QUALITATIVE AND QUANTITATIVE CHROMATOGRAPHIC DETERMINAT ION
OF MUSCLE MYOSIN PRODUCTION IN CONTROL AND

CHRONICALLY ACCELERATED CHICK EMBRYOS

APPROVED :

Cﬁ‘)&w\&)&z QQ&M

Major Professor

é/[

g \ NS

Minox Proﬁes
8&5 m\h“\

Director the Departmeﬂﬁpgflg;ology

m‘ié/u(/f /Al P At

Dean of the Graduate School



AR

1

QUALITATIVE AND QUANTITATIVE CHARCMATOGRAPHIC DETERMINATION

OF MUSCLE MYOsIN PRODUCTICHN IN CONTROL AND

CHRONICALLY ACCELERATED CHICK EMBRYOS

THESILE

FPresented to the Graduate Council of the
North Texas State University 1n Partial

Fulfillment of the Requireménts

For the Degree of

- MASTER OF ARTS

By

C., T, Fletcher, B, A.
Denton, Texas

August, 190682



LIST OF
LIST OF
Chapter

I.

II.

I1T.

Iv.

TABLE OF CONTENIS

TA}_‘?) LE S - - - - - * - - L4 [ - » L3 -

ILLUSTRATIONS o o« o o o o o o « «

INTRODUCTION o o o ¢ o o o o o &

Literature
Statement of the Problem

MATERIALS AND METHODS. ¢ &« ¢ « «
Incubation

Acceleration

Preparation of Myosin Solutions
DEA¥-cellulose Chromatography
Optical Density Determinstions

RES UIJTS - - - - - - L4 - - - « L -

DISCUSSTION o v o ¢ o o 5 s s « &«

BI}.‘BIIIOGP&AP}IY' - . - - - - (3 - - - - - . °

Page
iv

11



Table

II.

ITI.

IV.

LIST OF TABLES

Nomenclature for Body Acceleration. ¢ v o o s o o o

Analysis of Variance of the Egg Weight Means of the
Contrel and Experimental 18-Day Chick Embryos.

Analysis of Variance of the Eubryo Weight Means
of the Control and Experimental 18-Day Chick

EmMbryos. o o ¢ 2 ¢« o o ¢ v o o o o o 2 o o o

Mean Optical Density Values of Control and
Experimental 18-Day Chick Muscle Myosin, . . .

Analysis of Variance of the Fraction Peak Means
of Control and Experimental Muscle Myosin. . .

iv

27

28

29



LIST OF ILLUSTRATIONS

Figure : V Page

1., Comparison of Egg Welght, Eabryo Weilghl, and
Muscle Wet Weight Means for Control and
Experimental 18-Day Chick Eobrvos. . « « . . 26

2, Effects of Chronlc Acceleration on Elution Time

and Optical Density Values of Chromatographic
FIELC’tiODS I"I‘:’. « Py - - r - - - . - © . - - » 30

'



CHADTER I
INTRODUCTION

A recent study in this laboratory to determine the effects
of chronic acceleration on the growth of bone in chicken embryos
’hés revealed an unparaliel growth between control and accel -
erated animals (20). The bcne dimesnsions (both length and width)
of all long bones in the accelerated aﬁimals are greater during
the period of development up te 18 days; after 18 days bone
growth in the accelerated arnimals falls behind that in the
control animals.

Wunder et al. (24) reported that the femurs of accelerated
mice continued to grow as fast as, if not faster, than the
controls during the first week of écceleraticn. Rt the game
time the total body mass of the acceleréted mice first decreased
but returned to approximately initial body mass at the end of
the first week, As is further stated, this rapid growth of bone
in the experimental mice is not as pronouncad at later stages

bones accelerated at 4 times the earth's gravity {4 G) can grow
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As reported by Wunder et al. (24) there are at least two

-~

possible explanations for the faster bone growth as compared

to the total growth in mass. Theze are mechanical stress and
moderate starvation. He states that starvation alone does

not seem a rlausible explanation for this change in growth,.
However, 1t igs well known that bone growith occurs in proportion
to the load that the bone must carxry. For this reason bone
Qimensions should increase in response to the mechanical sgtreszs
applied to the bone by way of the attached musculature, This
being the case, an increase in bone growth could perhaps reflect
increased muscle mass or at least an increased ability of the
muscle to contract. Wunder gt al. (25) states that during
acceleration mice show increases in the relative sizes of the
gastrocnemius muscle as well as that of the diaphragm and heart.
An increased ability toc contract might indicate a change in
muscle quality or quantity. More investigations are required

at the present in an attempt to demonstrate the actual cause or

(D

causes for the relative increase in size of femurs (24, 25) in

one case aud the increase in all bones studied (20) in the other.

stable, polyribonucieotide-frze myosin fraction from skeletal
muscle of chickens mede possible a comparative study of myosin

production within the expcrimental and control animals. The



physical nature of the nyosin moleculs as

involvirent in wuscle contraction nade it
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determined by numerous inves
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Gyergyl and cthers in the 1940's reguired the simultaneous

action of adenosine triphos

tion of salt (0.5 M KCl).
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sD a high concentra-

Once the nyosin was dissolved and

free of actin, 2 0.1 M KC1 solution was sufficient to keep
myosin in solution (22). Both procedures involved manipula-
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ax cquantities of mate-
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tions which were difficult, e

rial, and myesin exposure toe denatuvsiicon (22).

In 1946 M. Dubuisson (6) fractioned wyosin with ammonium

-

tions which

o o

sulfate into two different frac he called «¢ myosin

and § myosin. There are reasons to believe that his = myosin

was actomyosin and his € myosin was a rather actin-free myosin
fraction (22). The fraciionation involved zubjecting myosin

to ammonium sulfate; actomyosin was precipitated according to

the actin contenit at 27-40 per cent saturation. The solution

brought up to 40 pexr cent saturation at 0°c (pH 6.0~6.5),

was
the precipitate separated on the centrifuge, the f£luid brought
up to 45-47 per cent saturation, the myosin centrifuged out,

. . o) o . . .
dialyzed overnight at 0°¢, and precipitated by dilution. Evi-
dence shows that mycsin prepared by ammonium sulfate fraction-

ation is more actin-free than the nyosin of earlier methods.
The zmmonium sulfate denatures actin, in that way rendering
the myosin free of actin {22). Myosin heterogeneity is like-
wise reduced by ammoniuvm sulfate; such heterogeneity hzs keen



shown to be due to the presence of true contaminants in the

purified myosin (2, 3, 4, 7, 17, 22).

The preparation of myosin from ghick'embryds in a highly
pure form was reguisite to iwvmunological, enzymatic, and radio-
isotopic studies of myosin synthesis during embryonic develop-
ment. Perrxy (17) noted a lack of specificity in all previous
methods employed tc isolate pure myosin., Myosin is a labile
protein; there was at this time no report of successfyl separa-
tion ¢f myosin on such synthetic ion-exchange resins as diethyl-
aminoethyl (DEAE)-cellulose, which had been limited to the more

robust proteins (17). A general study of the activity of

muscle proteins during lom--exchange chromatography had

L.
o
n
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been carried out by Perry and Zydowo (18).

Later in 1959 Brahmg (5) initiated studles on the chroma-
tography of myosin. Even highly purified myosin was chromato~
graphically heterogeneous (1, 2, 3, 4, 5, 16, 17). This
heterogeneity was resolved into three chromatographically
distinct myosin fractions and two other fractions with none
of the characteristic properties of wyosin (2, 3, 4, 12).

A single homogeneous fracticn has not heen achieved; the het~
erogeneity has been attributed to a hinding of polyribonucles-

tides with myosin which is mediated by divalent ions (2, 3,

4, 7).



ribonucleotide~free myosin fraction could be obtalined from
skeletal muscle of chicks. The method involved extraction by
pyrophosphate, dif%erential ultracentrifugation, treatment with
pancreatic ribonuclease, gel filtration of the treated extract,
and chromatography on DEAE-cellulose. Electrophoresis and
énalytical ultracentrifugation showved such extracted myosin
fractions tc be homogeneouvs. Numerous other investigators (1,
16, 17, 18) have employed similar chromatographic techniques to
obtaiﬁ relatively pure myosin fractions.

The pyrophosphate extractlon technique aforementioned was
developed by Hanson and Huxley (9). ILove (12) has since modi.-
fied the technique to mest the requirements of myosin extrac-
tion. As described by Peterson and Sober (19) in 1956 myosin
can be truly adsorbed and eluted like a typical protein from
pyrophosphate solution of even very low ionic strength.

Pancreatic ribonuclease treatments were not employed in
this study since the assumption could be made that the ribo-
nucleoproteins would effect both groups of animals equally,
unless there wag unequal synthesls of rikonucleic acids or
preteins within the groups. The latter gives rise to vyet

another problem, knowledse of which is reguisite perhaps to a
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fuller understanding of the problem at hand,

0

Statement of the Problem
The purpose of this investigation was to =nploy newly
improved qualitative and quantitative chromatographle tech-
nigques to oktaln purified myosin from 1 G and 3 G chick embrvos
and to determine if muscle myosin production elther follows
or precedes the unparsllel bone growth duvring chronic accel-

eration az reported by several investlgators.
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MATERIALS AND METHODS

Incubation

The fertile eggs used throughout the experiments were
Strain K-137, obtained from Western llet Producers, All eggs
upon arrival were exemined for breakage; those egys which were
either broken or cracked were discarded. All unbroken-uncracked
eggs were then weighed to 0.1 gram accuracy on a Harvard Trip
balance. The eggs were numbered, starting with 1, in order of
increasing weights, Weights and egyg numbers were recorded in
duplicate, once in the data book and again on the egg shell,
The eggs were incubated prior to acceleration for a minimum of
two days in a specially designed area of the incubator—-centri-
fuge, Following this periocd of initial incubation all eggs
were candled to determine fert ility and stage cof development,
Those egygs exhibiting what was consideved a good start of
growth (36-48 hours) were paired by equal weights to obtain
15 pairs, Pairs were chesen so as to represent all egg sizes
equslly within the weight distributior. These pairs were then

placed on the centrifuge; the remzining number (excluding all

undeveloped eggs which were discordad) were placed back into

11
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the bottom of the incubator-centrifuge to serve as control eggs.

In order to make reference to the incubator-centrifuge it
is necessary at this point to describe those parts directlv
related to the experiments at hand. The incubator-centrifuge
is a ﬁerﬁ describing the combination of the centrifuge and
incubator. When the term incubator is used alone, it refers
tb that aforementioned area in the bottom of the incubator-
centrifuge where eggs were kept during initial incubation and
later where the control egygs were kept-during‘acceleration, It
consists of three egg crate dividers placed side to side, sup-
ported at the center by a rod which passes to the outside of
the incubator-centrifuge so that by meané of a handle attached
to one ena of that rod the eggs can be turned. The term centri-
fuge, when used alone, will refer exclusively-to the rotor,
that part of the incubator-centrifuge which is accelerated
and thus carries the experimental eggs. The rotor consists
of a flat, round metal plate 70 centimeters in diameter onto
which are fixed around the edge 30 specially designed steel
cups. These cups are lined with a cushioning layer of foam
rubber,

Conditions necessary for incubation were made possible by
simple component systems situated within the incubator-centri-

™

' o . . .
fuge. A temperature of ©5-100 F was maintained at all points



within the incubater~c~“*rﬁiu'“ by a thermestatically con-
trolled set of heating celils. Proper humidity.and circulation
were provided by two small fans which passed a continual
stream of alr acrosg a dish pf water,

Both environmental factors were monitored externally by
means of the followlng systems, Tamp ture was monitored
through five thernisters, placed al critical peints within the
incubator-centrifuge and attached to a Tele-Thermometer system
(Model 46 T U) made by Yellow Sprin gs Instruments Company.
Hgmidity was not quantitated, but the presence of condensate in
a plastic cup set into the 1lid of the incubator-centrifuge gave
indication that humidity wazs high enough to idnsure incubation.

Both environmental parameters were observed dailly.

Acceleration

An accelerative force ofw3 G was used in each of the
experimental runs. When the eggs weré placed onto the centri-
fuge, the embryég were turned toward the center of the centri-
fuge. The location of the embryo within the egg had been
previcusly determined when the eggs were candled, and a small
"X" had been penclled onto the shell to mark that location.

The accelerative force was measurcd in revolutions per

minute; 3 G waz egual

o

o approximately 72 revolutions per min-

ute. Revolutions per minute were wonitored daily by means of
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a Metron battery-operated tachometer (Type 25 B) made by
Metron Instruments Company. The speed of the electric motor
which powered the incubator-centrifuge was in turn regﬁiated
by means of a Boston Gear Radiotrel varible motor speed con-
trol (Model R 12) made by Boston Gear Works.

The nomenclature used herein to describe the vector forces
of acceleration is the triaxial physiological system proposed
by Clark et al. (6) gnd was prepared as it appears in Table I
by Gell (10).

Recent investigation in this laboratory concerning the
positioning of chick embryos during acceleration indicates that
initially (1;13 days) all the centrifuged embryos experience a
- Gy acceleiation, as the embryo-to~yolk mass relationship is
small and the embryo remains nearer the center of the centri-
fuge. Between the 13-18 day period the embryo turns, approxi-
mately 90 degrees, either from left to right or from right to
left, now experiencing + Gy or‘— Gy acceleration, respectively.
Between the 18-19 day period the embryo must turn again approx-
imately 90 degrees, as its mass now exceeds that of the yolk.
The embryo 1s now at a poiﬁt within the shell farthest from
the center.of the centrifuge and is now experiencing a + Gy

acceleration (22).
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Preparation of Mycsin Solutions

The main steps useﬁ in the preparation of nuscle myosin
for DEAE~cellulose chromatography follow those developed by
Baril, Love, and Herrmann (2, 3, 4, 13). Fresh leg muscle
(8-35 grams) was excised from 18~day chicks killed by decapi-
tation and exsanguination (4, 8, 24). All carcasses were
refrigerated for 30 minutes prior to exc j sion of muscle (4,
8, 12, 14, 15). The muscle was separated from the developing
bone by glass probe dissection and was cut, using iris trans-
plant scissors. Fat deposits were avolded as much as possible,
for there appeared to be unequal fat desposition within the two
groups. Oyama (17) reported that fat deposits are lost during
chronic acceleration of mice. Muscle from the embryos of both
groups was pooled separately and then dividad into equal wet
welght portiong of approximately 6.4% grams. All muscle
welghings were performed on a Sartorius analytical balance.
From this point the procedure for both groups was identical, so
that the remaining procedure applles equally to each group.
Muscle was minced to fine conslstency bestween the blades of
standard svrgical scissors (4). Each portion of minced
muscle was homogenized for 30 seconds, using a small tissue

-

homogenizer made by Chexical Rubber Company. The homogenizer

)
was operated within the refrigerator at 4 C: the muscle

Pl
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0 3 * 3 3
tissue waz keplt at 4 C during the opsziration of the homogenizer
» o
by the passage of an acetone-ice water mixture (-~12 to -~15 C)
through the homogenlzer cooling jacket. The homogenate was
prepared by mixing the minced muscle tisswue in 10 volumes of
0.04 M KC1 containing 0.0067 M K2H904, adjusted to pH of 7,0

by the addition of a fes drops of concentrated H3904 (3, 4).

=3

‘ne homogenate was stilrred in a OQC ice bath for 90 minutes
atop a Sargent magnetic stirrer; the homogenate was then cen-
trifuged at 10,000 G in the rotor Np. 856 of an International
High Speed Refrigerated centrifuge {Model HR~1) madé by Inter-
national Instruments Company (4). The supernatant was disg-
carded. The residue wag roedissolilved and homogenized for 30
geconds in 10 volumes of 0.0Z M K4P207 containing 0.001 M Méclzl
adjusted to pd of 2.2 by the addition of a few drops of con-
centrated H4P207 (3, 4). Following 90 minutes of stirring in

a OOC ice bath the homogenate was centrifuged at 30,000 G for
20 minutes in the rotor No. 856 of the International centri-
fuge: the reszidue was discardéd (3, 4). In both cases the
International centrifuge was precooled to OOC. The supernataut
was centvifuged on the "Ti" rotor No. 50 of a Beckman Model L
Ultracentrifuge =2t 150,000 G for 230 minutes. The ultracentri-
fﬁgate was filtered through a standard pore Kimax fritted glass

funnel and concentrated to 20-30 milliliters with Sephadex
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G-25 cobtained from Pharmacia Fine Chemlicals. The concentrats
was subjected to gel filtration on Sephadex G-200, also ob-
tained from Pharmacia Fine Chemicals. Gel filtration columns
(3.1 by 30.5 centimeters) had been equilibrated with 0.02 M

K4P207, adjusted to pH of 8.5 by the addition of a few drops

of H4P207 (5, 4, 9, 21)., Both columns maintained a gravity
flow rate of approximately 0.9 mililliliters per minute at 4OC.
The Sephadex G-200 was prepared for the columns as outlined
by Pharmacia and £followed the proceduré of Flodin and
Killander (3, 4, 9, 21). Five-milliliter fractlons were ob~
tained simultaneously from the two ¢olumns and were collected
on a Misco f;action collector (Model 6510 AL manufactured bv
Misco Scientific Microchemical Specialities Company (4, 9).
The reagents useé-were J. T. Baker reagent grade or other
reagent grade chemicals with the least heavy metal contami-
nation (1, 4, 7, 11, 15, 24, 25). Deionized glass-distilled
water was vused in all myosin preparative procedures (1, 4, 5,
11, 15, 24, 25). All solutioné were cooled to 4OC before
use, The pH of all soiutigns used was determined at room
temperature (approximately 230C) on a Coleman Metrion IV
(Mod=2l 28C) pH m2ater. The electrodes were standardized at
pPH 7.00 and 9.00 with Coleman certified standard buffer tablet

solutions.
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DEAE~cellulaose Chrowzatograpiy

The major eluted fraction from the Sepﬁadex columns was
chromatographed on DEAE-czellulose zccerding to the procedure
developed by Love (3, 4, 13). The DEAE-cellulose purchased
from BIO-RAD Laboratories was washed several times with 0.5
M KOH and 0.5 M HC], followed by rinsing in glass-distilled
water (1, 4, 16, 19, 20, 21, 23). Smaller column sizes (2.5
by 24 centimeters) were used for cellulose chromatography.
The columns were poured in the usual manner after equili-
bration of washed material against 0,02 M K4PZO7, adjusted
to pH of 8.5 (3, 4). Eighty 5-milliliter fractions were ob-
talned simultanecusly from two chromatographic columns.
Elution was effected by diécontinUOUS, stepwise Increases in
lonic strength at a constant pH of 8.5. The following solutions
were used for the elution of the myosin fractions: Fraction I,
0.02 M K4P207; Fraction II, 0.125 M KC1-0.003 M K4P207;
Fraction IIL, 0.18 M KRCi1~0.005 M K49207; and Fraction IV,
0.36 M RC1-0.01 M K4P207 (4) . Faster gravity flow rates of
approximately 1.6 milliliters per minute were obtained on the
cellulose columns.

The entire procedure for myoszin solution and column

chromategraphy was carried out within the temperature range

O
of 0-4 ¢ (1-5, 7, &, 11, 12, 14, 15, 16, 18, 19, 24, 25).
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Optical Density Daterminations

The optical densitles of all 3-milliliter fractions cb-
tained from DEAE-cellulose were determined at a wavelength of
280 millimicrons on a Beckman Model DU Spectrophotometer (2, 3,
4, 13, 16, 18, 25). The first fraction eluted contalned only
0;02 M K4P207 and wasg used to calibrate 100 psr cent trang-
mittance on the spectrophotoneter. The following settings of
the spectrophotometer remained constant during all the deter-
minations: (i) a slit widih of 0.125 millimeters, (ii) a
hydrogen lamp setting of 0.04, (iii} a sensitivity setting of
0.5, and (iv) a phototube loazd resistance setting of 3. All
meagurements were recorded on the attached Beckman Recorder,
using chart No. 93512; all per cent transmittance readings
were converted to optlcal density values. These values were
plotted against time (or 5-mllliliter fractions), resulting in
the major fractions (I-IV, mentioned above.

The number of contrel and experimental animals varied
within runs and was as follows: run 1, named 3G-B4, consisted
of 7 control and 25 experimental aniwmals; run 2, named 3G-B5,
£ 22 control and 29 experimzntal animals; and run
3, namad 3G-B%, consisted of 33 control and 29 experimental
animals., This variation was due to fluctuation in the per
cent maturation of the embryvos. In explanation of the names

given esch of the three runs, the 3G indicated that the
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accelerative force wasg 3 tim=s the earth's gravity. The B4,
B5, and B5 indicated a specific run at the 3 G level; the B
named the series, which was named after a color. In this case

that color was black.
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CHAPTER TiX
RESULTS

Muscle myosin was put into solution, chromatographed,

and measured in each of three experimental runs. There was
variation in the number of embryos within runs. CQnsequently,
there was also variation in the guantity of muscle collected
within runs. Tﬁe 3G-B4 run produced 6.8439 grams of control
muscle and 21.6073 grams of experimental muscle, The 3G-BS
run produced 24.9719 grams of control muscle and 24.6996 grams
of experimzntal muscle. The 3G-B6 run produced 25,1012 grams
of control muscle and 36.8918 grams of experimental nmuscle,
These muscle guantities were divided within runs into equel
wet welght portions of approximately 6.45 grams. The number
of equal wet welight portions within each run also varied and
was as follows: 3G-B4, 1 control and 3 centrifuge; BGmBS, 3
control and 3 centrifuge; and 3G--B&6, 3 control and 4 centri-

fuge. For reason of time required for myosin solution and

}

I""‘

DEAE~cellulose chromatography, results were obtained on only

6 contrel and 5 centrifuge porhions,
F

Figure 1 comperes the nean values of egg welght, embryo

p -
)

weight, and muscle wet welght of Lhe control and experimental

jAN]
1

i 5
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18~day czhick erbryos. Ixaminatior of this figure reveals th

1 ’

sinmilarity beiween the egy welght means of the two groups.

~

The nuwerical values for the control and experimental group
were 52,35 and 32.62, respectively. fThe results of an anal-
vsis of variance for a cone-way clessification {(Table ITI)

-
3

nif

l“*x

indicate there is no si icant difference bhetween the egyg

[L9]

TABLE II

ANALYSIS COF VARIANCE OF 'I‘HE LECCG WEIGET MEANS OIF Ty
CONTROIL AND EXPERIMENTAL 18-DAY CHICK EMBRYOS

jr@“u of

Source Sum of Squares | Mean Scusre P
Teodon
o oo < e e A bt K bl i A e ¥ S s i o T A
Beiween 1 31.02 31.02

n 143 1,831.84 12.81

r-J -
ot
=
5
H -
Ny
9
s
)

W

Total 144 1,862.85

A conparison of the control and experimental embryo
weight means in Figure 1 indicates that the control embryos
are greater in mass., The embryo weight means of the control

and experimental groups were 13,6167 and 12.0266 grams, re-

aspechively This difference had been reported previocusly,

“i'

following investication in this lzboratory concerning the
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effects of chronic aééeleration cn embryo weigbt (1). The
F value for the comparison of enbryo weight means (Table III)
is significant at the P= ,001 level, a high level of signif-
icance. An analysis of variance could not be ?erformed on
the mean values of muscle wet weight. The quantity of
nuscle available represented the pooled amount of muscle

from all embryos within each greoup of the three runs. Mus-

cle weights per emnbryo were not at hand.

TABLE IIIX

ANALYSIS OF VARIANCE OF THE EMBRYO WEIGHT MEANS OF THE
CONTROIL AND EXPERIMENTAL 18-DAY CHICK EMBRYQS

Source D;2223§m0f Sum of Squares Mean Sguare . ¥
Between 1 201.5357 201.5357
Within 143 1,034.6429 ’ 7.2352 27.85%%*
Total 144 1,236.1786
! I

**%% Random probability of differenca between groups
cent

liter chromatographic fractions within runs 3G6-B4, 3G-BS,
and 3G-B6 appear in Table IV. These mean values are

rlotted against time (or 5 milliliter fractions) in



MEAN OFTICAL DENSITY VALUES GF CG
18-DAY CHICK MU3SCL

TABLE I

%
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TROL AND EXPERIMENTAL

Tube Optical Density Tube Cptical Density .
No. Control Centrifuge Bo. | Control Centrifuge
1 .00883 .01040 43 .05650 .69020
2 .01216 .01360 42 .09916 .11180
3 .01216 .01320 43 .13033 .15220
4 .0198e3 .01300 44 .13033 .13450
5 .01933 L02600 45 .16416 .14440
6 .01800 .03000 46 .19366 .17660
7 .01915 .02730 47 .23150 .23180
8 .02633 04440 43 .251.00 .26020
9 .04450 .04430 49 .25300 .32400
10 .05400 .08100 50 .32000 .38420
11 .07215 .08140 51 .36750 .43560
12 L07550 .09556 52 LJALS56 .49420
13 L07950 .12040 53 LA8383 L44320
14 .11250 .16320 54 .A93816 .484690
15 .13833 .21260 55 LA8433 .56580
16 .19483 .21220 56 .37816 .34320
17 .21783 .23260 57 .25600 .17760
18 L21766 .10840 58 .13116 .07460
19 .17033 .09250 59 .07066 .04020
20 .08316 .02240 60 .04600 .04640
21 L05450 L032450 61 L0488 .08260
22 .02300 .D3345 62 .067156 .17800
23 .01700 .03440 63 .12700 .24480
24 .02150 .06320 64 .23500 .28860
25 .03333 .10200 65 .40100 .40880
26 L065565 .11880 656 .45316 .502006
27 .11615 .11320 67 .57216 .58020
28 L14450 .17440 68 .G5900 .63180
25 .11050 .05800 69 .73516 .72840
30 .07833 .03855 70 .80816 .79560
31 .06355 .02300 71 .71050 .78840
32 .03083 .02800 72 .73033 .64760
33 .01230 .03820 73 L6600D .54840
34 L02350 .04240 74 .52956 .37000
35 .022060 L0310 75 LA47215 .31160
36 .02800 .03980 76 L32500 L17520
37 .03016 .03340 77 .23465 .09220
38 .03033 L04060 78 .103656 L064850
39 .02453 05540 79 05216 .05660
40 .03300 L06260 50 .01250 .04540
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figure 2. The elution time for esch 5 milliliter fraction
was 3 minutes. Examination of this figure indicates that
the elution solutions separated four fractions on DEAE~-
cellulose, The area under the peaks jncreaﬁes&in proportion
to the gquantity of myosin or myoglobin in thoge fractions.
An analysils of variance for a one-way classification
(Teble V) indicates there is no significant diifiference he-
tween the area means. Further analyses of variance on indi-
vidual fractions and on the combined myosin fractions II-1V
indicate no significant difierencas belween these area means
as well. Those F values are as follows: Fractlon I, F=.0392;
Fraction II, F =2.1142; Fraction III, F= ,0245; Fraction IV,

F =.2857; and combined Fractions II-IV, F=,0120.

TABLE V

ANALYSIS OF VARIANCE OF THE FRACTION PEAK MEANS OF
CONTROL AND EXPERIMDNTAL MUSCLE MYOSIN

Degrees of

Source Freedom Sum of Squareg Mean Square F
Betwean 1 - .0002 LQ002
Within 8589 42,4102 . 0477 .0044

Total 890 42,4104
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Qualitative examipation of Figure 2 reveals no apparent

significant change concerning the mdlecular configuration of

the protein molecule. Flution was effected similarily by all

eluticns solutions within the control

ang

c>4)

erimental groups,.
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CHAPTER IV
DIBCUSSION

Investigatioﬁs by Wunder et al. (3, 4), Redden (2), and
other investigateors have shown an unparallel bone growth in
control and chronilcally accelerated animals. Wunder and his
colleagues suggest at least two possible explanations to
account for the fascer bone growth as compared to the total

body mass: modersate starvation and mechanlcal stress (3).

p]

In the case of moderate starvation the initial decrezse in

-

body mass can be largely attributed to a lowered food con-
sumption during the first week of centvrifugation. Bocne devel-
opment during this period doez not show a comparable
retarvdation, resulting in an increase in the bone mass to body
nzss relationship. Although starvation could account for the
change in this relationship, it alone does not seom a plausible
explanation for the actuzl change in bone cross sectional area
that occurs simultaneously. On the other hand, mechanical

art account for the increased bone growth in

%
]

stress could in

it
Y

e

the centrifuged animals. This should bz valid if Wolffe's law
is followed in chronic acceleration studies, The law proposes

that bore grows in proportion o the load that the bone must

£a)
fin



carry. The artificial gravlitational field (3 G) could cer-
talnly inzrease the mechanical ioad on the bone. If the
experimental form is a tetrapod (mouse, tﬁrtle, etc.) as used
by Wunder et al. and other investigators, Wolffe's law should
be valid. The inzreased gravitational field (3 G) confronting
the experimental form increases the work that must be done to
secure food, to malntain posture, and to make other bhody move-
mants., This increase in work resulis in an increased machan-—
ical stressg applied to the bone. If ma2chanical stress is the
answer to the increased bone grewth in experimental animals
that 1s reported by several investigators, then Wolffe's law_
is followed.

In the case of the investilgation cited herein the exper-
imental form was the chick exbryo. This was an embryonic
form, onz that was developing a skeletal and a muscular sys-
tem simultaneously. Nevertheless, there was evidence of
unparallel bone growth in the control and experimental animals.
Explanation of the cause or causes in this case is even wore
difficult.

during the first 13 days of acceler-

ot

It is possible tha
atlon the erbryo may not encouvnter a significant increase in
the forca of gravity (2). At this time the embryo to yolk mass

relationship is small; the embryo actually "floats" atop the

more abundant and dense yvolk and sabryonic fluids. During
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this p2=riod there should ba dzwping of the acceleration effect
followed by a comparable reduchtion in the effects on bone

-

ered is the

o)

growth. Another factor which must be consi

(na

position of the ewbryo with respect to the gravitational

field. At this time the embrvo encounters backward acceler-

ation as it faces away from the center of the centrifuge (- Gg).
Between the 13-18 day pevriod the embryo turns from left

to right or from right to left, from 0 degrees through 90

degrecs (0 degrees being the position of the embryo at day

one or facing away from the center.of the centrifuge).

ﬁuring this period of incubation and acceleration the embryo

mass approaches and exceeds the mass of the yolk. The embfyo

should encounter the increased accelerative force from the

side (+ G_ or - Gy). The embryo could make movements of

y
adjustment to compensate for the increased gravitational
field, although this has not been observed., Furthermore,
during the 18-19 day pcriod the embryo continues to turn in

the field of graviity, assuming now a2 position 180 degrees from

its early embryonic position (2). Its mass now exceeds that

ud
D

of the yolk; the cmbryo is forced to occupy a position within

the zhell farthest from the center of the centrifuge. The

to retract. The embryo aft this point is subjectad to the full

force of the increased gravitational field (4 Gx)' the effects



)
w3

of which should be refiactad by the physiology of the emnpryvo,

!
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More compensatory movemsnts e by the embryo,

(3
Q¥
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m
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increasing agailn the mechani

A

~'Jr":wz?ali«r’:‘d to the hone
and muscle. It is known that the embryo moves to the air
sac during this period to satisfy respiratory requlrements.

If bone growth in the chick embryo follows Wolffe's

1}

stress phenomencn, a discernible c¢hange should coccur in the
load carried by the bone and muscle at some time during the

13-19 day perdiod.
An examination of Figure 1 indicates both an Increased

enmvyc waight and muscla wet weight in the control group.

Egg weight means in this show that these results can
not be explained by & larger set of control egys. Theve 1s
no significant difference hetween the egyg welghlt means of

the control and accelerated groups. The embryo welght mean
of the control group is larger; there is a highly significant
differenca between the embryo welght means of the two groups.

More important, howvever, 1s the fact that there 1s a greater

yvield of nmuscle wat welght in the contrel group. Surpris-

the grams of muscle wet welght collected per gram of embryo
welght., The valuves for the contrel and experiwmantal groups
are 07908 and .07216, respectively. Conseguently, the

&

increzsed muscle web waight In the control grouan can be



attributed only to the fact that the contrcl embryos were
larger, No significani lncreass in muscle mass per embryo
followed chronic acceleration,

A comparison of the plots of myvosin fractionsg from the
control and experimental groups in Figure 2 reveals the
simllarity between the nyosin chromatographed in the two
groups. Four chromatographle fractions were separated on
'DEAE-cellulose., These fractions have been characterized by
Baril and his assoclates (1). Fraction 1 consists mainly of
myoglobin. Fractions II-IV hzve bhezpn characterized ac

nyosin-like fractions, with such characterilstic promeriies
L] L

of myosin ag actin-binding and a high adenosine trivhog--

2

3

phatase activity mediated by Ce . There was no signif-
icant difference in the fractlon pesak means of the control
and experimental groups (Table V). This precludes any pos-
sibility that there might have been increased muscle myosin
production in the accelerated anirals. No significant
change in mvosin quantity per gram of muscle followed

chreonic zsccoeleration,

Since one of ithe characterls £ DIAF~-collulos

o
e}
£
o

@ 1is

iﬂ

separation of molecules of different size and configuration,
a change in the molecular qualities of myosin should evoke

changes in myosin cluticon on columns of DEAR-cellulose
Qualitatively the plots show po a

spavent slgnificant chanye

b
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in the nyosin elution wualities following chronic acceler-

atlon. In relation to time the elution of the four major

fractions was approxilrately the

The shape of the plots
was similar; the altiltudes, slops, and base of all curves
were approgimately equal, The fact that these qualities are
similar précludes any major change in the configuration of
the nyosin molecule, Both the shape and size of the ayosin
molecule have apparently remained unaltered following chronic
acceleration.

The results of this investigation indicate that the

increase in bone dimensions reported in embryvonic acceler-

i

ation studiés of chicks may not be due to mechanical stress
applied to the bone by increased muscle tone or muscle mass.
An increase in musclé nyosin content following chronic accel-
eration should have been reguisite to explain the increase

in bone growth using Wolffe's law. The results of this
investigation dc not, however, preclude the pcgﬁibility that

the increaged bone growhth chserved in the studies on chronic

(N

acceleration of tetrapods might boe produced in part or in

5

teto by mechanical stress, In tura, the latter nmight well
he caused by increased proteln (nmyvesin) content of the nuscle
or somz other factor that would enhance the contractile

abllity of the musculature. It must be borne in mind that

in thig inve

[

tigation the sccelerated form was a chick embryo,
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a form found submergﬁd in embryonic flulds and upheld by the
yolk the greater part of its life, conditions which would
perhaps simulate a near weightless state (2). This form
should not be expoected to respond in the same manner as the
tetrapod f@rm used by other investigators.

The fesults of the bone growth studies in this labora-
tory indicate the eighteenth to nineteenth day to be the
time at which the bone dimensions are equal in the two groups
(2). Unparallel growth precedes and follows this period of
of incubation and acceleration. Additional investigations
need to be done to compare the myosin content of the muscle
at 15, 16,117, 19, 20, and 21 days of incubation in the cop-~
trol and accelerated chicke. A similar study should be
carried out, using tétrapoﬂs to further substantiate these

findings.
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