tremmel. 

Rufus Clay Hatfield, formerly bacteriologist in the 
Biological Sciences Department of California State 
Polytechnic College, San Luis Obispo, has moved to 
Frederick, Md., where he will become assistant chief 
of the Assessment Branch, Facilities Operation Di- 
vision, Ralph M. Parsons Company. 

D. E. Lindstrom, University of Illinois professor of 
rural sociology, has left for Japan to serve on the 
International Christian University staff in Mitaka, 
near Tokyo. He has been granted a three-year leave of 
absence to head a rural community and research proj- 
ect at the Japanese university. 

F. T. Mavis, head of the Civil Engineering Depart- 
ment of Carnegie Institute of Technology, has been 
elected president of the Pittsburgh Section of the 
American Society of Civil Engineers for 1953. Dr. 
Mavis became professor and head of the Department 
of Civil Engineering at Pennsylvania State College 
in 1939 and remained in that capacity until he joined 
the Carnegie faculty in 1944. 

The Polytechnic Institute of Brooklyn has added 
Angelo Miele, of Italy, to its group project in super- 
sonie aerodynamics. He arrived recently from Argen- 
tina, where for five years he worked as an aerodynam- 
icist in a government aircraft factory. At Brooklyn 
Polytechnic Dr. Miele will be associated in an Armed 
Forces project with a team headed by Antonio Ferri, 
concentrating on basic problems related to aircraft of 
supersonic speed. Dr. Miele will also teach applied 
aerodynamics. 

Stanley W. Olson, of the University of Illinois 
College of Medicine, has resigned to become dean of 
Baylor College of Medicine in the Texas Medical 
Center at Houston. Dean Olson went to Illinois in 
1950 from the Mayo Foundation, where he had been 
assistant director. 

Ralph G. Owens, dean of engineering at Illinois 
Institute of Technology, has been named vice-chair- 
man of the Illinois-Indiana section of the American 
Society for Engineering Education. 

Marion W. Parker, biochemist, botanist, and plant 
physiologist, has become head of the U. S. Department 
of Agriculture’s Division of Rubber Plant Investiga- 
tions succeeding Robert D. Rands, who retired after 
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32 years of research work in the Bureau of Plant 
Industry, Soils, and Agricultural Engineering. 

Arthur G. Rodgers has been appointed director of 
Binghamton, New York, State Hospital, succeeding 
Hugh S. Gregory. 

William 
Technology 

F. Roeser, consultant for the Building 
Division of the National Bureau of 

Standards, recently received the Meritorious Service 
Award of Sigma Tau, national honorary engineering 
fraternity. 

A Swedish archaeological expedition will investigate 
the old Indus eulture at Suratgarh in the Bikaner 
Desert west of Delhi, where the ruins of a number 
of Bronze Age cities dating from 4000 to 3000 B.c. 
have been found. The expedition is headed by Hanna 
Rydh, who is already at New Delhi to prepare for the 
arrival of the party of four women and six men, in- 
eluding Holger Arbman, of Lund University. The first 
period of scheduled excavations is to last for three 
months. 

Louis T. E. Thompson, vice president of The Norden 
Laboratories Corporation, has been named vice-chair- 
man of the Department of Defense Research and De- 
velopment Board. He will succeed Floyd L. Miller, 
who has been on a year’s leave from the Standard Oil 
Development Company. 

DeWitt C. Van Siclen, of Douglaston, N. Y., who 
was executive officer of the Office of Scientifie Research 
at Air Research and Development Headquarters in 
Baltimore, has accepted a position as senior geologist 
with the Pan American Production Company in 
Houston. Captain Van Siclen has served with ARDC 
since 1951. 

On the eve of h's departure for Stockholm to re- 
ceive the 1952 Nobel Prize in Physiology and Medi- 
cine, Selman A. Waksman was guest of honor at a 
banquet given by present and former associates now 
residing in New Jersey. Approximately 100 persons, 
including a majority of his former graduate students, 
joined in their 
Waksman. 

expressing congratulations to~Dr. 

Ciba Pharmaceutical Products, Ine., has elected 
Frederick F. Yonkman vice president in charge of 
research. Dr. Yonkman, who succeeds Ernst A. Oppen- 
heimer, is an authority on the relationship between 
the sympathetic nervous system and high blood pres- 
sure. He previously was director of research under 
Dr. Oppenheimer, who retired on Jan. 1. Dr. Oppen- 
heimer will continue as a consultant. 

V. K. Zworykin, of RCA Laboratories, has been 
awarded the 1952 Edison Medal by the American 
Institute of Electrical Engineers “for outstanding 
contribution to the concept and design of electronic 
components and systems.” The medal will be pre- 
sented at the opening session of the winter general 
meeting of the institute in New York on Jan. 19. 
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Education 

Case Institute of Technology will offer in February a 
new motor design course in which electrical engineer- 
ing students will see their own designs incorporated 
into manufactured motors. Robbins & Myers, Ine., 
Springfield, Ohio, will build the motors without charge 
to students’ specifications. A. E. Hartman will be in 
charge of the class. 

Hebrew Institute of Technology has many openings 
on its faculties of chemieal, civil, electrical, aeronauti- 
eal, and mechanical engineering and one opening on 
the faculty of architecture and town planning. Appli- 
eations should be addressed to Myron X. Feld, Ameri- 
ean Technion Society, 80 Fifth Ave., New York 11. 

The University of Illinois has appointed the follow- 
ing assistant professors to the staff of the College of 
Medicine: Lewis C. Hitechner, Grant C. 
Walter S. Moos, and Max E. Rafelson, Jr. 

Johnson, 

The University of Minnesota has reorganized ‘its De- 
partment of Agriculture, St. Paul, into the Institute 
of Agriculture. Head of the institute, where all the 
university’s work in agriculture, forestry, home eco- 
nomies, and veterinary medicine is now centered, is 
Harold Macy, who succeeded C. H. Bailey on Jan. 1. 
A. A. 
assistant dean of the College of Agriculture, Forestry 
and Home Economies. The directorship is a new posi- 
tion that includes many of the duties formerly per- 
formed by Henry Schmitz, who left last June to be- 
come president of the University of Washington. 
H. J. Sloan has succeeded Harold Macy as director 
of the Agricultural Experiment Station. T. H. Fenske 
is assistant dean of the institute and administrative 
assistant to Dr. Macy. 

Dowell is director of resident instruction and 

New York University will begin a program of gradu- 
ate work in transportation engineering in February. 
The new eourses will emphasize modern highway 
planning, design, and construction; traffic engineer- 
ing; and airport design. The last two courses will not 
be given until 1953-54; courses in bituminous mate- 
rials and mixtures, and in advanced transportation 
engineering, will be given in 1954-55. 

The University of Pennsylvania, with the cooperation 
of the Chamber of Commerce of Greater Philadelphia, 
will establish a new course in industrial medicine, 
open to all firms, business coneerns, and individuals 
with related interests in the Philadelphia area. Appli- 
cations and information may be obtained from John 
P. Hubbard, professor and chairman of ‘the Depart- 
ment of Public Health and Preventive Medicine. 

The following continuation courses will be given at 
the Philadelphia College of Pharmacy and Science by 
the Philadelphia Section of the American Chemical 
Society: Mondays, starting Feb. 9, Development of 
Executives in the Chemical and Process Industries; 
Tuesdays, starting Feb. 10, High Polymers; and 
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Mondays, starting Feb. 9; Molecular Speetroscopy 
Applied to Chemical Analysis. Further information 
may be obtained from N. M. Kapp, Box 427, Houdry 
Process Corporation, Marcus Hook, Pa. 

The Computing Service at the University of Wis- 
consin has been renamed the Numerical Analysis 
Laboratory in recognition of its expanded function. 
All state and federal agencies, as well as university 
departments, with suitable problems may use the 
services of NAL, which is under the direction of 
Preston Hammer. 

Grants and Fellowships 

The American Board of Nutrition invites applica- 
tions of ‘candidates for certification as Specialists in 
Human Nutrition. Application forms, returnable by 
Mar. 15, may be obtained from the secretary, Otto A. 

School of 
Galveston. 
Bessey, Medicine, University of Texas, 

General Motors Corporation has established a gradu 
ate electrochemical fellowship in the Department of 
Chemistry of the University of Michigan. Applicants 
should write to Alfred L. Ferguson for further in 
formation. 

Lavanburg Corner House has awarded a grant of 
$420,000 to New York University for a new graduate 
program in social service education, to be administered 
as part of the Graduate Division of Publie Service. 
The name of the division will be changed to the 
Graduate Publie Administration and 
Social Service. Initially, the courses will be open to 
a limited number only of full-time students. Beginning 
Feb. 1, applications for admission will he reeeived for 
classes beginning next September. 

Division of 

Oak Ridge Institute of Nuclear Studies, Medical 
Division, is inviting applications for one-year resi- 
dencies in experimental medicine. Two appointments 
will be made annually beginning in 1953. Stipends are 
$2000, plus $4.00 per day subsistence in lieu of mainte- 
nance, For full information address Marshall Brueer. 
Atomie Energy Commission Graduate Fellowships in 
Radiological Physies for 1953-54, tenable at Vander- 
bilt University, the University of Rochester, and the 
University of Washington, are also available. Basie 
stipend is $1600, plus payment of tuition, laboratory, 
and other standard university fees, and up to 75 fel 
lows will be appointed. The institute is also soliciting 
applications for AEC Graduate Fellowships in In- 
dustrial Hygiene. In this program a limited number 
of ‘students will recéive financial support for study 
at selected universities. For full information, address 
the Fellowship Office, University Relations Division, 
Oak Ridge, Tenn. 

Rust Engineering Company, of Pittsburgh, has 
established a scholarship fund at Lehigh University 
with a gift of $25,000; income from the fund is to 
be used for one or more students in engineering. 



In the Laboratories 

American Locomotive Company has elected Perry 
T. Egbert president and William 8. Morris executive 
vice president. 

Chrysler Corporation is financing a $250,000 engi- 
neering research program at the University of Michi- 
gan as part of the Michigan Memorial—Phoenix Proj- 
ect. Work will include a study of the use of radio- 
active tracers and radioisotopes. 

Esso Laboratories has formed a new section for work 
in the fields of wax, solvents, and agricultural prod- 
ucts. Howard L. Yowell has been appointed head of 
the section. 

International Business Machines Corporation will 
begin construction of a Research Center at its Pough- 
keepsie plant early this year, to provide centralized 
facilities for the company’s electronics research pro- 
gram. The new buildings, which are expected to be 
completed before the end of 1954, -will add 179,000 

feet of 
facilities. 
square floor space to existing laboratory 

Arthur D. Little, Inc., has established an Interna- 
tional Division, to be headed by A. G. Haldane, for- 
merly of the U. S. Department of Commerce. Mr. 
Haldane joined the Little staff last March. 

Miner Laboratories, Chicago, have added the follow- 
ing to the research staff: Ralph S. Ahnberg, formerly 
with Universal Oil Products Company, and W. A. 
Faucette, of Los Alamos Scientific Laboratory. 

Warner-Chilcott Laboratories will be formed early 
in 1953 by the merger of William R. Warner & Co. 

Chilcott 
divisions of Warner-Hudnut. 
and Laboratories, the two pharmaceutical 

Meetings and Elections 

The American Association of Spectrographers will 
hold a symposium on Emission Spectroscopic Deter- 
mination of Metals in Non-Metallic Samples in Chi- 

Contributed papers in the fields of 
petroleum, geology, agriculture, pharmacy, biology, 
cago May 4 

and ceramics are invited. Address inquiries to J. P. 
Pagliassotti, Standard Oil Company (Ind.), Box 431, 
Whiting, Ind. 

Divisional elections of the American Chemical So- 
ciety include the following: Cellulose Chemistry: Kyle 
Ward, Jr., chairman, succeeding Joseph L. McCarthy; 
A. J. Stamm, chairman-elect; E. D. Klug, secretary- 
treasurer. Chemical Education: Paul H. Fall, chair- 
man, sueceeding Hubert N. Alyea; Alfred B. Garrett, 
chairman-elect; Frederick B. Dutton, treasurer. Ferti- 
lizer Chemistry: A. L. Mehring, chairman, succeeding 
Samuel F. Thornton; Jesse D. Romaine, vice-chair- 
man; George H. Serviss, secretary-treasurer. Organic 
Chemistry: Walter M. Lauer, chairman, succeeding 
Robert C: -Elderfield; Max Tishler, chairman-elect. 
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Petroleum Chemistry: Arthur L. Lauer, chairman, 
succeeding Frederick E. Frey; Frederick D. Rossini, 

Alex G. Oblad, secretary. Polymer 
Chemistry: Paul J. Flory, chairman, succeeding Wil- 
chairman-elect ; 

liam E. Hanford; Raymond M. Fuoss, vice-chairman. 
Water, Sewage and Sanitation Chemistry: Henry C. 
Marks, chairman, succeeding J. Fred Wilkes; 
ton E. 
tary; 

Thurs- 
Larson, vice-chairman; John T. Cross, seere- 

Frederick K. Lindsay, treasurer. 

The following officers have been elected by the 
American Pharmaceutical Association: president-elect, 
F. Royce Franzoni; vice presidents-elect, John A, 
MacCartney and Joseph B. Sprowls. The new officers 
will be inaugurated in Salt Lake City next August. 

The Association for Research in Nervous and Mental 
Disease elected the following officers at its annual 
meeting in New York in December: president, Daven- 
port Hooker; vice presidents, John C. Whitehorn and 
Lawrence H. Snyder; secretary-treasurer, Clarence 
C. Hare; assistant secretary, Rollo J. Masselink. 

The Botanical Society of Washington has elected 
L. M. Hutchins president and Carroll E. 
president. 

Cox vice 

The Inter-American Institute of Agricultural Sci- 
ences has named the following new members to its 
Administrative Committee to four years: 
Claudio A. Volio, Adolfo Alareén, Julius Wayne 
Reitz, Alvaro Barcello Fagundes, and Eduardo Mejia 
Vélez. Knowles A. 

serve for 

Ryerson will continue as a mem- 
ber of the committee until 1953, when his term ex- 
pires, 

A National Collegiate-Industry-Government Confer- 
ence on Instrumentation will be held Mar. 19-20 in the 
Department of Electrical Engineering of Michigan 
State College, in cooperation with the National Sei 
ence Foundation, the National Bureau of Standards, 
the Instrument Society of America, and the American 
Society for Engineering Education. Participating in 
the as representatives of the sponsoring 
groups will be Paul Klopsteg, A. V. Astin, Porter 
Hart, and E. A. Walker. Others on the program in- 
clude G. M. Rassweiler, J. B. MacMahon, George 
Muschamp, R. T. Sheen, W. A. Wildhack, J. D. 
Trimmer, R. W. Jones, '‘C. 8. Draper, H.C. Roberts, 
D. P. Eckman, R. J. Jeffries, and M. Muelder. For 
additional information, address R. J. Jeffries, Michi- 
gan State, at once, as attendance will be limited. 

program 

First World Conference on Fertility and Sterility 
will be held May 25-31 at the Henry Hudson Hotel, 
New York. Twenty-three scientific sessions, sponsored 
by the International Fertility Association and_ the 
American Society for the Study of Sterility, will be 
held. The will be conducted in English, 
French, and Spanish, with simultaneous translations. 
For full information address the chairman of the 
Local Arrangements Committee, 1160 Fifth Ave., New 
York 29. 

SeSSIONS 
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Miscellaneous 

At its final meeting Dec. 30 in St. Louis the AAAS 
Council unanimously adopted the following minute 
in tribute to Howard W. Blakeslee, Associated Press 
Science editor who died last May: “He worked with 
words that the people might know. Reporting the 
hearts and minds of scientific men, he affected pro- 
foundly the knowledge and emotions of all the world.” 

The Newcomb Cleveland Prize (formerly the AAAS 
$1000 Prize) was awarded to A. M. Gleason for his 
paper on “Natural Coordinate Systems,” given at a 
meeting of the American Mathematical Society in 
St. Louis, Dee. 27. Dr. Gleason, 31 years old, is an 

Department of Mathe- 
maties at Harvard University. 
assistant professor in the 

The Theobald Smith Award in Medical Sciences, 
consisting of $1000 and a bronze medal, was given 
to F. J. Dixon, of the Department of Pathology, 
University of Pittsburgh School of Medicine, for his 
paper entitled “The Dynamics of Immune Response.” 
The dward, which was established in 1936 by Eli Lilly 
& Company, was given for the eighth time this year. 
Only scientists under 35 vears of age are eligible for 
the prize. 

Recent Deaths 

Bowman F. Ashe (67), educator, Coral Gables, Fla., 
Dec. 16; Oliver G. Ayer (53), electronics engineer, 
Yonkers, N. Y., Nov. 23; Harriet Babcock (75), psy- 
chologist, New York, Dee. 17; Augustus Baker, Sr. (67), 
of Dover, N. J., physician, New York, Dec. 9; Addison 
H. Bissell (64), surgeon, Stamford, Conn, Nov. 19; 
John L. Bray (62), metallurgist, West Lafayette, Ind., 
Dee. 6; Gladys Eugenia Bryson (58), sociologist, 
Northampton, Mass., Dee. 18; Norman W. Burritt 
(59), of Summit, N. J., eye, ear, nose, and throat 
specialist, Scotch Plains, N. J., Nov. 27; William T. 
Calman (80), zoologist, Sept. 29; Edwin G. Conklin 
(88), biologist, Princeton, N. J., Nov. 20; Gerald V. 
Cruise (56), civil engineer, New York, Dec. 9; Harvey 
N. Davis (71), of Montelair, N. J., engineer and edu- 
cator, New York, Dee. 3; Lucien Eaton (73), mining 
engineer, Milton, Mass., Dee. 9; Clarence V. Ekroth 
(65), chemical engineer, Brooklyn, N. Y., Dee. 2; 
John T. English (—), orthopedic surgeon, Irvington, 
NX. J., Dee. 11; Arthur W. Erskine (67), radiologist, 
Cedar Rapids, Ia., Dee. 10. 

Ray C. Friesner (58), botanist, Indianapolis, Dee. 1; 
Francis M. Garver (77), educator, Ivyland, Pa., Dec. 
8; A. Raymond Gilliland (65), of Evanston, IIl., 
psychologist, Menominee, Mich., Dec. 1; Albert Green- 
burg (52); obstetrician, Philadelphia, Dee. 11; Thomas 
W. Greene (57), engineer, New York, Nov. 27; Philip 
L. O. Guy (67), archaeologist, Jerusalem, Dee. 7; 
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Ernest H. Hahne (62); economist and edueator, Ox- 
ford, Ohio, Nov. 25; Gilbert D. Harris (88), paleon- 
tologist and geologist, Ithaca, N. Y., Dee. 4; Arthur 
C. Hearn (75), oil expert, London, Nov. 24; Sven A. 
Hedin (87), explorer, Stockholm, Nov. 26; Ira A. 
Hinsdale (62), of New York, ear, nose, and throat 
specialist, Sharon, Conn., Nov. 23; Ralph T. Hinton, 
Sr. (71), of Quincey, Ill, physician, Atlanta, Ga., Dee. 
19; Aaron C. Horn (76), chemist, New York, Nov. 26; 
Karen Horney (67), psychoanalyst, New York, Dee. 4; 
Moses M. Housepian (76), physician, New York, Dee. 
11; Bedrich Hrozny (73), linguist and Assyriologist, 
Prague, Dec. 19; Edward V. Huntington (78), mathe- 
matician, Cambridge, Mass., Nov. 25; Thaddeus P. 
Hyatt (88), dentist, Stamford, Conn., Dee. 15. 

Vladimir N. Ipatieff (85), chemist, Chicago, Nov. 
29; Abraham E., Jaffin (68), chest and heart specialist, 
Jersey City, Nov. 25; Jacob Kalish (75), physician, 
Brooklyn, Dee. 5; David M. Kaplan (76), neurologist, 
New York, Nov. 29; Elizabeth Kenny (66), nurse, 
Toowoomba, Australia, Nov. 30; Geoffrey R. Kinkead 
(72), mechanical engineer, New York, Nov. 20; 
Frederick K. Kirsten (67), aeronautical engineer, 
Seattle, Nov. 19; John B. Kitchen, Jr. (36), dairy re- 
search specialist, New Brunswick, N. J., Dee. 4; J. G. 
Lawn (84), metallurgist, Oct. 21; Antonio Lucchetti 
(64), civil engineer, San Juan, P. R., Dee. 19; Leon 
McCullough (—), electrical engineer, Pittsburgh, 
Dee. 5; Rose J. McHugh (71), social worker, Wash- 
ington, D. C., Dee. 12; William T. McNiff (51), 
physicist, Yonkers, N. Y., Dee. 6; John L. March (79), 
psychologist, Schenectady, Dee. 3; Forest R. Moulton 
(80), astronomer, former administrative 
AMERICAN ASSOCIATION FOR THE 
Science, Wilmette, [ll., Dee. 7. 

Alberta Peltz (64), obstetrician, Philadelphia, Nov. 
21; Earl G. Ports (51), radio engineer, Livingston, 
N. J.. Dee. 4; Charles A. Prosser (81), educator. 
Minneapolis, Nov. 26; William F. Riedell (48), engi- 
neer, Washington, D. C., Nov. 29; Louis N. Robinson 
(72), of Swarthmore, Pa., penologist, Media, Pa., Nov. 
25; Gaetano Rovereto (82), geologist, Genoa, Italy, 
Novy. 25; Kendall B. Rowell (51), engineer, Schenee 
tady, N. Y., Dee. 12; James C. Sharp (73), anatomist, 
Mineola, N. Y., Dee, 5; Clarence E. Shepard (69), of 
Mount Carmel, Conn., chemist, New Haven, Dee. 7; 
Richard E. Sherrill Haskell, Tex., 
Nov. 25; H. B. Siems (57), chemist, Chicago, Nov. 22; 
Lewis W. Smith (76), educator, Berkeley, Calif., Dee. 
19; Moses J. Stone (57), chest surgeon, Boston, Dee. 
13; Harry C. Van Buskirk (80), mathematician, Los 
Angeles, Nov. 21; Ernest Vessiot (87), former director, 
Ecole Normale Supérieure, Paris; Stanley Q. West 
(58), urologist, Philadelphia, Dee. 10; Reid White 
(52), of Lexington, Va., physician, New York, Dee. 4; 
Edward H. Wilson (61), orthopedic surgeon, Colum- 
bus, Ohio, Dee. 14. 

secretary, 
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Solution of Tobacco Mosaic Virus in the 
Aqueous Phase of a Chloroform-Water 

Emulsion and Application of this 
Phenomenon in Virus Assay 

I. R. Schneider’ 

Plant Pathology Division, 
University of California, Berkeley 

Several workers (1-3) have found that proteins, in- 
eluding a bacterial nucleoprotein (4), after shaking 
in a chloroform-water emulsion, accumulate at the in- 
terface between chloroform and water. Experiments in 
this laboratory have shown that there is a relatively 
large accumulation of plant constituents at such an 
interface, but that tobacco mosaic virus (TMV), in 
contrast, remains dispersed in the aqueous phase. 
(Chlorophyll and certain other constituents dissolve 
in the excess chloroform.) The virus retains its infee- 
tivity after the treatment. Stream double refraction 
and electron microscopic tests? have shown that the 
typical rod-shaped structure is also retained. The dis- 
persion of the virus in the aqueous phase after shak- 
ing provides a means of separating it from host pro- 
teins and has therefore been utilized as the basis of a 
method for virus assay. 

Briefly, the assay procedure developed is as fol- 
lows: Frozen interveinal leaf disks from Turkish 
tobacco plants (total weight ca. 0.35 g) are homogen- 
ized, after thawing, in an electrically driven homogen- 
izer. The homogenate is transferred to a 10 ml glass- 
stoppered volumetric flask, and the homogenizer is 
rinsed with a 0.1 M phosphate buffer, pH 6, to give 
a final tissue weight to buffer volume ratio of 1:10. 
One ml of Squibbs USP chloroform and 0.5 ml 
N-amyl alcohol (an antifoam agent) are added. The 
sample is shaken vigorously for 15 min on a Boerner 
vibrating shaker, transferred without rinsing to a 12 
ml conical centrifuge tube, and held at 1° C for 15 
min. During this period the chloroform settles to the 
bottom, leaving an aqueous phase at the top. The sam- 
ple is then centrifuged 5 min at about 1500 xg on an 
International No. 2 centrifuge. Three definite layers 
are now present. A packed solid layer separates the 
lower chloroform and upper aqueous phases. The 
supernatant aqueous layer is poured along the clean 
portion of the tube wall to another centrifuge tube, 
and the centrifuging is continued 30 min longer. A 2 
ml aliquot of the resulting supernatant is transferred 
to tubes for a small spinning-top air-driven ultra- 
centrifuge. The solution is centrifuged 1 hr at about 
79,000 x g, the supernatant is poured off, the tube is 
drained on paper towels, and the upper half of the 

1 The author gratefully acknowledges the help and encour- 
agement given him by T. E. Rawlins. 

* The preparation of the electron micrographs by A. Herbert 
Gold is gratefully acknowledged. 
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inside wall is wiped with filter paper. One ml 0.1 M 
phosphate buffer (pH 7) is added to cover the re- 
sulting pellet, and the sample is stored overnight, 
corked, at 1° C. To resuspend the virus, samples proe- 
essed as above are fastened on the platform of the 
Boerner shaker and are agitated 1 hr. The virus sus- 
pension is transferred to a Servall centrifuge tube, 
and the ultracentrifuge tube is rinsed with three more 
1 ml aliquots of the pH 7 buffer. After twirling to 
ensure homogeneity, the sample is centrifuged on the 
Servall centrifuge at 10,000 rpm (10,000 x g) for 15 
min. Most of the supernatant is poured off, and its 
ultraviolet absorption (optical density) at 260 mu is 
determined in a Beckman spectrophotometer. The op- 
tical density of this fraction (hereafter referred to as 
the assay fraction), minus the optical density of a 
comparable healthy preparation, is directly propor- 
tional to the concentration of TMV present. 

Experiments were conducted to determine the best 
pH for the assay. When the method was carried out 
on homogenates from uninfected leaf disks in phos- 
phate buffer at pH 6.5 to 7.0, consistently higher read- 
ings were obtained than when a buffer at pH 6.0 was 
used. The use of distilled water (resultant pH ca. 5.6) 
also gave low readings on samples of uninfected tissue, 
but reduced the amount of virus recovered when in- 
fected tissues were used. 

To determine whether any virus was rendered in- 
soluble in the chloroform emulsion step, a number of 
samples were prepared from a homogenate of infected 
leaf tissue. Samples were shaken for 2, 5, 10, 15, 45, 
and 75 min. The assay was completed, and the optical 
density (at 260 mu) of the assay fraction determined. 
Homogenates from healthy tissue were also processed, 
and their readings were subtracted from the corre- 
sponding infected samples. If any virus was lost by 
shaking from ( to 2 min, this should be detectable 
from the decreased readings obtained with those sam- 
ples shaken longer. No decrease was detected; the 
optical density of samples shaken longer than 2 ‘in 
was not significantly less than that for samples shaken 
2 min. 

Evidence was secured which indicated that- most of 
the ultraviclet absorption in the assay fraction from 
infected plants is attributable to TMV, and not to 
host constituents. The ultraviolet absorption spectrum 
of the assay fraction from infected plants, taken at 
5 mp intervals in the range of 230-300 mp is char- 
acteristic of that shown for purified TMV (5). Simi- 
lar homogenates from uninfected leaf disks of the 
same weight (carried through the assay procedure) 
show very little absorption in the same range. For 20 
samples of uninfected leaf disks that were assayed, 
the average optical density of the assay fraction (at 
260 mu) was only 0.011, with a maximum deviation 
of 0.011. As little as 0.03 mg of TMV/ml will absorb 
ten times this amount (6). 
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The optical density of a TMV suspension is pro- 
portional to its concentration (6). To determine 
whether the optical density of the assay fraction, 
minus that of the healthy control, is proportional to 
the concentration of virus in the homogenate, dilutions 
of homogenates from infected tissue were prepared by 
adding various volumes of homogenates from unin- 
fected tissue, and thé assay was completed (Fig. 1). 
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Fic. 1. Linear relationship between known dilutions of 
TMY in homogenates and the optical density obtained (cir- 
cles} by use of the chloroform emulsion method. 

It was found that a straight line could be drawn which 
falls very close to the mean of each dilution, including 
the mean of the control. The average deviation of all 
samples from this straight line is 4.5%, with a maxi- 
mum mean deviation of 8.1% for any dilution. It ean 
be seen that in the twentyfold dilution range tested 
(Fig. 1), the optical density (at 260 mu) of the assay 
fraction of each dilution, minus that of the healthy 
check, is inversely proportional to the dilution of the 
homogenate, or directly proportional to the virus con- 
centration in the homogenate. 

To estimate percentage recovery, 0.5 ml aliquots of 
various dilutions of purified virus having a known 
optical density were added to incompletely homogen- 
ized healthy tissue. The homogenizing was completed, 
and the samples were assayed. For three experiments, 
the average recovery was 89%, with a maximum mean 
deviation of 9% for any dilution. Within a single ex- 
periment, the average recovery for any virus dilution 
did not differ from that of any other dilution by more 
than 4%. Takahashi has shown that not all the virus 
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present in the tissue is extracted by homogenizing, 
and that additional virus may be recovered from the 
residue of the first slow-speed centrifugation (7). 
Therefore, the percentage of virus recovered by this 
assay method is based on the free virus, and not on 
the total amount in the infected tissue. 

The results obtained show that the chloroform emul- 
sion technique provides a rapid and relatively accurate 
assay method for TMV. Even with young leaf tissue, 
where it is difficult to separate virus from chlorophyll, 
the chloroform method is very effective. It is possible 
that the technique may also be useful in the purifica- 
tion or assay of animal viruses or other plant viruses. 
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The Disruption of Mitochondria of 

Saccharomyces by Ultraviolet 
Irradiation? 

Alvin Sarachek and G. Fred Townsend 
Biological Research Laboratory, 
Southern Illinois University, Carbondale 

Coagulation of cellular protein has been the prin- 
cipal cytoplasmic change attributed to ultraviolet irra- 
diation (1, 2). We report here a characteristic disrup- 
tion of mitochondria which becomes microscopically 
detectable prior to the onset of cytoplasmic precipita- 
tion. The effect is first observed with ultraviolet doses 
sufficient to reduce irradiated yeast suspensions to ap- 
proximately 1° survival, and becomes more pro- 
nounced as dosage increases. 

For this study we have employed a procedure which 
consistently leads to optimal production of mitochon- 
dria in baker's yeast. Actively growing eells were har- 
vested, washed once with distilled water, and trans- 
ferred to a solution of 3% monopotassium phosphate 
and 3° dextrose, the final dry weight of yeast being 
about 1%. Two hundred and fifty ml of this suspen- 
sion was shaken in a 500 ml flask, 8-12 hr at 30° C, 
until the sugar was completely exhausted. The yeast 
cells from such a preparation, with their large mito- 
chondria, are shown in Fig. 1. In general, an inverse 
relation exists between the size of the mitochondria 
and the metabolic activity of the cell (8). Large mito- 
chondria may be considered to consist of an enzyme 
protein core essentially isolated from the cytoplasm 
by a lipoid cortex (9). As cellular activity declines, 
mitochondria increase in size. 

1 This work was supported by research grants from the 
Atomic Energy Commission and Anheuser-Busch, Inc. 



Fies. 1—3. All illustrations represent unstained cells. 
1—-A yeast cell showing characteristic arrangement of 

large mitochondria. The structures depicted have been de 
scribed as lipoidal granules (3), metachromatic granules 
(4), and volutin granules (5), as well as mitochondria (6). 
Recently, however, B. D. Mundkur (7) has shown them to be 
centers of strong cytochrome oxidase activity and has con- 
clusively established their identity as mitochondria. 

2—A cell revealing an early stage of mitochondrial disrup- 
tion effected by moderate doses of ultraviolet radiation. A, 
indicates the swelling mitochondria; B, incipient coalescence 
of adjacent swollen mitochondria 
3—A cell with completely disrupted mitochondria after 10 

min ultraviolet irradiation. The cell is noticeably shrunken 
and the vacuole unobservable 

The yeast cells containing large mitochondria were 
harvested, washed free of the potassium phosphate 
with distilled water, and suspended in distilled water 
to a cell concentration of approximately 2x10! 
cells/ml. Fifteen ml of the suspension was irradiated 
in an open Petri dish without agitation at a distance 
of 60 em from a Hanovia quartz envelope ultraviolet 

32 

lamp delivering 95% of its ultraviolet energy at a 
wavelength of 2537 A. During the course of these 
studies the temperature of the suspensions during 
irradiation ranged from 26° to 28° C. Photographs 
were made after 2 min (approximately 1% survival 
as determined by plate counts) and after 10 min ex- 
posure (no survival detected by plating). 

Following irradiation of cells containing an abun- 
dance of large mitochondria, slight swelling of the 
mitochondria occurs after 2 min, and complete dis 
ruption and obvious coalescence, producing in some 
cells a single large mass, occur after 10 min exposure 
(Figs. 2, 3). The fused amorphous masses are readily 
stained with Sudan black. Although there is consider 
able cellular shrinkage and the nuclear vacuole Is 
usually obseured, there is no apparent precipitation 
of the cytoplasm. Unirradiated controls showed slight 
disruption of mitochondria but no cellular shrinkage 
after 4—5 hr at 28° C., 

In contrast to the results obtained in the treatment 
of cells with large mitochondria, a different result js 
observed when cells containing smaller mitochondria 
are irradiated. These cells were obtained by centri 
fuging and washing cells from the flask containing 
yeast, phosphate, and glucose after 2 hr shaking and 
before the dextrose was exhausted. Presumably these 
organisms differ from those containing large mito- 
chondria in possessing lesser amounts of lipid in the 
external cortex and less extensive aggregation of 
enzyme at the mitochondrial core. In such cells dis- 
organization of the mitochondria was not detectable 
after 10 min irradiation, although definite precipita- 
tion of the cytoplasm and cellular shrinkage were 
already apparent. 

Yeast cells containing either large or small mito- 
chondria showed no morphological alterations when 
held at 28° C for 3 hr in distilled water which had 
been previously irradiated for 30 min. It appears, 
therefore, that the changes we describe are due to 
direct ultraviolet absorption by the mitochondria and 
cytoplasmic matrix. The disruption of large mito- 
chondria can be attributed to the high absorption of 

A by the sterols 
and unsaturated fatty acids of the lipid surface. It 
has been demonstrated that such absorption can effect 
decarboxylation of fatty acids (10). If loss of lipid 
polar groups occurs, a weakening of attraction be- 

radiant energy of wavelength 2537 

tween the surface lipid and proteinaceous mitochon- 
drion core might be expected, resulting in the mutual 
attraction and coalescence of the lipid substances. 
Smaller mitochondria may resist disruption by ultra- 
violet irradiation as a result of the paucity of the 
absorbent material. The coagulation of the cytoplasm 
in cells containing such mitochondria may be attribut- 
able to the effects of irradiation on the large amounts 
of protein material free in the cytoplasm. 

It must be pointed out that differences in the size 
and structural integrity of yeast cell mitochondria 
may depend upon osmotic and other physical factors, 
as well as metabolic states. Radiation-induced mito- 

Science, Vol. 117 

ch 
w! 
rie 
ri 
to 
he 



Sth 

its 

ize 
ria 
rs, 
to- 

chondrial alterations, for example, are not ‘detectable 
when cells are irradiated in 0.15 M elucose, 0.15 M 
monopotassium phosphate, or 0.15 M potassium chlo- 
ride solutions. The precise roles of such extrinsic fae 
tors in the expression of radiation damage remain to 
be determined. 

It is not possible at present to ascribe a funda 
mental relation to the disorganization of mitochondria 
and ultraviolet-effected cellular inactivation, since the 
changes reported here are brought about only unde 
specific conditions and at relatively high doses. How- 
ever, these striking phenomena, together with the 
demonstrated increase in radiation resistance with de- 
crease in cytochrome activity (11), implicate the cyto 
chrome-oxidase-rich mitochondria as critical ultravio 
let-absorbing sites and suggest that mitochondrial 
damage may serve a characteristic function in cyto 
plasmically mediated recovery processes. 
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Visible Intra-Epithelial Iron in the Mammary 
Glands of Various Species* 

H. E. Rawlinson and G. B. Pierce? 
Department of Anatomy, 
University of Alberta, Edmonton, Canada 

The occurrence of stainable iron in the mammary 
epithelium of mice has been noted (1-3). Schultz also 
found it in the mammary glands of rats, both male 
and female, and in one case in a female guinea pig. 
Further investigation has shown the phenomenon to 
be so widespread that its significance should be as 
sessed by workers in various fields. 

The technique for demonstrating the iron is simple 
(4). The tissue is fixed in 10% formalin, preferably 

Supported by grants from the National Cancer Institute 
of Canada and the Medical Research Fund of the University 
of Alberta 

Our thanks are due to several colleagues who helped 
gather material, but special record should be made of the 
help of R. Hedley, of the Department of Pathology, Royal 
Alexander Hospital; R. Sutherland; J. 
Provincial Laboratory of Public Health; J. Tuba, of the De 
partment of Biochemistry ; and J. W. Macgregor, of the De 
partment of Pathology. 
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buffered (5), and stained by the method of Géméri 
(6), using equal parts of 20% hydrochloric acid and 
10% potassium ferrocyanide for about 4% hr. It is 
necessary to wash out the stain as completely as pos 
sible with distilled water. Clearing is done through 
95% and absolute aleohol to xylol. If the pieces of 
tissue are large and are to be used as whole mounts, 
a bath of oil of origanum after the absolute alcohol 
aids in clearing. The extent of the iron deposition in 
whole mounts is best seen under a dissecting micro 
scope with low or moderate magnification. Usually the 
iron is present to such a degree that the gland tree is 
clearly outlined (Fig. 1). The procedure ean be ear 
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Fic. 1. Area from a whole mount of a mammary gland of 
a rat about 9 months of age that had had a litter some time 
previously ; stained by hydrochloric acid and potassium fer 
rocyanide. Stained iron appears black and outlines gland ~ tree ao 

ried out while the glands are still on the hides with 
small animals such as the mouse, or even the rat, and 
the gland viewed by reflected light, but staining is 
more satisfactory if, after fixation, the gland tissue 
is scraped off the hide. Care should be taken to avoid 
iron contamination as much as possible. With bigger 
pieces of tissue from the more extensive glands of 
larger animals, the material should be fixed and 
stained in blocks about 0.5 em thick. Such pieces often 
show a marked staining reaction visible to the naked 
eve within a few seconds of immersion in the stain 
ing fluid. 

A useful procedure for large pieces of tissue is to 
run them up in thin but extensive slabs into celloidin 
and make sections 100-200 u thick. These ean be cath 
ered alternately into two groups, one of which can be 
stained with hematoxylin alone and the other by the 
Gomori technique. By examining these in xylol under 
low magnification a quick but thorough survey of 
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Fic. 2. Area from a biopsy from the breast of a 35-year-old 
woman ; celloidin section 100 » thick; staining and magnifi 
cation as in Fig. 1. Iron deposits in alveoli and lumina appear 
black. 

large amounts of tissue can be made and the degree 
and type of glandular development compared with 
the iron-staining reaction. 

Using such methods, stainable iron has been found 
in. the alveoli and ducts of female mice, rats, guinea 
pigs, hamsters, rabbits, dogs, eats, pigs, and sheep. 
The only male animals in which iron was normally 
found was the rat, as noted by Schultz, and the ex- 
tensive development here is very curious. The resting 
mammary gland of .the mature female in full involu- 
tion after pregnancy and lactation is the most favor- 
able place to find the iron, but it is also abundant in 
the early stages of pregnancy in the mouse, rat, guinea 
pig, rabbit, and pig, and probably in other species as 
well. In mature virgin mice iron is present in very 
small amounts, but it is much more extensive in the 
glands of mature virgin rats. As far as our studies 
went, it appears to be absent in the virgins of other 
species. Although it is present in early pregnancy, it 
disappears completely in the latter part and in lacta- 
tion. 

Stainable iron was not marked in the specimens of 
bovine glands collected, but in thick celloidin sections 
from the mammary gland of an old cow a faint blue 
color in the alveoli demonstrated the presence of vis- 
ible iron. In the case of the human female, Lendrum 
(7) and Bunting (8) have pointed out the occasional 
presence of epithelial iron in the type of mammary 
tissue that resembles apocrine sweat glands. We made 
thick a number of biopsy specimens, 
a few of which showed faint but definite blue staining 
in some of the alveoli and ducts. One, from material 
taken from a 35-year-old 

sections from 

woman and diagnosed as 
adenosis of the mammary gland by the Department 
of Pathology, showed scattered areas with marked 
deposition of iron in the alveoli and ducts (Fig. 2). 

The fact that iron is deposited in the mammary 
epithelium in such a wide variety of species, along 
with the similar finding in human apocrine sweat 
glands (9), lends support to the contention of Schief- 
ferdecker (10) that the mammary gland develops both 
phylogenetically and embryologically from apocrine 
sweat gland tissue. Moreover, the facts reported here 
show that the mammary gland must be considered in 
any concept of iron metabolism, storage, and even 
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excretion, not only in laboratory animals, but also 
in the human, as Martines (/7) has pointed out in 
his studies of elimination of iron through milk. The 
limitations of this laboratory have made impossible 
complete investigation of the conditions of iron depo- 
sition in the above species except the mouse a nd rat. 
It remains for others to fill in the picture according 
to their own particular objectives. 
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Observations on the Nutritive 
Value of Teosinte 

Irving E. Melhus, Francisco Aguirre, 
and Nevin S. Scrimshaw 

Iowa State College—Guatemala Tropical Research Center, 
Antigua, and Institute of Nutrition of Central America 
and Panama (INCAP), Guatemala, Guatemala 

Little is known of the nutritive value of teosinte 
(Buchleana although it is the closest 
known relative of corn (Zea mays). The kernels of 
teosinte differ 

merwana), 

in their smaller 
size and hard, inedible hull. Teosinte has Jong been 

from those of corn 

grown in association with corn by the indigenous 
peoples of Central America and Mexico. It is seme- 
times cultivated as a cattle feed and is also used in 
human diets in a few localities, particularly as a corn 
substitute in times of famine. 

Four strains of teosinte have been analyzed for 
several important nutrients. Fat was determined by 
official and tentative methods of the AOAC (7). In 
the determination of nitrogen, digestion was carried 
out by the AOAC method (7), and distillation and 
titration as recommended by Hamilton and Simpson 
(2). Microbiological methods employing Lactobacillus 
arabinosis were used for the determination of methio- 
nine (3), niacin (4), and tryptophane (5), following 
the hydrolysis procedure of Wooley and Sebrell (6). 
Leuconostoc mesenenteroides was used in the analysis 
for lysine (7). The results, compared with a Guate- 
malan corn and a high-yielding U. S. commercial hy- 
brid, are reported in Table 1. 

The nitrogen values for teosinte are considerably 
higher than those for corn. They are also superior to 
those for other cereals, as, for example, wheat (2.03), 
rice (1.07), barley (1.44), and oats (2.08) (8). Of 
even greater significance is the correspondingly higher 
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TABLE 1 
CoMPoOSITION/100 G oF VARIETIES OF TEOSINTE 

AND CORN 
(Adjusted to 10% Moisture) 

Nitro-Methio- Ly- Trypto- Nia- 
4 gen ‘ime sine phane_ ein 
&) (¢g (gz) (g) (gz) (mg) 

Teosinte 
(Hulled grain 

#223* 4.24 3.68 O58 0.46 0.033 1.05 
# 35-51% 3.02 3.25 45 32 051 0.78 
H#33-471 3.52 40 26 054 1.02 
#97508 2.26 3.48 54 35 048 0.90 

Corn 
( Whole grain ) 
#7 A-46! 4.55 1:54 16 .28 048 1.58 
#99 A-1154 5.06 1.32 0.14 0.35 0.052 2.18 

* Collected near Progreso, Jutiapa, Guatemala (alt., 2925 
ft), in Nov, 1950, 

+ Collected at Progreso, Jutiapa, Guatemala, in Jan. 1951. 
Collected at Progreso, Jutiapa, Guatemala, Sept. 1947, 

and grown in Antigua, Guatemala (alt., 4953 ft) in Dee. 
1948 i 

§$ Grown in Florida in 1949 and purchased from Reuter 
Seed Company, New Orleans, La. 

Commercial seed of Tiquisate Golden Yellow, a golden- 
yellow flint corn grown in Antigua, Guatemala, in Oct. 1949 
and selected because it ix above the average of 23 Guate- 
malaun corns analyzed by INCAP in protein, methionine, and 
tryptophane 

“A commercial hybrid corn obtained from the May Seed 
Company, Shenandoah, Iowa, in Sept. 1949. 

methionine content of teosinie, more than twice that 
of corn. Methionine is now recognized to be the limit- 
ing amino acid in the predominately vegetable diets 
of most underdeveloped areas of the world (9). The 
peoples of these areas must obtain increased amounts 
of methionine in their diets, but for basie agricultural, 
economic, and cultural reasons, this problem cannot 
be solved entirely by an increase in the production of 
animal protein (10). Therefore, vegetable products, 
which have a high supplementation value in the mixed 
diets of these areas and which can be produced 
readily, are urgently needed. From the data presented 
teosinte should be further studied as a_ potential 
source of vegetable protein of relatively high methio- 
nine content. 

The amounts of tryptophane and lysine /100 g in 
teosinte do not appear to differ significantly from 
those in corn. On the basis of suggested minimum 
daily requirements (11) for these amino acids, the 
quantity of lysine is probably sufficient even with the 
increased proportion of methionine in teosinte. Tryp- 
tophane, however, must certainly be a limiting amino 
acid in teosinte protein. This makes the lower niacin 
content of teosinte listed in Table 1 significant, since 
an excess of tryptophane is not likely to be available 
for conversion to niacin. According to the data pre- 
sented in Table 1, the fat content of teosinte may 
prove to averagé somewhat lower than that of corn. 
Three of the samples listed in Table 1 were also ana- 
lyzed for their erude fiber content, but no consistent 
differences were observed between hulled teosinte and 
whole corn. 

January 9, 1953 

Teosinte corn hybrids can be readily obtained, but 
five such crosses (F,) analyzed as part of the present 
study did not differ significantly from corn in their 
chemical composition although the plants and ears 
were intermediate in structure and appearance. How- 
ever, their progeny (F.,) should show marked varia- 
tion in nutrient composition (12). The yield of some 
plants grown from wild seed in Antigua reached 500 
g, although the range of variation was great. This 
would indicate that the yield per acre of selected seed 
on good ground is potentially high. 

Ground teosinte can be mixed with wheat or corn 
flours or used alone to make biscuits, tortillas, and 
other products. In view of the widespread efforts to 
improve the world supply_of protein for human con- 
sumption, the relatively high proportions of total pro 
tein and methionine in teosinte are potentially im 
portant. The direct use of teosinte for food in mixed 
vegetable diets, as well as the possible improvement 
of the protein content of corn by hybridization with 
teomnte .and ‘subsequent selection for both yield and 
nutritive value, should be seriously investigated. 
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A Simple Test of the Normality of 
Twenty-Four Distributions of 

Electrical Skin Conductance’ 

Harold Schlosberg and Walter C. Stanley 
Psychological Laboratory, 
Brown University, Providence, Rlode Island 

The electrical resistance of the skin is widely used 
as a measure of emotion, energy mobilization, or level 
of activation. The “natural” unit for measuring re- 
sistance is the ohm, so this unit was used until Darrow 
(1) pointed out that changes in skin conductance were 
directly related to sweating, the process which seems 
basic to the electrical phenomenon. Since then, several 
different units have been proposed (2-6), as measures 

1 The data reported in this paper were collected as part of 
an investigation supported by Thomas J. Lipton, Ine. 



and of the rapid 
changes in conductance known as the psychogalvanic 
reflex (PGR) or galvanic skin response (GSR). There 

both of basic. skin conductance 

is one major requirement that an acceptable unit must 
meet: it must yield the normal distribution of meas- 
ures that conventional statistical techniques demand. 
There is some precedence for assuming that a unit 
which meets this requirement will also meet another, 
that of an equal-unit scale 

Recently we were faced with the necessity of decid- 
ing which unit to use before we could analyze a large 
mass of resistance readings. The experiment that 
seemed to have the most direct: bearing on our prob- 
lem was that of Lacey (5). Lacey concluded that con- 
duectance (in mhos or micromhos) furnished the best 
unit in which to specify general level of skin resist- 
ance.. But his study had certain limitations for our 
purposes. In the first place, he took five resistances 
on each subject and averaged them before further 
statistical treatment; if one is to make a conversion to 
conductance units, he certainly should make the con- 
version on raw data, before averaging. Second, Lacey 
made his readings at only one level, that of relaxation 
with eves closed. In our study, we were following 
resistance changes during a session of repeated cycles 
of tests and tasks, lasting 2% hr, 
four successive days. It was clearly advisable to ex 

and repeated on 

amine the data for normality at high, low, and inter- 
mediate levels of “tension.” 

Data were available on 20 women, ranging in age 
from 23 to 65. Readings were taken at 1-min inter- 
vals during tests of simple reaction time, choice re- 
action time (right hand to blue light, left hand to 
amber light), attention (Test 11 in [7]), and a 12- 
min period of long division. The resistance was meas- 
ured by a Fordham d-e amplifier (8) using silver- 
silver chloride electrodes taped just in front of the 
heels. For an electrode paste we used a mixture of 
Bentonite, glycerin, and Ringer’s solution.? The resist- 
ances varied widely from time to time. There was a 
consistent and rapid decrease in conductance during 
each task or test, with a rapid return to a high level 
at the start of each new test (9). Comparing suecces- 
sive cycles in the same session, there was a fairly con- 
sistent increase during the first cycle (4% hr), perhaps 
corresponding to “warming up,” and then a fairly 
steady pattern thereafter. 

In checking for normality of distribution of skin 
conductance, it was obviously desirable to take each 
sample at a specific stage in the session, as (a) second 
measurement, Attention Test, Cycle 1, Day 3; or (b) 
next-to-last measurement, Complex Reaction Time, 
Cyele 1, Day 2, ete. To test very many of these dis- 
tributions by conventional statistical treatment would 
be extremely time-consuming. Fortunately, we were 
able to devise a simple graphic test that was quick 
and more satisfactory in many ways. 

The basie plan was to plot sets of data as sum- 
* We question the widespread use of EKG or ERG electrode 

pastes designed to minimize skin resistance when one wishes 
to measure resistance. 
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Fic. 1. Cumulative percentage distributions of 20 subjects 

electrical skin conductance during one period of long divisior 
(illustrating a close approximation to normality) and during 
one period of complex reaction time tests (illustrating posi 
tive skewness). Conductance scores are tallied on upper and 
lower abscissac 

mated distribution curves against an ordinate so 
spaced that it converts the normal ogive to a straight 
line. After a few trials, it was clear that “Probit” 
paper was cumbersome. Since we always had 20 cases, 
it was easier to mark off the midpoints of the appro 
priate percentile intervals (2%, 7%, 12%... 97%) 
on a transparent rule, and use this as a movable 
ordinate on ordinary graph paper. The method is 
illustrated in Fig. 1. 
on a base line of appropriate range, thus automati- 
cally ranking them. The movable ordinate was then 

The conductanees were tallied 

used as a ruler to raise the first point to 24% per 
centile, the second one to 74% percentile, ete. By in 
spection, it was possible to see how well the distri 
bution approximated a straight line—i.e., approached 
normality. 

Many of the distributions appeared to be essen 
tially normal (cf. curve for long division in Fig. 1). 
Three of the 24 distributions showed definite kurtosis, 
which cannot be corrected by a simple transformation. 
About one half of the distributions gave evidence of 
positive skewness (cf. eurve for complex reaction time 
in Fig. 1). 
ance overcorrects such skewness, but the square root 
of conductance does a better job (cf. Fig. 2). When 

A logarithmic transformation of conduect- 

24 samples were compared, about 10 of them were 
fitted equally well by both conductance and square 
root of conductance. Of the remainder, square root 
of conductance was judged preferable by a ratio of 

T T T T T T T T T 
97.5 « 

DURING LONG DIVISION 

% (CUMULATIVE) 

e ° ° 

x 
“DURING COMPLEX REACTION J 

Time 
A. A. A. A. A. = A. A. A. 

' 2 3 4 8 6 7 8 a 10 " 
JE (wicromnos) 

Fic, 2. Square root transformation of skin conductance 
measures which appear in Fig. 1,-showing correction of posi- 
tive skewness of conductance during complex reaction time 
tests and introduction of negative skewness in the curve for 
long division 
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3/1. This suggests that square root of conductance 
is the best measure to use where it is important to 
have the closest approximation to normality, espe- 
cially over wide ranges of conductance. For most 
routine purposes, however, conductance would seem 
to be a perfectly adequate measure. It might be noted 
that a microammeter reads in units directly linear 
with mhos; such as ammeter, plus a suitable voltage 
divider is perfectly adequate for measuring conduc 
tance directly. 

Our data furnished no evidence on the appropriate 
units for measuring rapid changes in skin conduc- 
tance, but it may be noted that Lacey and Siegel (6) 
found conductance to be a satisiactory measure of 
GSR (or PGR). Henee, it would save much time and 
confusion if workers calibrated their instrument dials 
in micromhos instead of in ohms. 
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A Simple and Practical Method for 
Measuring and Recording Blood 

Coagulation Time 

Alfred W. Richardson and Jack G. Bishop* 

Depart ment of Physiology, 
Indiana University, Bloomington 

Since the work of Stewart (/) in 1899, many in 
yestigators have been interested in conductivity as a 
metho of studying the physical properties of blood. 
Most of this work has been concerned with the relative 
proportions of blood ingredients (/—5). Numerous 
methods have been devised for these measurements as 
new instrumentation has developed (/—8). A few at- 
tempts have been made to correlate the electrical con- 
ductivity of blood with blood coagulation, with differ- 
ent conclusions resulting from these studies. In 1905 
Frank (9) reported no appreciable change in con- 
ductivity during blood coagulation. However, Rosen- 
thal and Tobias (7) in 1948 deseribed a method more 
precise than that of Frank. By the use of a 1000 eps 
a-c voltage across a bridge they were able to measure 
resistance changes with blood clot formation. Later, 
in 1949, Henstell (10) reported that by the use of a 
similar method, with a 60 eps a-e voltage, resistance 
changes with clot formation could be measured. These 
methods, however, require a complex apparatus, and 
the results may be affected appreciably by the con- 

‘Jack H. Hall assisted during these studies. 
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Fic. 1 

stituents of the blood. In fact, 
(8) used 

| | irsch and colleagues 
similar apparatus to evaluate the hema 

tocrit. 
Lee and White (//) in 1913 devised a somewhat 

satisfactory mechanical technique for observing and 
measuring blood coagulation time. This method con 
sisted of withdrawing venous blood, placing it in a 
small test tube, and rotating it every 30 see until a 
clot was formed. This method is widely used today 
In 1952 Macht and Hoffmaster (12) reported a me 
chanical method for modifying the Lee and Whit 
technique which demonstrated that blood coagulation 
did not oceur as a discrete event. This finding is in 
agreement with the methods that used conductivity 
measurements, but progressive changes in coagulation 
would not be delineated by the original Lee and White 
method. It also has been shown by Sigman et al. (1 
that motion of blood has an effect on electrical con 
ductivity of the fluid. From this evidence one might 
conclude that any motion of the blood during a 
measurement of coagulation time should be uniform, 
if a maximum reliability of the measurements is to 
be achieved. 

With all these factors in mind, we have developed 
a new method in this laboratory for the measurement 
of the coagulation time of blood. This is a modification 
of the method of Lee and White (77) and uses the 
conductivity of blood as a means of recording the 
onset and final clot formation. The method is exceed 
ingly simple and practical for use clinically or in the 
research laboratory. 

The apparatus used is composed of a 110-v a-e 
motor attached to a gear that oscillates back and forth 
through 90° in such a manner that an attached plat 
form will swing 45° up and down from horizontal. A 
full oscillation occurs every 10 see. On the platform 
attached to the shaft of the gear is placed a container 
for blood, and a mereury switch. This switch may be 
reversed so that it makes contact at either extreme of 
the vertical motion but is always open at the other 
extreme, 

Three different modifications have been employed 
for blood containers: (1) a culture tube 75 mm 10 
mm; (2) an insulated container of two sealed cham 

12 mm and an in- 
termediate chamber filled with glass woo! (Fig. 1); 
and (3) a dual chamber similar to (2), but with a 
constant temperature fluid circulating through the in- 
termediate chamber that surrounds the inner chamber 
(Fig. 2). In all eases the tube containing the blood is 

bers—an inner glass tube 55 mm ~ 
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coated inside with parafin oil and allowed to drain 
preceding each measurement. Because of the possi- 
bility of temperature loss, the latter two containers 
are preferable, the perfused container being the most 
reliable. 

The conducting electrodes are made by inserting two 
metal rods of 3 mm diameter through a cork stopper 
so that they touch the inner surface 3.5 mm apart, and 
protrude 0.2 mm through the stopper. These electrodes 
may be made of a noncorrosive metal, or they may be 
electroplated with a noncorrosive ptate. The cork 
stopper is painted with a dissolved solution of plastic 
which is allowed to dry to a hard film, in order to 
present a nonwettable surface to the blood during 
measurement. With the cork stopper inserted in the 
inner glass tube so that the electrodes are horizontal 
to each other, leads are taken to the cireuit as shown 
in Fig. 3. 

MOTOR |O8o%" g > zD 

aw z\, 

s00 

ACTION 

Fic 

The simple circuit consists of a d-e source such as a 
battery, a 5 ma, 70 ohm Esterline-Angus ink-writing 
recorder, and a 500 ohm resistor in series with the 
instrument to protect its movement. This -cirenit is 
completed by the electrodes which intermittently con- 
tact the blood, and by the mercury switch in series. As 
shown in the diagram, the switch makes contact when 
the blood, coagulated or uncoagulated, is in contact 
with the electrodes. This arrangement is desirable only 
if the resistance changes of the blood are to be studied 
throughout the period of observation. With the mer- 
eury switch in juxtaposition with the electrodes, the 
record allows a measurement of resistance by the 
application of Ohm’s law: 

Ra + Ra a 
I 

where E is the d-e voltage, J is the current in amperes, 
Ra is the total series resistance in the cireuit excluding 
that of the blood, and R- is the resistance of the 
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blood. There is an additional factor in the measure- 
ment, however, because of the resistance Rx being a 
function of the geometric shape of the formed clot as 
well as of its presence. 

A more desirable procedure for the measurement 
of blood coagulation time, with the elimination of in- 
tervening variables, is to reverse the mereury switch 
so that it closes when the unecoagulated blood is not 
in contact with the electrodes. Under these conditions, 
at the initiation of clotting a good contact is initially 
established at the electrodes and, not being fluid, it 
maintains its contact throughout the cycle of oscilla- 
tion. Thus coagulation, and not intervening blood 
resistance changes, is the variable measured. It ean be 
shown, however, that there is a progressive change in 
resistance during clot formation, and this is reeorded 
by the instrument until a firm elot is.established. With 
the mereury switch reversed, the conductivity changes 
closely follow clot formation and proceed to its ulti- 
mate completion. By following this procedure, the 
measurement of bléod coagulation has been found 
quite adequate. Conductivity follows the progressive 
formation of the clot, which is the only means of alter- 
ing the conductivity. Fig. 4 shows the complete ap- 
paratus, 

Fic. 4 

The procedure employed is to draw 1 ml of blood 
into a syringe and needle (size 22) previously coated 
with paraffin oil. With the needle removed, 0.5 ml of 
the blood is earefully discharged into the inner glass 
chamber of the instrument and oscillation is started. 
A time is marked on the moving chart at the instant 
of withdrawal. 

Fig. 5 shows a sample record of coagulation time 
with the mereury switch reversed as suggested. This 
blood sample was taken from the femoral vein of a 
mongrel dog while under sodium phenobarbital anes- 
thesia of 1-hr duration. It can be seen that only the 
conductivity of blood film between the electrodes is 
recorded at 10-see intervals until coagulation begins. 
If not wanted, this initial recording of the film ean be 
abolished by paraffin coating between the electrodes, 
but its presence makes a record of time and shows the 
incidence of initial oscillation during the measurement. 
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Fig. 6 gives a record of coagulation time with the 
mereury switch in juxtaposition with the electrodes, 
demonstrating continuously resistance changes in the 
hlood leading to complete coagulation, this altered 
resistance being somewhat affected by the geometric 
changes as previously deseribed. 

Studies carried out in this laboratory have demon- 
strated this device to be exceedingly practical and 
reliable in determining the effect of anticoagulants 
and other variables upon coagulation time. Compara- 
tive studies of coagulation time, however, entail a 
decision as to the position on the eurve of decreasing 
resistance to be used as a critical end point. Using 
the mereury switch reversed, we have used as an end 
point the position on the asymptote where the first 
oscillation is followed by no further change in resis- 
tance. Likewise the first significant rise from the base- 
line has been accepted arbitrarily as the beginning of 
a viscous gel formation. 

The problems encountered in the past in the com- 
parison of coagulation time determined by one method 
with that of another are not altered by the addition of 
a new niethed. These differences between various pro- 
cedures usually ean be ascribed, not to the properties 
of blood, but rather to differences of the surface to 
which blood is exposed, the method of blood with- 
drawal, the precision of measurement with respect to 
time, and the degree of agitation to which the blood is 
exposed. With most methods the subjective error in 
technical procedure creates a wide variation. It is 
believed that the method reported here represents a 
minimum of subjective error, presents a procedure for 
controlled agitation, utilizes the widely accepted Lee 
and White technique, and oifers the advaniage of re- 
producible permanent recordings, not offered previ- 
ously by other methods. In view of these factors it is 
thought that the adoption of this method by various 
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groups that may be engaged in studies of coagulation 
time may result in a closer agreement than studies 
using other prevalent, more variable methods. 
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Fox Hills and Hell Creek Strata in the 
Bearpaw Mountains, Montana’ 

Roland W. Brown and Robert M. Lindvall 

U. S. Geological Survey, 
Washington, D. C., and Denver, Colorado 

New evidence concerning the identity and sequence 
of strata in the Bearpaw Mountains and surrounding 
region is appearing, as detailed geologic mapping by 
U. 8. Geological Survey parties continues. Thus the 
fact that rocks of Wasatch age (early Eocene) overlie 
the coal-hbearing Fort Union formation (Paleocene) in 
the Bearpaws was reported in 1949 by Brown and 
Peeora (1), who also suggested that a coal-barren 
section of sandstones and shales, about 600’ thick, be- 
tween the Bearpaw shale (Upper Cretaceous) and the 
Fort Union formation, might be equivalent to the Fox 
Hills sandstone and the Lance formation (Hell Creek). 

In previous publications these indefinitely identified 
sandstones and shales were called Lance (Tertiary?) 
and were regarded by Reeves (2) as classifiable with 
the overlying lignitic strata now known to be in the 
Fort Union formation. No fossils or other evidence, 
except stratigraphic position, have hitherto been ad- 
duced as indications of their agé. In 1950 arid’ 1951 
Lindvall measured a composite section of these rocks, 
totaling 400’, in See 35, T28 N, R13 E, 5 mi east of 
Big Sandy; but this section, without good exposures 
above its top, does not represent the complete sequence 
to the base of the Fort Union, for it lacks about 200’ 
of sandstones and shales, which, however, are present 
in a similar conformable sequence in a ravine on the 
Nielsen ranch in See 24, T26 N, R17 E, 40 mi east of 
Big Sandy. At the latter locality the sequence just 
above the Bearpaw shale is incomplete because of 
faulting. 

In carbonaceous shales about 335’ above the base 
1 Publication authorized by the director, U. 8. Geological 

Survey 



of the section 5 mi east of Big Sandy, the writers 
found the following brackish-water pelecypods (iden- 
tified by W. A. Cobban) : Anomia sp. (aff. A. micro- 
nema Meek), Anomia sp. (aff. A. raetiformis Meek), 
Corbula subtrigonalis Meek and Hayden. These spe- 
cies are said to occur in both the Colorado and the 
Montana groups, and are therefore not strictly in- 
dieative of Fox Hills age. In 1951, Brown, accom- 
panied by Lindvall, found a large leg bone of an 
unidentified dinosaur in a gray sandstone 50’ above 
the shales containing the mollusks. This sandstone is 
overlain by 10’ of bentonitic clay, dark-gray to pur- 
plish in hue—a condition that is matched in the see- 
tion at the Nielsen ranch, except that the sandstone 
there is apparently unfossiliferous. 

As the Fox Hills sandstone is not known to con- 
tain dinosaurian remains, and as the leg bone is from 
strata that are definitely not identifiable with the local 
dinosaur-bearing Judith River formation, the beds in 
question must be later than Fox Hills and earlier 
than Fort Union—that is, they must be in the Hell 
Creek formation. This assignment is confirmed by the 
sequence at the Nielsen ranch, in which the dark ben- 
tonitic clay is conformably overiain by relatively un- 
fossiliferous brownish sandstones and shales distrib- 

uted upward to the first thin «:al seam that marks 
the base of the Fort Union fc~ation. Shales above 
this and the succeeding coals yield the characteristic 
Paleocene flora of the Rocky Mountains and Plains 
region. 

Inasmuch as the strata between the sandstone in 
the Hell Creek and the dark Bearpaw shale are seem- 
ingly conformable, they must contain equivalents of 
the Fox Hills sandstone. Thus it is probable that the 
mollusk-bearing shale may be contemporaneous with 
some part of the Fox Hills sandstone farther east in 
Montana and the Dakotas, and some or all of the 
underlying sandstone and shale may be classified with 
the Bearpaw shale. 

With this tentative identification of Fox Hills and 
Hell Creek strata in the somewhat isolated Bearpaw 
Mountains region the geologic column for the late 
Cretaceous and early Tertiary fills out normally and 
corresponds in general to the established sequence in 
adjacent regions to the east and southeast. 
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Comments and Communications 

World Medical Congress 

THE President and the International Secretariat of 
the World Medical Congress for the Study of Present 
Living Conditions, which was to be held in Monte- 
catini, Italy, on Oct. 16-18 of last year, regret to 
announce that the Italian Government vetoed this 
congress. The interdiction was issued at the last mo- 
ment without any explanation, when preparations 
were completed and when all the reports were already 
written. 

It is impossible to believe that the Italian govern- 
ment should have any objection concerning the mem- 
bers of the congress, since these include many famous 
personalities of the medical profession of 34 coun- 
tries. Hundreds of doctors, in all parts of the world, 
have manifested their interest and have held many 
preparatory meetings to discuss beforehand the vari- 
ous points of the program. The scientific standard of 
the reports, contributed by eminent personalities, is 
very high. 

All those who have taken part in the preparatory 
work know that the congress has no other aim than 
that of being an international medical meeting. They 
ean testify that they have always had complete free- 
dom in the choice of subject matter and the presenta- 
tion of their contributions to the congress. 

This interdiction is a blow to the exchange of scien- 
tifie information among the different countries of the 
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world. It will cause surprise and dismay among all 
scientific workers. 

For this reason and because of the universal inter- 
est in the congress, the International Secretariat feels 
itself bound to proceed with the organization of the 
congress, which will be held as soon as possible, in no 
ease later than April 1953. Further news about the 
new arrangements will be issued later. 

The International Secretariat urges all doctors to 
support the World Medical Congress for the Study 
of Present Living Conditions and to proceed with the 
preparatory work in order to secure its success. 

PieTRO VERGA, the President 
CLAUDIO MASSENT! 

For the International Secretariat 
Rome, Italy 

Logic and Language in Medical Writing 

Goop books are available on scientific writing in 
general.and on medical writing in particular. Appar- 
ently not enough emphasis, however, has been given 
to the process that should precede the writing and 
follow the finding of the substratum of the writing. 
This process is careful and thoroygh logical thinking. 

In an article on Chicago’s philosopher Mortimer 
Adler (Time [Mar. 17, 1952]) we read: “Like a 
Socratic traveling salesman, he has moved up and 
down the country, talking to the young and causing 
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acute attacks of thought in thousands of college stu- 
dents who seareely ever thought of. thinking before.” 
Although thorough thinking does not seem to be one 
of the popular functions of human beings, acute at- 
tacks of thinking should at least precede any kind of 
scientific writing, and proper language should bear 
witness to the thinking process. This is lacking in 
statements such as “preventive geriatrics may well be 
started in patients no older than 20,” or “the patient 
had had acute retention for twenty years and had 
heen forced to ecatheterize himself daily.” If pre 
ventive geriatrics should start at 20, why should not 
preventive pediatrics start before conception? It is 
only a matter of semantics to call the latter eugenics 
and the first plain medicine. When an author of a 
recent article in the Journal of the American Med- 
ical Association distinguished between a primarily 
“physiological” and a primarily psychological illness, 
he forgot that an illness is never physiological but 
always pathological. 

Objectionable wording may result from lack of 
logie or linguistic knowledge. The first is well illus- 
trated by a reviewer's criticism of Russell Brain’s 
hook on Diseases of the Nervous System (J. Am. Med. 
Assoc., 148, 1455 [1952]). The reviewer takes excep- 
tion to the term “pseudobulbar palsy” because there 
is nothing “pseudo” about this palsy. He overlooks 
the fact that “pseudo” in this usage refers to bulbar 
and not to palsy; hence the correct and generally used 
term “pseudobulbar palsy.” The reviewer overlooks 
the fact also that spastic spinal palsy is not called 
“pseudospinal palsy” beeause this palsy és caused by 
a spinal lesion, as contrasted with “pseudobulbar 
palsy” which is not eaused by a bulbar lesion. 

Lack of linguistic knowledge is encountered in 
many medical papers. It is shocking to read that the 
word “allergy” should have been derived by von Pir- 
quet from the Greek word “ergon” meaning “work,” 
plus an alpha privative. Allergy actually is derived 
from allos (“different”) and ergon (“work,” “ae- 
tion”). Afibrinogenopenia literally translated means 
exactly the opposite of what the author had in mind 
—that is, it means that there is no diminution of 
fibrinogen. 

If anyone criticizes an author's language, he should 
be quite sure that his criticism is justified. In the 
anonymous review of Brain’s book, the reviewer, in 
discussing the terms “paresthesiae” and “dysesthe 
siae,” says “para means beside or added to” and 
“paresthesiae therefore imply an external stimulus.” 
Far from it. Para is a Greek prefix denoting a de- 
parture from the normal, and esthesia (or, more cor- 
rectly, “aesthesia”) designates sensations of any kind, 
not merely those produced by external stimuli. For 
example, kinesthesia is not produced by external 
stimuli. The reviewer rejects the term “muscle tone” 
instead of “muscle tonus.” Using the word “tone” in- 
stead of “tonus” complies, however, with the usage in 
all textbooks and with the definition: in Webster's 
Dictionary. In the reviewer's opinion there cannot be 
an “antibrachium,” only an “antebrachium.” Both 
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terms, “antibrachium” and “antebrachium,” are cor 
rect and are used interchangeably. Antibrachium is 
derived from Greek, and in this connection anti means 
“opposed to.” Antebrachium is derived from Latin 
and means, literally, “forearm.” The Basel anatom 
ical nomenclature adopted the Greek version, “anti 
brachium.” 

The use of eponyms is unquestionably overdone. 
What name should we prefer, however, to the term 
“parkinsonism,” to which the reviewer takes excep 
tion? Every student of medicine should be familiar 
with the term “Parkinson's disease,” designating pa 
ralysis agitans, just as Babinski’s name should re 
main attached to the most important reflex indicat 
ing a lesion of the pyramidal tract. These and similar 
eponyms are at least a minimum requirement for a 
knowledge of modern medical history. Why should 
the name of outstanding clinicians be forgotten it 
no one takes exception to much more offensive ter 
minology, such as Klebsiella pneumoniae, Escherichia 
coli, or Neisseria gonorrhoeae? Purification of tech 
nical terminology should start by rejecting such hor 
rible neologisms as “rubroblasts” or “rubrocytes,” and 
should once and for all eliminate such frequent Jin 
guistic offenses as “pruritis” (pruritus), “lupus ery 
thematosis” (erythematosus), or “lymphogranuloma 
venerae” (venereum). The other day I even réad about 
a “hemorrhagia per ano” (anum) and about some 
thing ad “voluminem” (volumen). The man who 
coined the word “appestat” to designate the cerebral 
center regulating appetite (analogous to thermostat), 
or the one who used the term “pie syndrome” in the 
title of an article concerned with the syndrome of 
pulmonary infiltration with eosinophils has committed 
an inexcusable linguistic offense. 

One might wonder at the motive for the unduly 
widespread tendency to use abbreviations in prac 

Many 
people do not even know what some abbreviations 
tically every field of verbal communications 

they use stand for. Saving time cannot always be the 
motive.! 

JuLivus BAver 
1680 Vine Street, Los Angeles 28, California 

As mY contribution to the discussion of semantic 
confusion (Science, 115, 633; 116, 487 [1952]), I 
should like to mention the group of words used in 
referring to the pregnant woman and her unborn 
child, as they relate to the birth process itself—*pre 

often used 
interchangeably with reference either to the woman 
or to the child. 

The child by long usage is associated with nativity, 
but only the mother can give birth. Hence, restriction 
of the term “prenatal” or “antenatal” to refer to the 
unborn child and “prepartum” or “antepartum” to 

natal, antenatal, prepartum, antepartum” 

the gravid or preparturient woman would be in the 
direction of clarity. Similarly, postnatal care would 

1 Bibliography has been omitted deliberately, for obvious 
reasons. It may be requested from the author 
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be concerned, as is neonatal, with the ehild, and post- 
partum with the mother. 

Harry E. HANDLEY 
The Commonwealth Fund 
New York City 

A Chamber for Observations on Living 

Larvae of Anopheline Mosquitoes 

IN CONDUCTING certain physiological and toxicolog- 
ical studies on the first two instars of Anopheles quad- 
rimaculatus Say, the larvae had to be kept relatively 
quiescent and observed with a minimum of disturbance 
for long periods of time under high magnification. In 
addition, in some experiments, control of the tempera- 
ture was important. 

Fic. 1, A, aluminum insert (top view) which fits into an 
electric microscope stage incubator. B, enlargement of a por 
tion of the floor of the insert. f, Floor of insert; h, case 
around thermometer of stage incubator; 8, side arm supports 
of insert ; 0, observation cells ; ca, connecting canal; re, reser 
voir; Ll, larva. 

The problem was solved by the design of a simple 
chamber in‘ which larvae are suspended in hanging 
drops of water or other test fluids. The chamber, 
shown in Fig. 1, is formed of two parts: (1) A metal 
insert that fits snugly into (2) an ordinary. electric 
microscope stage ineubator (manufactured by the 
Fisher Scientifie Company). The insert (A), fash- 
ioned from an aluminum sheet 1 mm thick, is 75 x 55 
«12 mm. One portion of the insert (h) encases the 
thermometer bulb of the Fisher stage ineubator. A 
series of holes, 0.5-3.5 mm in diameter, is bored 
through the floor (f) of the insert to serve as obser- 
vational cells (0) for larvae. Each of these is con- 
nected by a small canal (ca) (0.5 mm wide) to a hole 
3 mm in diameter, which serves as a reservoir (re) 
for water or other test substances. 

An ordinary medicine dropper .with-a narrowed tip 
is used to place larvae in the observation cell (0) and 
to fill the reservoir and the canal. Larvae tend to re- 
main remarkably quiet within the hanging drops in 
the open observation cells. This arrangement permits 
detailed observations on intact organs of the larvae at 
magnifications of 400 diameters. 

To prevent quick changes in temperature in studies 
where this is a critical factor, it is necessary to cover 
the assembled chamber. A plexiglass sheet was found 
suitable. Since this sheet tends to fog, it is necessary 
in some experiments to make a small opening in it 
in order to observe the larvae. When the cover is in 
use, larvae can be observed at 75 diameters with a dis- 
secting microscope, but for higher magnifications with 

42 

the-ecompound. microscope it is necessary to remove it. 
This chamber, suitably modified if necessary, might 

profitably be used to study a number of problems 
pertaining to mosquito larvae and possibly to a num- 
ber of other aquatic organisms. 

JACK COLVARD JONES 
Laboratory of Tropical Diseases 
National Microbiological Institute 
National Institutes of Health, USPHS 
Bethesda, Maryland 

The Biological Activity of Mixtures of 

Lycomarasmin and Glutamic Acid, 

Glutamine Glutathione, or Cysteine 

LYCOMARASMIN, isolated from culture filtrates of 
Fusarium oxysporum f. lycopersici by Clauson-Kaas, 
Plattner, and Gaumann (7), has been postulated to be 
an active toxin in Fusarium wilt of tomatoes. It is a 
dipeptide, and its structure has been determined by 
Woolley as N-+(a+(a-hydrexypropionie acid) )-gly- 
cylasparagine (2). 

Strepogenin, a peptide of glutamic acid, augments 
the growth of Lactobacillus casei, as also do glutamine 
and glutathione (3). Because strepogenin reduces the 
toxicity of lycomarasmin to tomato cuttings, and 
lycomarasmin reduces the activity of strepogenin on 
L. casei (3), Woolley has suggested that lyeomarasmin 
may be an inhibitory analogue of strepogenin (3, 4). 
On this basis one would expect glutamine and gluta- 
thione to reduce the toxicity of lyeomarasmin to to- 
mato cuttings; in fact, Albert has stated that the high 
cost of glutathione is all that prevents its use to eon- 
trol Fusarium wilt of tomatoes, said to be eaused by 
the analogous polypeptide lyeomarasmin (5). 
Another suggestion for a lycomarasmin antidote 

comes from studies of the effect of patulin on living 
cells by Miescher (6). Miescher has pointed out that 
patulin, being inactivated by compounds containing 
free SH groups, probably reacts with essential me- 
tabolites containing SH groups and with SH-contain- 
ing enzymes. Patulin affects cells somewhat similarly 
to lyeomarasmin (7). Glutathione is an essential me- 
tabolite in many cells and, if lyeomarasmin should be 
toxic because of its reactivity with SH groups, it will 
be inaetivatet by both glutathione and“eysteine. 

Either of these hypotheses, if correct, might lead to 
control of any portion of the syndrome of Fusarium 
wilt of tomatoes, which is caused by lyecomarasinin; 
therefore, the authors investigated the ability of glu- 
tamic acid, glutamine, glutathione, and cysteine to re- 
duce the toxicity to tomato cuttings of lyeomarasmin 
in the presence of iron, which potentiates the toxicity 
of lycomarasmin (/). 

Lycomarasmin' was mixed with ferrous or ferric 
sulfate and with water, glutamic acid, glutamine, glu- 
tathione, or cysteine. The concentration of each com- 
ponent of the mixture was 0.001 M. A small tomato 

1 Crystalline lycomarasmin was obtained through the kind- 
ness of Ernst Gaumann. 
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eutting was then set in each mixture, and toxicity to 
the cutting was observed after 18 hr. A positive nitro- 
prusside test in solutions containing cysteine or glu- 
tathione with lycomarasmin and ferrous (but not 
ferric) ion indicated that free SH groups were still 
present after 18 hr, which was at least twice the time 
required for the cutting to absorb a toxic dose of the 
lycomarasmin-iron complex. 

The toxicity to tomato cuttings of the ferro- or 
ferri-lycomarasmin complex was not decreased by glu- 
tamie acid, glutamine, glutathione, or cysteine. This 
was true regardless of the order in which reagents were 
added. Evidently lycomarasmin is unable to react with 
metabolites containing SH groups, such as cysteine or 

glutathione, and is not an antimetabolite for glutamic 
acid, glutamine, or glutathione. 

A. E. Drwtonp 
P. E. WAGGONER 

The Connecticut Agricultural Station 
New Haven 
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Book Reviews 

Natural Communities. Lee R. Dice. Ann Arbor: 
Univ. Michigan Press, 1952. 547 pp. Illus. $5.50. 

If it does nothing else, Dr. Dice’s book should im 
press a reader with the extent and complexity of the 
subject of plant and animal communities. Character- 
ized by a multiplicity of subheads, generalizations, and 
brief examples and discussions, its purpose is to in- 
troduce the student to principles of ecology and to 
stimulate further investigations of the little-under- 
stood relationships existing wherever life is main 
tained. 

Although I am not sure that it is or ever will be 
within the ability of any one person to write of the 
broad field of than 
adequacy—irrespective of how much space be used 

ecology with more passable 

the author has put forth such a comprehensive outline 
that it is hard to conceive of wholly complete omis 
sions. He has, indeed, touched upon just about every 
thing ecological that ecologists commonly think of! 
Furthermore, his treatment of most of the elementary 
material, and of at least some of the more advanced, 
seems to me unusually lucid, avd partieularly appro 
priate for undergraduate teaching. 

My chief criticisms have to do with what might be 
called some of the more modern concepts. Certain 
shortcomings in this respect may be attributed in part 
to the natural difficulties of condensation and of keep- 
ing up with the accelerating progress of ecologicel and 
associated sciences in late years, but not al! may thus 
be accounted for. As various 
community equilibria, population dynamies, ete., I am 
disappointed that Dice has not recognized the increas- 
ingly voluminous evidences of resilience and 
pensatory or automatic adjustments that represent 
substantial departures from conventional ideas of the 
impact of living things upon each other. Instead of 
his depicting natural relationships as being so inter- 
meshed that every change in the population status of 
organisms has its repercussions on all members of a 
community (the Darwinian view, in short), I think 

concerns aspects of 

con- 
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that he could well have shifted more emphasis to 
discussions ol the facility with which 
populations often adapt to year-to-year changes in 
food supply, gross habitat, reproductive rates, and 
kinds and amounts of mortality. Better distinctions 
between the factors that truly delimit populations and 
those that operate only incidentally to population 
phenomena would have been highly desirable, in my 
opinion. 

remarkable 

Pau. L. ErRInctTon 
Agricultural Experiment Station, Iowa State College 

Radio Astronomy. Bernard Lovell and J. A. Clegg. 
New York: Wiley, 1952. 238 pp. Illus. $4.00. 

This book meets the need for an introductory text 
in radio astronomy. The reader is introduced to this 
new science by a pair of very able authors who have 
long been actively engaged in theoretical and experi- 
mental research in the field. Their writing style is 
lucid and concise. Mathematical treatment is held to 
a minimum but is adequate for a text of this type. 

Most of the important work in radio astronomy 
has been performed since the end of the second world 
war. As stated in the preface: “The fundamental dis- 
coveries in this new science were made nearly twenty 
years ago, but it was the rapid development of refined 
radio techniques and the experience which physicists 
obtained in radar during the war, which eventually led 
to its sudden emergence from obseurity after 1945.” 
During the past seven years a vast amount of work 
has been performed in this field by outstanding re- 
search teams in the British Commonwealth, the United 
States, and in other countries. There has been a steady 
flow of reports on radio meteors, radio stars, solar 
and cosmic radio noise, ete. Unfortunately, however, 
this wealth of information has been so widely dis- 
persed among the scientific publications of the various 
countries that it has become increasingly more diffi 
cult to keep abreast of new developments. 

The authors have succeeded rather well in organ- 



izing the available knowledge and current theories into 
a very readable book. The basic radio techniques in- 
volved are described. References as recent as 1951 are 
assurance that this book is as up to date as possible 
in a rapidly developing scientific field. Illustrations 
are used generously and are well chosen. The text is 
well bolstered with references and experimental data, 
which are generally presented in the form of graphs 
or histograms, with the sources of the data and con- 
ditions of the experiments clearly stated. 

There is searcely any field of science in which one 
does not encounter apparently conflicting theories. 
This is particularly true of one as new as radio astron- 
omy. The authors could scarcely have evaded such con- 
troversial subjects as the high equivalent solar tem- 
peratures deduced from radio measurements, electron 
densities in the aurorae, hyperbolic meteor velocities, 
ete. In the opinion of this reviewer such subjects have 
been treated with scientific fairness. 

More space is devoted to meteors than to any other 
branch of radio astronomy, probably because the au- 
thors have been most active in this field. The chapters 
on solar radio emissions summarize the work of Reber, 
Southworth, and others and discuss rather briefly some 
of the unexpected results obtained by the measure- 
ments of solar radio noise. The same general state- 
ment can be made about the chapters on galactic radio 
emissions. The treatment of solar and galactic radio 
emissions, although relatively brief, is informative 
and interesting and is probably sufficient for a book 
of this type. The twinkling of radio stars is discussed 
in a short but interesting chapter. The chapter on 
“Radio and the Aurora Borealis” should be of par- 
ticular interest to those concerned with radio-wave 
propagation in northern latitudes. The final chapters 
deal with the techniques employed in the radio ex- 
ploration of the moon and the possibility of perfect- 
ing these techniques for the purpose of obtaining 
radio echoes from the planets. 

This book, in its text, references, and bibliography 
makes nearly all the existing information of any con- 
sequence about radio astronomy available to the 
reader. It will therefore be very useful to those inter- 
ested in the subject. 

Victor C, PrInro 
Central Radio Propagation Laboratory 
National Bureau of Standards 

A Stereoscopic Atlas of Human Anatomy. Section 
1, The Central Nervous System. David L. Bassett, 
with photography by William B. Gruber. Portland, 
Ore.: Sawyer’s, Inc., 1952. Williams & Wilkins, 
Baltimore, Md., exclusive agents for the U. S., ex- 
cept the 11 Western states; J. W. Stacy, Ine., ex- 
clusive agents for the 11 Western states. 500 pp. 34 
reels, $27.50. Viewing equipment extra. 

The publication of this atlas brings to teachers and 
students a new and invaluable tool. The author has 
done a careful dissection of the central nervous system 
and has recorded each step by means of transparencies. 
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Viewed through the View-Master stereoscope, they 
offer a three-dimensional method for study. The ana- 
tomical and surface relationships of all structures are 
clearly seen; where possible, the dissection was carried 
through on the same cadaver, thus providing a con- 
tinuity not usually available in material of this type. 

There are 238 stereoscopic views mounted on 34 
View-Master reels, which are stored in the cover of 
each of the four volumes. Each view is accompanied 
by a labeled drawing made from an enlarged tracing 
of the picture, so that all the structures can be easily 
identified. This method also avoids the necessity of 
placing confusing lines on the pictures. 

The circulatory system has been clearly outlined by 
injection of red or blue latex, and the blood vessels 
therefore stand out clearly; their course and distribu- 
tion are easily demonstrated. Also included are piec- 
tures of normal radiographic brain studies, angio- 
grains, and pneumoencephalograms. 

Section 1 is the first of seven that are in prepara- 
tion. The entire human body will eventually be in- 
cluded in sections dealing with the head and neck, 
thorax, abdomen, pelvis, upper extremities, and lower 
extremities. 

Dr. Bassett and Mr. Gruber are to be congratulated 
for this beautiful work. The photographs are unusu- 
ally excellent in composition, clarity, and detail. The 
atlas, which is well indexed for easy reference to 
various anatomical structures, will assist the teacher 
in outlining dissection and will prove a convenient 
study aid for the student. For the surgeon, it offers a 
quick review of regional anatomy for preoperative 
preparation. The slides are adapted for either three- 
dimensional viewing in the View-Master or for two- 
dimensional viewing using projection apparatus. This 
makes them ideal for classroom work. 

The entire project is a notable contribution to the 
field of anatomy, and we look forward to the publica- 
tion of succeeding sections with eager anticipation. 

ALLEN E, HENKIN 
Washington, D. C. 

Harwell: The British Atomic Energy Research Es- 
tablishment, 1946-1951. Prepared by the Ministry 
of Supply and the Central Office of Information. 
New York: Philosophical Library, 1952. 128 pp. 
Illus. $3.75. 
This small book, which contains 92 pages of tech- 

nical material with an additional 36 of appendices, is 
an extremely well-written, factual volume devoted to 
the scientific aspects of the British Atomie Energy 
Establishment at Harwell, with mention of the Wind- 
seale production site. Although it does not include any 
great amount of new or surprising material that is 
not available in the nuclear science literature, it does 
give a clear picture of the administration and the 
type of research problems and facilities that charac- 
terize this work in the United Kingdom. 

The treatment of the various types of research is to 
give a thumbnail sketch of the fundamental problem 
involved and a clear statement as to what approach is 
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being used, and in many cases what the results might 
mean. The book is replete with refreshing statements, 
such as pointing out that plutonium is made from 
uranium “atom by atom” and that “the nuclear re- 
actor is in fact one of the most sensitive barometers 
known to man, if also one of the most expensive.” 

The book (one could almost call it a pamphlet if it 
were not so crowded with information) contains chap- 
ters on the origin and organization of the AERE and 
a general description of the “programmes” of work. 
Chapters are then devoted to the production of isotope 
reactors and the accelerator programs. The health 
physics, or radiation safety, program is quite similar 
to that of the U. S., as are most of the general types 
of fundamental research. Here, again, the concise de- 
scription of the problems convey a ready understand- 
ing of their nature. The extramural relations of the 
establishment are interesting in that the relations with 
the universities are possibly not so formal as in this 
country, where the counterpart might be the Brook- 
haven and Argonne national laboratories and the Oak 
Ridge Institute of Nuclear Studies. Apparently indus- 
trial cooperation and contacts are considerably better 
in England than in this country. 

The book includes appendices listing the senior staff, 
a description of the Gleep and Bepo reactors, a rather 
extensive list of scientific papers by the staff, and a 
reading list and glossary. The net result is a book 
which, although not containing material of a unique 
nature, might well be included in the library of anyone 
interested in the nuclear field. 

RavpexH T, OVERMAN 
Oak Ridge Institute of Nuclear Studies 
Oak Ridge, Tennessee 

Introduction to the Study of Physical Chemistry. 
Louis P. Hammett. New York—London: McGraw 
Hill, 1952. 427 pp. Illus. $6.00. 

Hammett’s new book differs from the usual textbook 
of elementary physical chemistry in that it is rather 
short and that it makes considerable use of the statisti- 
eal approach to thermodynamies. The first five chap- 
ters deal with gases, kinetic-molecular theory, dilute 
solutions, the first law of thermodynamies, and thermo- 
chemistry. Chapter 6 is entitled “An Elementary 
Discussion of Quantum Principles and the Use of the 
Boltzmann Equation.” This is followed by two chap- 
ters on chemical equilibrium and then chapters on 
reaction rates (homogeneous systems), galvanic cells, 
free energy, phase diagrams, conduction in solutions, 
ionic reactions, effects of pressure and temperature 
on free energy, and effects involving surfaces. The 
appendix discusses mathematical techniques and the 
relations between probability and the Boltzmann 
equation. 

One of the most serious dilemmas that confront 
teachers of courses in elementary physical chemistry 
is that of which topics to include and which to omit. 
Often the material on atomic and molecular structure 
is omitted from beginning courses in physical chemis- 
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try; this is unfortunate, for such an omission makes it 
virtually impossible to teach a thoroughly modern 
course. Professor Hammett has met this problem by 
presenting in Chapter 6 brief accounts of quantum 
theory, atomic and molecular structure, the Boltzmann 
equation, and the correlation of these with heat 
capacities. Although this chapter seems to provide the 
necessary background for the statistical treatment of 
thermodynamics which follows, undergraduate chem 
istry students need a more thorough discussion of 
these topics, such as is usually available in a course 
in atomic physics. 

The statistical approach to thermodynamies is the 
unique feature of the book. The omission of a discus- 
sion of the classical approach to entropy will disturb 
some teachers, but the elementary statistical method 
used in this text may actually be easier for the begin- 
ning student. 

In an excellent foreword to the student, the author 
explains the point of view of physical chemistry and 
also gives his reasons for omitting such time-honored 
topics as x-ray crystallography. This particular omis- 
sion does not seem serious when one considers the 
usually poor understanding of x-rays and erystal 
structure obtained by most undergraduate students. 

On the whole, the book gives a first-class treatment 
of a selected number of topics from physical chemistry, 
chosen so as to provide a modern point of view. The 
writing style is clear, and the book could be studied 
independently by capable students. The several mathe- 
matical techniques given in the appendix should be 
helpful to students who have forgotten much of their 
caleulus or who fail to see the connection between 
mathematics and physical chemistry. 

R. L. Livixeston 
De partment of Chemistry, Purdue University 

General Genetics. Adrian M. Srb and Ray D. Owen. 
San Francisco: Freeman, 1952. 561 pp. Illus. $5.50. 

The aim of this new textbook of genetics is to 
present the material in its interrelations with other 
biological fields and to use geneties as an integrating 
principle for the student’s information in all fields of 
biology. 

The book is well written, and the presentation of 
the material is clear and stimulating throughout. Dis 
cussions of complicated situations are very lucid and 
concise—e.g., the description of the rh alleles in the 
chapter on “The Gene.” The book contains a large 
number of original and admirably executed illustra- 
tions. The arrangement of chapters does not deviate 
from that usually found in genetics textbooks. There 
is a tendency to select fresh material for the ex- 
amples, such as the use of the fox rather than the 
customary rodents for the illustration of color inheri- 
tance in mammals. Each chapter closes with a short 
summary, a set of problems, and a bibliography. The 
problems are original and thoroughly considered, lead- 
ing the student on from the material presented in the 
chapter itself. The bibliography is characterized by 
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the inclusion of the most recent material in the field. 
Many of the papers quoted were still in press at the 
time the book appeared. This inclusion of recent de- 
velopments that have not yet been widely confirmed, 
however, has the disadvantage that some of the state- 
ments are apt to be superseded in a short time. This 
appears already to hold for the statement that sex- 
linked genes are unknown in rats and mice (p. 97), 
possibly also for the finding of aneuploidy in somatic 
cells of man (p. 110). 

The heaviest stress of the book is on physiological 
This not mean that the number of 

chapters dealing with this subject has been increased 
above that found in other textbooks. It means rather 
that a physiological point of view prevails throughout 
the book, and physiological material is found seat- 
tered in many chapters. The gene-enzyme theory, for 

genetics. does 

example, is stated in the introductory chapter and is 
used in the chapters on Mendelian segregation to ex- 
plain the phenomena of dominance and factor inter- 

action. The Drosophila v*-substance appears first in 
the chapter on sex linkage; self-sterility is discussed 
in the chapter on “Inbreeding and Selection.” 

The wealth of material included in the book and 
the emphasis on physiology have led to the result that 
relatively little space is devoted to purely formal 
genetics. Since this field oceupies much time in most 
introductory courses in genetics it appears somewhat 
doubtful whether the book will gain wide acceptance 
in the teaching of elementary genetics. It should, how- 
ever, prove very useful in stimulating superior and 
advanced students to occupy themselves more deeply 
with the study of geneties and its fascinating progress 
in recent years. Even the professional geneticist will 
read it with pleasure and profit, since he will find 
clearly presented much material outside his own field 
of specialization. 

ERNST CASPARI 
Shanklin Laboratory of Biology 
Wesle yan University 

SPW 

Scientific Book Register 

The Psychoanalytic Study of the Child, Vol. VII. Ruth 
S. Eissler et al., Eds. New York: International Univ. 
Press, 1952. 448 pp. $7.50. 

Die Entwicklung des Braunen Grasfrosches Rana Fusca 
Roesel. Dargestellt in der Art der Normentafeln zur 
Entwicklungsgeschichte der Wirbeltiere. Fr. Kopsch. 
Stuttgart: Thieme, 1952. 70 pp. and _ plates. 
DM 48. 

Manual of Photogrammetry. 2nd ed. Box 286, Benjamin 
Franklin Sta., Washington 4, D. C.: American Society 
of Photogrammetry, 1952. 876 pp. $12.50. 

Introduction to Theoretical Physics. 3rd ed. Leigh Page. 
New York—London: Van Nostrand, 1952. 701 pp. Tilus. 
$8.50. 

Physics for Science and Engineering Students. W. H. 
Furry, E. M. Purcell, and J. C. Street. New York 
Toronto: Blakiston, 1952. 694 pp. Illus. 

The World of Eli Whitney. Jeannette Mirsky and Allan 

Georg 

Nevins. New York: Macmillan, 1952. 346 pp. Illus. 
$5.75. 

Essentials of Microwaves. Robert B. Muchmore. New 
York: Wiley; London: Chapman & Hall, 1952. 236 
pp. Illus. $4.50. 

The Mechanisms of Disease. A study of the autonomic 
nervous system, the endocrine system and the electro- 
lytes in their relationship to clinical medicine. Joseph 
Stambul. New York: 1952. 746 pp. 
$15.00. 

Mathematics at the Fireside: Some Fundamentals Pre- 
sented to Children, G. L. 8. Shackle. New York: Cam- 
bridge Univ. Press, 1952. 156 pp. $3.25. 

Biological Chemistry: An Introduction to Biochemistry. 
Alexander Gero. New York—Toronto: Blakiston, 1952. 
340 pp. Illus, 

Die Krankhafte Blutdrucksteigerung. 11. Hantschmann. 
Stuttgart: Georg Thieme, 1952. 228 pp. Illus. DM 36. 

An Essay on Method. ©. Hillis Kaiser. New Brunswick, 
N. J.: Rutgers Univ. Press, 1952. 163 pp. $3.25. 

Froben Press, 
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Personality in the Making: The Fact-Finding Report of 
the Midcentury White House Conference on Children 
and Youth. Helen Leland Witmer and Ruth Kotinsky, 
Eds. New York: Harper, 1952. 454 pp. $4.50. 

Industrial High Vacuum. J. R. Davy. New York—London: 
Pitman, 1951. 243 pp. $5.50. 

Rheumatic Fever. A symposium held at the University 
of Minnesota on November 29, 30, and December 1, 
1951, under the sponsorship of the Minnesota Heart 
Association. Lewis Thomas, Ed. Minneapolis: Univ. 
Minnesota Press; London: Geoffrey Cumberlege, Ox- 
ford Univ. Press, 1952. 349 pp. Illus. $10.00. 

A Physiological Approach to the Lower Animals. J. A. 
Ramsay. New York: Cambridge Univ. Press, 1952. 
148 pp. Illus, $2.75. 

Diffusion in Solids, Liquids, Gases. W. Jost; Erie Hutch 
inson, Ed. New York: Academic Press, 1952. 558 pp. 
$12.00. 

Morphogenesis in Plants. Methuen’s Monographs on 
Biological Subjects. C. W. Wardlaw. London: Methuen; 
New York: Wiley, 1952. 176 pp. Illus. $2.25. 

Quantitative Analysis. William Marshall MacNevin and 
Thomas Richard Sweet. New York: Harper, 1952. 247 
pp. Illus, $3.75. 

Ink and Paper in the Printing Process. Andries Voet. 
New York-—London: Interscience, 1952. 213 pp. Illus. 
$5.90. 

An Introduction to the Chemistry of the Hydrides. Dallas 
T. Hurd. New York: Wiley; London: Chapman & Hall, 
1952. 231 pp. Illus. $5.50. 

Geography of Living Things. M. 8. Anderson. New York: 
Philosophical Library, 1952. 202 pp. Illus. $2.75. 

Quantitative Analysis: Elementary Princip'es and Prac- 
tice. Harvey Diehl and G. Frederick Smith. New York: 
Wiley; London: Chapman & Hall, 1952. 539 pp. Illus. 
$5.00. 

Elementary Analysis, Kenneth O. May. 
Wiley; London: Chapman & Hall, 1952. 

New York: 
635 pp. $5.00. 
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Kodak reports to laboratories on: 

our new spectrophotometric solvents . . . an f/0.75 lens .. . reducing records by micro- 

filming .. . our new guide to successful photomicrography 

Spectrophotometric solvents 

The solvents employed in infrared 
and ultraviolet spectrophotometry 
are mostly such common ones as 

chloroform, cyclohexane, carbon 
tetrachloride, methanol. iso-propyl 
alcohol, etc., but highly uncommon 
is the freedom required from opti- 
cally absorbing impurities. The pri- 
mary producers from whom these 
solvents flow by the tank car are 
rarely prepared to supply them in 
spectrophotometric grade and in 
contamination-resistant 500 cc 
packaging. We are. (In special 3-liter 
bottles, too.) In the new 38th edition 
of the famous Eastman Organic 
Chemicals catalog we designate 
them by the prefix “S” before the 
catalog number. There are an even 
dozen of them (so far), and we shall 
be happy to send you a small wall 
chart that gives their infrared “‘win- 
dows” and ultraviolet cut-offs. 

For a free copy of the catalog and/or 
the chart, or to place your order for sol- 
vents, write Distillation Products Indus- 
tries, Eastman Organic 
Chemicals Department, 
Rochester 3, N. Y. 

£/0.75 

For cases where light must be hus- 
banded to the utmost, as in certain 
experiments in cine-fluorography, 
we have developed a lens that forms 
an image at an effective relative aper- 
ture of //0.80 or an equivalent 
f-number of 0.75. Hereby is an- 
nounced the availability of this lens 

This is one of a series of reports on the many products 

and services with which the Eastman Kodak Company and 

its divisions are ... serving laboratories everywhere 

for any job requiring an optical sys- 
tem capable of laying down an ex- 
ceedingly sharp, flat image with just 
about the highest utilization of light 
rays that today’s lens designers can 
achieve. Here are some vital statis- 
tics about this new Kodak Fluro- 
Ektar Lens, 110 mm //0.75. It’s 
achromatized in the middle of the 
green (not for ultraviolet use). De- 
signed for 16:1 minification. Gives 
excellent definition of a 12’-diame- 
ter object circle on a 34”-diameter 
image, good definition over a 1”-di- 
ameter image, acceptable definition 
out toa 1144”-diameter image (which 
corresponds to the corner of the 34 

by 1” standard silent 35mm movie 
frame). Length of element array, 
208 mm; distance from object plane 
to first surface, 1808 mm; distance 
from rear surface to image plane, 
7.3 mm. Price on request. 

If you have need for such prodi- 
gious lens “speed,” we suggest you 
get in touch with Industrial Optical 
Sales Division, Eastman Kodak Com- 
pany, Rochester 4, N. Y. 

Microfilming 

There comes a day in the growth of 
a laboratory when the sheer phys- 
ical volume of accumulated records 
becomes a menace. One way to 
keep from being inexorably drowned 
in paper is to take recourse in a 
giant-sized wastebasket. But, as 
night follows day, what is thrown 
out now winds up next week asa 
vitally needed scrap of paper repos- 
ing somewhere in a bale of waste. 
The answer, of course, lies in a well- 

planned system of microfilming 
which lops off some 98°, of the bulk 
of a mass of records. If you'd like to 
start thinking about it now, you can 

find all the facts in a new 60-page 
booklet we have prepared. 

Just ask your Kodak dealer for the 
Kodak Industrial Data Book, ** Micro- 
filming with Kodagraph Micro-File 
Equipment and Materials.” It costs 50 
cents. 

Photomicrography 

Books, good ones, on the micro- 
scope and its use are not particu- 
larly scarce. One of them came out 
in its 17th revised edition in 1947, 
running to 617 pages. We have just 
published a brand new one on pho- 
tography through the microscope 
that has just 68 pages, in the course 
of which our photomicrographic ex- 
perts hit the highlights on such mat- 
ters as resolution, choice of camera 
and light sources, characteristics of 
photographic materials for photo- 
micrography, determination of ex- 
posure, and the use of filters. Rung 
by rung, we take the reader up the 
ladder of procedural sophistication 
from a simple hand camera setup 
through bright-field, dark-field, re- 
flected light, and polarized light 
techniques and on into the realms 
of color. We discuss the salient 
facts about ultraviolet, infrared, 
phase contrast, cinephotomicrogra- 
phy, and electron micrography. It’s 
quite a booklet, and you can get it 
for just 50¢ from your Kodak dealer. 
Ask him for the Kodak Indus- 
trial Data Book, **Photography 
Through the Microscope.” 

Kodak 
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@ Calcium Arabonate 
e@ Calcium Arsenite 
e@ Calcium Borate 
@ Calcium 

Bromolactobionate 
@ Calcium Fluotitanate 
® Calcium Fluozirconate 
@ Calcium Glycocholate 
@ Calcium Malate 
e@ Calcium Metaborate 
@ Calcium 
a-Naphthylphosphate 

e@ Calcium Sucrate 
@ Calcium Undecylenate 
e@ Camphoquinone 
@ Camphor Salicylate 
@ Camphylamine 
@ Cantharidin 
@ p-Carbamy!- 

phenylarsine Oxide 

17 West 60th St. 

NOW _OVER 5100 

CHEMICALS 

@ Carbobenzoxy-1- 
glutamyl-1 -tyrosine 

@ Carboxybenzenesul- 
fonamide 

© p-Carboxy- 
phenylarsinoxide 

@ 5-Carboxyuracil (Uracil- 
5-carboxylic acid) 

@ Carnaubic Acid 
@ Carnaubyl Alcohol 
© Caronamide 
@ Carragheenic Acid 
@ Carragheenin 
@ Caryophylline 
® Cellotriose 
@ Cellulase 
® Cerium Fluoride 
@ Cerium Metal 
® Cerotic Acid 
© Cetyldimethylamine 
@ Chelidamic Acid 

Ask for our new 
complete catalogue 

New York 23, N.Y. 
Plaza 7-8171 

GLUCURONOLACTONE 

now offered in 

COMMERCIAL QUANTITIES 

Glucoronic Acid is an important structural con- 
stituent of essentially all fibrous and connective 
tissues in animals, and is present in low concentra- 
tions in normal blood and urine. 
It is therefore of vital interest 
to investigators concerned with 
normal or abnormal biological 
processes. 

To date there is very little 
knowledge concerning the util- 
ization of ingested or injected 
preformed Glucuronolactone, 
primarily due to the limited 
amounts of material which have 
heretofore been made available 
by expensive and tedious biosyn- 
thetic procedures. 

Now, however, we are supplying commercial 
quantities of Glucuronolactone, produced syn- 
thetically from p-glucose. Our survey of current 
literature on Glucuronolactone is now in booklet 
form. Send for your copy today. 

Chemical Ph Division 
v 

CORN PRODUCTS REFINING CO. 
17 BATTERY PLACE e NEW YORK 4 

Announcing two important 

books edited by 

SELMAN A. 

WAKSMAN 

NOBEL PRIZE 1952 

and published by RUTGERS 

UNIVERSITY PRESS for the 

Institute of 

Microbiology 

NEOMYCIN 

Everything that is known so far about the 

production, nature, and use of neomycin, 

including its anti-tuberculosis properties 

and its use as an intestinal antiseptic. 

$4.00 

The Literature on 

STREPTOMYCIN 

This complete bibliography is nearly 5 

times larger than the original edition 

published in 1948. The new material is 

devoted almost entirely to the clinical 

uses of streptomycin. $5.00 

At all bookstores, 
RUTGERS UNIVERSITY PRESS, 

New Brunswick, N. J. 

Science, Vol. 117 

PL 



KINETICS AND MECHANISM: A Study of Homogeneous Chemical Reactions 
This is the correct title of the book called “The Kinematics and Mechanism of Homogeneous Chemical Reactions” in the September 26 

cence ue 

By ARTHUR A. FROST and RALPH G. PEARSON, both of Northwestern Univer- 

sity. Here is a different treatment of chemical kinetics—it emphasizes the complexities of 
chemical reaction and the close relation of kinetics to mechanism, particularly the mechanism 
of organic reactions. General enough for complete coverage, the book is specialized enough to 

be of value to research workers—physical and organic chemists—using kinetics to investigate 
reaction mechanism. In it the authors present detailed stereochemical discussions of reaction 
types, and in addition, treat the theories of kinetics, mathematical and experimental details, and 

the calculation of energies. Limitations of the kinetic method of studying mechanism are 
pointed out as well as the advantages. 1953. 343 pages. Prob. $6.00. 

PLANT ANATOMY 

By KATHERINE ESAU, University of California. Dr. Essau here writes a definitive re 
view of this science, presenting the plant as a living, growing organism. Descriptions, ex- 

planations, and interpretations are given more dynamically than in the usual type of presenta- 
tion. With a developmental approach, this book is a complete study—from proto-plasmic 
components to flower, fruit, and seed, abundantly illustrated, thoroughly modern, and practi- 
cal. 1953. 734 pages. Prob. $9.00. 

NUMERICAL SOLUTION OF DIFFERENTIAL EQUATIONS 

By WILLIAM EDMUND MILNE, Oregon State College. This new book offers methods 
for the solution of countless problems in varied scientific fields. Some of the principal techniques 

for solving ordinary and partial differential equations are contained in this work. It uses an ele- 
mentary presentation, illustrating topics with numerical examples, and shows how to estimate 

the accuracy obtained in many of the most important applications. 1953. Approx. 280 pages. 
Prob. $6.00. 

CYTOCHEMISTRY: A Critical Approach 

By J. F. DANIELLI, Kings College, University of London. Here is a book which applies 
the rigorous standards of chemistry and physics to cellular analysis. Critically evaluating the 
current state of research in cytochemistry, it points out the steps necessary to soundly estab- 
lish this science. Essentially, it is a manual of principles for the development of new cytochemi- 
cal techniques. A publication in the Wimey BrotocicaL RESEARCH Series. 1953. 137 pages. 

$4.00. 

send for on-approval copies 

JOHN WILEY & SONS, Inc. 440-4th Ave., New York 16, N. Y. 
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l} 
A NEW AAAS SYMPOSIUM 

INDUSTRIAL SCIENCE—PRESENT AND FUTURE 

Subjects treated include 

Five leading Industries: 

Petroleum — Steel — Communications — Chemicals — Pharmaceuticals 

There are contributions on 

Horizons of Industrial Science 

from the viewpoint of the: 

Consultant — Educator — Research Director — Government — Scientist 

Public Aspects of Industrial Science 

are covered by these papers: ( 
_ . ‘ , ° 
rhe Contributions of Industry The New Industry and : 

to Scientific Education the Community } 
‘ . , , ( 

Industrial Science and Industrial Science and 
Community Health its Public Relations 

Authors who collaborated to make this book an auspicious inauguration of the new AAAS Section on 
Industrial Science (P) = 
Allen T. Bonnell, Vice President Hiland G. Batcheller, Chairman of Edward R. Weidlein, President = 
Drexel Institute of Technology Board : Mellon Institute of Industrial 
Lillian M. Gilbreth, President Allegheny Ludlum Steel Corporation Research 

Gilbreth, Ine. J. B. Fisk, Director of Research, Charles L. Dunham, Chief, Medical 
James Creese, President Physical Sciences, Bell Telephone Branch, Division of Biology and 
Drexel Institute of Technology Laboratories Medicine 
Frank C. Croxton, Assistant Director Norman A. Shepard, Chemical U. S. Atomic Energy Commission 
Battelle Memorial Institute Director ; : : : , : American Cyanamid Company Robert A. Neary, Public Relations Alan T. Waterman, Director Aerie ‘ Department 
National Science Foundation prey Nec aon President Aluminum Company of America 

Robert E. Wilson, Chairman of the ° a ; 
Board _ C. L. Emerson, Vice President G. Edward Pendray, President 

Standard Oil Company of Indiana Georgia Institute of Technology Pendray and Company 

6x9 inches, paperbound, 160 pages, price $2.00 
Orders for 10 or more copies, $1.60 per copy 
Both Industrial Science and Soviet Science, $3.00 

Mail your order now 
TO: AAAS PUBLICATIONS 
1515 Massachusetts Avenue, N.W. 
Washington 5, D. C. 
Please accept my order for ...... copies of Industrial Science. 
Please accept my order for ...... copies of Soviet Science. 
My check or money order in the amount of $.......... is enclosed. 
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pH CONTROL 
CHLORINE CONTROL PHOTOVO Densitometer 

the gal | CHROMATOGRAPHY 
accuracy, simplicity & low cost 

the 
LaMOTTE COMPARATOR METHOD 

A photoelectric precision instrument for 
the rapid and convenient evaluation of 
strips and sheets in filter paper chro- These time-tested instruments have served Science 

and Industry for more than 31 years. matography and paper electrophoresis 

Consult LaMotte for a complete line of simplified 
Equipment & Reagents for: PHOTOVOLT CORP. 
pH Control, Chlorine Control, Boiler Feed Water Con- 95 Madison Ave. New York 16, N. Y. 
trol, Analysis of Water, Sewage, and Industrial Wastes, 
Control of Electroplating Baths & Cleaning Solutions, Also 
Soil Testing, Vitamin Studies. Colorimeters pH Meters 

Fluorimeters Electronic Photomet 
LaMOTTE CHEMICAL PRODUCTS CO. Rciietien Wdiers Multiplier Photometers 

) Dept. H Towson, Baltimore 4, Md. Interference Filters 

ALETT 

: ELECTROPHORESIS 

CUSTOM MADE 

TOOL FOR THE ANALYSIS 

OF COMPLEX COLLOID SYSTEMS, AND FOR 

THE CONTROL OF PRODUCTION OF 

PURIFIED PROTEINS, ENZYMES, HORMONES 

KLETT MANUFACTURING CO. 

179 EAST 87TH STREET 

NEW YORK, N. Y. 
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for photomicrography 

the easy, 

economical 

way, choose 

Visicam 

Readily attach- 
able to any 
standard mi- 
croscope, the 
versatile Visi- : 
cam provides 
inexpensive aT emt 
35mm black & 
white or color 
photomicro- 
graphs of the 
finest quality. 

Available with roll-film carriers or our 
convenient ‘‘Single-Shot’’ camera back. 
For descriptive literature, write direct to: 

mr Be f 

om i Ga oe : 

854 S. Figueroa St., 

4 ° ‘ . | 
Biological Stains | 

Will serve you well—as they have served thou- 
sands of biologists throughout the world for over 
thirty years. All of the stains in common use have 
been tested by. the. Biological. Stain Commission. 

C & B Products are distributed by Laboratory 
and Physician Supply Houses Throughout the World 

Catalog upon Request 
MATHESON COLEMAN & BELL, Inc. 

(Formerly The Coleman & Bell Co.) 
Manufacturing Chemists 

East Rutherford, N. J. 

COLEMAN & BELL 

Norwood, Ohio 

Meetings & Conferences 

Jan. 14-16. Conference on High-Frequency Measurements, 
sponsored by American Institute of Electrical Engi- 
neers, Institute of Radio Engineers, and the National 
Bureau of Standards. NBS, Washington, D. C. 

fan. 17. Symposium on Blood (Annual). Wayne Univer. 
sity College of Medicine, Detroit. 

an, 19-23. American Institute of Electrical Engineers 
(Winter General). Hotel Statler, New York. 

an. 20-31. Inter-American Congress of Philosophy. 
Havana. 

tun, 22-24. American Physical Society (Annual). Har 
vard University, Cambridge, Mass. 

un, 26-27. Compressed Gas Association, Inc. (Annual). 
Waldorf-Astoria Hotel, New York. 

un, 26-29. American Society of Heating and Ventilating 
Engineers (Annual). Conrad Hilton Hotel, Chicago. 

jan, 26-30. International Heating and Ventilating Ex 
position. International Amphitheatre, Chicago. 

Jan, 27-29. Association of American Soap and Glycerine 
Producers, Ine. (Annual). Waldorf-Astoria Hotel, New 
York. 

Jan. 30. Public Health Workshop, First District Dental 
Society of the State of New York. Hotel Statler, New 
York. 

Jan, 30-31. Conference on Protein Metabolism (Annual). 
Bureau of Biological Research, Rutgers University, 
New Brunswick, N. J. 

Jan. 30-31. Western Society for Clinical Research (An- 
nual). Carmel, Calif. 

Feb. 2-4. Symposium in Fundamental Biology. Michigan 
State College, East Lansing. 

Feb. 4-6. Western Computer Conference. Hotel Statler, 
Los Angeles. 

Feb. 5-7. Southwestern IRE Conference and Electronics 
Show (Annual). Plaza Hotel, San Antonio. 

Feb. 12-13. Protestant Hospital 
House, Chicago. 

Feb. 12-13. Southern Weed Conference. Jung Hotel, New 
Orleans. 

Feb. 15-17. Canadian Ceramic Society. Royal York Hotel, 
Toronto. 

Feb. 16-19. Technical Association of the Pulp and Paper 
Industry (Annual). Commodore Hotel, New York. 

Feb. 16-21. Pakistan Science Conference (Annual). 
Lahore. 

Feb. 18-20. National Cotton Council (Annual). General 
Oglethorpe Hotel, Savannah, Ga. 

Feb. 23-Mar. 10. Commission for Climatology of the 
World Meteorological Organization. Washington, D. C. 

Feb. 24. Society for the Advancement of Criminology 

Association. Palmer 

(Interim). Northwestern University Law School, 
Chicago. 

Feb. 26-28. American Academy of Forensic Sciences 
(Annual). Drake Hotel, Chicago. 

Mar. 1-6. International Congress of Military Medicine 
and Pharmacy. Montevideo. 

Mar. 2-6. American Society 
Hotel Statler, Detroit. 

Mar. 8-11. American Institute of Chemical Engineers. 
Buena Vista Hotel, Biloxi, Miss. 

Mar. 9-11. North American Wildlife Conference. Wash- 
ington, D. C. 

for Testing Materials. 
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A NEW MOSBY BOOK! 

Lindsey’s 

PRINCIPLES OF 

Organic Kvolution 

Lindsey offers his readers a sufficiently detailed 
review of the “grand pattern and great processes” 
or organic evolution to serve either as the founda- 
tion of intelligent comprehension alone—or as a 
springboard for serious, critical scientific concen- 
tration on the subject. 

Most of the recent literature does not offer this 
broad survey—and naturally—that scope necessarily 
restricts the student and fails in developing the 
comprehensive understanding he secks. 

“Just what I am looking for. Will use it next 

Lindsey writes for the student as one who under- 
stands his needs. His experience and critical insight 
into his subject have particularly qualified him 
for this method—and his book has been described 
as “the answer to my ‘evolution’ textbook problem” 
by one teacher. He writes in pleasant, gracious styl: 

and just as a good lecturer does, sends his students 
forth enthusiastically to find their own conquering 
grounds. 

Other instructors, reading the book for the first 
time, have described it as follows 

semester.’ 
C. D. D., W. & J. College, Washington, Pa 

“For years I've been looking for a book on evolution which I could give to freshman 
students to help them answer their questions. This looks like the answer. It is written so 
they can understand it. Also like the suggestion of other possibilities.” 

L. J. G., Prof. of Biology 
William Jewell College, Liberty, Mo 

“TI like Lindsey's factual, unbiased treatment especially of controversial topics.” 
J. A. F., S.J, Canisius College, 
Buffalo, New York 

“An excellent account of the theory, the evidence for and an outline of evolution.” 
R. D. Ross., Assoc. Prof. of Biology 
Virginia Polytechnic Inst. 

“Lindsey’s text is one of the best short texts on evolution I have seen. It is clearly written; 
its illustrations have been chosen with 
excellent.” 

and finesse; its organization scheme is 

P. A. W., Chairman of Biology 
Randolph-Macon Woman's College, Lynchburg, Va 

By ARTHUR WARD LINDSEY, Professor of Biological Sciences in Denison University, Granville, Ohio 
375 peges, 216 illustrations. Price, $5.75 

Direct inquiries and orders to 3207 Washington Blvd., St. Louis 3, Missouri 

Published by— 

SAINT LOUIS 

“The C. V. MOSBY Company 
Scientific Publications 

SAN FRANCISCO 

January 9 1953 

NEW YORK 



PERSONNEL PLACEMENT 

YOUR ad here reaches over 32,000 foremost scientists 
in the leading educational institutions, industrial 
laboratories, and research foundations in the : 
and 76 foreign countries—at a very low cost 

CLASSIFIED: 18¢ per word, minimum charge $3.60. Use of 
Box Number counts as 10 additional words. 

DISPLAY: Rates listed below—no charge for Box Number 
Monthly invoices will be sent on a charge account basis 
—providing satisfactory credit is established. 

Single insertion $19.50 per inch 
7 times in 1 year 17.50 per inch 

13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on diselay ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 

POSITIONS WANTED 

Histological Technician, A.B. Biology. Six years’ experience 
Diversihed background including animal care; autopsying ot 
hamsters, dogs, plus standard laboratory animals; endocrine as 
says; histological and histochemical technics. Box 1, SCIENCE. 

1/9 

Position Wanted: 
Clinical biochemist; M.S.; three years, research assistant, medical 
school department of internal medicine; four years, director of re 
search laboratory for study of cardiovascular and renal diseas« 
Science Division, Medical Bureau Burneice Larson, Director), 
Palmolive Building, Chicago xX 

~ Posi TIONS OPEN 

Bacteriologist: Inter« sted in research program investigating the 
physiology of bacteria. Excellent laboratory facilities including 
Warburg apparatus. Midwest location. Give complete information 
on education, experience, personal history and salary level so we 
m make umetiote decisior qualifications for the posi 
tior tox ENCE 1/16 

Physics Major B.S. or M.S. with or without experience for inter 
esting, stable research position not connected with government con 
tracts in pleasant combinatiot wcademic-industrial atmosphere 
Midwest tseation Give complete information on education, ex 
perience, personal history and salary level so we may make im 
mediate decision on your qualifications for the position. Box 3, 
SCIENCE 1/16 

Positions Open: 
(a) Director of research; physician with administrative ability, 
mackground in pharmacology; one of leading companies. (b) Two 
physical chemists, one with Ph.D., other with Bachelor’s, for re 
earch connected with rusting, corroding, also bacteriologist, M.S. 

Ph.D. for research involving water-microbiology; Chicago 
c¢) Technical director; Master's in chemistry or pharmacy with 

graduate training in pharmaceutical or drug research, physical 
chemistry or similar field and experience involving rove Wm re 
sponsibilities in quality control and new product development 
S1 Science Division, Medical Bureau 7 Moves a Larson, Direc 
tor Palmolive suilding, Chicag« 

Zoologist (Ph.D.) Comparative Anatomy, Physiology, General 
opportunities in field of choice. N ’. State Biology. Researcl 

B 4, SCIENCE 

SCIENTISTS—salaried positions, $3,600 to $25,000. 
This confidential service for outstanding men who desire a change 
of connection, will develop and conduct preliminary negotiations 
without risk to present position. Send name and address for details 
TOMSETT ASSOCIATES @ 335 Frick Bidg., Pittsburgh 19, Pa 

| German, 

—The MARKET PLACE 
BOOKS + SERVICES + SUPPLIES + EQUIPMENT 

CLASSIFIED: 25¢ per word, minimum charge $6.00. Use of 
Box Number counts as 10 additional words. Correct 
payment to SCIENCE must accompany a 

DISPLAY: Rates listed below—no charge for Box Number 
Monthly invoices will be sent on a charge account basis 

providing satisfactory credit is established 
Single insertion $19.50 per inch 

7 times in 1 year 17.50 per inch 
13 times in 1 year 16.00 per inch 
26 times in 1 year 14.00 per inch 
52 times in 1 year 12.50 per inch 

For PROOFS on display ads, copy must reach SCIENCE 4 
weeks before date of issue (Friday of every week). 

~ LANGUAGES __ iii NINN 
ccc

 

LINGUAPHONE MAKES LANGUAGES EASY 
At home, learn to speak Spanish, Norwegian, Italian, French, 

Russian, Japanese, any of 29 languages by quick easy 
Linguaphone- W orld’s-Standard Conversational Method. Save time, 
work and money. Send for FREE book TODAY. LINGUAPHONE 

|} INSTITUTE, 8401 Mezz., Rock. Plaza, New York 20, N. Y. 

| ccc 

| Your sets and files of scientific journals 

Books _ |i Hl} Wl 

needed by our library | are and institutional customers. Please send 
us lists and description of periodical files you are willing to sell 

| at high market prices. Write Dept. A3S, J. S. CANNER, INC. 
Boston 19, Massachusetts 

SCIENTIFIC BOOKS and PERIODICALS WANTED 
| Complete libraries—Sets and runs—Single titles 

Also, please send us your want lists. 
STECHERT - HAFNER, INC. 
31 East 10th St., New York 3 

WANTED TO PURCHASE ... Sets and runs, foreign 
and domestic. Entire 

SCIENTIFL PERIODICALS libraries and smaller 
and BOOKS collections wanted. 

WALTER j. JOHNSON e@ 125 East 23rd St., New York 10, N. Y. 

BACK NUMBER PERIODICALS — Bought and Sold 
| @ Tell us what you want!—What have you to offer? 

Abrahams Magazine Service , DEPT. P, 56 E. 13th ST. 
Established 1889 NEW YORK 3, N. Y. 

Join the 

MARCH OF DIMES 

JANUARY 2 TO 31 
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BOOKS + SERVICES + SUPPLIES + EQUIPMENT 
& MARKET PLACE 

mii 

Mt PROFESSIONAL SERVICES jill | 

Ca aa aS 

LABORATORY SERVICES 
in Biochemistry, Chemistry, Bacteriology 
and Insecticide Testing 

|) Mineral determinations including sodium 
© and fluorine 

| Proximate analyses 
| Vitamin and amino acid assays 

| Food biochemistry and microbiology 
Write for price schedule 

D) WISCONSIN ALUMNI RESEARCH FOUNDATION 
P. O. BOX 2059 e MADISON 1, WISCONSIN 

LOOKING ; FOR A PUBLISHER? 
Write for Free Booklet SC telling how we can publish 
your book. All subjects considered. New authors welcome. 

VANTAGE PRESS, Inc. @ 120 W. 31 St., New York 1. 
In Calif.: 6356 Hollywood Bivd., Hollywood 28 

IHL UT SUPPLIES AND EQUIPMENT 

STAINS 
STARKMAN Biological Laboratory 

@ RARE 
@ COMMON 

Price list on Request 
461 Bloor St., W. 
Toronto, Canada 

r NINHYDRIN Vy 
2568 $6.00 50 $11.50 
2/4- DINITROFLUOROBENZENE 
25 6 25 100 $15.50 $4 8. 

Custom Syntheses Invited 

CUSTOM CHEMICAL LABORATORIES 
sf 2054 N. Cicero Ave., Chicago 39, Ill. y 

LABORATORY ANIMALS | cyt piceons namsteRs 
* Clean healthy well-fed animals mice POULTRY GUINEA Pics 

Guaranteed suitable for your needs. JOHN C. LANDIS + Hagerstown, Md . ed ; Reasonably priced—Dependable 

IATA WII) SUPPLIES Ai SUPPLIES AND EQUIPMENT | T (HL Ht 

2-HYDROXY-3-NAPHTHOIC ACID HYDRAZIDE 
For Separation of Conjugated Steroids and Histochemical 

Demonstration of Ketosteroids 
Descriptive Literature and Prices on Request 

DAJAC LABORATORIES @ 
511 t ter St., inster, Mass. 

Cc. P. AMINO ACIDS 
and Peptides 

for immediate delivery 
H. M. CHEMICAL CO., LTD. 

1651 18th St Santa Monica, Calif 

(THIS is the EXACT SIZE RECTANGLE “IN Sreumewrs 
it F Finder containing 

lines and indicia, 
They f simple, non-marking 

device for the microscopist to re- 
elde of interest in 

No. 201-050-150 
Micro-Slide 

FIELD FINDER 

LOVINS ENGINEERING 
COMPANY 

SILVER SPRING. MD. 

TRANSPARENT BOXES 
For small OBJECTS G SPECIMENS 

Useful in ALL LABORATORIES 
Fine for Home Workshops, etc. 
Mor for New Literature S-TPB 20 for $1.00 

P. CARGILLE LABORATORIES, Inc. 
117 RD: St. New York 6, N. Y. 

GLYCEROL-1
- ci 

and other tagged compounds 
OF HIGH RADIOPURITY 

ISOTOPES SPECIALTIES CO. 
3816 San Fernando Rd., Glendale 4. Calif 

PARASITOLOGICAL== 

PREPARATIONS 

e high quality—low priced. Write for catalog 

P.O. Box 2227, TROPICAL BIOLOGICALS @ San Juan, Puerto Rico. 

EXO - KETON se 

PLASTIC COVERSLIPS 
© WON'T CURL! * % PRICE OF GLASS 

available through your local dealer ot 

CHARLES F. HUBBS & (0. %%9 Latcyette St. 

SPRAGUE-DAWLEY, INC. 

Pioneers in development of the 
standard laboratory Albino rat 

Box 2071 + Madison 5, Wisconsin + Phone 35318 

For CONSISTENT Rats .. . 

@ BUDD MT. RODENT FARM 

@ CHESTER, N. J. 

Breeders of a recognized strain of Wistar 
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UN 

$9.75 

POSTPAID 

Personal check or 
money order, please 

ORDER YOURS NOW! KM 
* 

Science ¢ 1515 Massachusetts Ave., N.W., Washington 5, D.C. 

Keep your copies of SCIENCE 

always available for quick, easy 

reference with this all-purpose 

«BINDER 

@ It’s PRACTICAL—simply snap the magazine in with a 
strong flat wire, without cutting, punching, or 
mutilating. Snap it out just as easily . . . all in 
a matter of seconds. It opens FLAT—for easy 
reference and readability. Holds 26 issues. 

@ It's ATTRACTIVE—in beautiful maroon buckram, 
stamped in gold leaf. A fine addition to your 
library. 

@ It’s DURABLE—-sturdily constructed to withstand much 
use—ideal for classroom, laboratory, and library. 

@ It’s PERSONAL—-your name stamped on the cover for 
only 70¢ in addition to the regular price of $2.75 

—the year of issue will be included for 40¢ extra. 

~ PITUITARY-ADRENAL FUNCTION | 

published February 1951 

2nd printing June 1951 

PITUITARY-ADRENAL FUNCTION continues the AAAS tradition of presenting in book form the collected 
papers presented at symposium programs of wide interest. This volume includes 22 papers delivered at a two-day 
Symposium on the Adrenal Cortex at the AAAS meeting in New York City, December 1949. 

PITUITARY-ADRENAL FUNCTION assembles important contributions of a score of laboratories in the United 
States and Canada from which many of the recent major advances in pituitary-adrenal physiology and therapeutics 
have come, and includes studies on the regulation of adrenal cortical activity, the role of the cortical hormones in pro- 
tein, carbohydrate, and mineral metabolism, and effects of the cortical steroids and the ACTH in various disease states 
A summary chapter on “Adrenolescence” by Dr. George Perera forecasts some of the possible future trends in this 
active field of endocrine research. 

TO: AAAS PUBLICATIONS 
1515 Mass. Ave., N.W., Washington 5, D. C. 

Enclosed is ¢............... Please accept my order 

_ copies of 

PITUITARY-ADRENAL FUNCTION 

6x9 inches, illustrated, clothbound, 224 pages—$4.00 

Price to AAAS members for prepaid orders—$3.50 
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The format of this text by Dr. Mary S. Gardiner is as attractive as 
the material within. The wealth of significant line drawings and photographs 
increases the value of THE PRINCIPLES OF GENERAL BIOLOGY 
and helps to carry out Dr. Gardiner’s aim as stated in the preface—"to 

rouse the student’s interest and to encourage him to explore areas of the sub- 
ject of which he might otherwise be unaware.” 

Believing that the introduction that is best for the prospective biologist is 

also best for the intelligent layman, the author has written a survey of the field 
of biology that is as wide and as general as can be reasonably made. Unlike 
many general biology texts, this one stresses the principles underlying biologi- 

cal concepts and methods rather than descriptive statements of fact. 

The author emphasizes the historical development of present biological fact 
and theory since she holds that these concepts can best be appreciated and 

understood by knowing how they have been reached. 
657 pages Price $5.75 

The Macmillan Company 

60 Fifth Seuenue, Hew York 11, 1.%. 



IN SCIENCE, INDUSTRY, EDUCATION 

the trend is to AQ 

Stereoscopic Microscopes 

@ The natural, three-dimensional image is large and 
clear...the specimen is seen right side up... all move- 
ments appear in their actual directions. These unique 
characteristics of AO Stereoscopic Microscopes have 
made them increasingly popular for examining gross 
specimens, for inspecting precision mechanical parts, 
for maintaining purity in food products, for many 
delicate operations such as manufacturing and assem- 
bling minute precision parts or dissecting biological 
specimens. 

No other optical instrument is so versatile. Ask to 
see an AO Stereoscopic Microscope soon... you'll 
undoubtedly get ideas for using one effectively in 
your work. 

O2. 

American @ Optical 

INSTRUMENT DIVISION + BUFFALO 15, NEW YORK 

THERE’S AN 

AO STEREOSCOPIC 

FOR EVERY NEED 

MODERATELY PRICED 
NO. 21 MICROSCOPE 
A simple instrument 
for use with 
opaque specimens. 

NO. 23 
MICROSCOPE FOR 
LARGE SPECIMENS 

Scons a 4 foot circle, 
vertical surfaces} 
or specimens in deep 
receptacles 

STEREOSCOPIC SHOP 
MICROSCOPE 
Mounts on machinery 
for observing 
precision operations. 

NO. 25 MICROSCOPE 
Has removable 
horseshoe base and 
glass stage 
for both opaque 
and transparent 
specimens. 

NO. 26 MICROSCOPE 
For examination 
by reflected light. 
Readily converted for 
other uses. 

NO. 28 MICROSCOPE 
Combines advantages 
of No. 25 and No. 23 
Takes opaque 
and transparent 
specimens 
Scons large areas. 
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