
Meetings 

Information and Control Processes in Living Systems 

The development of distributive 
models of biological function and the 
consideration of hierarchical control 
mechanisms were the themes at the 
fifth of a series of conferences on in- 
formation and control processes in liv- 
ing systems held in Pacific Palisades, 
California, 23-26 February 1969. The 
emphasis at this conference, as well as 
at other conferences in this series, was 
on creative discussion between members 
of different disciplines aimed at the de- 
velopment of significant new correla- 
tions or recognition of profitable future 
lines of inquiry in the area of informa- 
tion processing in the nervous system. 

The conference began with a con- 
sideration by Otto H. Schmitt (Univer- 
sity of Minnesota) of dispersive and 
interpenetrating domain models for in- 
formation processing in the nervous 
system. He introduced the notion of a 
temporal-spatial representation as the 
dispersing variable in a distributed holo- 
graphic model of the nervous system, a 
model which fits well with much of 
what is known about perception as well 
as the electrophysiology and neuro- 
anatomy of the nervous system. K. 
Nicholas Leibovic (State University of 
New York, Buffalo) then cited the 
parallel development of progressively 
more complex sensory organs and brain 
structure as one moves up the phylo- 
genetic tree. He suggested that the 
forces of evolution have produced a 
hierarc:hical control in complex nervous 
systems that permits subsystem auton- 
omy for perfornmance of routine func- 
tions. 

The concept of hierarchical organiza- 
tion again appeared in the discussion 
by Albert G. Wilson (Douglas Ad- 
vanced Research Laboratories, Hunting- 
ton Beach, California) who presented a 
paradigm for ordering cosmic bodies in 
astronomy. He described three classes 
of hierarchical structures: (i) modular 
hierarchies wherein stable, semiauton- 
omous modules aggregate into higher 
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level modules which themselves serve 
as submodules for supermodular sys- 
tems; (ii) control hierarchies; and (iii) 
polyarchies. By plotting the log mass of 
cosmic bodies versus their mass density 
(number of grams per centimeter), three 
natural, hierarchical levels are revealed. 
He suggested the possible applicability 
of such models of hierarchical organiza- 
tion found useful in astronomy to the 
study of control processes in living sys- 
tems. Ernst 0. Attinger (University of 
Virginia Hospital, Charlottesville) then 
presented evidence to support the exist- 
ence of such a hierarchy of control in 
the mammalian oxygen transport sys- 
tem. 

Hussein El-Sumn. (El-Sium Consul- 
tants, Atherton, California) introduced 
the discussion on holographic concepts 
and transform principles that suggest 
models for distributed biological in- 
formation processing and control by 
presenting the conferees withb a thor- 
ough exposition of the principles of 
holography. 

Some interesting features that brain. 
information processing and the physical 
phenomenon of holograms may have in 
common were developed. For example, 
one attractive feature of the hologramn 
is its capability for massive storage of 
information. One can comfortably fit 
105 bits of information in one plane 
and, considering all planes available in 
a film, can accommodate 10', or even 
1012, bits of information. Man has long 
been amazed at the great amount of 
data that the human brain can store, 
correlate and retrieve; thus, the holo- 
gram provides us with an excellent ex- 
ample of such data optimization. 
Another feature of the brain difficult to 
explain is its ability to use many differ- 
ent points of entry for the retrieval of 
a specific item of information. The 
hologram can reproduce an entire 
image by using just a piece of the 
original image in the reference wave; 
therefore, it too allows output of an 

entire information set using any point 
of entry. Still another point of analogy 
pertains to the ability of the brain to 
use both temporal and spatial referents 
for retrieving information. A challenge 
to the brain-hologram analogy was 
brought forward in response to data cited 
by one of the conferees on the strong 
temporal relation observed in recovery 
from memory loss by trauma, suggest- 
ing that memory scanning possibly has 
a temporal ordering. This was quickly 
resolved since the hologram likewise 
can be made using either a temporal or 
spatial reference. 

In order for the brain to store the 
great amount of information that it 
does, it may be necessary for a single 
neuron to be a member of a number 
of different specific information sets of 
neurons. Given one neuron (A), it may 
be active in a certain memory set (X), 
or as a correlation circuit between 
memory X and Y, or even as a com- 
ponent of Y memory and X memory 
simultaneously. Likewise in the holo- 
gram any point on the film can be 
active in containing the information 
for different objects depending upon: 
(i) the storage of physical alterations at 
that point in the film induced by the 
reference wave, and (ii) its response to 
a particular reference wave in conjunc- 
tion with all the points surrounding it. 
The essential feature here is the capa- 
bility of using an individual point as an 
active part or carrier of many different 
information sets. One can change an 
object in an object beam and change 
the reference angle beam and so ob- 
tain multiple information on the same 
plate using the same points. A final 
feature of analogy between the brain 
and holograms is the Markovian factor 
or the distributivity feature inherent in 
the mathematics of both phenomena. 

Objections were raised as to the 
efficacy of using the hologram as a 
model for the brain. One difficulty that 
arose was a comparison between the 
technical precision required in the 
construction and the retrieval of a 

hologram and the limits of technical pre- 
cision that could be envisioned as oper- 
able within the constraint of brain struc- 
ture as it is known. A further question 
arose concerning how temporal order- 

ing could be accomplished in the brain 
using current knowledge of the function 
of neurons. An even more crucial diffi- 
culty in application of the hologram 
analogy is the requirement of fixed 

geometric positions in the hologram 
which has no counterpart in the fluid 
milieu of the brain. 
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Julian H. Bigelow (Institute for 
Advanced Study, Princeton, New Jer- 
sey) then reviewed the Longuet-Higgins 
model, which is an extension of holog- try this for 
raphy techniques from light to sound 
(phonoholograms). The essential feature 
brought out in this discussion was that 

reliability. . . the the exact geometry of the optical 

kIAII * gram, for instance, is not a fundamental 
U- requirement, but rather that many 110 NVVI LL CTC methods for the storage and recovery of information about both amplitude 

accepted serve in analogous situations. 

and phase (or their counterparts) might 

Willard F. Libby (University of Cali- as the ultimate fornia at Los Angeles) opened up the 
discussion on possible cell and molecu- 
lar levels of interaction by examining in constant the possibility of communication be- 
tween molecules, for example, between 
the subunits of hemoglobin. The level temperature of understanding of hemoglobin struc- 

ture and the kinetics of association of 

control the alpha and beta subunits into hemo- globin provided the opportunity for 
flections on how the heme groups 

ommunicate" with each other, such 
that when one heme has acquired an 
oxygen, the other does not have to pay 
the same price in free energy for ac- 
quiring an oxygen as did the first. 

.,.ia.JaI I Possibilities suggested were that elec- 
UiVUI I tronic shift in the proteins attending 

I the heme due to the first oxygen at- 
20 tachment lowered the required associa- 

head and try it tion energy for other hemes, or that the 
urown lab charged groups just outside of the heme 

Converts any - . - tes relaxed symmetrically due to 
container into - - me polarization induced by oxygen 
a constant achment and thus lowered the initial 
temperature bath try energy barrier. William R. Carroll 
The CTC has a range ational Institutes of Health) pointed 
of 0-100CC, with a t that the many subunits of glutamic 
uniformity of ?0.01 C d dehydrogenase disassociate when 
a long.life.brushless roid hormones are present, possibly 
motor, and a double..cause electronic shifts cause an 
transistor relay tropy-based reconfiguration (steric 
circuit for absolute 
dependability. And ft). This association greatly affects 

can 'I e activity of the enzyme. He further you crcu ate inted out that there are many such or pump ui to 12 
liters/minute through amples of "communication between 
an external accessory olecules." However, two basic ques- 
See.ns remained unresolved-if this kind 

this compact, molecular interaction should indeed 
portable GT.C at 
work - in your own lab. C.all your Bronwill.called "communication" at all, and 
dealer- or write directly to us - fo.r a demonstration.w such interaction could be active 

aGonstant Temperatu Circulator information storage and . transfer in 
e nervous system.. 
Melvin Klein (University of Cali- NONWILL SCIENTIFIC, INC. rnia, Berkeley) provided an added ?.A leader in thermostatic instrumentation mension to a possible molecular ex- 

Box 7824 - Rochester, New York 14606 anation of neuronal subsystem inter- 
actions by examining the role of liquid 

- -' crystals (mesophases) as possible ele- 
rnents in molecular communication. The 
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interchangeable smectic and nematic 
crystalline phases can order spontane- 
ously, orienting in electric and magnetic 
fields into specific three-dimensional 
configurations. These dynamic struc- 
tures then can be modulated chemically 
or thermally, and respond to subse- 
quent mechanical stresses or electrical 
fields. It was pointed out that many 
biological molecules (DNA, RNA, and 
protein alphahelices) exhibit similar 
properties and that perhaps the brain , 2-. 2- . .-. 

might contain information in such 
dynamic geometrical structures which ....... .......... 

are continually being shifted and recor- 
related by neuronal impulses. The ques- 
tion arose, however, how this informa- 
tion might be stored arid accurately 
retrieved from what is known about 
brain tissue structure. 

Francis 0. Schmitt (Massachusetts 
Institute of Technology), in discussing 
the cell and molecular level of brain - - - - 

structure, noted that there exists much 
intercellular space in brain tissue filled 
with hyaluronic acid fibers, ions, and 
proteins, all packed into approximately 
150-angstrom tubes. He speculated that 
there might be some analogy between 
the behavior of these molecules con- 
fined in small spaces and paracrystalline 
structures. These intercellular spaces 
are continuous in the brain, and hydra- 
tion of their hyaluronic acid, with the 
association of water molecules, could 
effect ion movement by filling or order 
ing intercellular space. Another poten 
tial role that molecules might play in 
information processing in the nervous . . . . 

system could be facilitated by the ?--:.: 5-.u35-5-$?friV2-45-2-2-2-2-?2-2- ?:??2-...?in4i 

differential movement of metabolites 

and gene products along the numerous flame under glass microtubules and neural filaments of 
brain axons. The presence of different Flame is enclosed behind a speCial, * Single pass system utilizes region of 
materials at synaptic junctions, con- tempered glass to eliminate effects of highest free atom density; higher sig- 
trolled by electrical activity of neurons outside air currents and contaminants nal-to-noise ratio, too. 
or feedback to the genome might pro- ... just one feature in a long list that Unmatched Operator 
vide a molecular rationale for specific make the AC2-20 today's most ad- 

vanced atomic absorption system. It Convenience neuronal interactions, and the establish- combines safety, versatility, opera- Three-lamp system with indicator 
ment of dynamically interacting neural tional convenience and reliability with pilot lights, lamp identification, remote 
nets. The differential activity of micro- superior sensitivity and exceptional switching, easy centering, focusing 
tubules, coupled with what is known of performance. and interchange. Lamps on standby- 
differential RNA synthesis, vesicle no wait for warm-up. 
deposition at axon endings, and the Reliability you can count on * Flowmeters for both fuel and sup- 
principles of allosteric molecular recog- * Finest, high dispersion monochro- port gas indicate over entire range, 
nition (ab-ag, enzyme-substrate inter- mator (two 1 200 lines/mm "Certified- simplify repeatability. 

Precision" gratings) assures superior * No flashback in routine operation ... 

actions) all provide some circumstantial linear dispersion, eliminates adlacent remote piezoelectric burner ignition. 
basis for the possibility of alteration of interference lines Outstanding Versatility and 
a building stone or structural unit of * Wavelength Range 190 SOOnm Flexibility 
synaptic membranes which could serve 
adequately as a "recognition factor" * 3-in-i capability: flame-emission, 
between neurons of the same set. For UV-visible and atomic absorption. 
example, the successful regeneration of We'll be happy to send you Catalog 
the fibers from the optic tectum and 33-2225 which has the full story. Ana- 
their proper reconnection to the optic lytical Systems Division, Bausch & Lomb, 

?.. 20722 Bausch Street, Rochester, New 
3 OCTOBER 1969 5- York 14602. 

AC2-20 Atomic Circle No. 36 on Readers' Service Cord 
Aknrntion Soectroohotometer Visit our booth at the NIH exhibit. 
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nerve would require such specific 
Scanning recognition. 

Josiah Macy, Jr. (University of 
Density Alabama), in describing the components 

of a large hierarchical computing com- Gradient 
plex which serves a number of research Electrophoresis laboratories, emphasized the problem of 
constructing indexing techniques to find 
stored information in computer memory. 
He drew an analogy to human inform - 

tion processing in the central nervous 
system and noted that present-day coin- 

- puter systems are not adequate to handlc 
the massive amounts of data that the 
human brain is capable of storing and 2 

retrieving. 
John H. Milsum (McGill University) 

characterized the ocularmotor control 
system as an open-loop system. that has 
been optimized by evolution. When an 
organism's response to some aspect of 
its environment requires a consistent - 

set of neural controls for survival, then 
the original open-loop neural pathway 
becomes a closed-loop, aLitonomous 
operation. He cited what appears to be 
the accretion of longei-, more complex 
control pathways in the nervous system 

Easy determinatIon of electro through evolution, followed by a 
phoretic mobilities as well as "streamlining" of these control modes 
physicar separation of mixtures by bypassing certain unused portions of 
and quantitative microanalytical the pathways. He then noted the in- 
results can be obtained with the teresting possibility that certain mentl 
ISCO Model 210 Density Gradient pathologies might be interpreted as 
Electrophoresis apparatus. Mi- reopening of these discarded pathwcys which should be bypassed for normal, crogram size samples can readily adaptive behavior. MODEL 934 MICROMANIPULATOR 
be separated. Low sample con- Julian H. Bigelow (InstitLite for Ad- 
centration permits the use of vanced Study, Princeton, New Jersey) 
dilute buffers, allowing a wide drew together mLlch of what hal been .' 0 S ' 
operational temperature range of discussed by sketching the beginnings 
from 0 to 250 0. of a model of neuronal behavior anal- * Os . ' S s 

Between preset periods during ogous to the functional propertic.- of 
which the density gradient col- holography. In his model the prcis s ' e S * '' i * ' 

umn is subjected to an electric geometric constraints necessary for re- * I I 'a a a S 

field, the column is automatically covery of information with holographic . . S I I ' * 

raised and lowered past a narrow optics were replaced by the concept of * I 0 ' ' * 

bandwidth UV absorbance scan- distributed stoi age of infoi matioi in 
ning monitor, Quantitative results the nervous system, rucoverThle en 

can be obtained from these scans masse by sampling with "strobing" 
from a final chart record made scans using precise timing. This model or provides a mechanism for erasure of 

automatically at the conclusion information by inverse cancellation and 
of migration as separated speci- incorporates the requirement for a con- 
men components are discharged formal mapping of neuronal activity in 
into a fraction collector for fur- the brain over convoluted rather than 
ther assay. planar areas. 

For more information please The conference, chaired by Otto H. ' ' 

request Brochure [37. Schmitt (University of Minnesota), was 
organized under the auspices of the 

VJ Interdisciplinary Communications Pro- eric 
INSTRUMENTATION gram, formerly of the New York company, InC. 
SPECIALTIES CO., INC. Academy of Sciences and now of the importers and Distributors of Microscopes 
4700 SUPERIOR LiNCOLN, NEBRASKA 68504 Smithsonian Institution (iNui. C. Sheles- and Scientific instruments 
PHONE 14021 434-0231 CABLE SCOLAB LINCOLN 

nyak, director; Frank Fremont-Sn-iith, Finn court, Farmingdale, N.Y. 11735. 516.293.9272 
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director emeritus) and was supported by 
funds made available by NASA. An 
edited transcript of the proceedings is 
scheduled for publication. 
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Forthcoming Events 

October 

14-22. Pan-Pacific Surgical Assoc., 11th . . ?? >- 

congr., Honolulu, Hawasi. (H. DeVault, - *.. - .. 

Room 236, Alexander Young Bldg., Hono-  - 

lulu 96813) 
16-17. Association of Earth Science 

Editors, 3rd annual conf., Houston, Tex. 
(W. D. Rose, Kentucky Geological Survey, 
Univ. of Kentucky, Lexington 40506) 

16-17. National Conf. on Fhnid Power, 
Chicago, Ill. (W. R. Smith, NCFP, 3300 
S. Federal St., Chicago 60616) 

16-17. Rapid Excavatioo, 2nd symp., 
Sacramento, Calif. (H. L. Hartman, Dean 2-. .  

of Engineering, Sacramente State College, 
Sacramento 95819) 

17-19. Society for Social Responsibility 
isi Science, New Haven, Conn. (H. Bloom, 
SSRS, 221 Rock Hill Rd., Bala-Cynwyd, 
Pa. 19004) 

18-23. American Acad. of Pediatrics, 
Chicago, Ill. (G. E. Hughes, Secretary for 
Education Affairs, 1801 Hinrnan Ave., 
Evanston, ill. 60204) 

19-22. American Mininig Congr., San 
Francisco, Calif. (R. W. Van Evera, Ring 
Bldg., Washington, D.C. 20036) I 

19-25. American College of Gastroen- I 

terology, 34th annual, Houston, Tex. (D. I 

Weiss, Executive Director, ACG, 33 W. 
60 St., New York 10023) 

20-21. Polymer-Modified Hydraulic Ce- 
ments Symp., Philadelphia, Pa. (H. B. 
Wagner, Dept. of Chemistry, Drexel Inst. 
of Technology, Philadelphia 19104) - 

20-22. George H. Hudson Symp., 5th 
Dept. of Chemistry, State Univ. College, Continuous scanning 

annual, Plattsburgh, N.Y. (Ci. F. Kokoszka, 
Plattsburgh 12901) 

20-22. American Assoc. of Stratigraphic . - - over the entire 4000 400 cm justments as well. You can get three 
Palynologists, University Park, Pa. (A. range is lust one of the unique fea different size spectra - normal, 2:1 
Traverse, Dept. of Geology and Geophys- tures of the Bausch & Lomb/Shimadzu scale expansion on the T axis, and re- 
ics, Pennsylvania State Univ., University SPECTRONIC 270 IR Infrared Spectro duced for report writing. There's a 5X 
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