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IN Asenes of ex enments on phosphorus
meta orsm In the developing chick
embryo including the effects of various
phgsrcal a% Pts e.. high electric field
and chemital agents (. vitamins),
hiave heen faced with the drtfrcult problem
ecrdrné; tJfUSt how great should a guan
titative difference etvveen two (geter-
mrnatrons g, In order for us to attripute
the diff erence to the agent. What we have
IS essentia I%/ a problem In statrstrcs—the
same statistical problem encountered In
biological assays. The s pecific mvestrgea
tjon ave Undertak en In this pa
the meta orsm of Rhosphorus |n te
a%rc Ick emb s two ars[o %ts In
F rst Iaﬁe wen using the method,
%owrn the turrhover of radroactrve
posp 0rys in the phosphorus compounds
of t eembrra/o what variation is to be ex-
pected the combination of normal
varrabrlrty from group to group and the
1This work has been supported by the Office of

Naval Research, the Atomic Energy Commission,
and Research Corporation of New York.

inherent experimental errors. The data are
subjected 1o elementary statistical anal-
ysis to find the mean, variance, and some
Characteristics of the poloulatron of groups
from which our sample was taken b
using Student’s /-test. The second aspect
Is that the information gained from the
study gives us insight Into. the functioning
of tfe embryo as & broloorcal system.

The ?eneral outl me of the &x éaenment
Was as ollows. narguot of radioactive
R ]
for og%s At theggend of t e mcut)
|on eno the vra e em os were

rozen |mme |at
OS We Uﬂ tO a
EMmica

WEIQNINg the
V\?GI’ and t SIS

orm d 0 determrne the s ecrfrc actrv res
—ra |oact|vrt¥ ?r micr ram of hos
phorus corrected Tor decay —o the ph

phatide, acid soluble, |nor anic and
adenosine, inorganic_and inorganic from
hothocreatrne residual, an morganrc

Bhos horus fractions. Intercomparison of
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these data orve an indication of hiological
variability for each phosphorus fraction.

PROCEDURE

Sixteen dozen eqgs were obtained from

a local hatchery.™ From this sample,
thrrty SIX eQi%s were selected at. random.
They were then weighed, sterilized with
LugoPs. solution ang injected into the
white through the air sac with 0,05 ml,
of P2 solution with a 1 ml. calibrated
tuberculin syringe having a No. 27 hyp
dermic needle, The needle was insérted

to the same depth in each e?g ghe P2
04

solution was_In the form of "NaHP.
having an aotrvrtg/ 5l JUC Iml. The activity
of the' P béen determined b usrng
the Tracerlab simulated P referenc
source. The activities ontained by this
technique never differed from the “desig-
nated_Oak Ridge values by as much &
5%, The eggs were then sealed with
sterile wax and placed i an rncubator
After eight days rncubatron the embryo
Were remove cleared of fa errnﬁ
brangs, and rmmedratey rozen In liq ur
alr. The fact that all of the embryos Sur-
vived gave Us Increased confidence in our
injection procedure. Immediately follow-
Ing, freezing, the embryos were” weighed
and then Powgered 1n preparation” for
chemrcal anaI SIS.

The chemical rpror:edure employed for
the fractionation of the acid-soluble
phosphorus compounds and the ether-
squbIe hosp horus compounds of the
chick emb o or use In our tracer studreé
IS srmr ar evesy Levl an

Rebbe (1938 Itr bsed incjpall on
the solu(b?rtrg ariy P o te
Hrpuns an terr susce tr rr
ny SIS Spectro- eHrc
of anal y/]rs IS fashrone ert at
of Krtson and Mellon (1944) w rch 08S

not require any ver cumbersome ravi-
metrrchetermYnatroh The countr%g of
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the sam Ie is done very convenrentlfy
merely taking an arclruot rportron of the
final Solytion” used for che rca anal srs
evaporating it to dryness, and courting
wjth an end-window Geiger Muller tube
wrndow thickness 3 to g om.2 A
single 8-gay embryo was to small for
reliable chemical analysis. We found that
a group of three could be handled eagily.
In"all of our discussion, the single values
grven refer then to the means for three
embryos pooled 8rror 10 extractron The
“nopulatign” of our statistical analysis, is
nof, therefore, the population of ndivid-
uaI e?os but that of %rougs each consist-
g hree eqgs selected at random from
thé original thirty-six eggs The variation
In the “original gopulatr n would be ex-
pected t0 exceed the variation in our
no Rulatron
The fractions, that have been obtained

and analyzed for phospharus are acid
soluble pHiosphorus, morganrc phosphorus,
rnorrganrthos horus plus adenosrne h
pho s ror nic phosphorus p

anrc porus rom phosRhocreatrne
duaI (phorus main ﬁ/ ucl ear pro-
tern osphatide or

phospholrrPrd hosphorus Adescrrptron of
he chemical” procedure is given'in the
following flow sheet.

RESULTS

Table Lgi %qves the data determrned from
te experiment. The second and third
col umns display the reIatron between
the specific activit Werg ht of ep
and etween s ecrfc actrvrtyV nd werq
of emb Ee rguress 0 no corréla
tr n be ween f ? acfors. There ISH
vantage therefore, In expressrn
specrfrc tivity as counts ? microgram
gra hosphorus per gram of egg or per
Table 1 reveals that the maximum
deviation from the mean varied from



FLOW SHEET FOR PHOSPHORUS FRACTIONS

: ' 10% trichl ti
Drop embryo into liquid agﬁ dpéjr!\c/gr\;vﬁetr{rg&%%ryﬂItg?(%at%tc% m\?g éw ceo\ﬁvelti] 0% trichloroacetic acid

Filtrate _ idue —
Acid solubles Treat three portions as follows: Residue Eegﬁﬁr hrs. with 3:1

S AL Ior Hadg Xure In
G
and cerftrifug
3. Hydrolyze in 0.
A : B s

e10 m|n n pet. ether; Si uaI
glléggmatant \Jgrl F]\Paporate El\?

1. Evaporat ry-
Euanoratetodry

ecipitate . .
giaﬁctgzwnth dilute Plssolve other shﬂm J Phospholipid P

é inafewdro

n tr
Ash half of Ppt. ?mxtura %ﬁe %o uﬂo atﬁ
cen rif u e upernatant
W 10 stand inre rlger ash Wlt d|| te ISCar
AdenosmePP plus for frs. dissolve
Inorganic with” ew rops :
NH4OH Phosphocreatine P

Wﬂ e Gt

Inorganic P

Supernatant Resi
p as%s due

uc eoproteln)

89y

uosued g UeuwsH pue AJ1ay 'y Yagezi| J
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Table 1—Data on specific activities of phosphorus fractions
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Maximum Deviation from Mean
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S33333333333

i
0919
)

8.4%
+11% for the amd squbIe gohosfphorus

fraction to +28% ang or
Inorganic Phosphorus fractlon The co-
efg(yeghdo variations - are respectively

0
The avera e of the specmc act|V|t|es of
te six fractions are plotted in Graph
L They range from a high of 0.0946 Tor

sttt g i
O

Coefficient of Variation

SPEC/P/C ACT/Y/TY

INORGANIC P 4 PHOSPHOCREATINE
PHOSPHATIDE
INORGANIC P 4 ADENOSINE
RESIDUAL P
ACID SOLUBLE P

INORGANIC P

Graph 1 Relation among the specific activities
of the phosphorus fractions. Specific activity is de-
f|rr]1ed as counts per second per microgram of phos-
phorus.

0565
+ n%

1.6%

fractions
microgram of phosphorus)

| e |
Pfglcgﬁ)ga soﬁﬁﬁe Igsog eaégc wg?lggﬁ{c ResBiuaI Inorlganlc

Iné

:
%

0901
+20 &o

9.0%

OSE). -
creatine

:

0946

+25%
-14%

9-9%

0603

0
i3
10.73%

0275

i

18.14%

n%

the phosphocreatme fraction to 0.0271
for the morgamc hosphorus fraction. In
most 0 our subs ﬂuent dlscussmn based
on Table 1 we shall express values In
ﬁercentaqe o{ the mean rather than the
umerical values.

DISCUSSION

In_computing the coefficients of varia-
tion for th% ?h g Phorus fractions In Tabf1
1, we have tacitly assumed that the dis-
tribution is normal, that 1s, it follows the
familiar bell-shaped curve. This assump-
tion seems_reasonable for the orjginal
population from which the indvidual elgg
Were dr wn Fortunately, |t is true that
even If a population’. deviates from
normahty the distribution of means of
samples “tends o foIIow a normal dis-
tribution (‘ Hoel, ? hhls Work we
have used the mean of the three embryos
as our individual values, hence we would
expect such values to follow a normal
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curve even though the parent population
mr\%t e abnormal.
ith the ooetfrcrents of variation, we
%set up the usua limits for deviations
the ‘means, Qur primary concerm,
owever s with how reliable are the
determinations of the means for the phos-
phorus fractions in permitting s to esti-
mate the means fof the popllation con-
srstrnr;} of groups of three eqys from the
same Tlock which we might have procured
the experiment. Thrs roblem- seems
to frt all conditions necessary_for an ap-
plrcatron of Student’s /-distribution for
he determrnatron of confrdence limits for
the mean (Hoe ema state the
pro lem._as foIIovv% e]tt e s ecr IC 4c-
lvities for eacn osp orus fraction for
all such groups of these eggs In the manner
of this experiment be normally distributed
with mean m and variance @2 let x_ana
s2be their sample values determined from
a random sample of size, n, i.e,, n groups
consisting of three embryos each;” thén
the new Variables

o, %=
d/Zy/n
and
ns2
V2 -
satisfy the conditions for the /-distribu-
tion: then
(x—m)\n
S

has a [-distribution with n degrees of free-

From the tabulated values of / (Hoel,
1947, p. 248), we find for a 99.0% and a
95.0% confidence level for w the values

x+0820- and x+ 0.54er respechve %/
vaIues are shown In Tab The |rst
column states that the probability Is

Elizabeth K. Kelly and Herman Branson

Table 2.—Confidence levelsfor the means

95.0% 99.0%

0 0,

IRnho0 a c&?and adeno- 45M 8%%’
i 60/ 7.38%

Phosgrhoc;ﬁatrne plusin-

esl ua
norganic P

B
A
95.0% that the mean determined_ for
the phosphatide P fraction Is within
+4.54% of the mean of this phosphorus
fractron or the po uatron of groups. of
eqgs from which our sample is drawn. The
othier values are interpreted similarly.
Two, different tr(pes of errors are Tecog-
nized in_such statistical Ipro lems as \ie
are treating: Type 1, the %/rpot esis (that
the agent Influences the e ect% IS correct
but t e experrment rejects the hypothesis;
hypothesis |s mcorrect but the
ex errment cepts the h pot esis. It
IS our belief that |n expenmen s such as we
are. concerneg Type errors are more
serious than Type since_ Type 1 errors
are not likely to he publisheg, We feel
then th ta farr hrgh prob bility should
be set or accepytrn a resut a5, sh owrng
Influence of the a ent In this discussio
\ie have set 95.0% as the Iowter limit with
the 990% level as being preferable. It Is
our belief, too, that experiments of this
2ype should be desr% ned to keep the T ¥R
error within some suc bound.
phosphatide phosphorus fraction wil b
grsreétrsto Illustrate the testing for Type 2
Let us suppose that an experiment has
been performed where the effect of the
vgent rs {0 decrease the specific activities.
here x Is the va ue found from our ex-
%rment m and_a are the mean and ?o
icient of variation of the population for
the trait under mvestrgatron—rn this In-
stance, they are mean specific activity
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00919 and  coefficient of variation—
0.0077) of the hos hatlde 1phos phorus
traction. The 0.05 range for a Type ‘Lerror
15 then, %>(m—2a) Which eq uas 0.0765
for_the phosphatlde fractlon

The probability otaT}/]peZerror Is that
X Wil not fall Within this |n|t|aI reglon
(%<m—2a) when the hPOt esis is false
We may freat the problem as. 1 minus
the probability that x will fall in the re-
gion when the h Fr])othesm IS false Thus
in order to make the Type 2 error 0.0
Is necessary that x satls the i |nequa V\y
when the exPerlment yte 0s a value'z. We
assume that the exRertmentaIIy deter-
mined mean would nave the same co-
efficient of variation as before, then the
0.95 requirement may be written

This integral states that as Ion% as the
true experimental mean, x, IS [ess than

m—2a) we will reject the hypothesis with
the experlmentall determined, value z in
95.0% .0f the cases. From this we ma
determine the limits on z which will en-
sure the rejections.

From the table for the error integral,
we get

1 p 11151292

—z | 0.95
which requires
11.15—129*=1.64
_951_
*= 0 =0.0737

Thus if a single value of the § ecmc ac-
tivity oftheR osphatide hos orus frac-
tion I less t an 0737t e ro ab||
5,0% that we do not commltt el g
error, that is, the experiment acce
Incorrect hypot esis.
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Gragh 1 shows that the, specific ac-
tivities of the phos horus fragtions_fall
|nto three groups morganlc P from
BOS phocreatine E)hosghatte morgamc
plus adenosine P; (2) residual P, acid
soluble P; ’g3) Inorg amc P. The differences
within each group”amount to only a few
percent and ‘are Tess than the_cogfficient
of variation for each fractton These find-
|r}gs are con3|stent with the interpretation

Heves et al. 819382 th%t thé organic
posp or scomp unds of the embryd are
tént esized rom te morgantc phos-
Elorus romte o The findings . of

evesY et aI 8) that the secmc

activities of all he 0Sphorus fract|ons
Including morﬁantc phospharus were the
same in"the I1 and the 18-day embryo
would require that the differences e
have qbserved would be equilibrated b}/
that time. Unfortunatey evesy et a
(1938) gave no value, for the “specific
activity of the norganic phosphorus for
the six-day embryo,

The results in’ Graph 1 are consistent
W|th the view of phosp horus metanolism
|n th e chick emhrIyo r%oorte by Branson

Brooks and 2 who interp reted
their data to |m ta the embryo first
used the Inoy anlc P in the eg
Ing of the phosphorus, compgunds, Thelr
pr Posed sequence of reactions, Is Rre-
sented In Figure L The organic phos-
Phorus comp unds are hgdrol zed qutside

for puilg-

he embryo by a phosphatase activated

or reIeased bg the emb 0. The resultmg

Inorganic, ph ﬂohorus enters the emb

Where It 15 used to build the organic phos
phorus c(?m ounds,

Accor ing to, this view, the inorganic
Phosp orus which enters the embryo n
he early days of development should
have a hlgher specific activity than that
which enters |ater since the Iatter has
been produced by nydrolysis from in-
active phosphoru |n an organtc com-
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pound. We may interpret our results as in-
dicating that “the high_ specific_ activity
roup (1) was_ formed from inorganic
hosphorts which entered the embryo
earlier in its development while the lovier
activity group (2) was formed from later
Inorganic phospriorys. As time goes, on
the phosphorus in the embryo would be

Yolk and Whits t/uaRro

ANORGANIC P _ _ INORGANIC p

PHOSPH ATASSP

ORGANIC P OfftSAMC

Fig. 1. The Rroposed ﬁath of phosphorus between
the yolk and white and the embryo. The vertical line
represents the membranes separating the embryo
from the remainder of the egg.

exgected to travel around the metabohc
cycle and ecome thorough g m|xe
hence . one w? expect thé specific
activities of all fractions in older em-
bryos to tend to the same value. An al-
ternative to the preceding interpretation
would be that the %roup 2) compounds,
residual hosghoru (mainly nu Ieopro
tein) and acid soluble phosghorus com-
pounds, exc ange more rapidly with the

Inorganic, rP osphorus ant?1 are t us more
he]ac Ive in the embryo than they are In
e adult.

Po hak and Beeckmans g1950)b found

that the foetal pIacenta of th

not transmtt unhydro yzed phosphohpm
hospt aéte m %CU es to the foetus.
elr findin san these reported here are

additional eV| ence that asa eneral rule Yo

In iving or%;antsms Inor ylated or-
?anlc molecules are not transported across
Oetal membranes but are hydrolyzed into

rabbit goes P

Elizabeth K. Kelly and Herman Branson

simpler comRounds or components and
the components transported.

SUMMARY

L In experiments on_phosphorus. me-
tabolism studied with P2 i the 8-day
chick embryo, _analyzed in _groups of
three, the specific activities of the
phatide, acid soluble, morgantc plus
adenosine, Inorganic plus. posg 0Crea-
tine, residual and morganic sti orus
fractions varied from alow of +11% of
the mean for. the acid solubles to a maxi-
mum of +28% and —29% of the mean
for the inorganic fractions.

2. In experiments on the effects  of
chemical or physical agents by workin
with falrly large samplés (e.g. 12 values
for each fraction we ag/ reatg Inrease
the sensitivity of the Xperiment In re-
veallnth differences between the exE)en
mental and control values. From Table 2
with such a sample, we can conclude that
if the means of the | morRamc P fractions
differ by only 35.0% (the smaller taken
as 100%) the_probability is 99.0% that
the diference is attributable to the a ent

The specific activities of the
phorus. fractions fall intg three groups
with the Inorganic P from Ph spho-
creating, phospnatide, and inorganic P
plus adenosine P havmg essentially the
same value (009% the reSigual P an acid
soluble P form the second group (0
and the morganlc P i lowest_(0.027).
These relationis are shown In Graph
These flndlngs are con5|stent with the
V|ewt at the emb ra/ﬁ %stetnor an|c
hospnorus In the yolk to ouild its organlc
phosphorus compouns This morglanlc
bhosphorus is produced by the hydrolysis
of I(Ii ganic phasphorus compounds in the
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