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PROJECT ABSTRACT:

' This research proposal for the newal of NASA Grant NsG 441-63
describes an integrated research and training program, carried out as

part of a comprehensive research program in molecular biology in pro-
gress at the new research facllity for high resolution electron micro-
8copy. In addition to our plans for the continued organization and .
construction of the special electron microscope laboratories with clean -

. room facilities, our proposed technical program comprises the following
- major aspects:

(1) We are plannin to participate in the LUSTER Soundin Rocket ex-

.. periments %to sample lunar dust near € earth. LU 1s a sounding

rocket program established £0 COllc6GE materials believed to have a

o lunar origin from the outer fringe of the earth's atmosphere for jf?
- laboratory analysis. TFor this purpose, we have designed and constructed L
. @ speclal high vacuum contalner for transfer of the sampling surfaces '

- to _collect extraterrestrial material for electron microscopic, electron 5Q7
~+ diffraction, and electron microprobe analiysis under controlied condi- -
i tilons of minimum contamination. We Hoge to continue and expand our f¢lf

L contributions in design ana development work towards this program.

"f;(2)(a) Continuation of correlated electron microscope and electron dif-

frastion studies of certaln meteorites (Orgueil carbonaceous chondrite)

;'f carried out with Dr. Edward Anders and Dr. Frank W. Fitch of the Uhiver-'fﬁ7

81ty of Chicago. (b) Continuation of correlated electron microscopical e

studles of Pre-Cambrian organized systems.

 (3) Comprehensive work in experiments with electron microscopy using

high-~field Superconducting solenoid lenses will be continued and ex-

- tended. Our proposed program includes the following major instrumentae- \fgh
“tion improvements: (1? ‘

Superconducting lenses with special current SRS

'ﬂff,fVernier control circuits and improved pole pleces for high resolution:

" Superconducting electron microscopy at 1liquid helium temperatures, in  fﬁ

collaboration with Westinghouse Electric Cryogenics Division; (2) im-

o proved liquid helium Dewar for cryogenic electron microscopes; (3) an
- ADL CRYODYNE-~(R) helium liquifier for supplying the cryogenic refrigera«

tion required to cool a superconducting device, in collaboration with
A.D. Little Company; (4) an improved Schottky-type electron gun with
s8ingle crystal pointed filaments.

(4) In addition to this instrumentation work, we intend to continue
intensive development work on improvement of preparation techniques. ;
This work will be applied to continue the correlated electron microscopic _
and blochemical investigations of mitochondria, isolated mitochondrial . .
membranes; and assoclated enzyme and multienzyme complexes. Similar -
integrated studies on related membrane derivatives in red blood cells,

“hemocyanins, photoreceptaps, chloroplasts, myelin, and erythrocytes
‘Will also be continued. : ; : g
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Principal Investilgator . Contract Number
H. Fernandez-Moran NsG 441-63
Instlitution - Period of Project
The University of Chlcago April 1, 1965 to

March 31, 1966

Title of Project

Investigations in Space-Related Molecular Biology, Including
ﬁgg:iderations of the Molecular Organization of Extraterrestrial
er.

Followlng the program set forth in our research proposal,
and as described in the enclosed reports, reprints, and preprints,
our efforts during the past year have centered on:

I. Specific Research Progranm.

A. Continued development work on improvement of preparation
techniques and instrumentation for high resolution
electron microscopy, including further application of
low-temperature methods, and the design of new types of
high resolution "cryoelectron microscopes" immersed in
liquid helium cryostat, using superconducting electro-

magnetic lenses and image intensifiers with electronic ',

' . read-out.

. + 1. The key role played by cell membranes and their

- derivatives has become increasingly apparent, thus
making detailed elucidation of the molecular organ-
ization of cell membranes one of the most challenging
problems of contemporary blomedical research. The
shortcomings of our present preparation techniques are
particularly central problems now that modern electron
microscopes consistently achlieve resolutions of the-
order of 5 to 10 & and are thus inherently capable of
directly visualizing molecular structures in the
size range of key enzymes in nuclear proteins.

2. Another of our major efforts has centered on

intensive development and application of improved
! instrumentation for high resolution electron microscopy.

By using the full resolving power of modern microscopes,

and with the improved preparation techniques made
avallable, the commonly accepted biological applications
of electron microscopy can be considerably extended.
High resolution electron microscopy has thus become a
valuable analytical tool uniquely sulted for direct
visualization of macromolecular structures in the dried
or native hydrated states. Thus, lnvestigators are

-l-
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provided with reproducible data under controlled
experimental conditlons which can profitably supplement
the results of parallel biophysical and biochemical

. investigations.

a.

One of the principal areas of our instrumentation

- work 1is the comprehensive experimentation and

development of electron microscopy using high field
superconducting solenoid lenses. Already, the
resolving power of the electron microscope has
extended the range of direct visualization to
structural details of the order of a few Angstroms.
Considering the numerous complex instrumental and
preparative factors involved, the main steps to be
taken for attainment of the ultimate theoretical

resolution (about 2 8) are correction of lens

aberrations (mainly spherical and chromatic
aberrations), stabilization of the lens excitation
current, and accelerating of voltage. It ‘has been
demonstrated that operation of superconducting
solenoid, short-circuited, or "in the persistent
current mode," yields large uniform magnetic fields
which areogighly homogeneous to better than one
part in 109 to 107 and are highly stable and
nolse-frz2e under appropriately controlled
conditioy 3.

Based on previous work in low-temperature electron

microscopy, preliminary experiments have been

successfully carried out with a simple electrm
microscope which can be used for transmission

~electron microscopy and electron diffraction, using

high-field superconducting solenoid lenses in an
open-air core, liquid helium Dewar, preferably
operating in the persistent current mode. These

- . preliminary experiments demonstrated the exceptional

stability and high quality of the lmages at

-magnifications of 50 to 100 times. Further

experiments have been carried out with various
types of electron microscopes using high-field
superconducting solenold lenses and accelerating
voltages of 50,000 volts. The results obtained
with these experiments are providing essential
data for the design of new types of miniaturized
electron microscopes immersed in a liquid helium
cryostat. The combination of optimized

‘instrumental deslign parameters operative under

conditions of minimized specimen perturbation
represents one of the most promising coherent
experimental approaches towards attainment of the
theoretical resolution limit in direct examination

of organic and blological structures. We have been

-2 -
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able to confirm the results and demonstrate the
long-term stability of the high resolution images
obtained with electron microscopes using super-
conducting solenoid lenses. .

By further development of the concepts embodied

in our cryo-fixation techniques, it has been

possible to design a new type of miniaturized high-
resolution electron microscope totally immersed in
'1liquid helium, which makes use of completely stable
superconducting lenses, improved single crystal
pointed filaments and other distinctive features.
These "eryoelectron microscopes," operating at
temperatures of 1 to 4 degrees Kelvin, would '
embody the following significant features: 1) highly
stable superconducting electro-magnetic lenses,

with ripple-free magnetic fields of a persistent
current in the optimum case; 2) operation in ultra-
high vacuum and low temperatures resulting in
decisive advantages of minimized specimen contam-
ination, specimen damage and thermal noise;

3) optimum conditions for both low voltage (i.e. 10
to 100 kV) and high voltage electron microscopy.

In addition, the use of high-efficiency image viewing
at optimum low temperatures would make it possible

to use high-speed cinematography and stroboscopic
recording (e.g. obtained through pulsed T-F emission
from pointed filaments) for attainment of high
temporal resolution combined with high spatial
resolution. In principle, such a cryo-electron
microscope will also be an ideal device for
controlled application of electron microbeams

(50 to 500 R diameter) of precisely defined intensity
and duration for ultraminiaturization, storage of
information,and in general for controlled irradiation
and manipulation of minimum perturbation. The
described combination of optimized instrumental
design parameters operative under conditions of
minimized specimen perturbation represents one of

the most promising coherent experimental approaches-
towards attainment of the theoretical resolution
1imit (about 28) in direct examination of organic

and biological structures. Plans are now underway
for bullding a special vibration-free room for
installation of the new "cryoelectron microscope.”
This faclillity with its 10-ton floating foundation for
elimination of ambient vibrations should make 1t
possible to exploit the unique stability of super-

* conducting lenses operating in the persistent current
mode for long-term exposures of the order of minutes
to hours, lnstead of the current 5 to 15 second
exposures .
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¢. Development work has continued on an improved
Schottky-type electron gun with single crystal
pointed filaments. We have been able to substantially
increase the specific intensity of the source and
the transverse coherence length by changing the gun
conflgurations and using metals, such as molybdenum,
for the cathode and anode shields. As a result of
these two improvements, it has been possible for
the first time to obtain point resolution of the
order of 2.8R and crystalline lattice resolution
of labile components, such as sodium chloride, of
the order of 2.88. The point resolution and the
enhanced contrast have been of great use in a
number of studies which have issued from this
laboratory.

B. Correlated electron microscopic and biochemical investigations
were carried out on mitochondrial membranes, membrane
derivatives, hemocyanins, and on assocliated enzyme and
multienzyme complexes.

1.

2.

Research of mitochondrial membranes has continued

jointly with Dr. David Green and his associlates of the
University of Wisconsin. Improved preparation technlques
were applied to these systematic investigations, in which
electron microscopy proved to be essential since the
mitochondrial membranes are especially sulted for direct
examlnation by negative stainling and other preparation
procedures.

In collaboration with our visiting research fellow,

Dr. Ernst F. J. van Bruggen, studies were made on the
whole range of representative hemocyanin and apohemocyanin
structures from different biological origins. This work
1s reported in two subsequent papers. '

a. In the first paper "Macromolecular organization of
hemocyanins and apohemocyanins as revealed by electron
microscopy" comparative high resolution electron
microscoplc studies of the structural organization of
representative hemocyanins and apohemocyanins from
Mollusca and Arthropoda are described. Mollusca
hemgcyanins are cylindrical molecules (diameter about
340§ height ranging from 1408 to 680R]) built up from
5 to 12 rows of subunits. Arthropoda hemocyanins are
built from a cubic monomer (105R) in various stages of
organlzation which 1s specles dependent. Mollusca
hemocyanins are distinctly different from Arthropoda:
hemocyanins, although they seem to be built from .
analogous subunits. New structural details observed
close to the quaternary levels are discussed in relation
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to available biochemical and biophysical data on these
highly organized macromolecular complexes.

b. The second paper "Reassociation of Hemocyanins from

Subunit Mixtures' describes how the dissociation and
reassoclation reactions of hemocyanin mixtures were
studlied by electron microscopy. The experiments were
done respectively with a mixture of Helix pomatia and
Loligo pealel hemocyanin (both belonging to phylum
Mollusca) and with a mixture Helix pomatia (a Mollusc)
and Limulus polyphemus (an Arthropod) hemocyanins. After
reassociation many of the original molecular structures
are observed together with a certain amount of smaller
and irregularly aggregated material. The importance of
these specific reassociation reactions between hemocyanin
subunits from different classes and from different
phylums is discussed.

In collaboration with Dr. Robert Haselkorn and his
assoclates, studies were begun on ribosomal precursors,

RNA polymerase, and related enzymes. This work will be
reported in 3 subsequent papers which are now in preparation.

a. The first paper "Methionine Starvation Particles from

Escherichia coli" reports on the electron microscopical
examination of .ribonucleoprotein particles that

accumulate in E. coli K12 W6 when starved for methionilne.
They appear to be heterogeneous:, without well-defined
substructure. Well-defined particles, probably RNA
polymerase, are a major contaminant of the preparations.

b. The second paper "Physical Properties of a DNA dependent
RNA Polymerase from E. coli" reports that high resolution
electron micrographs of E. coli RNA Polymerase, relatively
free of nucleic acid have been obtained. The 18S and 25S
specles of polymerase appear to be one and two hexagonal
discs, respectively. A smaller, four subunit square -

structure 1is also observed.

U N T A

¢. The third paper "Electron Microscopic and Biochemical

Characterization of Fraction I Protein" reports that
high resolution electron micrographs of Fraction I
protein from Chinese cabbage leaves have been obtained.
The protein, which has ribulose 1, 5-diphosphate
carboxylase activity appears to be a cube with an edge
of about 1208. Substructure can be seen in individual
particles, consistent with a model having 24 subunits,
the number prescribed by the avallable physlcal and
chemical data.

Joint studies are being carried out on the KGDC multienzyme
complex with Dr. Lester Reed of the University of Texas.
The results of this work will be reported in a publication
at a later date. c
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In collaboration with Dr. Jerard Hurw1tz of the

Albert Einstein College of Medicine, New York, we are
carrying out investigations of RNA polymerase crystals.’
These studies have yielded interesting preliminary
results which will be described at a later date.

II. Completion of Organization, Testing, and Operation of the

Electron Microscope Laboratories and Adjacent Laboratoiies

{Rooms 203B, 205, 207) for the Proposed Research Program.

A.

With funds provided by grant AT (11-3& 1344 from the
1

Atomic Energy Commission, grant NsG

-6% from the

National Aeronautics and Space Administration, by

grant USPHS MED RES 943 from the National Institutes of
Health, and by funds from The University of Chicago,
1nclud1ng Otho Sprague Institute and L. Block funds, the
following alterations and additions were made in the
Adjacent Laboratories (Rooms 203B, 205, 207):

1.

Room 203B (230 sq. ft.)

a.

b.

Preparation of room for storage of specimens,
equipment, and laboratory apparatus.

Installation of Harrls Cascade Refrigeration
Biological Storage Machlne which operates at
temperatures as low as -120°C,

Room 205 (230 sg. ft.)

a.

'bo

Cc.

Room 207 (460 sqg. ft.)

Installation of Siemens Elmiskop EM—II with
accessories.

Installation of -darkroom equipment to expedite
development of plates taken during experiments
in this room.

Preparation of room as site of superconducting
experiments.

a.

b.

Installation of X-Ray dlffraction unit with
Kratky Camera. s

Development and installation of 2 vacuum pumping
units used to pre-pump photographic plates

(at a rate of 912 plates per 2 hours?, also with
capacity to pre-pump 7Omm film and camera. The
efficiency of these pumps 1s such that 1t reduces
working time by several hours. Plates, film, and
camera were previously pre-pumped in the microscope
itself which involves a much longer time.
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III.

u.

Clean Room Laboratory E-III

a. Construction of special laboratory in Room P-III,
adjacent to darkroom to house Hitachi Perkin-Elmer
microscope and accessoriles.

b. Installation of High Perfurmance Hitachi Perkin-
Elmer Electron Microscope and accessories, including
Double Condenser Lens, Electron Diffraction

, Chamber, Hot and Cold Stages and Image Intensiflcation

System.

List of Publications for 1965-1966 (6 copies of each are

included with this report and renewal application)

1.

H. Fernadndez-Morin, Biological Systems as Formed by
Water. Summation and General Discussion, in Proceedinﬁs
of the New York Academy of Sciences, October 5-8, 196

H. Fernidndez-Morin, Electron Microscopy with High-Field
Superconducting Solenoid Lenses, 1n Proceedings of the
National Academy of Sciences, Vol. 53, No. 2, pp. 445-451,
February, 1965.

H. Ferndndez-Mordn, Application of High-Field
Superconducting Solenoid Lenses in Electron Microscopy.
Abstract in Science, Vol. 147, p. 665, May 1965.

E.F.J. van Bruggen and H. Fernandez—Moran, Reassocliation
of Hemocyanins from Subunit Mixtures, submitted to the
J. of Mol. Biol. for publication in 1966

H. Fernindez-Morin and E.F.J. van Bruggen and M. Ohtsuki,
Macromolecular Organization of Hemocyanins and
Apohemocyanins as Revealed by Electron Microscopy,
Submitted to the J. of Mol. Biol. for publication in 1966.

: |
A.J.E. Colvill, E.F.J. van Bruggen, and H. Fernéndez-Moran,
Physical Properties of a DNA Dependent RNA Polymerase from
E. coli, prepared in the Department of Bilophysics,
The University of Chicago, September, 1965.

H. Manor, E.F.J. van Bruggen, H. Fernéndez-Morén,
R. Haselkorn, Methionine Starvation Particles from
E. coli, prepared in the Department of Biophysics,
The University of Chicago, September 1965.

R. Haselkorn, H. Ferndndez-Morén, F.J. Kleras, and
E.F.J. van Bruggen, Electron Microscoplc and Biochemical
Characterization of Fractlon I Protein, prepared in the
Department of Blophysics of the University of Chicago,
September, 1965.
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Participation in the "Luster" Sounding Rocket '
Experiment to Sample Lunar Dust near the Earth. (November,

1965).

Following the invitation of Dr. Maurice Dubin, Chief
of Interplanetary Dust, Physics and Astronomy Program,

. OSSA of NASA, and in close collaboration with Neil

Farlow of the NASA Ames Research Center, we are
participating in the rocket collectlons scheduled for
mid-November, 1965.

LUSTER 1s a sounding rocket program established to collect
materials believed to have a lunar origin from the outer
fringe of the earth's atmosphere for laboratory analysis.
The flight 1n which we are participating has been scheduled
for the Leonid shower, which has shown a 33-year intensity -

- ¢ycle, and may show a remarkable increase in the 1965 peak

year. After extenslve dilscussion with Mr. Nell Farlow,
and followling the detalled instructions furnished in the
gulde prepared by Dr. Maurice Dubin, we have proceeded
to prepare the sampling slldes for the LUSTER project,

© trying to conform to the most rigorous:;requirements for

controlled exposure of sultable substrates for sub-
sequent high resolutlon electron microscopy.

With the experience galned from similar flights, and

based on our extenslve studies on contamlnation,

carried out in the specially equipped clean room laboratorles,
we have taken an approach which appears to bhe 1ldeally sulted -
for the collection under high vacuum conditions. TFor

this purpose, in collaboration with the staff of thc
Biophysics Department and Central Workshop, we proceeded

to design and construct a speclal high vacuum container f¢ir
transfer of the sampling surfaces to collect extraterres-
trial material for electron microscopic, electron diffraction

N T N T T T T T

and electron microprobe analysis under controlled con-
ditions of minimum contamination:i. (Figures 1-6). This
stainless steel container provlided with Viton gaskets and
ultrahigh vacuum valve can be loaded wlth several hundred
electron microscope speclimen holders of platinum, coated
with thin-fl1lm surfaces of carbon, slllcon monoxlde,
plastic, and appropriate ultraclean surfaces under rigor-
ously~clean condltionms. In contrast to previous speci-
mens which were mounted on the module pans of the rocket-

', launched payload without providing for high vacuum condl-

tions durlng transport, thls contalner makes %t possigle<
to malntain a high vacuum of the order of 10~/ to 10~

Hg during transport to the clean room area where attach-
.ment to the module pans of the rocket-launched payload
takes place. The specimens are shlpped back after expo-
sure under simllar high vacuum conditlons for dlrect
examination by electron microscopy, electron diffractlon,
and related electron optlcal techniques. As shown in the
accompanying photographs, the holders of the speclal high
vacuum container for the transfer of sampling--surfaces .




can be readily dissembled and dismantled with few
manipulations under clean room and even high vacuum
conditions. They provide secure attachment with a novel
device for implacement of several hundred specimen
holders coated with ultra-thin (100-300 A) carbon,
. Formvar, sllicon oxide, and other types of substrates.

In addition to this, larger surfaces of freshly cleaved
- 8lngle-crystal mica, which provide atomically smooth
. surfaces, plastic sllides and related collecting sur-
faces suitable for electron optlcal studies are included.

Three ldentical contaliners and specimen substrate assem-
blies were prepared for the LUSTER project micrometeoroid
sampling flight scheduled for November, 1965, to provide
independent contamination control at the different sltes
of the experiment: Ames Research Center, the rocket- T
launching site, and the electron mlcroscope clean room
laboratory at the University of Chicago, where the
~actual payload specimens are to be examined immedlately
after recovery. These special containers and enclosures
were desligned and constructed in close collaboration
wlth Mr. L. Ouwerkerk, Mr. vohn Hanacek, Mr. H. Krebs,
Mr. G. Gilbson, and Mr. Akerhaugen of the Blophysics
Laboratorles and workshops in our Research Institutes.
It should be noted that the Metal Workshop of the
Research Institutes 1s particularly well-equlpped for
this type of work and has had conslderable experience in-
similar types of experiments conducted by Dr. John .
Simpson and his colleagues of the Enrlico Ferml Instltute.
for Nuclear Studies here at the Unlversity.

Based on the interesting observations reported by

C.L. Hemenway and R.K. Soberman in their paper ("Studies

of Mlcrometeorites Obtained from a Recoverable Sounding

Rockets, " in the Astronomical Journal, Vol. 67, No. 5,

June, 1952, page 256) we have introduced a sampling slide

of lucite. In thelr report, Dr.s Hemenway and Soberman . \

indicate that " micrometeorite particles were found to be |

sufficilently embedded in the lucite that we were unable

to remove them from the substrate.”" This is an important

observation since most of the particles are Jrger than a

few microns and hence lmpenetrable to the electron beam

and inadequte for electron microscopy. - It was,therefore,

necessary in previous experiments to bembard the mlcro-

meteorite particles with an Intense electron beam to eva-

porate the constituent material which recondenses near

. the particle. In order to avold thils destructive and ‘

~ -rather inadequate mode of analysis, we propose to actually °
prepare serial ultrathin sections (100-200 X thick) of the

particles embedded in the lucite by using the special dia-

- mond knife and speclal ultramicrotome developed by
Fernandez-Moran (1953-55). . .

- .Following”our original work on ultrathin sectioning of:
~.metals and hard materials, it has been possible during




the past ten years for a number of investigatorsw
(78.27: L. Reimer, " The Thin Section Method in
Metalographlc Investigation with t he Electron

Microscope," Z. Metallkunde, 50, 37, 1959 A; Z.

~ Metallkunde, 50, 606, 1959 D; Fernandez-Moran, H.,

"Applications of & Diamond Knife for Ultrathin Sectioning -
of the Fine Structure of Biologlcal Tissues and Metals,"
Journal Blophys. and Biochem, Cytology, 2, Supplement,

PEg. 29, 1956) to carry out routinely ultrathin sectioning

of hard materials and metals whioch are suiltable for

high resolution electron microscopy and electron diffraction.
We therefore belleve that the addition of a lucite slide
would make it possible to collect the hard micrometeorite
partlcles in sufficlent numbers and under favorable condi-
tions for subsequent examination by ultrathin sectioning
using the electron microscope and electron diffraction.

If thls approach should prove successful 1t would represent
a dlstinct improvement over the electron bombardment
technlques used prev¥iously and thus give us more information
on the structure and composition of the micrometeorite
partlcles and other extraterrestrial materials.

We have embarked on this project with great interest in
collaboration with our colleagues and with a prospective
graduate student. It would glve us indispensable
experience in the sampling and examination of extra-
 terrestrial material in addition to contributing

B potantially significant information on the composition
of lunar dust. In view of the continuing nature of the pro-

Jected experiments, we anticlipate that all of the pre-
paratlions that have been made here in the clean room
laboratorle s, speclally designed for this purpose,

will now become of critical importance. In addition, we
are requesting continued support in order to make the
special ultrahigh vacuum hydrocarbon-free chambers for
preparation of thin samples, as well as for the design of .
speclal containers and container transfer systems which
would make 1t possible to transfer the speclmens from the
high vacuum transfer containers to the electron micro- .
scope wlthout the possibllity of additional contamination.
In general, the problem of elimipation of contamination is

- of critical importance in any investigatlon of this type..-
We feel that we are particularly well-equipped for this
type of work and hope for continued support for these R

endeavors.
. 5
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AVAIIABLE FACILITIES:

The proposed research and training program will be carried
out in the special laboratory facility for high resolution electran
microscopy recently completed in the Research Institutes of the
University of Chicago with funds provided by the University of
Chicago (approximately $250,000), NASA Grant NSG 441-63, NIH
Grant B-2460, and NIH Grant NB 04267, and AEC Contract AT 30~l-
2278. (Estimated total cost of facilities: $750,000).

These laboratories occupy a total of about 4,000 square
feet and comprise: 5 high resolution electron microscopes installed
on individual vibration control bases, provided with a special
highly regulated power supply (located in a special, separated
air-conditioned enclosureg. This 50-kilowatt motor generator set,
specially designed and manufactured by Westinghouse Corporation 1s
equipped with a new solid state regulator, giving better than 0.1 %
‘voltage stability and very low harmonic distortion. The laboratory
facilities also include ultrahigh vacuum Varian evaporation units,
4 ultramicrotomes, special cryogenic facilities for low-temperature
ultramicrotomy, light microscopes, and complete preparation and
photographic darkroom facilities. Adjoining laboratories include
additional electron diffraction and x-ray diffraction facilities,
one ‘of which is provided for low-temperature x-ray diffraction.
During the past year, we have completed the organization, testing
and operatin of the éelectron microscope laboratories and expanded

- our facilities into rooms 203B, 205, and 207 for adjacent laboratory

space. Plans are now laid for renovation and construction in

Room 20 in the basement of the Research Institutes.  This' room is

to be used for the isolated microscope installation and will include

a ten-ton concrete block set off from the foundation of the

building by Korfund type USD vibro isolators, designed especially

for this purpose.by Mr. Jack Harris of Korfund. We are ready to

procede with our construction of special aif conditioning, with

ventillation system from the adjoining central air conditioning

room, preparation of the pit for the special foundation, followed

by floor and acoustical installation to complete the isolation of

this room from the normal dust and vibrations of the building.

atmosphere. Provisions will also be made for installation of the

special trolley crane to be provided for lifting the heavy components

of the microscope. .
This research unit is probably the only existing electron

microscope facility which is especially equipped to operate under

"clean room" conditions. High resolution electron microscopy can

be carried out under ideal conditions, independent of ambient .

conditions, preactically on a 2l-hour basis. This stands in

contrast to the vast majority of electron microscopy installations
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which are constantly subject to random and environmental perturbations
. (1ine voltage fluctuations, etc.). Favorable location of the
. research unit close to the low-temperature facilities, the new
laboratory for Computer Research and the Enrico Fermi Institute for
Nuclear Studies is of key value for the contemplated research and
training program. Under such favorable conditions this unit could -
develop gradually as the nucleus of a larger national and inter-
national research and training center for high resolution_electron

microsgopy and molecular biology. (See accompanying Annual Progress
“ Report). ' o : .
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High-Field Superconducting Solenoid Lenses.
Published in Proceedings of ‘the National Aca-
demy of Scilences, Vol. 53, No. 2, pp. 445-451,
February (1965).

- 12 -

R




NASA GRANT NsG 441-63
O ANNUAL_PROGRESS REPORT
| 1965-1966

H. Fernandez-Moran

IV. List of Publications for 1965-1966 (con't.).

G. Fernindez-Mordn, H. Application of High-Field
Superconducting Solenold Lenses in Electron
Microscopy. Paper presented at Annual Meeting
of the National Academy of Sciences, April (1965).
Abstract in Science , Vol. 147 (1965).

H. ‘Fernéndez—Moréh, H. Potential Use of Electron
Microscopy for Ultraminiaturized Information
~Storage and Retrieval with Electron Optical
Demagnification, Combined with Direct Retrie-
val of Recorded Microtape to Supplement Tele-
metry in Exobiology. Paper written to sup-
plement previous paper written for Exobiology
Study on the Biological Exploration of Mars,
April (1965).

~

(Aﬁ V. Reports and Publications Describing Research and
AR Training Facilities.

A. The University of Chicago. REPORTS, Vol. 15, K
No. 2, Summer (1964): "Magnificent Magnification.®

B. The American Medical Association. Journal of
the American Medical Association, Vol. 189:
31-33, September 28, 1964, "Electron Microscope--
Medicine's Research Tool of Unfulfilled Promise".

C. McGraw-Hill Yearbook of Science and Technology:
Photographic.: Highlights Section,p.786 Cited
studies by Dr. Fernd&ndez-Morin on Pre-Cambrian
Rocks of the Canadian Shield (Gunflint Chert
Formation of Southern Ontario) 1965.

TN

- 13 -




NASA Grant NsG 441-63
ANNUAL PROGRESS REPORT

Ve o e a——_————ar 5 A

List of Publications for 1965-1966 (15 copies of each are
included with this report and rencwal application)

1.

H. Fernandez-Morin, Blological Systems as Formed by
Water. Summation and General Discussion, 1in Proceedin§s
of the New York Academy of Sciences, October 5-8, 1964.

H. Ferndndez-Morén, Electron Microscopy with High-Field
Superconducting Solenold Lenses, in Proceedings of the
National Academy of Sciences, Vol. 53, No. 2, pp. 445-451,
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