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TABLE 3. EFFECT OF CONCENTRATION on TOTAL UPTAKE OF c.“0

Ce6° Added 

Initially 
(pc/ml)

Ratio — Upteke Rates 
at High ana 

Low Concentatiens

Co Added
Initially 
(ug/m»)

Rota of Upteke 
per Orgeniem 

(counta/min x 10-•

Rete — Upteke Retes 
or High end 

Low Cencenwetiens

0.01 3.7 2292
SO. I 17.1

0.0002 0.074 IM

Effect of Oxygen om Primary Breekoge and Fusion
in Tredescantia Ch 

A. D. Conger

MW Aberretions 

A, H. Johnston

This fraction is independent of any effect that the 
oxygen may have on primary breakage rate.

Ratio of Tanel nel Deletions to Enehenges. -

An analysis hos boon made’ * of the effect of 
oxygen on primary breakage rate ond fusion rate in 
Tradescantia X-roy-induced chromatid aberrations. 
The onalysis showed that although oxygen in
creased the primary breakage rote, it also increased 
the fusion rote; therefore, for an equal number of 
primary breaks, a smaller oroportion of brooks 
turned into visible aberrations. The observed 
air/nitrogen ratios of aberration production were 
explicable by the analysts.

It would be valuable if the same type of fusional 
analysts could be extended to the chromosome 
aberrations - which arise from irradiation in inter- 
phase whpn the chromosomes are single — since 
the bulk of the work reported in the literature is 
based on chromosome aberration results. It de
velops that the exact fusional analysts applied to 
the chromatid aberrations is not possible with the 
chromosome type, but an approximate analysis can 
be applied, and it is sufficient to indicate that 
oxygen has the some effect on fusion for chromo 
some aberrations as for the chromafid type. The 
problem as to find, among chromosome aberrotions, 
criteria which will indicate a change in the fusion

Chromoso
of breoks; chrono 
fusion of breaks.

inal do lotions arise from nonius ion
exchonges orise from the

The ratio of inal deletions
to exchonges is Ri ere torn on estimale of the rotio 
of non fusion to fusion events. A volid comporison 
of fusion in different oxygen concentrations con 
be made by comporing, for equol exchange fre- 
quencies, the rotio of terminai deletions in the
different oxygen co otions.

In two experiments, X rodialion was delivered 

at 250 kvp (hvi, 1.45 mm of Cm) at rates of over 
600 r/min to 7 radescamtia inflorescences in air 
and in nitrogen, and slides were made four Roys 
later for chromosome oberations. Two doses each 
were given in oir ond nitrogen in the first experi- 
ment, and live doses in rock gos in the second. 
Cells were analyzed for frequency of completely 
ond incompletely fsed exchonges, of interstitiel 
deletions, ond of terminal deletions.

Dat on the incompleteness of exchanges ore 
given in Toble 4. The microscopic detection of 
dis telly incomplete exchonges is more occurote 
thon thot of proximally an cam pie to onckonprs. An 
exchonge which is dm to l fy incomplete con bo

rate Of radiation-induced chromosome 
following are suitoble criterio.

Incompleteness of Rarhaxpoe. - Ch 
changes (dicentric and ring chromos

brooks. The

eseme ex- 
s) con bo

completely fused (at both ends) or incompletely 
fused (et one end only). If oxygen hos on effect 
on the fusion of brooks, it should resul in o change
in the fraction of exchanyes which ore ple

detected becouse at produces two trog
steod of the single frog

an-
pletely fused

exchange. Since the two closses should be equol.

as two times the number of the accurately ob- 
servoble die telly incomplete each on per (Table 4). 
Exchonges are about twice as incomplete in nitre- 
pen OS in air. This would mean that for equal 
numbers of breaks aboum twice os many turn into 
terminal deletions Mt nitogen as an oir.

13A. D. Cong-, mma A. M. Jehnatem, neoi, s. 
Pme Rep Feb. 13. 1933, ORNL-1863, p 16-21.

By compon 
to exchong

of the matios ef al deletions
in mitrogen ond in cir, it on be
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TABLE 4 FRAcTOM or EXCMAMGES wincw ARE MCOMPLETELT PUSED, 
AFTER X IRRADATON m wIrRoGEN AMD m Al

Air Minegen

Me.
Tetel 

euchen.
Tetel

Eweheng
Frewen*

Inrompl.w

Weae el 
Incmpl.wm

i 420 0.13 273 0.19 1.5:1

2 664 0.06 531 0.14 2.1,1

im Ine, * Inea
tetel tetel

ehewa by a different method that fusion of breoks 

<• le** •" nitrogen thon to oir. Terminal deletions 

arise Sr cm nonfusion of bracks, exchonges Sr sat 
fusion. M aiWeoen decroses fusion, then for an 

equal a amber of to* eh* in each gos, acre terminol 
deletions and Sewer exchonges would be found to 
nitrogen toea to air. The estimate of fusion is not 

direct, e* Ser toe former cose, becouse exchongs 
ingease e* e power of She dose, whereos terminal

points to eech gos. Here ogoin rhe evidence indi- 
cotes that fusion is less to to Ire gee than to cir; 
the consequences of lee* fusion to nitrogen would

be • higher yield of

aberrations’ to the ch

deletions
of the freqvencies of 
to mitogen, for equol 
two geses, gives an o

, a comparison 
el deletions in cir ond 

chonge frequencies to the 

ximate estimateof fusion.
or rother, the retio of fusion in the two goses. The 
volues Ser this comporison, given in Table 5, ears

mode from finted dose curves for the ob
comcerned.

tions

E l is bosed on only t-o dose points in
eech gos, and is to era Sere less occurete thon the 

results from experimene 2. based M fiv dose

TABLE S RATO oF TERMMAL DELETOeS M 
mrmoce AMO M AHL FoR EQUAL exCMAICE 

FnEQuECY m mE TWO GasES

Reniee(TD)ua a/TD.w
• las

t 1.21 1.21 -1.21

2 i.ui 1.51 ~1.S1

•T© - 4 delen

inel deletions in nitrogen

eberrexea data of

these experiments, estimates of primary brokoge 
rotes and fusion rotes ond their rotios in nitrogen 
and in aiv can be made. Absolute valves for these
rotes ore only ate, Sut the rotios in nitro-
gen and oir ere were occurete. Only the dato of 

experiment 2 (five doses in each gas) ere con- 
*i4ereX in the onalysis in Table 6. Definition of 

terms and eelheX of colculation ore given in the 
previous report. 13

The f volues meon that ebout 7% of the primory
breaks induced in
tions d d at

become terminal dele-
1, only 3% - about half

as many - in cir. From the f volues for

deletie d the e valves for each
•I

,'H is esti-

the ratio of abou 3:1 to 3.7:1 in this experimen.

The g indicates
cir/niwogen fusion rohos hew some

hew diffe
P

that the 
lidity, and

mchonges ond terminel deletions can 
ew/e Hr e sea ratios in the imr ex-

«S. The conclusions are subsw

same as those for chomatid ab vs.

ily the

Ascites Tumor Production by Single-Cell to ee aS*

A. H. Johnston

Ascites tumors hove been used exte
the lost few yeors for mony •* purposes.

19
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TABLE 6. ABERRATON RATOS AMD ESTMATED FUSION RATES AMO BREAKAGE 
RATES M AM AMO Nt •urROcEM; DATA FROM EXPERIMEMT 3

Free newel 
ineemplete 
Ewehenge.

Eslmeted Eatimeted
Ab Retie

observed ten

TO Cash ewes.

Primory Draakaps 
Reto from

TO Eschenges

*e - relenem k

0.14 0.073

0033

0.47:1 0.45:1

0,97

1,02:1 1.5:1 3.9:1 3.0:1 3.7:1

inol dletions f R et meleph
yield of ezchengee end mhe valve of / (number el bra eke eenston»).

The oncient Ehrlich mouse oscites tumor, a fovor- 
able Strom in many respects, has the disadvantage
of considerable hoterog 
tion, which is parpeHn

eity in the cell popula-
ted by the

10* celis wd for routine transfer;
oximately 
the sama

co applies to sems other commonly used
oscites tumor stroins. Starting a new subline from 
a single cell would achieve the desirable result of 
genetic hemo penalty. This has been done in the 
post by Hauschka, Goldman, end others, but at the 
cost of considerable effort and of mice because of 
the low percentoge of takes. Results of single- 
cell inoculations made in this laboratory ore given
in Toble 7.
which have been inoculated long enough (about 

18-20 days) to develop a tumor is o high degree 
of success, f--------- - ------------------------- ‘ — *----------L--------- *-------------

Twenty per cent takes in the mice

of success. Seventeen more mice have been inocu- 

lated later dates, but it is still too early to tell

TABLE r. pRoDucTION of EMRLICM ASCITES 
TUMOR FROM SIGLE-CELL IOCULA

(AS OF JULY 26, 1955)

T tme Since 
Inorulenen 

(da,)

32

30

18

Tetet

20

Mumber of MMa Number of "Tekes" 

Ineeulata (Aseites F wad)

5

0

A

30

P ercentoge: 30

0

3

1

4

whether o tumor will develop. Achieving the de- 
cirable result of genetic homogeneity by the simple 
and relatively easy method used, with its high 
percentoge of successful tokos, may be of some 
practical interest.

Inoculations wore made by a simple method 
similar to that of S. Hornsey (M.R.C., Hommersmith 
Hospital, London; personal communication). Freshly 
drown, sin-day-old ascitie fluid containing tumor 
cells was diluted out in cell-free (centrifuged) 
oscitic fluid to give about 0—10 tumor cells per 
small droplet delivered onto a glass microscope 
slide. Under the microscope at about 150 power, 
a single cell could be sucked up in a hand-held, 
fine glass, capillary pipette, connected by rubber 
tubing to the mouth. At the magnification used, 
obviously, abnormal or degenerate coils could be 
rejected, yet delicate manual manipulation of the 
pipette was still possible. To be certain that only 
a single cell was inoculated, a cell wes drawn up 
into the pipette the first time, expelled on the slide 
in its droplet of fluid, examined, then sucked up a 
second time to inject from the same pipette into a 
day-old mouse. Ease and success of manipulation 
depended mostly on the size and bare of the capil
lary pipette. All inoculations had been made 
within 4 hr at the most, and usually only 1 hr after 
withdrawal of fluid.

Production of Two Types of X-Ray-Induced •
Ch 

s. Woiff

Breaks

H. E. Luippold

Dose-intens ity studies on the seed of Vicia faba 
have indicated that X-ray-induced chromosome 
breaks stay open for at least 2 hr when the seed

I
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has been socked in water. If, however, the seed 
bee boon soaked in BAL (British Anti-Lewisite) or 
placed in vacuo, then the breaks remain open for 
only k hr before rejoining. Those eaperiments 
were designed to detiermine whether or not there 
wes another type of brook present which rejoined 
at a foster rate than those previously described. 
It should be noted that intensity studies in 
Tradescantia led Catcheside, Lee, and Theday’* 
to speculate on the existence of two different types 
of chromosome breaks — one type that rejoins 
relatively rapidly, end another that rejoins at a 
slower rate.

In the present experiments, the seeds were 
soaked in water for 24 hr or in water for 23% hr 
and then in BAL for k hr. They were then irradi-

plateau wherein there is no diminution of 2-hit 
aberrations is, therefore, a measure of the time the 
bracks stay open. Teis time, which is dose de- 
pendent, is. at least 2 hr in those seeds inadioted 
in ear eted water and 4 hr in those inadiated in 
BAL. At the end of these periods, rejoining occurs 
and a typical intensity effect results. However, 
if the radiation is given at an intensity higher than
200 r/min. increesed number of abenations

ated with 600 r of vp X rays. After germno-
tian, the first mitotic root-tip division was examined 
for 2-hit chromosome aberrations. The results of 
the studies wherein the radiation was administered 
at various intensities are given in Fig. 6.

As may be seen, there is a goup of breaks that 
stay open for a relatively long period of time. 
This is indicated by the plateau exhibited by each 
curve. If the breaks underwent restitution during 
this period, then, for a given dose, at any given 
time, there would be fewer open breaks in the 
system at low intensities than at high. Conse
quently, the number of 2-hit aberrations would 
diminish as intensity decreased. The length of the

1“o. G. etehesida, D. E. Lec, and s. M. Theday. J.
GeneL 47. 137-149(1744).

above the plateau level is observed. This is true 
for aberrations produced in both water and BAL. 
This is interpreted as indicating that there is one 
type of break produced which rejoins, i.e., resti
tutes or forms a 2-hit aberration very rapidly. If 
the radiation is administered at a very high in
tensity, these breaks are presont in the cell simul- 
toneousiy and are capable of yielding a large 
number of 2-hit aberrations. In those seeds irradi- 
ated at lower intensities, most of these breaks 
restitute and there remain only those breaks which 
do not rejoin for a relatively long period of time. 
The latter are the breaks, described in previous 
reports from this Laboratory, that are responsible 
for the plateau on the intensity curves.

It has been postulated that, since respiration 
and A TP (adenosine triphosphate) are necessary for 
the rejoining of this latter type of break, the bonds 
formed are strong bonds, possibly of a covalent 
nature. Any discussion of the type of bonds 
for -tod in the rejoining of the breaks that rejoin 
very rapidly is, at this time, purely speculative.
Haw 
are

, Malta’* has found that chelating agents
capable of breaking chromes and

Steffensen‘6 has found that plants grown without 
calcium exhibit an increase in the number of

a
8

sponta chromosome breaks. It may be that

E e
*• *

3 •0 s
8 *
9

%
•A

5 20
•2

•o no
ouoorno or umaosaTOmI-mI

140

the brooks described by both Mexia and Steffensen 
are the some as the type that rejoins rapidly in 
Vic tn. Those may be breaks not of covalent bonds, 
but of salt linkages that will rejoin immediately 
and that will not remain open for 2 hr. In Table 8 
are presented the results of experiments showing 
that chelating agents are cepable of breaking the 
chromosomes of Vicia. In these experiments, the 
seeds were soaked first in water and then for 
varying periods of time in 0.001 M Versone. The 
total time of soaking, in all cases, was 24 hr.

Fig- 6. Effect ef High Intensity on Production 
of 2-Hit Aberrations.

,$O. Mazic, Proc. Natl. Acaa Sei. U.S. 40. 521-527 
(1954).

’*D. Steffensem, tbiri. 41, 155-160 (1955).
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TABLE 4. PERCEMTAGE ABERRATVOMS 
PRODUCED ar SOAKING SCCO

IN VERSEME (0.001 M)

Totel Time ims Versene Mumberef Aberrewena
Cell. ch) ALasren. Call. (m

i
§.

i
650 « 4 0.94 ± 0,38

•0
3 27 3.60 ±0.69

250 6 36 14.40 1 2.4 2 *
8 
f

• "® 
• -- 
• at-

These seeds were not irradiated. The ability of 
chelating agents to cause chromosome breakage 
in Vicia is interpreted as indicating that there are 
some brooks in the system that are breaks of salt 
linkoges. As yet, those breaks have not boon 
definitely identified as being the some as these 
that give the high numbers of uberretisns when the 
material is irradiated at very high intensities. 
However, the existence of two chemically de Aw ed 
types of breaks — one of salt linkages and one of 
covalent bonds - is consistent with the results of 
the radiation-intensity experiments and the stated 
hypothesis.

»
2oo

so moatoo mmaeano
N _ __ •mTem*it----;

Fig- 7. ••*•«* ef Verying the Imtensity of Redie-

tion on Yield ef 2-Hit Ch 4 Abereti

or in water plus either ADP or AMP, there was 
ne decrease in the numbers of 2-hit oberreions 
when the rodiation was administered at lew intew 
pity. This indicates that, under these candltiens
of sookimg, there wes no ehre rejoining
for at least 2 hr after the onset of imrediation.
in ntrast, seeds sooked for the last half hour

dO

s. Woifr
It *0**4

H. E. Luippota

in ATP did show an imtensity effect (decreose 
in 2-hit abenationa), indicating thet the chromo- 
some breoks rejoined % to l hr after the com- 
mencememt ol the inrodiction. The omly discerm- 
ible physiological difference between ATP and
AMP

Recent experiments in thie Loboratory have in- 
dicoled that postirradiation inhibition of cellular 
respiration is capable of preventing the rejoiming 
of chromosome brooks induced in the seed of Vicie 
jaba. It has also been determined thet the appli- 
cation of exogenous ATP causes breoks to rejoin 
in a shorter period at time tham they would in the 
absence of the ATP.

In Fig. 7 may be soon the results of radiation 
intensity experiments performed on seeds seabed 
for 23% hr in water and then for 2 hr in either 
ADP (denosine diphosphate) or AMP (adenosine 
monophosphate). In order to allow comparison. 
Fig. 7 also includes the previous intensity curves 
obtained when the last % hr of soaking took 
place in either ATP or water. The total dots 
administered at any point of the curves was 600 r 
delivered by a G-E Marr it ran tube eperete d at 250 
kvp with 3 mm of Al filtration added. It may be 
noted that, in these seeds seabed in water alone

ADP is coused by the presence of a
readily available hi^h energy phosphate bond in 
ATP. Thus this a ri den to thet ATP itself can

rejoining where
phorylation products connot is ►

its - dephos- 
ed •• being

conoboretive evidence of our previously advanced 
hypothesis that ATP with its ppiphaephota bend 
is necessory os o source of energy to be utilized
In chm 

Th.
mme rejoining-
ilative studies in this field for the lost

year have led us to postulate a scheme to rap re 
sent the train of events that chromosomes fellow 
after iwadietion. This scheme is pro sones d in 
Fig- 8. It moy be seen that the re fiction has two 
independent cantoguancos that affect the prs du e 
tion of chremosomol aberrations. It both breaks 
the chromosomes and domoges what, at this time, 
can only be designoted as a "rejoining system," 
In the presence of ATP, the "rejoining system” 
is able to recover and cause the bredke to rejoin. 
If the X irradiation is performed in s oreo, a typical

22
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• < K Wryi !■ Pmidecing 3 Kit Cl 
Hawa.

b
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mo — rm ।

"owygen effecf"" ia —hi i.., there ia less

Fly. 9. 
Tmemem

My Curves ARer Pi du

d
in bate tew— hreoks —nd tea* domege — tea re 
joining system, enobling te* bredia to rejoin in 
a shorter Mai* than efter triad aM — in air. If, 
haw*—, th* owygen la removed after te* iwahi 
ationi and oxidoive metebolism la inhibi—K than 
no ATP ia —ateaah ond th* tea—a terwad —• 
unable *• rejoin.

system" • * nely d mith nueleic acid

synthesis. However. they —a —i— with —di 
a hypothesis end imdicete then further ——di

ned.

At —a—t. experiments designed to elucidote

way. On. yaaaiteltey bDing a—I—al la th— t« 
la connected with mucleic ocid ayah—at a. te 
Fig- 9 way be seen the resuls d dose-imtensity 
studes performed on a—4a sooked la water for

Demine 
Mewvesp

T. H, Putenger

Mateiah— aa

of m-
cleic ocids. Ah— !■ 1. y—i—, urvoc»l, end cyto- 

sime oll oct — ——«M■* agenta, ond the seeds 
socked prior fo inrediation in these th—Hide 

■■A Aw tew— 2hit oberrations th— those sooked 
emly in water. This wos not — with tymime;

significently diffe 
w—— r—Ir. T

ubstence did n shew • 
beretion yield fvom the 
l per a*. hawa*—. I* mot 
mine that becomes imcer

Heterek be

K. C. At-cod 
>ii»h—cwl mute— —

Newmspone —— grow ot on optimd — ol 5
mm/he at 30°C on d medium provided the
the components ar* of th* some meting type —4 
—• ynahaaHy compatible. W— th* pveportions

however, y—wth will be H—4 by the —ility of
the minority 
defect one

— offset the bioc ol

gwowth > —I will be suboptimel. Uh hi conditons 
•I prolenged stobility of the —l*w proponiens, 
a subnormnel qowth — moy be looked upon *a

of the -ild-

these
•• the —hi ter both i—ry 
thymine. It is c —dwteh. thenek

urocil mev be —— < — ect
4 uacil amnd

during which the breoks stoy opem con be infle-

•yy* dida present enly in the nuclei of th* minor 
nucleor component. Thus, mi cultures with sul- 
♦ki—1'1 dispropowlionat* rotos, and Mi te* ate 
sene• of nuclec id* ch—, gowth r—i —N be 
sub
be comedated over • wide romnge of volues

—.4 bypreie 
end pyrimidin 
end pyrimidw 
ocids.

HI that are — — i— for the purine
baa* a b 4 inte —die

Th. y to e —rd— qene te icy end
growth rote is mow afforded since recent —dies
hove shown the (1) h —b wy 
► —y of nucle

with • wide
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the peeper—on el cent Bel types in the inoculum 1 7 
ond (2) h—e—kery ewe can be constucted with 

prolonged submaximall rates — which edoptive
nuclee chonges ere obsent. ’• 

le these stdies of the do 

gene, e wire el 21 heterol

nonce el the pam" 

yyons with e wide
ronge of nucleor rotios were synthesized in -hich
an olbine stain with • Aenic

S 4

▼ A ;n"

acid (p 

c—pew i

•/•I A) wes used es the major mucleg
and the minor weiser co

one of three stroins A, w 4 A,
ponent wos 
ar mic-2,al-2

A), eoch bowing Ao normo eHele of Ae pam mutont 
but with regrtrow ante for lysine, —g—e, end 
nicetinic ocid, —epe e— rely. The heterokovons 
wo— grown et 30°C in 300-mm growth tubes’" on

The Ire — reties of the 

minor muclea componemts e—e cAceio—4 by the 
opproximalion of Ata ee 4 and Mukai. 20 The nuclem 

i—ri in the p
tubes —e then « 

seemed iustified b
ged, • procedure which 
ee the differences ee—

usuolly small. For the p—pe roe ol comrelating

Mriving — an e—i—eta of do 
deto from the 21 heterokemy

ratio and thus 
co of pan", the

s were plotted in

P d

t oddition, the growth re—s of penal-l A 

is on various cone——i nt of calcium 
— were similady determined. Those

date ere elso ploned in Fig. 10 with the con-
of cote ion pontoth on the same

omis ee the be—one, el pam muclei.
The mamimum grwth vete of pam,al-I A is re echo!

with 0.5 pg of ceicium pen—A per milliliter
and •• the some os the growth rate on minima
Fdes medium of heterok in which the nuclear
p—pe—iens e— in the optime ronge. Below the 
optimol renge, the growth rote folls precipitously
with decveosing P of pan" nuclei.

5

om 00

•00
do- dog & 

ewe—A 
owe s— ere

Fig- 10. kA—। el MeAo— Pmp
Gewth ef Ne

Dutng
Metemkerns. O, panm,al-);

•. panal-1 * mic-2,al-2; A, pan,a-1 « lys-3; A, 
pem,al-1 ♦ erg A

e of p—A by • certain foctor
bee the some effect on the gmowth rote es chonging 
the W—Wee of pan" nuclei by the some foctor.

Tl—e the P 
to che cone

of pon* nuciei con be equated

in A e medi
From he date in Fig- 10 i• appeors than 0.1 ug
of celti—e pentaA 

motel rebArei 
1% of pam’ nuclei.

The holer eh wry —

clece ce
nuclei for err eqivol

-ith dec 
is motew

esing e • of A «. It
thy theat the curves are, at least woughly.

of the some form; thet is to soy, changing the

"‘x. C. AtweoO. T. H. Pim-mgw. •dA.w. Kimbelt, 
Bert semamm. Pmg Rep. Fet It. 1933, ORML-186, 
2-2.
ISr. H. Piany-r, K. C. —wee A ana A. •. Kimtail, 

iha o »-».
wF; 3."ra2z Hl *1 '***» end E- -- Tevm Am J-
20r. M, Pim-mg-, ena K. C. er Gemener 39, 

987 <m«.
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per milliliter is oppromi- 
ing effects to

hoving lys-3 os the minor mu- 
ppecs to require —rr pa"

those having either mic-2, al-2, or arg-6. Although
ain whether this oHoct is

reel. it is possible that this pan" is less domi- 
nent than the others, er than modifying factors in 
the genetic bockground of 1-3 ere responsible.

II dominance is defined ee the reciprocol of the
cy of Ao minor co—P

ta prere 
pan" is

just sufficient

, dominance of
imately 25-30; thet is, the maxi

octivity of pan" is 25—30 times ee pre — as that 

necessony for e normal growth re—. 1 would be 
el interest — leom whether the system always 
functions with Ais extra capocity, or whoAor the 

peek activity is ewok el by the growth-limiting 
conditioms. This cannot be l—own tn el with Ae 

type of information at hand, but since the growth

-1

mum ' H
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to pontoth and pan" nuclei were activated at 60°C for 20 mim and plated in e thin
similar, it cen be infurred that the octiwity per 

My within the
top loyer on 4 ierbose agor.

iboptimal ronge.

Xafatle* ■sortsee 
emMieree

K. C. Anwcca

the Lethel Efeets ef X Reys 
omidi end Asa ee yore a

T. H. Pittas tor

aurves of uninucleat micm 
idio, which hove e dlsorib

nucleer mumber, have been discussed prev
It wea appere 
the mulinucle

onidio
X”

dilutions sore erode possible by suspending the 
heovy spores in e viscous 0.1* ogor solution. 
Survival dote booed am counts of so reset bimdrod 
co facie a. yer point ore abeam in T oble *.

The sigmificance of this survival curwe is its 
re lets an to the curves yeetieeafa obtoimed with 
uninucleate micvoconidia. The survival of asco- 
spores agrees with that of micro ceei As as the

that the X-ey survival curve of 
s cells covld not hove been pre-

easier ties Aet the nuclei ere mA 
of inactivation; that is. that no inte

ndent Wits

Blows occur
bet nuclei in the ascospores and that on asco-

dicted frem tha of the uninucleate, and that e

octrees of unk nature bet
multimucleate conidia. Another

Mated by intet- 
hhe nuclei in 

hological ele-

ayew is viobie if it contains at leost era* viable 
nucleus. On Me basis the oscospore suriwal 
would be given by

ment in Newrospora is the ascospore, of interest 
in these studies becavse it e s was ila exactly »ws

(1) s... - I - (» - aP .
• SEe

eocfai.
apon

Tbo nuclei in is ere some 40 p where a is the survival of mici

m saw sol.
in a doe a e. coarsely vacuolated storage

the 

mic
survival is ei

conidia. In Toble 9 
paved with thar of

The comp d

closely adjacem in * finely granular cytoplasm. 
X-ay survival curves of oscospores were first 
obtained by Uber and Goddamd •" 1*34. but these 
dote conmot be used far comparison be ces so tbo 
number a cored by the individual isolation tech- 
nique was insufficient la establish the farm of 
list curves. Tb era fare it seemed iwyaNewt to ob- 
tain e survivol curve far ascospores by the a e Aeta 
plating technique.

survivai according to Eq. I is in good og
with exper a. Tb* nidia sr* much less
seneitive; at 100.000 r their survivol is 86 times 
os high es Am of oscospores. This is comsistent 
with A* wotioas that Ao nuclei in ascospores are 
functionolly seel eta d born one another to an extent 
which precludes or interaction of Ao type en-

er idia.

Ascospores token fmom the cross b aryp
(10575A) ond ad (276630) were irradiated with
2504vp X reya, 4 saw of Al filtration, and then

MdleH.a I afarrd A

D. Schwartz

ma inMeize

C. E. Ba

Preliminary studies22 have beers ray arte d on the 
utagenic action of ionizing reAetsew* at the

2‘x. C. Arw*. njol. se 
1933, okNL-1863, • 24-2.

Pmg- Rep- Feb. 13. -I. Seh-ea end G. M. Cheniee. Biol. Owan Pmog 
Rep. Feh. iO. 1952 ORNL-1244, * 24-25.

TABLE 9. SuRvIViIG FRAcTONS OF macnoconDIA, AscoSPORES, ANO 
MAACROCONIDIA AS A FUNCTION OF X-RAY DOSE

Das. (103 rl Survivel, s, of MIAct— 1 - <1 -
Surwivel ef

Moesoconidio

30 0.62 0.86 0.82

40 0.20 0.36 0.58 0.50

00 0.030 0.051 0.066 0.35

80

>00

0.0030
0.00034

0.0000 0.0074 0.17

0.00000 0.0011 0.095

25
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yE, locus in meize. Further —sting hes es—b 
liehod that only two of the five yellow gre— t—d 
liege and only one of the mosaics found were 
true mutants. The others became fully g— os 
they matured, and failed — transmit the mu—nt 
choree—r — their offspring The final tabulaSion

comtain both the vound and an

knob, 
anther.

dy eh—gated
Both knob types or found in the some
The factor

does not activete MeClintock’a th.
ble for this mutebility

gave two yellowg of the 33,934 seedlings
grown. Since the female parent w— he—syg—e 
for the red deficiency, only half the seedlings 
were of the pmper genotype for the expression 
of the mutant phenotype. Mien the correction is 
mode, the mu—Hsn re— of the Yga gene at 1000 r 
of y roys is calculate d — be I. IB x 10-4 
(2/16,967). The mutation — in the unirradiated 
control is 0.37 - I0-* (2/54,677). The difference 
between these is not statistically significont

From their X ray studies — the a locus, Stadler

1 m ef Chemicel T and Redietiens

R. T. Brumfield O. E. Foard
in — earlier neport2“ it wus shown the 2,4,6- 

trichlorophenoxyecetic acid (2,4,6-T) inhibits cur
ve—res induced in timothy roots by umilaterol 
exposur — uhtreviolet radiation. The same cum 
pound woo else found — inhibit com gio—ly the
g
acid (I AA) dart not modify the curve 
by ultraviolet — the goes—pre ci

Indole—otic 
r—s induced 

---- 24.—
In continuing this research, the effects of other 

conc'u dei? drat ionizing ioA onions compounds — eurr o—res in the timothy root have
produce few if any true gone mutations in mnaize. 
All the opparent gone mu t—lens which they found 
were graved conclusively — be minute deletions.

beam tested. The methods, used hove been the 
same as these described in the earlier reports

The pres—t study was underfed — — A ine *
hodtor this was peculiar — the a locus er was

ing root hos be— c— I
true ter other loci as well. The da— g d

As the experimant was set up, yellow green 
seedlings could result hem either gone mutation 
er e smell in—mof deficiency which did not effect 
the loci — either side. w and Py. However. the

stucted and gut into use. The odditional com 
pounds —ed up — the gross— time are 2,4,5- 
Wrchlrmpke— ay ecstic acid (2,4,5-T) 2.4 di ch is— 
pheneoxyoc otic acid (2,4-D). m de le 3 butyric acid 
(IBA), and maleic acid hydrosido (MH), ell in a
wide romige of come t

ib ce of pole yellow- seedlings in the rrodit
population points — mutati the agent

oted
re- 

The

The 2,4,5-T and 2,4-D in ce tions of 5

da— suggest that all deficiencies in the ch—mo 
ein must have bo— gross enough to dels— the 
w locus as well, resulting in a white seedling. 
One pale yellow seedling was found in the control.

The ible yellow-g
considerable interest and is being studied in 
great detoil. It wee not included with the yellow- 
greens in calculating mutation rate since it appears

involve e chrom al aberration similar to
the Ac-Ds materiol described by McClintock. Dif- 
ferent states of metobility which effect the time
off utation have bo — isolated. The mutability

assoicioted with a ch—ge in the
of the terminal knob on chromosome 9.

orphology 
The knob

is no—oily round and, in the line used here, is 
also very large. The mutable yellow-green plants

mg/liter inhibit the goetropic curvature but reduce 
growth — about one third that of c—trots. IBA 
has essentially the same effect os IAA, i.e.,a

—erery inhibition of root growth, but the curves 
— per unit of growth is about the seme os that 
of untreated controls. MH (BOO mg/liter) had no 
■—went effect on growth or the geotopic curva- 
—re for the interval of observation (100 min). 
Experiments concerning the effects of these corn 
pounds — the curvatures induced by ultraviolet 
are still in progress.

In the experiments with 2,4,6-T — curvatures 
in the root, there was some indication that treat
ment with 2,4,6-T (10 and 20 mg/liter) immediately 
stimulated root growth in addition — its effect 
on the geotropic response. This possibility was 
more closely imvestigated by keeping individual

F

23L. J. Stadlar ana H. Item—, Genetics 33, 273-303 
(1948).

24R. T. Brumfiela, Hint. Semianm Prog. Rep. Aug. 15. 
1934. ORNL-1766, p 24—77.

25R. T. Brumfiala, Biot semiam. Prog. Rep. Aug. IK 
lift, ORNL-1614, p 19—21.
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rests under obsen 
them with varied

tar 4 tar end then mecing 
entmtions of 2,46-T and

stent under uniform environm 
about 24 hr. Therefore, the

d
•isNy con- 
dtions tar 
rant of th*

ent.

mol see to or inhibition of 

The 2,4,6-T in Mb and

EMects of Aight Brrtltta luvedi » Since she

be a suitoble test object tar ulh

■ tai eta is of limited
that it might else serve ee 
of the effects of a irvadiatic

tion, it
dietion, 
d likely

str ritl tar the stdy 

on cell division ond 

wiments, ee»i were

polonium apavtirio source dell ■ wing 1.5 ■ 10* 
a particled/sec/mm2 st the surfoce of the moot.

All these dosoges umIhI in ci
rest. These cur is are ho

tures in the 

quite Altar
ent fvom those m 4e eed by ultevolet rodiation.
Ultreviolet induces two cu 

one is toword the source 
about 40 min after imvadiet

s is the root —

cosed by the b 
gel of the root *

reechin, a 
n, and is «

ily vefe 4 * et the region 
ature is oway heat 
about 00 min after

Irra di
first cw r evil. The si 
re setae from a stimulat

cu

duced by a devel
>tra4i sties and are toward the 
known at prevent whether the

The curvatures in- 

• sheet 4 hr after 

source. It is not 

curvatres induced

of cells in the region of cell division iheth
dividing cel!s ar* so offected that their growth

tion. Th* curvature of the root straightens set 
during subsequent growth, possibly an effect of 
gravity tine* the rests were kept in s vertical 
position.

pEmIOD Euomc AUCUST •s, t«W

after esposure The ele
tar in to the el

is the m— 
dieted side

ebou 12-10 ta
d cells ere qitesimi-
gaed cells resew.nS

efter ulteviolet imrediation ehish have been de-

scrbed elsewh 24 The rite gees 4 cells pre-
sumebly result from * nhibilion of cell divisi

while the slang 

emperiments are

of the cell m s. These
mly is progress.

IMISECT CYTOLeGY AMD GEMETICS

M. E- Goulden
R. C. von Borstel
J. G. Celson’
R. w. Rogers

B. R. Speicher!
K. G. Speicher’ 
A. R. Whiting’ 
G. &. St. Amend

M Meytah 
Ch

dDwnk
osemel Ah
Thelytekeu

B. R. Speicher

at Letta alley end 
vetiensime

K. G. Speicher

*

The ich

almost unk

wosp, Nemeritis camescems, re-

Diploidy of the
sis, meles being 
matured, unferti-

lized egg is ossured by en ineflective first maturo- 
tion division which couses the aborive Best polor

eta

P ri

to reunite with the second oocyte eeriest 
meres metophase II plate. Compietion of 

nd moturation division gee ta ee t e femole 
us and a single polor nucleus, each with

2n (22) chromosomes.
If a mature female is witheld tar a doy er two

from its host larva, ta Medit flou moth.
Epbestia huebmiella, ee mony es 75 unloid eggs
will collect in the uteri, 
possed through prophose and

Such eggs hove oll

first meiosis ond their chromosomes an 

fused into e compoct mass, e conditio 
common to the eggs of mony Hymen

• of the 
uniformly 
which is

distinctly diflerent freer Hrim is. at. Ch logi-
colly st leost, they are in e Wegt of wvttlsd and

modified 

meter eti ii
aph

In etaer to dete 
unusual eggs to rai

divisions until eferoviposition.
the sensitivity of these

diation-induced 4a lethal

ity. stock females were X^wedleer 4 at doses
ronging from 100 to 1200 r by in M of 100.

they wer allowed to
eviyeeit into their host larvee tar 3 or 4 hr. e

2‘R. T. Bumfiata, Pme. Nad. Acad Sek U.s. 3, 
366-371 (1953).
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eggs presem in the uter (i.e-, in eoy
et the fime of de Nes ll

mophasel)
ching vime

(SI he et 30C) the leid eggs mere 41*** *** 4 from

dete 4.
of vioble eogs wes

Results (Fig. Ill d to em inviebility
nommal to th* steck of obou 1.57, sho- • 50 
survival et ebo 400 • end essentiolly mo surivel 
«* 1200 r. These dete egee substentiolly with 
those obtoined for Habrobracom by A. R. Whiting’ 

for eggs treced in lote metophese l. When ploned
semilog 
for Nem

icelly. h

simple *** in* phenomenon.
Cytologicel ■ ■ in i a ax am wos mode of dbout 160 

eggs, voryimg in stoge 1 th* Hana of fixotion from 
onophese I do completion of th* second moturotion 

division, bait all inodiated at 400 » -hile Ma eoly

mAn* 1. Chromelid bridges end fregme 
seen in all stoges, olthough their req

ph l wos impossible to determine.

prsence of bridges in onophese 1. toget 
chomosome clummping. indicetes shet cho

> mer
icy in

The
, -ivh

ll

chwomatids. Abeut 135 eggs covering th* some 

stoges, but not mrodioted, showed n* umnequivocal

bridges, freg , or clumping.

2‘A. R. misa. A- Nunadar 79, 193-227 <»«*•».

100 -

•o

?»

40

20

o 
o 2 r

x-RY DOSE (On
o

4 «

A
Fig. 11. Survivel ef M Eggs V—wf J la

l t* inaaa aai** Deses of X Ray*.

28

the ef Habrokracom, there I* some AM nn ■■ in
(I) the couse of some d 
******** of chmmoso 
phone 1. Beth diflere

ment lethelity end (2)the 
stickiness duing eno- 

vs could be esenbed so

X-Rerinduced Gene Mutet
Memeritis

B. R. Speicher

im

K. G. Speicher
Wild-type femoles -ere T 1**41 

of 200-1000 • M prduce mutelio 
used a* enelyse chmmosome se

vd -ith deses 
then could Le

afypicel meiosis of Nemeritis cemrsceme.
females mere leh -ith host

in 4a* 
Th*

pillers fer only
so they mould ley omly

those *g9s -hich -ere drredieted et ely ene- 
phese l, ond thus ensu • mail*—l y wemed F. 
population. On* visbl mtetion -os found in 4a* 

1348 F, effspting fvom X-imodiated lemales which 

-ere esomined. It hos proved of linle use b****** 
it eflects th* positien of th* -ings end cennot to*

sthen zed sp

-ings wre
individuols. Coumts em thee bom unmeliebie.

Seven hune 
females from

dred and hit; rima eggs loid by F

recessive lethel
Thmee such mutu

hod beem prod

I
aned, e 
-hether

d,

followe

eggs e

4 though thee o
-ere found and hewe beem

is by meons of ego

The reios of invieble eggs omong eotel

given in Toble 10. Dm ere
1 femeles ar* 
i*l*** end com

rections hue net been mode for inviobiliy bound 
in the stock.

TAPLE 10. RATos oF MVLABLE EGGS PRODUCED 
BY TunEE MECEsSIVE LETMAL MUTATTONS

Ta-i •**• .Wiki. E“. "*2,

l,
*2

97 14 24.7

HI

IM

28

42

25.2

27.1

■

I •.
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ie «MV
camescems im mess eutme thwough mome then 

100 generetiens wihes findimg e mele, end

es com-

1931 ef vhe iiinnii ef —mi ■—* in • lebor- 
tory cultume.” im this emperimen one mole mm 
found emong rhel pogeny el M Xeoyed femele. 

th*—*1***1 11 the eoud be coumed M spemme- 
togoniel cells il'M -ell ebove the heploid mumber, 
11—MM* the the mele -es diploid. This Mt 
veed by — of bisiles en • meusumd era

diecloses the hreweney ef recessive lethel muto- 

hmm induced by X mt* in hoploid eggs, end (2) • 
secomd-gemeretion (F.) tes which veveols the 

Mi —ty ef recessive lethel mutations i* egga 

*44 were fertilized subsequens to imedietion. 
When eggs in the frat meletic peophse an imo- 

41—< there is mi discreponcy II —*m 4m resuhta 
of the tw methods of onalysis, and either tes mey

of the -ing -hich -ere lewer them

ducedby x mt*.
Besed Ml she *

teof
• in-

ble
4 previovaly.30,31

brsle coums Mi femele Mi* B*, es they MI M 
dipleid meles of Makrebrecom. Ilie* meles in the 

order H;1 M*— 1 ere M* *41* hoploid, this mey 

Im mii 14** i* 4 mi emceptienel mle, end ws erigin 
frem M 11*4*114 femele l IM M* then M mey 

heve been —4m *4 by Mi eltmretien im • sem-

‘-1- (V./v).

*

R
iming er regiem, during meiesis.

alv, Lethel Mutdems Imducea by X Reya Im 
the Pirat Meiete Pmphene ef

-her ris the freqency ef chromosome sets hoving 

ev leest one embry recessive lethel i—*. v, 
«• the viobie pmporion of umfertilized eggs fmm 

*—4 or —4 I Mi —*, ond V, is the vieble 
pmpertien of fertlized eggs. Since oppmoximwotely 

067 ef the MW* ere normally feeilized, then v, 
moy be ebteined fem

Nebeehe
It. C. vom Boratel

Oseytes

x. C. Alcd2v

ll wes p 
imegalin 
ten he 

meada.
resd

letel

cel

4 by we diWeremt

vehretiom ef • me- "ype ef dominem
-hich is rfemed mese cond-

33 The 
onen la

dieted im the * elotic

!• I* the pumpese im this vepen t wse the tme
metheds •! wd,*i* fee lethel

on *»* imodieted in th Arst meiotie prphese. 
These methda — (V)em F, gemeeiom tes which

2e. o (11 Z-e. Amn m2, 274-773

EM-en «i Red ba*.
MM. Eemie- Pre Men A-g 13, aw34, OmL-1 
• 28-2%-

* ‘p C. -- * — »«■>. K.c. A.u--a. M* A. •. wu 
mtef frm-m Pme «en Fek 13, 1*33, OmIL-I 

P 26=79.

= - V.(1 - A
---------- 7------ "

-her • i* the vieble prepontion of eggs freom 
meted femoles end / is the proporlien of ferilized
egge. From these eqotion 

leshel fneqwency cen be d
€, the embryo esive

4 besed mi eg
hetchebility intheF,-

Similely, for tetel mecessive lethals to the F, 
the method cemn be used M exprss the fre- 
quemcy of qememes bewing M leost one mecessive

lethe
ment.

where

is the prp 
edul stege.

4 M omy stege of devel

*”-I- (v3/v7.

y. m"- V„(1 - 0"i --------- 7------
of femilized eggs reoching the

The necend method (Fa 

weted femeles ed det
enelysis) is to imIm

eh fm sy thot
shese me hetemzyoous for M leosa one vecessive
lethel mietiom.

Teble if comeins dete from e vom
whieh the recessive lethel freqencies er celcu- 

leted by the F, i*Mm*4. Im this experme eggs

29
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TABLE SURVIVAL DATA AMO F, AMAL VMS OF MABROBRACON EGGS IRRADLATED 
IN THE FIRST MEIOTIC PROPMASE

Meted Femeles U Femele.

232/531 • 0.437 (m) 211/537 •

Hatchability (conected)

Adulta/eggs

0.459 (V) 

173/531 • 0.326 (m IM/W • 0.279 (v*»

Adulta/eggs (cerected 0.349(7

were irradiated with 15,000 r in th* first meiotic 
prophase of oogenesis. Th* values of r and r*

calculated by the F n and F
pared in Table IX It is ape 
significont difference betwee th* two methods for
determining the frequency of recessive lethal muto-
tions when eggs in the first meiotic proph
irrodiated. At present <t it unknown why condi-

tionally delayed d lethal mutations er*
restricted to eggs irrodicted in th* first meiotic 
metaphase.

thus be related to time after laying, and the radio 
sensitivity of dvision stoges can ba determine dby 
the h etch ability of eggs treated at knowm intervals 
after oviposition.

Eggs ham virgin females were collected at town 
os laid, placed on numbered plostic cover slips, 
and the cover slips put in a plostic box which wos 
maintained at 20C over a water bath. In all 

cant, the "‘oge" *f the *99 is known to trithin 
1 min.

Eggs to be used for cytology ware fixed in 
Kahle’s fluid and .tain ed with Feulgen. (See date

TABLE IX RECESSIVE LETMAL MUTATiON 
FREQUEMCY DETERMIMIED 0V 

F, AMD Fa AMALYSIS

in Teble IX) "Ti ge" refers to th* intervel

Emtryot)

Tacl (,9

^1 / F.mel.. -ih L-thel.
omputed from F 2 I — -....— N —................................

Tebl. Hi \ Femeles Teuted

The irredlet.d 099* received 500 t of X toy. 
(opproximately an LDm dose for unlaid arested 
eggo) at ab. at 600 r/min (230 kvp. 30 ma; inherent 
filtration. 1 mm of Al. added filtration, 3 mm of Al, 

mm of Cm). Date on the hatchobility of inro- 
diated eggs have been gruped end ore tebulated in

0.145

0.201

17/118 - 0.144

28/ 10 - 0.237

Teble 14. 
terval bar

"Time after laying"" refers to the in-

oviposition ond irrodi Th.
hatchability of eggs e*ll.c..d •• controls (521 
eggs) wos 92.1%.

A total of 538 eggs have b.— irrediated and
163 *90* were *i ed cytologicolly.
ments •* being continued. Th* results

E«peri- 
btcined

W. St. Amand2* R. C. van Borstel

In th* prositic wasp. Habrobracom, oogenesis is 
orrested neor th* end of he tirvt meiotic division 
and meiosis continues only after possoge of the 
egg thmugh th* ovipositor. Having boon laid, oil

to date indicate thot (l) eggs iust befor or just 
oftar oviposition are obout e goodly radio sensitive; 
(2) th* rodiosensitivity of the meiotic stoges free 
the err. Mad otego to onophose 11 ehew* no great 
fluctuations of rodiosensiivity: (3) the pronuclea 
•tog* ie much nori rodiosensitive than prophet* of 
the first cleavoge division; and (4) there io ■ pro-

synchronized. Stog of meiosis at mitosis can
gressive ine
to th* third cleovoge division.

l« rodiosensitivity from th* first

30



»t»IOO tMDIKG AUGUST IS, 1955

TABLE IX CYTOLOGY Of UNFERTILIZED 
MABROBRACON EGGS

TABLE 14, HATCHABILITIES OF IRRADMATED EGGS

Melen
Prometephese II
Metophene II

Prnuel-us

(ler cleevoge diw)

Metephese
(la* cl* — *** div)

div)
Telophese
(la* elaawa** diw)

(3*4 eleeveg div)

(3*4 div
Anupha..
<3*4 elee

Telephese 
Qna elee

div)

Prephe-
Cid eleevege diw)

A

Time Renge 
After Loying 

hat*)

Number

Egga

Time After Leying 
(min) Lerwee/Eggs

Hietchubifity 
(%>

6-18
14-34
33-41
43-44
54-61
73-87

88-115

101-115

116-119

117-119
117-137

119-136

133-136

177-14*

1ST

153-167

4
31
13
37
10
4

30

34

5

4

3

3

4

1
1

s

Effects ef Pelenium Alpha Paricles en
Hetchebility •» Habrob Eggs

R. W. Rogers R. C. von Borstel
Newly deposited •**• of virgin female 

bmacom were irrodiated with polonium a partie les 
in an effort to determine th* relative rodiosensi- 
tivities of nucleor and nonnucleor elements of th* 

egg- At th* time of oviposition and for about 10 
min following, th* egg nucleus ia in first meiotic 

metophase or onophose and averoges iy a few 
microns in diometer. During this time th* nucleus 
resides within • few microns of th* egg surfece tn 
th* enterior oneeixth — less of the egg length. 
Thus, in an egg properly oriented, th* nucleus is 

reodily occessible to a portieles with limited ronge 

in tissue.

0-10 
11-30 
31-30 
31-4 
41-30 
91-40 
*1-70 
71-00 
81-90 
71-100

101-110 
111-130 
131-130 
131-173

25/54 
25/45 
41/73 
33/ SO 
17/43
3/30 

17/44 
29/40 
16/44
4/17 
2/26 
4/21 
3/17 
0/32

46.3
55.5
56.2
44.0
37.3

6.7
41.3
72.5
36.4
35.3
7.7

17.1
11.8
0.0

Irrodiation of th* nucleus wos accomplished by 
orienting small groups of eggs, all of which had 
been oviposited not more than 5 min befor irrodio- 

tion, nucleor aid* up on • microscope slide, plec- 
ing th* slide on • micvoscope stoge, and imradiating
with the source 4 in the microscope nose-
piece.32 Th* distance h ****** source and eggs 

wos 10-0 mm and exposures were 5-150 sec in
length. Th* dose rote, comp 

nuclear cross-sectional diom

(0.015 a 

were dete
portic le/sec V nucleus.

d for on eweroge 
’ of 2.5 p, wos 

Hatchabilities

nined about 40 hr efter irrodiation. Th*
percentoge of hatchability of th* irradiated eggs, 
nucleus exposed, is shown in Fig. 12 and is cleoly 
exponentiol in notur*.

Th* very low dose rate effective in killing eggs
with the mucleus 
comparison betwe

ed effords on interesting

percentege hatchobilities relotive to dose odminis- 
tered, and tha theoreticol *»* it ability of thenucleus 
receiving zer a porticies duving **ch period of

in th* 5eec exposure, with •
dose rate of (0.015 poricie/sec}nucieus, th* 
* 11 ***** dose is equel to (0.08 porticle/5 sec)/nu- 
cleus. Th* probability of receiving zer a povti- 
cles with this value for ******* dose * in th*

32Th. s.eh used Ma 4a dosimewy fer his •—
********* *• similer te shet deneribed in • peper by ehe 
nenier 2ther end -hieh will eppeu in en eely mtumn 
iesue el Radamem Resware.
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Fig- 12. 

con Eggs
Dose-Hetchebility Curves ter H0610610
Imradieted with Polonium a Pamticles.

O, Nucleus exposed, dose rate 3 0.015 a porti- 
cles/sec/nucleus; A, nucleus shielded, dose rate- 
1.1 x 10* a particles/min/egg.

Poisson formula is 0.92. The experi
mental percentage hatchability was also 0.92. 
Comparison is similarly drawn in Table 15 for all 
the radiation exposures utilised.

Exposure at the doses, in red, administered to 
the nuclei is awkward in that the average doses do 
not have quite the same significance when applied 
in other radiations. For example, in the 5-sec 
dose, only about 8% of the nuclei exposed received 
any radiation at oil, and this in tones of a single 
a particle. In the 150sec dose, the maximum num
ber of particles probably received by the nuclei 
wes 6, with a probability of about 0.01. It is, 
then, perhaps better to express the doses in mini
mal and maximal probabilities, in this exp eri01 ent 
the dose ranged from about 720 to 4320 vod/nu- 
deus, representing 1—6 a particles per nucleus.

Irradiation of the cytoplasmic or nonnuclear and 
of the egg was done by arranging eggs, concave 
surface up, around a small hole in a plastic cover
slip so that the nucleated half of the egg was 
shielded and the remainder exposed for irradiation. 
A more intense polonium source woe used at a 
distance of only 1.0 mm from the eggs. The dose 
rate was computed to be about (1.1 x 10* parti- 
cles/min)/egg. Duration of exposure was 522%

min, and the exp il results ore shown in
Fig- 12. The doses ranged from obout 2.2x105 
rod at 5 min to about 9.6 x 10s rad at 221 min.

TABLE IS. EXPERIEMTAL ANO EXPECTED PERCEMTAGE OF MATCHABILITIES

Iwradiation 

(.ec)

Aw Dose a 
(No. nec imca x 0.013)

Probebility of
Zer aPertieles

Eapt Pereentege 

Hatehabitit,

5

10

30

30

43 

00

73

00

130

130

0.08

•.is
0.30
0.45

0.68

0.90

1.13
1.36

1.80
2.26

0.92

0.86

0.74

0.64

0.31

0.41

0.32

0.25

•.11

0.92 

0.82 

0.73 

062
0.S3 

OJO 

0.28 

OJS 

0.10 

0.11
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A comparison between the 50% lethal doses for 
nucleus and cytoplasm yolk is complicated some
what by different shapes of the curves and by the 
Poisson nature of the nuclear low doses, but the 
latter difficulty can be generally expressed by the 
use of an average value for the law dose. The 50% 
lethal dose in the nuclear irradiations is the 45-sec 
dose with an overoge of (0.68 a particle/45 
sec)/nucleus. This average actually represents a 
dose in which about one-half the nuclei would be 
expected to receive 0 a particles, about one third 
receive 1 a particle; about one-tenth receive 2 a 
particles; and the remaining few per cent receive 
3 or 4 a particles. The average dose with this 
distribution equals about 500 rad/nucleus. The 
50% lethal dose in the cytoplasm yolk or non
nuclear exposures is approximately the 17%-min 
dose, or 7.6 x 10s red. The ratio of nuclear to 
nonnuclear doses is of the order of about 1 to 
1.5 x 103. That is to say, the nucleus would ap
pear to be over a thousandfold more radio sensitive 
to a particles than an equivalent volume of non
nuclear elements of the egg when hatchability of 
the egg is used as the criterion of sensitivity.

Preliminary Data on the lerediation of the 
Cytoplosm and the Nuclei of Habrobracom 

Eggs with Various Wave Lengths of
Monochromatic Ultaviolet Radiation

von Borstel

In a living cell that has been injured by vadiction 
it is of interest to anempt to identify the part culor 
cellular constituent which has boon affected od- 
versely. A useful approach to such a study con be 
mode by utilizing ultroviolet light as the damaging 
agent, since different wave lengths of this type of 
rediation are selectively absotbed by different 
chemical groups. Some information may be goined

to the identity of the cellulor co
sorbing the todiation (and thus eliciting the dele
terious effect) by comparing action spectre (the 
relative effectiveness of various wave lengths pr- 
ducing this effect) with absorption spectre of vari- 
ous cellular constituents.

The newly laid haploid Habrobracom egg. by 
virtue of its organization, provides on excellent 
system for ascertaining seporately the oction WC* 
tro for the nucleus and for the cytoplosm. In the 
elongate, slightly curved egs, the nucleus is 
located near the anterior end adjacent to the con- 
vex surface and remains in this position until 

meiosis is completed (30 min).33 The bulk of the 
cytoplasm is distributed in a layer just beneath 
the egg membranes and completely surrounds the 
large centrally located yelk mass. By exposing 
only the concave surface of the egg to a source of 
radiation, cytoplasm is trected, whereas exposure 
of the convex surface results in irradiation of the 
nucleus. Since individual irrodiotion of the two 
surfaces results in (1) differently shaped hatch
ability curves, (2) dissimilar sensitivity, and (3) 
unlike appearance. It seems probable thot different 
cellular constituents are affected in each cose.

In a typical experimentel run. virgin females 
were allowed to oviposit on their hosts (Epbesta 
larvae) in Stender dishes. By examining the heats 
periodically, fairly large numbers of eggs 0—15 min 
of age could be collected, positioned on a glass 
slip, and irradiated. Hatchabilities were recorded 
two days later. Adequate precautions were taken 
to prevent photoreactivation.

Mercury lamps of the Daniels-Heidt type14 or of 
the G-E H-4 typo were employed as sources of 
radiation. The source in use was focused upon 
the entrance slit of a Hilger D96 monochromator.
A holder, antached to the end of the chre motor.

was fashioned so that either e thermopile or an 
exposure chomber could be fitted into it. With the 
exposure chamber in place, the glass slip carrying 
the eggs was inserted in it through a side slit. 
The incident energy was measured with an Eppley 
thermopile and galvanometer which had been cali- 
b rated previously ogoinst an NBS lamp.

Eggs were expseed to various dosages of radio 
tion at five wave lengths between 3022 end .378 A. 
In one group, the comex surfaces were imradiated; 
in another, the concave. The percentages of eggs 
hatching after pope sure to various dose levels two 
presented in Table 16. Action spectre constructed 
from those incomplete data shew, for be th convex
and concave surfoces, broad of effective-
ness (with respect to killing) in the region 2804- 
2537 A with points of drastically lowered effici- 
oncy at 3022 and 2378 A. The doto indicote thot 
at 2804 A, cytoplasm••c killing is less efficient
than at 2650 or 2537 A, wh ■ killing is opprosi-
merely the same at all those wave lengths when 
the nucleus is Sr to dieted. Does hale hah lilt, studies

en Beratel end b. Well, Se
Pme Rep- Feh Ik 1931. ORNL-1863, • 35-36.

34F. Dami-l. ana L. J. He**. /. A- ch.- Sen s4 

2381 (102).
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TABLE 16. PERCENTAGES or EGGS MATCMING AFTER IRRADLATION

Dose 
(erga/ mm2

Hetchebility (Larvee/Eggs After Trean -ith Ultraviolet an

29

57

78

114

20«

227

284

*41

1023

2046

557

697

836

929

976

1022

1113

1237

1393

1528

1671

3330

2787

3*34

2378 A 2537 A 2652 X

Conven (Nucleer) Surface

105/122 • 86

68/108 • A3

44/54 - 81

51/99 - 52

48/114 • 42

85/100 - 8s

84/100 * Bl

27/99 « IT

90/100 • 90

73101 • 72

•3/1 2*

9/97 • •

4/104 • 4

21/103 - 20 23/109 - >1

16/101 - 16 17/104 - l«

2172 - 2A

14/102 - 14

Cenceve (Cy

93/109 - 85

90/114 • 79

56/108 • 52

23/82 - 28

24/103 • 23

11/100 - 11

1/03 - »

0/100 - •

r,.,,!,; 1362/1424 - 96

at additional ...4 lengtha, other dose levels 1 

the wave lengths listed, and 4^41114. studies on

the eg A ere in 14 44 44 1 ore ple 4

6/99 - 6

iie > Sufece

81/90 - 90

76/99 - 77

33/98 - 34

24/103 • 23

11/100 - 11

1/103 - 1

0/00 - •

0/10 - 0

0/99 - •

Th.

which should moke for more precise spect.
Dose-hatchability elotio

end 44.4174 surfoces follow th. form of those 
described by von Borstel ond 1.847.**

33R. C. -en B=a-l ena M 14 447. 4 4447 --a 44
Amsem. Radesd.. Cemtidge, Englena (1955.

3022 A

66/12 - 59

22/103 • 21

39/104 • 30

1/101 • >4

1n1S • 91

69/80 • 86

57/100 • 57

48/85 - 56

7/102 - 1

10/106 • *

0/104 - •

ce of the

49/51 • 96

43/45 • 96

30/33 • 91

32/54 • 59

33/32 - 100

33/33 - 100

48/4s • 100

0/41 - 98
37/41 - 90

hlehlm egg follo g
ur.4i.4f has also been 1.41.4 in the 14 4.1

A it with the develop
mentel condition 1 the tie of decth. 1. generel, 

eggs which do mot inch •• • resuht of convex sur-
face di
are identical in

die very eorly im devel and
ce with ova which have

been .8148.4 to ionizing 7.4m..». ** Those
4.8 irK in press.

I

F
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ed to rodiation on their concave surfaces die
inter in develop and present a much different

t. Present indica-
tions are, therefore, that it is possible to detect 
under low mognification (X25) whether damoge in- 
duced by rodiation hoe primarily effected the nu- 
clous or the cytoplasm.

DROSOPMILA GEMETICS
W. K. Baker

C. W. Edington
C. W. Hinton, Jr.**
D. L. Lindsley3?

W. J. Welshons37
P. B. Turpin
E. S. Von Hallo

Drsophile on Ises e sorer 

W. K. Baker

As a result of post studies on the effect of 
ionizing radiations on the loss of a ring chrs sis 
earns, X“, in Drosopbila38 it oppeored advanto- 
geous to study the loss of y* end bu" morkers 
located on a single Y chromosome. A chrome sees 
fulfilling these qualifications was obtained by 
Casper** howi a crossover between the sc®-Y end 
the Y:bu‘. However, the order of the genes on this 
new chromo seme, which is designated sc®-Y:bu*.
was unknown. With this chro it is possible
to follow five markers if oppropricte crosses are 
■ th. Those morkers ore as follows: y*,-bw*. 
bb*, Yl (the fertility lectors I seated in the short 
own of the Y chromosome), and Yl (the r- fertility 
factors).

itype, X’, y/sc"-Y:bw";bw were 
X irradiated with des st scrying his 450 to 1800 r 
and mated to ett ached X females of the genotype, 
yvb/rtf;bu. The resulting F , females were 

oesmiined to det arming if either or both of the Y 
markers, y* or bu*. had bean loot or, possibly, 
mutated. They were not chock ed for the bobbed 
phenotype unless either y * or be * were lost. From
those phenotypic ei it wos possible to
determine the loss of any of the three visible
mokers on the Y. The p ce ar absence of the
two fertility markers wos determined by o a arias of 
crosses which resuhted in testing the fertility of

37 eh
1. «. tab er en4E.S. Ven Melle, . 

PhyseL 4X Suppl. 3. 20-307 ntSB.
3‘g. W. C.--, D--ptl. I-s 

(952.

J- Celleler Cop-

senwe 26, 97

two types of moles, X-r-/r‘ end X-rS/r’. If 
only the first mole is fertile, the Y deems sems io 
question contoins r5; if only the second type is 
fertile, the irradiated Y has Y1-; fertility of both 
males indicates the pre senes of both fertility 
factors.

The types end he guanoes of aberront Y c hrs me 
semes race » sr ed in these esperimants, from a total
of 42,370 F, flies, ore pre in Tobis 17.

1, could beall the morkers, genotypLots
caused by either complete lees of the irradiated Y
ch or
3X:2A zygotes.

loss of the X* chm waw in
Either of these losses accom-

ponied by primary nondisjunction in tie parental 
female or by nendi s junction in X-r-/r5 male 

(used to test for fertility lectors) would account 
for genotypes 2 end 3, respectively. Therefore, 
the first three genotypes provide no inkermotion on 
the structure of the chromosome in question. The 
relatively high irseuency with which bb* is re-

■type 
4) indicates that this locus io very closely linked

(sfa) and that theto the spindie fiber ch
other markers are at some distance from due region- 
The close linkoge gf y* and rS is evident since 
all the • h» females recovered carried the fertility 
factors of Y*, and only mfr sly wos y" sepo-

r—a4 from Y* (gemtypes 9 and 101. Of poticulor 
interest are the y • fem el st of * 9. ^^a-
logicalexom
• ring-Y ch

of two of the four cases thawed 
wo. (Stocks of the other two

cooes died before e cytological check could be 
mode.) Thee result suggests that y’is distol to 
Y* and that hi* it pre si m si to Y*-. Finally, the
P of y e bb femoles suggests that Mb* to on
the toms side of the spindle fiber 
r*. The types of t hro ■ ■ linn rec

ch

that the order of morkers on the sc®-Y:bu * chromo- 
some is the one given at the top of the table.

Other *s connot, ho r, be excluded
solely by these quolitative c e no i dieno tear 
other approoch is to determine the order of A

breaks in the Y chrom 
ok

which rsguwe the is we st number of multibreck 
e i ests would be fem seed since the doses odminis- 
toned wore b also 1800 r. The lost column of 
Table 17 shows the expected number of chrome 
semes of eoch type booed on the nerol mumber of 
individuols tecs rated of e porticular phenotype and 
the feoguency of the genotypes determined from the
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•ample tested of that phenotype. If the position of 
bb* with respect to the centromere is disregarded, 
theve ore 12 possible orders of the y* and bu‘ 
markers with respect to rS and yt. Calculatians 
of the total number of breaks in the Y chromosome 
necessary for each of these 12 orders (the assump- 
tion is made that l-break events in the Y can take

has the fewest number of breaks but also the 
lowest frequency of 3- and 4-breck rearrangements.

ploce - probobly chro to 4 is involved in
these cases - and consideration is taken of the
♦act that the chro is of genotype 9 are ringa)
•hew that the three orders shown in Table 18 have

the fewest ber of brssks. The date presented
im this table clearly demonstrate that the first 
order is p reliably correct since this order not only

Constitutien of Recessive bethels Induced by 
Rodiotions of Different Ion Densities

C. •• Edington
If sen-linked recessive lethals arise as the re

sult of chromosome breakage with few. if any, as 
the result of point mutations (intragenic changes) 
or chromosome rearrangement (position effect), 
some increase in the frequency of induced reces
sive lethals with increosing ion density would be 
expected. A decreese would also be expected in

TAMLE 37. GEvorrpEsoF TMC LOST OR FBAGMENTED Y cMROMOSOMES BECDVERED 
FnOm AN X-IRRADIATED w’-Vik.' CHROMOSOME
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th* frequency of recessive lethals induced in a 
ring-X chromosome, as compared to the frequency 
induced in a rod-X chromosome, because torsional 
restitution of broken chromosome ends results in 
loss of the ring, whereas a red-X chromosome will 
not be lost a her torsional restitution occurs.40

it has been shown previously that last neutrons 
are more effective than Co40 y ray*4’ and X 
roys42“3 in producing recessive lethals. and that 
the frequency of neutron-induced recessive lethals 
in a ring-X chromosome is signif iconti y lower than 
the frequency of -ecessive lethals induced in a 
rod-X chromosome.4 * Since earlier reports in the

2
3

A* =0D •

Gite stote that the frequency of recessive
lethals induced by-X rays an • ring and rod chsoew 
tome ore the some,44-43 it was necessary to de- 

termine whether this difference tn response to fost 
neutrons ond X roys wos reol.

Meles of Drosopbsla melamogaster beaning • ring- 
X chromosome, Xe‘. and moles beoring e eod-X

ch >. In(I)ElL -ere esposed simultoneously
to 250 kvp X "Cys (30 ma, 3 mm of Al. hvi, 0.55 me 
of Cu) as en intensity of 250 r min, and the fre-

quency of recessive lethals d erel
de se levels. When the slopes of the regressions of 

recessive lethals on dose are temp eted for the 
ring. 2.3 - 10-2. end the rod. 2.5 • 10-3 (see 

Fig- 1% at is boud that there re me sigmficam 

dference it the frequency of recessive lethals 
induced by X rays at a rimg-X and a red-X chromo-

some, de is evident ban om enommine 
rhan rhere is en increuse in the 4

mdles ob d in the offspeimg of

rof Fig. 14 
ency of F l 
dinted nimg-

Mt the se- rotio oceus 
os the resulr of torsionol restitetion ol the brekem 

chomsome enda, -ish » *1 C CAM Mice loss of she HOg. 
It s ef imeeres thot, am these esperimemes os -ell
es im whe eolier •s,“‘ ne shif im

b g meles wos observed. This Itte Atty imA
coes rhes do lethels imvolvimg th* X and

40 IlWSk
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are induced by fost neutrons and X rays in ualito- 
lively different ways or that differential rejoining 
(i.e.. restitution versus restitution plus torsiono I 
restitution) of the broken chrome ion a ends occurs 
alter neutron and X-roy exposure. On the termer 

hypothesis, the ossumption is mode that tarsional 
restitution (asymmetricol restitution) and true resti- 
ration (symmetricol restitution) occur with eqel 
fequency. It thia assumption is valid. if would be 
expected, on the breokoge hypothesis of lethal 
origin, that at ieost twiceas in— y recessive iethals 
would be recovered in the rod-X chromosome as in

ity of the chromosome brecks remain open until 
after fertili zaniom, et whicb timne torsional eestitu-
tion
chomosomes in which it occurred. Th 
decrease would be observed in the ha 
recessive lethals induced by fest neum

ring chomosome es e

(Fig. IS) ond that, few, if

any. recessiwe lethais ariae es the resulr ot point
mmutationa. On the other hend, 
X-oy date for the ring red

tetiot i ad the 

mts necessi-
totes the conclusion that the —*,e ety ot X-ey- 
induced tecessive lethals onse — the resul et
post muatiom 
resuir of chrom 
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TABLE II. BEMAVIOR OF THE -‘6d-49 COMAOMHO X cunomosomEs 

Cona: „-e-at-av/ue",r x at-av, y w N/r

-"4-dl-49 $

Genere"
Ringa -"*-di-49 $ Wil

R-

Stebi- 2021 1795 is

U—wM. 3852 >071 134

-‘e$ Gy

1*4 1

1*1 63

y
*

0.887

0.537

0.082 0.009

0.058 0.032

0.022

0.373

bridge structure might be correlated with the dif
ference in in stability manifestation by the w’e ring

that the ibered
bridges are susceptible to loss as well es breck-
oge, but rhat the singl 
brook.

A owed bridges always

i
Het a

t of the Distibution of the 
tin Within the Genotype to

Viebility of the Ovgemism
D. L. Lindaley

From fomdes of the constitution Y* y cu • f"/?* 
w“(-ytb* (center point indicates the centromere
ond p heses indicate that order of included
elements unknown), on ottempt wot mode to re- 
cover the single ezchonge product. YSx(-r-). 
Thio product wot oil doo recovered with the ex- 
poets 4 frequeney when y’ w"(-ytb* chromosomes 
wer set os follows:

rsycvvp/y2u-(-rt)-9 x ys,B-yL/0
omes were obtained os
of xyL-x with small

marked heterochromatic X duplications (see Fig. 
17k possible points of aechange in the attached X 
are represented by asterisks in the following note 
tian: Xr--*X. Table 22 shows the progenies of 
these crosses. The wide discrepancies in the re
covery of reciprocal single crossover classes, as 
great as 343:0, must be explained. It might be 
comet de nod that the inequality of reciprocal classes 
is a function of nonrandom disjunction as described
by Novitski; 47 this ph is certeinly re-
sponsible for some of the inequality, but it foils
fully to account for the observations. M A
disjunction is o manifestation of the orientation of

4‘E. Nevnski, Gemeties 36, 267-280 (1951).
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Fig- 17. 
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AtSorimd X Ch s from Which

(H h

Discussed Wer Detived and the

•in is designcted by heavy line.)

the dyads at the second ma io tic division, the first 
division being random in orientation. Conso 
quently, nonrendomness is observed for terminal 
loci but not for centtomero regions, the latter being 
recovered in the onpected 1:1 ratio. In the present
data, however, the y* vegion is re-
covered with e greatly reduced frequency. This 
cannot be a function of the centromere region
alone, h since among the noncrossovers
the y* centromere is recovered in excess of the
homologous cor 
e function of

1; this excess may bo in port
A

recovery of y* noncrossover strands rather than 
y* crossover strands. It was hypothesized that
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ce
is a reflection at the immobility of only that doss 
of strands which carry distally and YL proxi- 
aselly. The problem was to deca nib and the contri- 
butions of inviability and nonrandomness to the 
inequality of reciprocol clesses.

It is possible by reared analysis to solve for the 
fro pa one, of ne eochonge tetrads. E one ex- 
change tetrads, E, two exchonge feNnds, E,, the 
coefficien of nomrendomness, c, and the ielot I »e 
viability of the YSX(-r-) crossover type. Novitski 
has listed the exprssions for the various re
covered types in Seans of E,. E, E,. and c as 
follows:

the hypothesis Ol
c« • would be expected ewery time it goes

best esti

This coreete 
sh tsm’ ad freq

non-

non*

• kFo ♦ keE, ♦ *eFa * *.Ea
• E, . . V’ - eE, * .E,

non - E. — LE, — YE,

"9'- - *eE, * V€, * F2
ag - -cE, . V’ -c)E, * E,
"g‘-*F,* v.
ai- - *E, ♦ eE, 
a* - Mi ♦ o-eE, 
a -

where s plus sign indicetes ths pre ■■ sea of termi- 
nal YrS and a mninus tips its ahsaaca. According to

ly, the

d total wos used in cafe ideal ng the

disci

this does alone is 

bility lector at

- Siuce the only cless s» 
d by the inviability is sgl*. 

ltiplied by the relative vie-

sgl* - «iyi -e)E, + %(1-c)Ea ♦ LE,

The solutions to these see salt ns ter the eight 
detachmepts tested are given in the first five col- 
umns at Table 23. The consistency in the vote eo 
from cross to cross for Eo, E H Ey and c are rather 
remorkoble, x being the only factor showing com- 
sideroble wari sales. If it is assmed that ail at 
the diecreponc» between the observed mumber and 
the exp 
inviobifity of the one single cteseeiner doss. this
discrep sacy can be added to the cleuses
and the mop distence between w“ end the centro- 
nsn (y*) cclculated. The volues thee obtoined.

g with the
0.60.

These findings are considered to be in good

V with the i originelly pesso 
The ceune of the

im l ability must be heterochomatic for two rec- 
sons: first, the detech
idi 
re

Meed, emd second, the some dise
d e clesses is ob

W—*F of 
ed for all

TABLE 21. RESULTS OF TETRAD AMALrSIS OM DATA PRESEMTED IN TABLE XI

Detechene E, «»

11Be

122-

122

122

122a

0-052 

0.138 

•.US 

0.078

•Jlf 

0.230 

o.osa 

0.18

0.668
0.616

0.706

0.704 

oz 

•.m
0.612

0,812

0-200 

0.246 

0.14 

o.z18 

o.z18 

0.278 

0.27:

0.170

0.5 

0.70 

0.60 

0sa 

o.ss 

O^S 

o.so 

02

040 

OSS

0.027

0.002

•

0.on 

MM

•

041 
o.sas 
o.soo 

osn 
o.sa 

0.s67
•.MS 
0.s77
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TABLE 29. RELATIVE CONCENTRATION* OF NUCLEIC ACIDS AND PROTEIN BY NONIRRADMATED CELLS 
INCUBATED ON YEAST EXTRACT AT 18 AND 37°c

Incubation Acid-Soluble RNA

(min) 37°c 18°c

RNA 

37°C 18°C

DNA 

37c 18°c

Prate in 

37c 18°C

30 1.25 2.50 1.1 1.25

60 2.5 4.30 1.35 1.87

90 4.25 6.0 1.78 3.0

120 1.25 1.67 1.25 1.37

240 1.50 3.50 1.62 1.87

360 1.50 7.50 2.25 2.75

480 1.37 10.0 4.0 4.10

•See Table 28.

TABLE 30. RELATIVE CONCENTRATION* OF NUCLEIC ACIDS AND PROTEIN BY IRRADIATED 
CELLS UNDER CONDITIONS OF MINIMAL AND MAXIMAL RECOVERY

Incubation 
T ime 
(min)

Acid-Soluble RNA RNA DMA Protein

30

60

120

180

240

360

Basel 
(37°c)

1.2

0.9

1.1

1.9**

Yecst Estr

(18°C)
Bo sai 
(37°C)

1.2

1.3

2.00

2.20

2.40

2.50

1.55

4.0**

Yeas* Estr 
(18°C)

Basal 
(37° C)

1.1

1.40

1.90

2.10

2.50

2.80

1.1

0,88

1.05**

Yeast Estr
<18°C)

Ba Ml 
(37c)

1.2

1.10

1.20

1.30

1.37

1.55

1.2

2.5**

Yeast Estr 
(18°C)

1.20

1.40

1.67

1.80
2.20

•See Table 28. i
••The high values for concentration of oil components at 240 min incubation in ba sol medium at 37°C represents 

growth of the surviving cells end are not to be compared with other reported experiments. All vetoes for concentre- 
tion of cells incubated in yeast extract at 18°C are for nondividing cells.

bring about minimal and maximal survival after 
> irradiation are shown in Table 30.

It appears from these data that irradiated E. coli 
B/r show no net synthesis of acid-soluble RNA or 
DNA in the basal medium at 37°C, however the 
presence of yeast extract at 18°C stimulates syn
thesis of all components investigated. In fact, the 
rate of synthesis of RNA and DNA by irradiated 
cells is greater in yeast extract at 18°Cthan in 
basal medium at 37°C. How these findings are 
correlated with the recovery process remain* to be 

demonstrated by further experiment* in which the 
incorporation of labeled nutritional factor* can be 
studied.

On the Relation Between X-Ray Protection and 
Induced Mutagenesis in Escherichia coli

D. Billen

In studies on

Auxotrophs

H. K. Sherwood 

the induction of reversions in
E scbgric but coli auxotrophs by X ray* it has boon 
shown that the number of reversion* found appeared

50
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to be related to the survival level rother than the 
dose received. 6,7.8 Thus when survival was in
creased by eitf.er a pre- ar postirradiation treat-

12 Te3-6 (TYROSME -MEGURING)

ment, there a comparable decrease in the
number of reversions. The reason for this relation 
is now obscure but several possible explanations 
are now being investigated.

Since the number of residual divisions undergone 
by biochemically deficient cells has bsen shown by 
Ryan* and Demerec and Cahn’0 to be dependent 
on the number of viable organisms plated, being 
greater as the number of cells plated is decreased, 
and since residual divisions may be related to the 
number of mutants finally obtained, the influence 
of such growth on reversion rates was studied. 
The reversion rates of E. coli strain T83-8 (tyro
sine less) obtained on M/10 agar plates supple
mented with sufficient tyrosine to allow an addi
tional 3.3 ot more generations was compared to the 
reversion rates obtained on the unsupplemented 
medium. The presence of added tyrosine increased 
the reversion rates observed but not to the extent 
that it could account for the increase found when 
survival is reduced tenfold by irradiation (Fig. 18). 
Such a reduction in number of viable cells plated 
would allow an additional 3.3 generations of cells 
per plate and would be equivalent to the additional 
residual divisions obtained on the supplemented 
plates. Thus decreases in the magnitude of re
sidual growth in the presence of larger number of 
viable cells could account for a portion of the 
decrease observed in reversion rates when via
bility is increased because of a pro- or postirrodia- 
tion treatment.

Another aspect of the same problem is that of 
the influence of '’population pressure" or crowding 
on revertibility. In studies with throe auxotrophs, 
T83-8, P82/r (purineless), and 45A-25 (arginine- 
less), it was found that the number of viable cells 
plated does influence the number of revertants

5*- 
5
W # 
5 

If 

2Eiar R 2 
o 
I

5
1o2

vo&

to

e,
o,NOACITION
A.* 2pt TYROSINE/mi (»3RD)
•,+4pg TYROSNE/mi (»4RD)

8

vo" vo-2 «o_* vo-
SURVIVAL RATOCN/N,

10

Fig. 18. Influence of "Residual Growth" on the 
Reversion Retos of X-ivadieted E. coli Strain 
T83-8 (Tyre si ne-Requirt ng). The cell suspensions 
were exposed in nitrogen to various doses of X 
rays. Only the surviving fractions are plotted.

6E. H. Anderson, Proc. NmL Acad. Set. U.S. 37, 
340-349 (1951)-

7D. Billon and R. W. Whinle, BioL. Semianm Prog. 
Rep- Aug- 15--1954. ORNL-1766, • 40-41.

•c. O. Doudney and A. Hollender, aiol. Semianm.
Prog. Rep Feb. n. 1953. ORNL-1863, • 46-47.

PF. X Ryan end L. K. Sehneider, /. BacteroL sa, 
301-313 (19491.

,0M. Demerec and E. Cahn, J. BactroL 45. 27-36 
(1953).

observed. In the case of T83-8 this population 
effect is greater than can be attributed to residual 
growth alone. The results varied from a very 
marked population effect in T83-8 to relatively 
little influence (within certain limits of population) 
with 45A-25. The results of such studies are now 
being analyzed end will be reported in more detail 
at a later date. However, the present information 
does indicate that the relation between modification 
of X-ray killing and the comparable reduction in 
induced mutation rate requires further study and 
analysis before the reduction in mutations can be 
regarded as a true consequence of X-ray protection 
and recovery.

SI
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Ultreviolet and Short-Visible Redietions 
on Escherichia coli B/e

10

A, Hollaender

Holleendor1 • has shown that the lethal effect of 
long ultreviolet and short visible radiation (3500- 
4900 A) an Eschericbia coli is depends nt on the 
medium in which the organisms are suspended in 
during irradiation. The surviving fraction of 
organism* is greater if the irradiation is carried 
out in beef broth than in buffer. According to 
Holleendor,11 two possible explanations for this 
effect are: (1) beef broth has a high absorption 
coefficient in the near-ultraviolet region and may 
protect the organisms suspended in it, and (2) the 
organisms are obtaining from the beef broth the

•O—

i 
!
i

material or materiais 
the cell.

y for the repairing of

Prvous work from this group3-4-5 ha* clearly 
demonstrated that a postirradiation recovery phe
nomena occrs when E. coli B/r is irradiated with
X or y rays. This recovery ph is stimu-
lated by material or materials present in yeast 
extrect. A similar effect may be operative when 
E. coli B/r is irradiated with long-ultraviolet and 
short-visible radiations. Experiments have been 
carried out to see if this is so.

An IS- to 20-hr aerated culture of E. coli B/r 
wes used in all experiments. After washing twice, 
the organisms were irradiated in e salt solution1 i 
(NeCI, 3 g. Ka, 0.2 g; CaCIp, 0.2 g: H,O, 100 ml) 
at a concentration of about 2 x 10* organisms par 
milliliter. Exposures were mods in a test tube 
which was slowly rotated by an electric motor. 
Both control and experimental tubes were held in 
a constant temperature water bath at 31 °C. The 
light source used was a G-E AH-5 mercury lamp. 
Semple * were remivid from experimental and con
trol tubes at various time intervals and were then 
plated on a glucose inorganic salts medium (basal 
msdium) and basal medium plus 2% yeost extract. 
The plates wore then incubated at various tom 
peratures for 72 hr and then counted.

Figure 19 shows a typical survival curve ob
tained when E. coli B/r is irradiated as previously

co=2
20 40
EXPOSURE TIME |«MB>

so

Fig- 1*. Suniving Frection of E- coli B/e a* O 
Function of Dose. O, Basal medium + yeast ex- 

tract; basal medium. I

described. It can be th surviving fract
of cells an yeast extract is opproximate ly 40 times 
as great as the surviving fraction on basal medium. 
This finding suggests strongly that a factor, or

"A. Hellcender, J. BectenoL M, 531-MI (194)

factors, present in yeast extrect is responsible for 
the poster survival. Colonies picked from the 
yeast extract plates and plated on basal and basal 
plus yeast extract media grow equally well on 
both media, indicating that the phenomenen is not 
a mutation but e recovery process. This group has 
boon able to substitute for yoest extract in pro- 

dium 
containing glutamic acid, guanine, uracil, and 
inorganic salts. This synthetic medium was also 
effective in substituting for yeast extract in pro- 
mating recovery in cells irradiated with long 
ultraviolet and short-visible radiations. Since a 
considerable portion of the rodiation emitted from 
the light source is 3650 A and since this wove 
length destroys riboflavin and pyridoxine very 
effectively, it seemed worth while to supplement 
the synthetic medium with those two vitamins. 
Ho added activity was found, in fact, a slight 
decrease in activity was noted. These results 
can be seen in Table 31.
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TABLE 31. RELATIVE ACTIVITT or vAwoUS 
MEDIA CoMPARED to YEAST EXTHACT

t0-

Oreri
Besel + 2* yeest ovoeet
Synthetie

Symthetie + eibeflevin

Symthetie + pyrejeu Ino
Syetbette + eibeflevin + y yr

1 
IOC 

too
34 
•0 
as

e

•See ref. 4

to"

I

The recovery process with X or y roys is tem-
perature d dent. hhat similor finding
has been made with long-ultraviolet ond short-
visible rod • ations.
teerperetur e depewA

At this suvivol (~157), the

ce seems

nouncod if the irrodioted organisms are plated on 
a basal medium instead el basal medium plus yeast 
extract; the same was ebeerved with X or y rays. 
A* with X or y rays, maximal survival an bosal 
medium is obtained at 18°C. These results can 

be seen in Fig- 20.
Studies new in progress indicate that as with 

ionizing radiation*, arty gon saturated suspensions 
are mors sensitive than owypen free suspensions. 
This werh will be mere fully reported in e later 
publication.

Rediation Proto ctiea by
S.-Amineethylisothiwrenium-Bi-HBe and

Related Compounds
W. T. Burnett, Jr.

D. G. Doherty‘2

The two most effective compo 
mice with protection againsi

R. Shopiro12 

wnds in providing
X rodiation,13 

(AET) and
S,yaminopropylisothiuronium-Br-HBr (APT), have 

been extensively studied to establish their relative 
effectiveness and therapeutic in dee. Such lector* 
ee the effect of divided dose, time of administro- 
tien, pH ef the thiuronium solution, end strain ef 
mouse will be ceneidered in this report. In addi- 
tien, an effort was mode to improve the testing 
technique through the use of streptomycin post- 
treatment*.

l2Biehemismy Section.
13w. T. Burnen, Jr., D. G. Doherty, end A. w. Kimbell, 

BioL semiamm. Prog. Rep. Feb. 13. 1953. ORL-1863, 
P 48-52.

.o-"

1o-
« «* so to

rEwEATUMEII
M

wison el Viebility of C. coli B/e

trert as e Functien el Pe di Incubellon
Tempereture. O, Basal medium « yeest exrect;
•, basal medium.

The previous ea amination of the protective 
activities of about 60 nitrogen and sulfur-con- 
taming compounds " >. • 4, > • ho* allowed the Ie raw 
lotion of a working hypothosis as to the protective 
action of certain derivatives of mar cop tooth yl-
amine (MEA). On die Losis of the hypothesis 
described elsewhere in this report, several new 
derivatives hove been papers d and exomined for 
protective activity by a sequential method of
anolysis.

14p. C.

The resvlts of these tests are shown

EspeL Med.
and W. T. Bumnew, Jr., Free. Soe. 

1. 312-314 (1955).

chemisty. thie repert.

17w, T. Bumn-n, Jr., wi A. t. Kimbell, Or.......... 
tien, Redietien Neeeereh Sec., New Yerk Ciy. Hey 1955. 
Radiatiom Research, in presa (Abatree)-
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TABLE 32. MITROGEM- AMD SULPun-COMTAmMIG COMFOMiMMl SEQUEMTMAL ANALTSEA TOXICITY TESTH 
AMO 28-DAY suRviORS c,w MALE MICC GIvEM AM LD,00 OOM OF X RADLTON COM •)

* Dese 
(~g/me-e)

20De
Suvivel

(*)
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4,6,9 K44• aue 31.8

nr
19

100

13
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s,B-seth >700 IM e3

N.

s-A 400 6.8

sB-Amineethyle*yleneth 

P,pylene -uind. 450

•4 4—a. Mumber ef miee tee fe- fer setiafe

1.2

7.0

test befere • d -es dered •
r im seline veu- S 
-etv (ee 5ei.1.

13
_3

, stetisticel emelysis.
ehe- mumber el miela mede in

TABLE 33. NIrROGEn- AMO SULFUR-cOMTAmIG compoUDS, SEQUEMTMAL AMALTSES TOXICITY TESTS 
AMO 28-DAY SURVIVORS; swiss ALBuO MALI MICE GIvEM AM LD,00 OOM OF X RADMATIOM (OM •)

Temieit," Dese 

(mg/meua.)

28-Dey
Suvivel 

en)

P,
54- 

2-Ami

etyliseth

ethie

1-Thie-4,6,9

BrMBr (AET) AM

160

s.8

2.4

1o2
103

93

87

pire(4,4") •MB 200 3.8 U

•iHB >700 10.0 20

Eeyleneisethiureniu--B-ethyi 60
ana 160

s.of

a.s4
20

20

s.o

wh S,Beth, 100 1.9

>600 IJ

>700 10.0
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P
2
2
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4
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MUAMMALLA RECOVERY

MODIFICATOM oF RADATOM 
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TABLE 30. EFFECT OF ISOLOGOUS AND HOMOLOGOUS BONE MARROW ON SURVIVAL 
AND ORGAN WEIGHTS OF X-IR RADIATED (900 r) LAF, MICE*

Number end Age of 30-Day Moon Dey
K Sex of Irrodiction Survive! of Death for

Mice (weeks) (%) Nonsurvivors

30-Day Surwivors

Meon Thymus
Weighe

<•)

Meon Spleen
Weighe

<•>

Meon Body 
Weight 

<9>

1 15/ 11-12 • 7 14.9 42.5 175.3 22.5

11
s 4 <

2
3
4

5
4

1

12 80 19.3 29.1 226.7 20.9

15 A

15» 

is?
15?

14 A

12-16

15—14
11-12
11-12

11-12

87
•3
47

100

0

11.0 27.4 173.1 23.6

7.0
12.0

19.2

39.9

38.7
43.0

174.9

133.7

1 19.4

20.5
21.8

23.1

{

22• 0 s *

2
2

4

12 7 10.3 1441 69.8 17.3

5
4

1
2

15 / 12-14
15-14
11-12
11-12

7
7

43

20

16.6

13.1
14.1

20.3

3.7

24.7
11.5

117.5

165.4

142.4

127.1

18.0

15.8

20.2
17.1

i! 
3 2

3
4

5
4

10?
10 ?
11 /

11-12 44.5 104.1 21.3

10 &

12
14
15-14

47.7

33.3

33.7

155.9

131.4

132.0

21.9
27.2
29.2

5
5/

11-12
11-12

“59 X-roy control mice ell died within the JO'^ooy

30.7

30.1

d. Meon dov of deom wos B.2.

desirable to obtain data on life span, tumor in- 
cidence, cataroct induction, and other deloyed 
effects resulting from exposure to radiation in 
a range not capable of being studied in the post.

In the preliminary planning it wos decided to

The LD
C,H X

100.0

116.6

28.5

28.5

/30-day X-rodiation point estimates for
IF, mice were: untreated mice, 692 r

with o 95% confidence interval of 649 - 753 r; AET- 
pretreated mice, 1148 r with a 95% confidence

investigate the delayed effects about the
interval of 1071-1212 r; isologous bo TOw

LDso/30-doy exposure level for mice with no 
treatment, those pratreotod with AET, those post- 
treated with isologous bone marrow, and those 
receiving combination pre- and postirrodiation 
treatment. Determ inoton of the L Dso/30-day 
exposure values for these four situations is now 
partially completed.

postreoted mice, 1292 r with a 95% confidence 
interval of 1212—1382 r. This point estimate for 
combined treatment of X-irrodioted mice of this 
Strom has not been determined. However, in one 
experiment, peed survival wot obtained at 1700 r 
and in another small experiment all mice receiving 
2000 r or more died, thus the LDso/30-doy value 
may lie in this range.
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Fig. 21. Femoral Shaft Bowe Marsaw Counts of 
Irradiated (900 r) Mole CAF, Mice Receiving Two 
Different Amounts of lsologous Bowe Morrow Cells 
l str ev ewee sly. A, Normal CAF , mice; B, X-ray 
only; O, X-rayed mice receiving 4.5 x 10s to 
7.5 x 10s bone marrow cells; A, X-rayed mice re
ceiving 7.4 x 10* to 1.2 x 10* bone marrow calls.

Screening of Tl ssues for 
New Recovery Agents

C. C. Congdon I. Ur SO
The search for tissues, other than those of the 

hematopoietic system, which will promote recovery 
from lethal total-body X irradiation has demon 
strated the failure of intraperitoneal transplants 
of urinary bladder and jejunum to alter the 30, day 
mortality following a 900 r exposure. LAF, mice 
were exposed to 900 r of irradiation and shortly 
thereafter wore anesthesized. Through a lspa. 
rotomy incision each animal in one group received 
a urinary bladder, cut into small pieces, from n 
normal LAF, mouse and each animal in a second 
group received about A in. of jejunum, cut into 
small pieces, from a normal LAF, mouse. The 
mean day of death closely approximated that of 
the control X-royed mice. The rationale for test- 
ing urinary bladder depends on the old observation 
that urinary bladder mucosa will stimulate bone 
formation on tron spl antation. ' ’ The testing of 
intestinal tissue follows from the recent work of 
Goldwesser and White indicating a recovery effect 
from noncellular extracts of hog intestinal mucosa 
when injected into irradiated mice. ’1

Herderien Gleed Test for T rex sp looted ex e 
Homologous Bone Marrow Cells Following

Tetal-Body X Imadiatien
C. C. Congdon

vo*
R. M. Merwin 13 T. W. MeKinley‘3

6

A technique developed by Morwin ond Hill14 wos 
used os an immunological test for the type of 
bone marrow present in irradiated LAF, mice that 
received C,Hf bone morrow cells intravenously 
following the irradiation exposure. The tost ani- 
mals were normal LAF, mice carrying tiny, non. 
vascular! tod grafts of Her deri on gland from young

- 1o”
C,H mice in O tronsparent window. CaH tissue 
injected subcutaneously into the test aninal s will
couse the groft to disoppear; LAF, tissue would 
not couse it to disoppear.

too. rear
O 4 । a •012

TIME AFTE• KmaY16c;

Fig- 22. Petiphevel Blood Leukocyte Counts ef 
the Some Mice Shown im Fig. 21.

”o. J. Lo-wi, I. and BortonoL 68, 419-422

(1954)-

12E. Goldwesser and W. F. White, Radiattow Reseanch, 
in press. (Abswaet ef paper ar Rediation Resemeh 
Soe., Now York Ci tv. Mor 1955.)

1‘Hatienal Concer inswtute.

1“R. M. Morwin ond E. L. Hill, I. Nott. Cancer less 
14, 819-839 (1954).
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In two series of experiments, each LAF , mouse 
exposed to 900 r of X rays received the bone 
marrow cells from one femoral shaft of a C,Hf 
mouse. The irradiated recipients (LAF,) were 
sacrificed at different intervals following the ex- 
posure and the bone morrow from one femoral shaft 
woo injected subcutaneously into a test animal 
(normal LAF, mouse carrying non va sc ulori led C jH 
Harderian gland graft). The graft in the test ani
mal was then observed through the transparent 
window for continued viability of the graft or its
necrosis and dis ■once. On day zero following
irradiation two tests (the grafts did not disappear) 
foiled to demonstrate presence of C,Hf cells. 
Six tests on day 1 showed oresence of ,Hf cells 
in three and absence of these cells in three. On 
day 2, three tests showed presence of C,Hf cells 
in two and cbsence in one. On day 3, two tests 
showed a positive (presence of C,Hf colls) and 
a negative (obsence) result. On day 4, four of 
five tests were positive, one was negative. From 
day 7 through 180 all nine tests were positive 
indicating the presence of C,HF cells in the LAF, 
mice.

The present interpretation of those results is 
that, between day zero and day 7 after C,Hf bone 

marrow colls were injected into an irradiated 
LAF, mouse, sufficient C,Hf calls "take" and 
multiply in the bone marrow of the femoral shaft 
of the LAF, mouse to change the test from nego- 
five (absence of C,Hf cells) to positive (presence 
of “sufficient" C,Hf calls). This is further in
terpreted to indicate that homologous transplanta
tion of C,Hf cells occurs in this experiment. 
Total repopulation of LAF, femoral bone marrow 
by C,Hf cells would be a special case of trans
plantation, and this evaluation has not been made. 
The role of the cells that do transplant in de
termining survival remains to bo studied. Evi
dently transplantation is an early step in the 
mechanism of recovery. These results are in line 
with those of Main and Prohn on skin homografts 
after irradiation and bone marrow injection.1 * in 
their work the transplantation of hybrid bone mar
row cells had far-reaching immunological con- 
sequences but the interpretation of total cellular 
repopulation of irradiated bone marrow by the 
hybrid cells cannot be made at this time.

15. M. Main and R. T. Prehn, 1. Natl. Caacar Inti.

3s, 1023-1029(1955).
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MAMMALIAN GEMETCS AND DEVELOPMENT

GENETIC AND DEVELOPMENTAL EFFECTS 
OF RADIATION IN NICK

W. L. Russell, Section Chief
E. F. Oakberg 

L. B. Russell 
X Su Gower 
X G Kile, Jr.’ 
L. Wickhan 
R. Auerbach3

X W. Bangham
M. B. Cupp
R. L. Di Minna 
M. K. Freeman 
E. K. Kelly 
M. H. Major

W. St. Amand
Radiation-induced Mutations in the Meuse

W. L- Russell
X S. Gower 
X W. Bangham

M K. Freeman
E. M. Kelly
M. H. Major

Investigations on radiation-induced mutation 
rates in mice,3 and a comparison of the results 
with as nearly similar data as were available 
for Drosopbila, showed a higher moon rate in 
the mouse, and led to the conclusion "that 
estimates of human hazards based on Drosopbila 
mutation rates may be too low." It was recog
nized that the Drosopbi la data that were available 
were not ideally suited for comparison with the 
mouse data. Thus the mouse mutation rates were 
determined for irradiated spermatogenia, seven 
specific autosomal loci being used, and there was 
no information on specific-loci rates for irradiated 
spermatogonia in Drosopbila, although there was 
information on specific-loci rates for irradiated 
spermatozoa. This was considered a serious lock. 
Therefore, a study was suggested and supported 
in this laboratory by Alexander4 (1954) which was 
designed specifically to provide Drosopbila data 
more suitable for comparison with the mouse. In 
this investigation, the mutation rates were de
termined: (1) at specific loci, (2) on autosomes, 
(3) for irradiated spermatogonia as well as sperma
tozoa, (4) with essentially the same genetic 
technique and method of scoring the mutations 
as had been used on the mice, and (5) with the

’Consultant.
2Reseerch Associate.

3w. L. Russell, Cold Sprirr Harbor Symposia Quant. 
Biol. IS, 327-336 (1951).

4M. L. Alexander, Crnriic* 39, 409-428 (1954).

same X-ray machine and method of dosimetry as 
that used in the mouse experiment. Since there 
is a suddenly increosed interest in genetic hozads 
ef radiation, it seems desirable at this time to 
discuss the species camp orison again, the Dro- 
tophih data of Alexander and new Drosopbila data

Alexander's date on Drosopbila s per am to genie 
provide the most closely similar results for com
parison with the mouse date. The mouse mutation 
rate may be calculated on the basis of the tested 
mutations reported in 1951 publication plus 10 
mutations that had been only partially tested at 
that time and 12 presumed mutations that had not 
yet boon tested. These additional 22 have since 
been fully tested and all of them have proved to 
be mutations at the specific loci. The six mouse 
"mutants" that died before testing are excluded 
for purposes of comparison with Alexander's data, 
which include only tested mutants. This reduces 
the published figure for the mouse from 25 x 10“• 
to 22 x 10~*/r/locus. Comparison of this with 
1.5 x 10“ B/r /locus for the Drosopbila sperma
togonia mutation rate gives an estimate of 15 os 
the ratio of the mouse rate to the Drosopbila rate.

In this comparison there is no question of a 
statistically significant difference between the 
moon mutation rates of the two sets of loci. 
Statistical tests of high sensitivity are not avail
able for the more important question of whether 
the data indicate a significant difference in over
all mutation rates between the two species, if 
the two sets of loci are assumed to be, at least, 
random samples of comparable kinds of loci. 
Nevertheless, the application of a nonporametric 
test, namely, Pitman’s (1937), does shew a 
difference of this kind which is significant at the 
3.9% level.* The following semiquantitative con
siderations are also instructive. Five of the 
seven loci tested in the mouse spermatogonia gave 
induced mutation rates higher than the highest of 
the rates obtained by Alexander for the eight loci 
in Drosopbila spermatogonia and also higher than 
the highest of the eight rates obtained by 
Alexander for Drosopbila spermatozoa, even with
out adjusting for the fourfold greater mean rate 
in her spermatozoa results.

5This test was suggested and computed by A. W. 
Kimball of the Mathematics Panel.
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Since the Drosopbila spermatogonio mutution rete 
for specific loci is booed on only ten mutations, it 
is still of interest to compare the mouse rete with
the Drosopbila sp
new and indepen 
loci in outosom 

mutations in sp

zoo rate, porticularly the
dent sot* of informarion en specific 
»s. Alexander’s rate far 71 tested 
ormatozoo is 5.98 « 10-“/Aocus.

Mickey's* (1954) rete fee 32 mutations at the net 

eight loci is X35 a 10-6. Patterson** rate 
dor) for a total of 70 mutations 

at seven of the sems loci end on* other locus is
4-39 * 10-°. 
fvom these s

in estimating rotes
rates, • step necessery

defeat the purpose of getting est inde-
pendent of the limited information on specific loci 
rates in Drosopbila e* armotegani e if Alexander’s 
estimate of the ratio of sperm otsaes to sperma- 
togonio retoe were used. The information that 
come* closest to providing e sotisfoctory indo 
pendent estimate of this ratio is that of Auerboch’ 

(1954). Tobi* 1 in her publication gives the rot* 
of mutation to recessive lethal* on the second 
chromosome in breeds of Drosopbila coming from 
irradiated males mated for successive periods of 
thro* days each. Data from the lost breed ore
presumed to be from irradiated atogonia. In
Mickey’s experiment, the males were mated far 
Sia days following irrodiation. His data may, 

therefore, be taken os being roughly equivolent 
to the first two broods of Auerboch’s data. The 
ratio of the weighted moon mutation rat* far these 
two brood* compared with the rate in the loot 
brood is 4.6. Mickey’s rot* divided by this, gives 
0.73 x 10-‘A/locus, •• on estimate of th* spermo- 
togonio rote in Drosopbila. Dividing th* mouse 
rat* by this adjusted Droopbila rot* gives a 
retie of mouse to DroaofthiU rates of 30. In 
A Ie Mondor's experiment the males were mated for 
four days following irradiation. If this is taken 
a* corresponding to Auerbach'* first brood and 
one-third of her second brood, 3.7 is th* figure 
with which to divide Alexander’s spermatozoo 
ret*. This gives an estimate of 1.6 a 10-B/r/ocus, 
for th* spermatogonia rate, end 14 as the ratio 
of the mouse to the Or o* oft 11* rate. These lost 
figures are in excellent eyament with those

*G. H. Mickey. Am Naruralist M. 209-314 (1954).
‘c. Auerbach, z. imdukz. Abstammumg--u Vererbuma- 

lebre 86, 113-125 (954).

obtained directly from Alezonder’s spermetogonia 

dot*, H may be noted that Alezonder’s date. whoa 

compared with the mouse result*. give a mor*
conservetive estimate of the difh b
meuM and Drosopbil- mutetion retes thom Mickey"s 

data.
species es different os

Drosopbila and mice ore difficult. There me mony 
camp ticking factors which moke a www iee to 
generalize about the reletive rotes of rodiation-

ever, bi
mion in Drosopbila and mice. Hou' 
* of the human hazorde, there »* e

pressimg need to draw the best possible con- 
clusiom. The new Drosopbila date indicete that 
the induced mutation rate per locus in the mouse 
may be about one ardor of mognitude higher then 
that in Drosopbila. This reinforces the conclusion 
reached in 19513 that "from the point of view of 
those concerned with the immediate pwroblems of 
^retort i sn in men. H would be risky to iyers the 
indication that oetiemtes of human hazords based 

on Drosopbila mutation iotas may be tee low."

Camms Hey Semsitivity of S 
af the Meuse

E. F. Oakberg R. L. DiMinno

In order to confirm the sensitivity curve previ- 
ovsly published for spermgtogonia," hybrid (101 a 

C-M) male mice were given yrary doo** of 5, 8, 
12. 17, 23. 38, 47, 57. 68, 80, end 100 r at • doo* 
ret* of 6 r/min, end billed 72 hr after exposue. 
Techniques of fixation, sectioning, steining, end 
scoring were the same os described previously.®.® 

Data for the four control mice end the four mice 
et tech dose level have been combined in Tables 
39 end 40.

With the recent estimate’ of the duration of 

sp or metopons sis ovoiloble, the stoges et which 
cells ore irradiated end subsequently scored can 
be determined with greater occurocy. Thus com- 
parison of sensitivities of spermatogonio et dif. 
ferent stoges of their developmentol sequence is 
facilitated. Th* 72-hr interval between irr e di at ien 

and oboorvotion was chosen for c earner i sens based 
on counts of newly farmed spermatocytes et stages

*C. F. Oekberg. Rediation Reseereb 2, MO JI 01 (1955).

‘E. F. Oekberg. A Movpbot 97, in press.

’*£. F. Oakbere ena R. L. DIMinne, BioL Semiamm 
Preg- Rep. Peh If. 1933, ORML-1863, o 59-61.
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VII end VIM. hut is not opt the suggestiow s been mede thet * * don mens * *

L h , con be A d.
Since stege VI occupies obout 20.6 hr ol the

type A cells are most resistem 
vhis h;eoChsMs. number of

•.* In order to test

primery
eycle, the coumt of restimg 

m is dreum from e similer

time range n he egrlier. This -ould cans snood 
to imvodition at spermatogomie at tubule stoges H. 
during the third division of type A cells, ond at 
robots stage Ml, when tromsition from A to the

type is g
folls lote in stege ll. et the peok of
division, 
enter le 
of cells

The tower of spermat 
tene at stog vim rep

The md OMM 
1 spermeogoniol 
wcytes obout to 
ononis a range

diated ban stages IM to IV, with the

di
tegeoM divide to form calls of type B. The tmo

vival curves (Toble 39) gre kobly similar.
with the LDso between 23 and 20 r in both coses. 
These resuls are in emcellent ogeement with the 
sensitivity of sent ng Ants ond type B ng or am 
togonio published earlier.*

The survivel carve obtaimed by combining the 
counts of oil typ A cells lor all 12 stoges el 
the cyclo is given in columm 2 of Toble 40. The 
surviving frection agrees well with the dato of 
Table 2* et doses of 5, «. IX 17, and 23 r, hot 
et doses of 20-100 r the type A curve Hortens 
not ceobly, with the ""froction of control" being 
olmost uniform at 47-100 r. This hes been 
intergroMd as an indicotiom of a heterogeneity of 
sensitivities within the type A population, end

stoges 1 (ran re taro mg cells its nA Mod at stoges 
VIM—X, with the mi Ml at IX) and IM (repre- 
soaring irrodiation e* stage XI) were used tor 
estimotion of sensitivity daring the mitotic peoks 
at stoges IX and XI ft obis 40. column 4). Sensi- 
tivity of cells irrodiated in the "‘dormam" stage 
was estimated by spermatogoniol ce oats at stages 
X and XI. which rogrssnat cells rvodiated at 
stages V. VI. and VII (Table 2. cola an 6). These 
cells here gene through one division at stage IX. 
end some are undergoing a secand division at 
stage XI. proziding the rppoztunity lar "p-aien

in columns 4 and 6, Table 2, are not warts Oh 
different except at doses of 57. 68. 80. end 100 r. 
where isrodiovion at the mitotic techs gives a 
slightly loom survival. That the difference is
not y ots r •• not surprising, ho 1, for even
during the mitotic pecks most cells are in inter-

ghose. The were 
rapid decease in i
al

g atio

low doses even when irredioisd

is the 
togonio 
in the

e" stete. With the escogtion of the B- and
12-4 doses, survival of type A cells rvadiated at 
vubule stoges V-VI does not differ from the
generol respense of all type A goni
Thus the existence of differences of sensitiwity 
is indicoted even for the mitotically inactive

g

r

I
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PATMOLOGY AMD PMYSIOLOGY

PATMOLOGIC AMD PWrSiOLOGIC EFFECTS 
OP RADIATON

A. C. Upton, Section Chief

in mice 8-15 months of oge (Table 41). As the 
dose is eleveted from 150 to 300 r. the incidence
rises and the onset is hastened. ho

T. T. Odell, Jr.
W. H. Benedict *

K. w. Christenbeny 1
G. S. Melville

W. D. Gude
Radlatian-ima

L- H. Smith 

F. G. Tousche 
B. Anderson 
P. Ledford 
F. F. Wolff 
R. X Ellien4

further ekt» at ion of the dose to 450 r, the fre- 
jo sect declines. Because it was theu^M shot 
the decreased incidence of myeloid leukemio 
see eng ee । ing the increase in dote from 300 to 
450 r might result from the intercurrent death of
mice with thymic lymph 
thymectomized preirradi

• group of mice were
; alt

d Myeloid Leuhemi conclusive, the preliminary dote
gh os yet in- 
suggest that

F. F. Wolff F. Led
W. D. Gude

The induction of myelogenous leuk mice
of the RF strain by ionising radiation has been 
reported previously. Because of the resemblance 
of this disease to radiation induced myelogenous 
leukemia m mon end because of the paucity of 
experimental date concerning its pathogenesis, on 
extensiwe investigation of this condition, began
in collab with J. Furth, is in progress.

Mice of the RF strain are being exposed to 
whole body X radiation at 5—6 weeks of age; the 
radiation factors are es follows: 250 kvp, 30 mo, 
TSO 97.3 cm. rate 70—80 r/min in air with scatter, 
filtration 3 mm of Al (hi 0.55 mm of Cu). Doses 
were administered in a single exposure unless 
otherwise indicated. In order to study the role 
of certain physiologic factors in leukemia in- 
duction, various organs were removed one week 
before irradiation. Because of the large numbers 
of mice required for the experiment, the individual 
treatment groups are being filled sequentially, 
lintermates divided among the various groups 
concomitantly. The mice are being observed 
throughout life under stendard laboratory con
ditions and submitted to postmortem examination 
promptly after death. As reported earlier, there 
is a marked increase in the incidence of myeloid 
leukemia after a single exposure to only 150 «, 
the death rate from this disease being maximal

‘Com sultamt.

2u. s. Air Force.

3Researeh Ass 
period.

vhis sectien

“joined the section in July 1955.
SA. C. Upton, J. Furth, end K. 

Cancer Researce 14. 682 -6%0 (1954).
Che«• ten berry.

thy
incidence of • 
however, that 
mice, an inciec

y has not significontly affected the
yeloid leuk wat
in the eradiated, thymectomized 
ad frequency of nonthymic lymph aid

tumors has been observed within the first 12

three exg 
interval b

es
With fractionation of 450 r into 
of ISO r eoch, with « five-doy 
treatments, there appears to have

b ten an enhanced induction of thymic lymphoma, 
as noted by Kaplan,* by contrast. the incidence 
of myeloid leukemia appears to have been reduced 
es a result of dividing the dose. Costration has 
resulted in a leukemia response in the male mere 
like that of the female, i.e., a greater number of 
thymic lymphemos and fewer myeloid leukemias; 
similarly, gonadectomy of the female has brought 
about a leukemia-induction pattern more like that 
of the male; however, both the male end the female 
retain to some extent after gonodectomy the 
disease response characteristic of their sex, 
suggesting the existence of see-specific leukemia
modifying factors operative in the absence of the 
gonads.

Mt th an ism of Rediation Recovery by Metres i 
Trensfusion — Evidence of Repopuletion

D. L. Lindsley”
T. T. Odell, Jr. F. G. Tausche

It has boon demonstrated that recovery from 
lethal doses of X radiation is promoted by the 
injection of unirradiated bone morrow cells, but 
the mode of action of the bone marrow is not 
presently known. It has been postulated on one

*M. s. Koplan ond M. B. Brown, J. Natl. Caarar Imst. 
13. 185-208 (1952)-
‘Drosopbila Genetics Group.
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TABLE 41. MCIDEMCE OF LEUKEMIA M RF MICE GIVE •OLE-BODT 
x IRRADIATION AT 5-4 WEEKS 09 AM

W «et
Dese Op

6)

Tosel Mice//Totel Deed,
M Imdi

Thymie Ly Osher Li

15-22 0-7 9-14 19—22 -0-7 B-1a 5-22

78/10 A I01 1

IIW 16 12

300 95/6s / 25

450 13 10 10

490 Thy ‘y 14 to

1 4 3 3 2

9

7 1 2 3

2

0 1 I

1 5 3

0 2 «
450* s7/2a / *a 009 0 0

450** 02/42 A 20

100 Cestretie 113/45 23 12 14

Costrasion 101/32 A

99/74 ? 12 21

Costrotion 121/15t

300 94/04 2 20 20

300 Costrotion 90/44 ? 10

0

0

0

2 9 0 2 0 1 1 0

0 6 2 0 2 2

0 0 0 2 2 6 0 0 7

0

0

1

0

2 2 0 4 0 2

0 0 1 2 0 1 2 0

0

0

1

1 0

2

0

1 5

1 9 0

Protocol: 250-kvp X rays; 30 TSO, 97.3 cm; rate, 70—90 /min In cir with filrrerien, 3 mm el Al (hvl,
0.55 mm of Cu).

•Three exposures of 150 r each er intervols of two doys.
"“Three s of 150 f each ot intervals of five doys.

hand that the introduced marrow cells proliferate 
and are responsible for recovery by cell repopu- \ 
lotion and on the ether hand that they elaborate 
some humoral substance which elicits a recovery 
response of the indigenous marrow; a tiding-over 
of the host by the injected celts until the 
irradiated marrow can recover has also been 
suggested. It is plausible, of course, that a 
combination of these actions may be responsible 
for recovery. Information in the literature con
cerning the transplantation of tumor tissue after 
irradiation and/or cortisone administration, and 
the known inhibiting effect of irradiation on the 

immune reaction moke it seem likely that the 
introduced marrow might repopulate the acellular 
marrow space of the irradiated animals. Because 
the use of a strain of rats having a pair of known 
red cell antigens seemed an ideal tool for testing 
the redopulation hypothesis, the following ex- 
peri men ts were designed to carry out this test.

The rats used have the cellular antigens C and 
D, which are controlled by a single pair of alleles; 
erythrocytes of the two homozygotes, C/C and 
D/D, carry antigens C and D, respectively, while 
those of the heterozygote, C/D, carry both 
antigens C and D. It is possible, therefore, to
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detect cells of either type C er type D in * mixture
Htnotten of eoch with 

(Animals segegat ing

at this time or any subsequent time. The presence 

of colls of the mplonted type -os often too op 
ns and first only upon micoscopic exomimation of

upon visuol ok

diated and sub sly

with bone morrow cells, in the initiol ezperiments 
with type CD bone mamow (since it clone wos
available) and in Iler

»O w i meet 35 doys afte 
amy evidence of repre **i*w

4 athou
*•*-

from rots of the opposite (D or O blood type
(Teble 421. As ols after injection
the red Meed cells of the recipients noro typed 

colly; when agglutination was not ob- 
with the unaided eye, ratpie* of the 
nded mixture note exomined mscreecopi

colly in a hemac > Sofer. Two classes of control*

l ms at ety quontitetive ***** on *e octal omimols 
indicete that coll* of the implanted type moke up 
from 10-90 of the circuloting red cell* of the 
recipients.

The results are d to indicote • repopu-

ip

were used — one we* ivradiation control in
which vats were subjected to the same dose of 
X rey* as the experimentals and injected with 
saline only: the other sees on implantation control 
in which on i trod i a ted rats were injected with bone 
marrow (Table 42).

The results of the eaperi wants are presented in 
Table 43. By the end of the second week nearly 
all the irradiated animals surviving had erythro
cytes of the implanted type in their peripherol
blood; the injected but unirradiated
animals showed no sign of the implanted cello

animals with morses hem the donors. (The phe 
nemo new of "transformation" found in bocterie 
is thee ph* to be a very unlikely explonation for 
th* ebeer.. .. genetic change in the red bleed call 
population.) Thaoa experiments dp no* pre** that 
t my le nt at M»w of th* morrow is the only, or even 
th* moot important, mechonism involved in the 
recovery hem radiation injury. Furthermore, it 
should also be noted that it can o* yo* only ba 
inferred that the myeloid elements repopulate, 
which is important since severol lines of in- 
vestigation now tend to implicate the myeloid 
elements of the blood ond bone marrow os toco vary

TABLE 42 TREATMEMT SCMEDULE OF KATS INJECTED 
WITH ANTIGEMLL ABEL CO MARROW

Esperiment .
No.

Number 

of Rots

Dose

M
Type of:

Host I IMO I ont

T ime ol Hoi > iw
Injeetion 

Postirrediotion 
(h)

I e 10 *00 C or O CO 0-3

b 10 *00 CD

10 0 C or D co 0-3

2 « 11 750 C er D CD 1 0-24

7 750 CO

3 e 23 750 C or D D or C 10-24

11 750 CD
7 0 C or D

*,,—
D or C 10—24
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TABLE 44 EFPECTS or unRADIATNOM on TWE 
UPTAKE ors"LANELED SULPFATE BY PLATELETS

F. G. Teusche

From studies of the uptoke of S33O. by W ■ 
koryocytes ond plotelets following -hole-body

D‘
Red vity el

irradiation," it is thet ehe total rodio-

ai—t...
I.HHI ■ 14*) -t Ret

octivity of bleod platelets from rots injected with

LD, 
hig 

vodi

ery 1a 57.9

30 doys dose of X roys (790 r) is much 
than the octivity of platelets hem nonir- 

d controls (all sulfate injections were mode

I*

•• 26.7 «103 »
opproximotely 24 hr prior to socrifice of the rets 

by exsanguination). The platelet octivity hes 
bean observed to be highest 14 doys postirredi- 
ation, the first time during the recovery phase 
when sufficiem platelets ge obtainable for ac-

20
22

24

31.2 2 4.00

22.4 t 461
16.8 11.61
11.0 • 1.53

tivity measi ats; from • value severol Him*
normsol u then declines to less thon twice the 
control value at 24 doys (Toble 44). Since the 
platelets are believed to be labeled. at least to 
a major extent, during their production in the bene 
merow, the increosed rodiooctivity is probobly 

essociated with the younger composition of the 
platelet population during its buildup in the 
recovery 4 sr is 4. The proportion of new platelets 
in the circolating populotion presumobly decreoses 
as the platelet count returns to normal.

*T. T. Od.l, A., w. D. Gud., endF.G Teuseh-, 
Bicl. Semiamm Prog. Rep. Fet. H. 1933, ORIL-1863, 
• M-71.

2

4

It

“Re -e---a 730 r m> • pimgle --pe-- -nd were He 
i-ced -ih 300 pe at Me253304 24 hr heler- rewhee.

"sendea 4s. i e» lew. tt.
"Pletelets fvem rwe enimels -ere eembimed in erdes •• 

■Mom • sulliciemt mumber ler — ectivity meeseemeni.

la oddition to study «4 the upteke of S”3O. by 

the pletelets, observations were mode on the
mumber of yocytes 1* the bone momow ond
on the peripherol pletelet counts during the first 
24 doys postirrodiction (Fig- 23). The mmber of 
megakoryocytes begins to drop tee deys t*1—
irradiation and de almost to zero at six
doys; at 12 doys, the cells oppeor to be returning.
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e single 
cell susp

etien el 0.1—0.5 ml of levkemic 
L ft hes not been possible W

1-

»• •
s
I

A

-- -* ■I
secue tokes in ell odult hosts; h A
recipients have At..al wet the diseose in neorly

- *

/ / /
/

ev=y 1, dying 4-1 -eeks after inje
V it ee4 gossly, the levkemic nfilmetions ere 

green; micrescopicelly. shey are wee to consist

ol myelocytes end yelocytes. Infiltretion of

s
the liver, spleen, lymphatics, ond beer ...■ n •

A je

..• 2... ..S'.....  
a=me

boa been noted 
mot been enco 
intevenously.
bs

lerminelly. but splenomegoly hes 
vtered, even in rate inoculated 
The t er mA art I blood hos been 

oin ere >eble numbers of immatue

yeloid cells end te eshibi verying degrees of
A

hereby el this levk
lop e method 
emic cen be

e At eta 4 unifermly in edul hosta, in the hepe rhot 

this disease -ill then fumish a uneful tool for

end el It doya, they wre back to mormel mmbers. 
The peripherel pletelet cout, teken just before 

socrifice, rtnalai mormel for the first three doys 
end then baa im a to drop repidly: d seven Aart at 
*• less them 50,000 pleeleta/mm2. If beym W

Biedieg of s2-ebeled Sullete La Ret Serum 

U H. smmih
B. Anderson T. T. Odell, Jr.

It hes been -ith the use ef filter poper

The

14 and 11

yocytes
pleelets cho- he the pldtelet drcp logs obout
one Aar behind the 
the megehoryocyte

ieoryocyte A omd

d Chleemyeleid Levkemie ta Rets 
F. F. wolf

A chieomreloid levkemie, encoumtered erig 
et Mound Loboratony in en ectinium-ini 
Sprogve-De-ley eat.* bee been wensferre
seriol pessege thre 

♦a this loboretory. 
minted by 1 ear wain 

toneous w feet we 
leukocytes obteine

elec sis thot • mojor froction ol wiecte 4

ef ret serum -hich

region; Ke*
geles w the a,-globulin

1, this vegion stoins dy
•Mb Aw WAS stoining tee fine. sugosting that Aw
constituent 
cobohydres

M • •a essocicted -ith •
Addeionel e

conducted to eaten! kno-ledge ef this

confirm those P ly

heve been

banonce.

ted’o (Teble 45).

molly 
ected 
a im

gh four W—wl—» generetions 
The A* teeu hes been wens-

of -hole Hood or of If if r 
d from «f levkemic imfil-

wretion; Aw latter eppeor ta ba more effective then 
whale blood, yet aw ably becouse ef the gecter 
number of let hew«« cells ye tetri. Thus fer, -ith

kind, mrevu 
im imin-t

aw imd-tt-a e O. It Anehemy emd HL mlie ler
i-- rera, end fe esainseme-

--

Sixy per cent ol the -hole serum octiity -os

e peck. 11 The der of the SM octivity
4 in 
-os

distibuted over the rest of the mreo occupied by 

the serum proteins.
I* one experiment (stip 159, Table 45) the 

serum -os diolyzed in the cold (TC) iyma

three por ol Aw barb buffer (pH 8.6)
during the 24 hr prior to elecwophoresis. The 

feilue el this arete Aart ta alter Aw pottemn el 
distribution er the wytrb al Aw sulfete octivity

"L. M s-i --a 
Rep Pek IK 1933, <

Andenen, nem s-
L-186), » W-4A

k
’ ‘Th- s23 eem-i, e-- mw 1. tai aw -ew-*,

eeim •t *- »> w■■■ e--- ena
lee peim emedel ee *- “a-glebulim re aw.

73



IIOLOCT PROGRESS REPORT

TABLE 45. DISTRIBUTION OF s35 ACTIVITY AFTER ELECTROPHORESIS on FILTER PAPER 
OF SERUM FROM NORMAL RATS INJECTED INTRAVENOUSLY WITH Ne,s33o.

Time
Animel Mo Ponrimj-ctien

Ne- Ne- (hr)
Whele Serm

Activity"
(counts min)

Percentoge Totol
Counts Recovered

*40 91 24

10* 24

*41

654

UI 24

159** 24

92 24

100

143

*SS 144

*43 HE

24

40

1 (counta/ 25 pal] Whele 

Strip

3987 2134 1382 S3.S

In Peak

34.7

3987

3987

3907

4468

44*9

2581

2110

1910

2 J JO 1399 59.4 40.1

2270

2424

2304

2925

I4S1

1345

1359

1510

1596

1*71

2111

100*

914

844

Mean:

56.9

60.8

S3.4

65.5

*3.7

71.2

*0.0 ± 1.0

37.9

40.0

47.2

39.0

43.3

44.2

Percentoge of
Recovered Counts 

Found in Peak

67.5

M.S

65.8

70.1

72.2

68.0

*2.1

67.6 ± 1.0

on the strip is evidence that free sulfate ions were 
not responsible for the activity peak. It was also 
noted that the S35 activity distribution in the 
serum was qualitatively the same 24 end 48 hr 
postinjection.

Whereas a salt linkage between a protein and 
the sulfate ion could explain the present obser
vations, results of the following experiments do 
not support such an hypothesis. After dialysis 
of S35 sullate-labeled plasma against a buffer of 
pH 12.0. 38% of the whole activity remained in 
the plasma, essentially the tame amount (40%) 
as was found in the a (-globulin region following 
electrophoresis of undialysed plasma at pH 8.6. 
At pH 12.0. few if any positively charged groups 
of a protein would be available for anion binding 
through e salt linkage. Even at pH 8.6, the 
number of positively charged groups of a protein 
would be smell.

There era three forms in which S33 may be found
in the serum: — S- S or -SH groups of omino

ocids. the sulfate ion bound to o protoin
through a solt linkoge, ond es sulfuric acid esters. 
It is known that sulfur odministered to rots in the 
form of sulfote becomes incorporated into amino 
acids in negligible amounts. ’ 2-13 It seems, 
therefore, that the s35 activity pook reflects the

9 ce of o sulfuric acid ester. Winzier‘4
described the isolation from plasma of a muco
protein. This mucoprotein has the electrophoretic .
mobility of an a, -globulin at pH 8.4,15 and 
contains approximately 30% carbohydrate. ’• In

12M. BSatrom ana E. Jorpen, Experiemtia 1o, 392-396 
(1954)-

13 D. C. Dzic-ieto-aki, 1. Chem 207, 101.IM 
(1954 1

14,. Winzler, A. w. D.vo-, J. w. Mahi, ena t. M. Smyth, 
J. Clim Imest 27, tOf <14 (1444).

15a. W. Ml, J. Humphray. ena R. J. winzler. Proc. 
Son e^iL B^L Ti, 106-109 (1949).

16M. E. w.imer, J. W. m.h, end R. X Winzlar, /. aiol. 
Chem 111, 561-568 (1930).
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'he present series of studies it was observed that 
rhe S35 sulfate activity peak corresponded to an 
area on the strip which contained PAS positive 
constituents. Since the S35 sulfate activity peak 
and the PAS positive region appear to coincide 
electrophoretical ly with Winzler’s mucoprotein 
(Mehl et al.15), it is suggested that the carbo
hydrate moiety of this mucoprotein is esterified 
with sulfuric acid. A similar interpretation was 
previously suggested by Mehl ft al. 15 to account 
for the finding that sulfur in excess of that 
required by methionine and cystine was present 
in a mucoprotein of rat plasma.

Effects of X Radiation on the Distribution 
of No,S350, in Rat Plasma

L. H. Smith
B. Anderson T. T. Od.ll, Jr.

It was reported* that the level of labeled sulfate 
in whole plasma was usually much lower in rats 
on the third day following whole-body exposure 
to 750 r of X radiation than in the plasma of 
unirradiated controls. In order to investigate this 
difference, the plasma of irradiated rats was 
subjected to electrophoresis on filter paper, and 
S35 activity determinations were made on segments 
of the filter paper as previously described. The 
pattern of S3 5 distribution and the magnitude of 
the activity on the paper strips were essentially 
the same for the irradiated animals as found for 
plasma of unirrodiated controls. Accordingly, the 
difference between the whole plasma levels of 
S35 in X-rayed and control rats cannot be ac
counted for by changes in the S35 fraction which 
is bound to a plasma constituent having the 
electrophoretic mobility of an G -globulin.

Role of the Thyroid-Pituitary Axis la Resistonce 
to Lymphoid Leukemia

F. F. Wolff

In on attempt to investigate the factors in- 
fluencing the growth of leukemic colls and the 
resistance of the leukemic host, the effect o< 
hypothyroidism on the survival of rots bearing a 
transplanted lymphoid leukemia has boon ex- 
am i nod.

Inbred male and female rots of a Wistar subline 
were divided into two experimental groups at six 
weeks of age, one group was given propylthio
uracil in the drinking water (0.025%). and the 

other group received tap water. The animals were 
caged individually, weighed regularly, and pair-fed 
to ensure uniform body weight throughout both 
groups. Approximately nine weeks after beginning 
the administration of propylthiouracil, all rats 
were injected intraperitoneally with 0.1 mi of a 
suspension of isologous lymphoid leukemia cells 
in physiological saline solution (the suspension 
was prepared by mincing leukemic lymph nodes 
in saline and aspirating the cells through a cotton 
filter). On the day after inoculation and every 
three days thereafter, half the rats in each group 
received a subcutaneous injection of thyroxine 
(crystals, Squibb), 1.0 mg in each of the first two 
injections, and 0.5 mg dose subsequently.

The survival patterns are summarised in Table 
46. The propylth iouroc11-treated rats survived 
longer than the controls (p, 0.5); this was not 
observed, however, in the females receiving thy
roxine concomitantly. The differences were more 
marked in females than in males.

The results of this experiment tend to confirm 
those observed in radiothyroidectomized AKR 
mice'7 and further strengthen the hypothesis that 
the survival of lymphoid leukemia-bearing hosts 
is enhanced by depression of thyroid function.

Effects of Radiation on the Plesmo Iron
Concentration in Intact and Splenectomized Rats

G. S. Melville, Jr. F. P. Conte
Elevation of serum iron concentrations in rats'* 

and of plasma iron levels in burros'* and sheep'* 
has been observed following acute irradiation in 
the lethal range. The effect of removal of the 
spleen on plasma iron levels in rats has also 
been noted. 20 The following experiments were 
undertaken to determine the response of plasma 
iron concentrations in intact and splenectomized 
rats after exposure to X-ray doses in the sublethol 
range.

Groups of male, albino, 250-9, Sprague-Dawley 
rats were exposed to a single whole-body dose

17o. M. Morris and F. F. Wolf, Bsol. semianm
Rrp, Feb 13. 1935, ORNL-1863, • 65-66.

18A. Chonutin and s. Lud.wig. Am. J. PbysioL 166, 
380-383 (1951)-

‘°G. s. Mel will#, Jr., and B. F. Trum, unpublished 
dota.

20A. Chanutin, E. A. Lentz, and s. Ludewig. Am J. 
PkytMl 173, 474-480 (1953).
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TABLE 46- EFFECT or NYPOTMrROIDISMA on THE SURVIVAL or kats 
BEARINIG A TRANSPLANTED LYMPMOID LEUKEMAIA

Animal No.
Survivel 

(day-)

Meen Survivol 

(deya)

2156 / 29

>21574 Propyithiouroc 30 25.7

IB

2159 t 22

2160 t Propyithiourocil 26 25.3> <
2161 ? 28

21624 25
Propylthiourocil • thyroid

24
24 5<

2165% 14

> Propyithiouracil • thysoid < 14 18.3

2167 » >7

17

21694 > Conwola 24 18.7

3170 ts

1171 ? 16

112172 ? Conwela 17.3

2173%

1174 "

>

11

l»{
2175 A Controls • thyroid 14 18.0

117*/ 

1177 ?

IS

11

2178 ? > Controls ♦ thyroid 11 11.7

2179% IS
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of 75, 150, or 225 r of 250-kvp X radiation. Iron 
determinations were performed by a microspectro- 
photometric method adopted from the analytical 
procedure of Ramsay. 21 Blood samples were 
obtained from the aorta of anesthetized rats. three

and the second 8—15 doys after exposure, simu- 
lating the pattern noted in acutely rrodiated burros 
and sheep. 13 Splenectomy appeared to curtail the 
early elevation of the plasma iron produced by 
exposure to 75 r (Fi*. 26).

tal animals and three
sacrificed to obtain each point,

controls being 
and dupl icate

analyses were performed on each plasma sample. 
In the splenectomized group, the splenectomy wos 
carried out four weeks before irradiation.

Following exposure to 75—225 r, there wos 
elevation of the plasma iron level (Fig. 24). The

TABLE 47. COMPARISON OF THE PLASMA IRON 
CONcENTRATon IN IRRADIATED RATS WITH THAT 

IN CONCURRENT MOMIRRADIATED CONTROLS

differences in iron concentration bet irradi-

ated rats ad concurrently pled controls (Table

Time 
Pastirrodi

x-Rey Dose, •hole-Body <•)
75 IM 225

47) were subjected to an anolysis of vorionce22 
and found to be significant at the 5-10% level. 
The hy perferremio occumred in two phases (Fig. 
25). the first during the initial 24 hr post irradiation

5 h

10 h
24 he

37.2 t 27

75.7 t 27

45.0 t 22

29.0 • 22 MJ t 22

TS.9 * 22

t n 16.5 ♦ 23

2‘w, M. M. Ramsey. Baochem J. 57, -xi (1954)
-1.2 1 22 20.0 1 » 21.0 * 23

2 Aseen aticei wee •t ehe dere -aa performed by
enel.

• dey* 11.7 122 -12.7 122 -16.7 t as

two *
. 223,

N

10 day*

13 dey

IS

39.0 1 16

36.7 ♦ 23

IL4 1 23

72.2 * 12

55.8 ’ 22

89.4 * 22

607 t n

2.1 * 16

71.1122

26.9 t 22

-83 * 33

l
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Fl*. 24. Plesme Ima Co 
ated Rot*. Each point rep

metiens In Inedi- 
it • Ha* mean iron
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s The mechanism of these elterations is under 
study: plasma iron changes are being correlated
with reticulocyte counts and bn cytology.
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The significonce of these observotions in relation 
to radiation-induced depression of erythropoiesis, 
as measured by Fa** uptake in the red blood 
cells, is being explored.
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MICROBIOLOGY

TRACER STUDIES IN INTERMEDIARY 
METABOLISM

S. F. Corson

M. I. Dolim
E. F. Phores
M. V. Long

with pyruvate to form OAA (oxalocetate) by • 
unique corboxylation mochonism, ond that this 
produc, (OAA) was cowerted to me into by the
malic dehydre system-

Succimic Acid Decurboxylese System

S. F. Corson

previous

E. F. Phgres

on auccinic ocid decar-
boxylese studies described on enzyme system, 
from conAmod cell extrocts of Prop domibac tertum 
pentosaceum and Veillonella gazogenes, whih 
fixed a C, frogment (from the decarboxylation of 
succimy I-CoA) into malate. This transfer was
depend on de pre sonco of DPNH (reduc ed
diphosphopyridine nucleotide) and pyruvate. I 
was proposed that the C, frogment wee combining

‘s.F. Ce.. and E. r. Mi Bia Semiamm P-ng. 
Rep- Feb, 13. 2933. ORNL-1863, • 84-88.

Additional SIMOort for this hypothesis -os ob- 
tained from tracer experiments employing suce 
1-2-3-4-c“CeA os a subatote. performed im the 

presence of malonate to inhibit the direct con- 
vers on of succimyi-CoA to me I ate through feme 
rate. The data pro seated in Table 48 demonstrate 
the inhibition ad CO, (bet not propionate) pro- 
duction by addirion of pyruvate and DPNH, and 
the accompamy ing increosed labeling of the melote 
corbourk Only negligtbte ememts of labeled

in addition. it hos bean sb o er nod that cotelytie 
amounts of malate will replace the requiement 
for wuccinyi-CeA during DPN oxidation wih this
sy stem. F igure 27 presens ip or» i off ae

TABLE 42- fFECT OF PTRUVATE PLUS DPMM 0n LABELMG or MALATE amo co,

Cemmel end DPn Add-d

empeund 
inelet-d

Tece —* Suceimm.-c14 s is c‘“o.

Sueeines-

Melet-

Redieettiviny 

(eoume /ae)
Rene —

Outsid- e imaid-
Red viFy Retie - 

Ounid- < Ansid-
Redienemiwat, 
(snmisii

2000 1.9 MW 2.8

75 1.9 n 1.9 0.2

2 1.8 16

34

13.0

7000

Pretecelt Materiela ii ed (emeumt im 
0.22, eyasine MCi ISO, sediu- noir 
peteasi- -yee tmet. (A dies ease at C

rosier umie- rihsi miss me-dz So, i 
loM. Mb a, DPm a, petnni- er

(e", 6-3
0.75,

-1,2c‘4 c2000 e---V.-e, c-1.c2 --ne •*
1.84: 1, nsi im A sea sb of c‘“o2: 1, Bec’o, 17000 ee-m/ae sob iieieod so c’o, by add i । wi at 
arid boss Sioen ii nideermda eelt-tree e-weeta (ism ihigoi or 100,000 • a tor l •) remresennme I mg el • 
eech ergenin-, P. SreOi sermn and V. gezegemem moot Mold i rime. 0es -L

Gee share. 5* CO, in helion. heed hen O, b, e romans -ih d-e-e- Both on. Im id sei t m •erb- 
(5 ad rtei -el--e ier is sM es x0°c- Aside anelen-a end aepem-a ee and e --erim-- hr so mi 
tegepiy.2 end d-greded se de Semi OB mm et boos ide ee imaid- emtena (Cc-I i c-2. 3-3

-ia

2E.F.Phe-s, E. h. Mosbeeh, r. w. Denine, a-,. Cenen, AmeL ch-m 24, aw m tram 
2a. w. Feeter end v f. Ceraen Pme NerL Aced Set us m. 219-729 (so

Pher-- -nauv, t- A- Chem s-e n, nu-iw (usa.
mdBiphya 12, m.iw (1951
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emistence ed the pyvate re OAA step (end dts 

requwemem tar malate) estebliehes ehe lemk (er

lectete thegh QAA.

Fige W summizes

der com-ersiem el fyce te

elwimg the

deceb L. The
the C, cycle er pot

retiom is cleckwise, fe 
theec, krem

mhen • C । sewurce, succimylCeA w malete, «•
a

The DPN prebebly dhives OAA redeem —1i. eehe 
thon py

mhe
*• el loctic dehydrog

hhel

im the Prmp
it) — pulla 
becevne she em

ei
img moums el mmalic dehydes 
sharaertum exroct. The comd

d -ith

etiems em the some inert law 
kum swongly fevors ef B
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TABLE so. EFFECT or MALATE on PYRUVATE MCORPORATON ITO CITRATE

Additiens
cu Imeerperen

(ceumt~ see) ev

P,ruvete-2-c14 . co. 2.5 13

Pyru 2-c‘“ ♦ co}« melete

• c‘4o, • -elet-

18.0

0.2*

•C a fer dim

Besed en
r ii Semeles ---

vences Ml origimel mpecifie ectivity el COa end oyru-eta

ef c‘4o, fixed
beted in 3 —I (totel vl

10.0

I

e 100

el pereseiu- ph 

(es imdicen-ia l pyrvet--2-C 14
pmel-. el Bec1“o, (10,000 «»■<■»»/MX;

Siemese sidewm. e

(180 ceumasne). 1.0 pmeles ef petessiu- melete, 13 
eenvened • c’oa by eddirien ef phe-pherie ecid fre-

eell-fe- A • •aym-

Imm* end 4, ena enney-a f. C 14
lbw* 40 mim er 24"c. The ecida --- ie--

M im Tebi- 49.

-omm-CeAwc2" - °4 i | ......

« D-- >
sucrnan : L actat- 6 . 

wacomart • , -Ti •00 I 1

"
mnr :

lan---Pe • ~ 02a;
Acrrm c-a • 

, cono emgwE
CaE cirmait

Fig. 2%. Resefens invelving "C,"" Detved 

fem Sucdnyl-C.A andMeleteDecetexyletiens.

for The clockwise reoction with DPMH
stcps at malete if succimyl-CoA is presemt, be-
couse mhe molate —• loctate • C, step 
needs "‘pulling"* by la—» al of the C,.

nly

to be this pulling effect thet keep a lobeled molete 
(derived from OAA) from equilibrating with — 
unlebeled pool. When DPNH ond condensing 
enzyme Will* ore obt—t. bu with molate present, 
the ycle runs coumterclockwise; this is possible 
bec Gse of the coupling of pyruvate reduction with

DPNH-Fleveprateim Ca—laa ef DPNH Perexidese 

M. I. Dolin

The comple. formed be—one DPNH and DPNH 

peroxidase flevoprotein, ■ • being imvestigeted 

further since the system offers a tool for de- 

termining one of the mechonisms by which pyridine 

nucleotides ore bound to —r>—a. Any suc- 
cessful hypothesis regording the structre of such 

a ca—lao must expiain the following fectures of 
the system: (l) electron tronsfer be—ean the 
coenzymes, (2) the blocking of the hydrosulfite 

reoction by DPN or DPNH. (3) DPN is not boumd 
to the enzyme ar. a Meat, if bound, is not bowed 

at the a ama site oa DPNH (a twentyfold excess 
of DPN 4—a not inhibit the oxidation of DPNH 

by peroxide, mor is there any evidence for ca—laa 
formation be—eon DPN ond ozidized Hai —■«*»«), 

and (4) the ocid pH a>ti—a of the raecti—.

A structure embodying these charocteristics to 
sho-n im Fig- 30. H is on adeptation of Mehlee’a
hypothesis dim- rhe prosthetic group a

malate ozidation to reg DPNH from rhe
cetolytic omounts of DPN remgining in the ex- 
tracts efter dialysis.

4,. R. mchla, ama D. c. EL--. /. Bioz c.- 210, 
MS- 179 (1954).

DPNH cytochrome c reductese, in which — b— 
flavin chelate is bound to the protein. In the 
present system, the unshored electrons — the 
ternary nitrogen of DPNH ore used to form a 
ccordinete covalent limk with the mmetol. On the 
eddition of peroxide to the chelate, DPNH is 
oxidized to DPN. One of the resononce for— of 
DPN has a quarternery mitrogen which connot
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TABLE si EFFECT or METAL cOMPLEXxIG 
AGENTS ON DPuN PEROXIDASEa c "-L L

€-9

Imhibiter
Imhibinen

Melenity pH (0

- J
0.05 6.1 37

1.1 62

Fl
Fig- M. Pmposed St fer the DPNH-

Petesnium eitete 0.05

Pa mh

0.09 1.1

hydroxyl ons would with the termory
nitrogen of DPN for orbitols of the metel; thus • DPIM

3.3 ■ 10-3 5.4 is

32

felle--d im ehe Swt nya-

nitrogen should not bind protons in the optimm 
pH '—N of the enzyme (5-5.5). Scole models 
show that there are severe! ways of orienting the 
coenzymes by using on octohedrol metel structure, 
without encountering hindrance.

te-‘ b, -simg • puriied —el epecifie el
10,000 im the

pete-aiu-

• el he imhibitera M she-n. The 
mred -ih cenwela run M> 0.05 ■ 
er Sao epprepriete pH Ar pM S.4

- bull- -e• 0.033 m sedium

to this h| pothesis. but there is m definitive 
evidence ter the exstence of such e structure is 
DPNH peroxidase.

There is es yet no conclusive evidence for the 
presence of e metel •" the purified enzyme. 
Indirect evi Since the suggests the presence of 
a motel constituent is shown in Teble 51. Direct 

of the purified enzyme 
indicetes thet there may be I Of of iron yrs sent

Further chorocterizetion of the complex is being 
corried out by determining which structural features

• complex with flovoprotein. It oppeors thet the 
pyridinium Sinkoge in itself is insufficient to

It moy be possible, by 

pursuing this porticular opprooch, to correlate 
enzyme octivity with spectrol properties 

exidizebie
per 2—3 bound flavims; h , owing to the substrete.
sm til omount of highly purified enzyme evoileble, 
exhastive enalysis fo troce mtels hos mt been 
possible.

7 I. Delim, Areh
415-415 (1955).

bem nd Biophya ss,
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STUDIES OM MUCLEIC ACIDS. EMZTMES, 
AMD RADIAT ION-PROTECTIVE COMPOUNDS

W. E. Cohn’

Cetelytic Reductien ef Pymidime Nucleotide

W. E. Cohn
D. G. Doherty A. B. Oninger

L. Astrachon
D. G. Doherty

J. H. Khym
R. Shapira

E. Volkin
Mix leaf ide Sogoeeci

V. E. Cohn

E. Eavenson
M. H. Jones
A. B. Ontinge:
D. J. Cavenaugh2
X F. Christman1

in Deoxyribenueleic Acid
E. Volk in

The study of catalytic reduction of pyrimidine 
compounds has bean eat ended to include nucieo- 
tides and nucleosides of both the ribose and 
deoxyribose series. All can be reduced, oil show 
the previously described alkali lability in the 
1.6 band (although to varying degrees), and all
are ntly very eosily hydrolyzed by dilute

in the double helix structure of deoxyribonucleic 
acid (DNA) postulated by Crick and Watson. py
rimidines in one chain are complemented by 
purines in the other, specifically cytosine by 
guanine, and thymine by adenine. Therefore, a 
sequence of pyrimidines, for exomple, cytidylic, 
thymidylic, cytidylic indicates e sequence in the

ocid to yield the corresponding sugar or sugar 
phosphate. Proof of the postulated mechanism 
of alkali splitting lie* in the isolation and identi- 
fication of s-ueidopropionic ocid from dihydro-
uridylic ocid, after m with alkali and acid.

ci y chain of guamylic, a limy lie, guo-

Nucleie Acid Turnover im Cell free Extrects 
of Escherichie cell

E. Volkin
Wylie. Sequences of pyrimidines may be obtained 
from DMA by hydrolysis with normal HCI for 
peried* of 30 min or longer end these sequences
are isolable on ion ige columns. Thus it
should be possible to describe the numbers and 
kinds of pyrimidine sequences obtained from a 
given DMA. end simultaneously to describe the

sequences from an analysis - the ocid
Different DNA’s could be ci sto-

tistically-
In preliminary rap crime nt s. thymus DMA he* 

been degraded by boiling with 1 N HCI for l hr 
and 4 hr. These time* were chosen because of 
the plateous reached in the curve of liberation 
of anorganic phosphate at these times (33 and 45%. 
respectively). The resultant digests have boon
chri gophed end the various fractions one
lyzed for composition. Although many isomeric 
tri- and tetromuc loot ides remain to be separated 
end chgecterized, the pertain of elution is suf- 
ficientiy well defined to be used analytically on
DMA** from different There is little
evidence for pyrimidine esqimnces of more than

is seldom d. On the other hand, poly-
thymidylic ocid* seem to be more prevalent than 
polycytidylic acids.

‘on km •« ut
eh petieipemt.

— Gugyenheim Felle-chip.

L. Astrochan M. E. Jens*

In an effort to understand more completely the 
difference* in pathway * of nucleic ocid synthesis 
in normal Eseberichia coli and the phage infected 
system, vorious method* of disrupting the cells 
to obtain active cell-free extrocts were tried. 
These included alumina grinding, sonic vibration, 
and Virtess homogenizing, a variety of fesus- 
pending media having boon used in order to retain 
some stable, active aystem. After removal of 
essentially oil the remaining viable cells, the 
extrocts were incubated with inorganic P320, in 
a Dubnoff shaker, end incorporation of the isotope 
into the phosphorus-containing fractions fall ew e A 
Although most procedures yielded almost totally 
inactive extrocts with re epact to the nucleic 
acids, one of the methods yielded workable ex- 
tracts, though the extent of incorporation of P32 
was discouragingly smoll. Ths mod rd involved 
grinding log-stage cells with olumina and resus- 
p enema in Manson's* SMA medium, fortified with 
0.88 M sucrose and 0.01 KO. The method of 
fraction etiea described by Tyner et a/.4 in which 
relatively undegraded nucleic acids were obteined, 
gave much less spurious result* than hydrolytic

A. Mensen, J. Be mat, 6%, 104-105 (1955)-
“E. P. T,nar, C. M.id.lbarge, ana G. A. LoPepe. 

Cemcer tiarmi 11, 186-203 (3).
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meth 
such

ds such as described by Schneider.5 In all
» a, it was necessory to eliminate

octivity froe the nucleic ecids by ded
dialysis ogainst phesphoM buffer, before the truly 
incerporated setope could be eteeyed.

1" eddition, proof of incorporetion into the RNA 

wee occomplished by ion-exchonge separction and 
essoy of the as none cloot ides e bee i wed on alkaline 
hydolysis. The results of one tech experiment 
with e lop phase E. coli extroct ore seen in Teble 
52. It is word* noting thet the deprea of incorpo- 
retion represents town 500- to 1000-fold more then 
could be ecceerOed ter on essumptiom of complete 
ter nee er of oil the phsaphertrs in those few viabie 
cells remoining in the extrect.

Soch • comporison imdicated thet the relative 
now eats of some of these products Miar among 
the phoge sources; Shia, te turn rises probobly 
os e function of wee leetide sequentiel differences 

in the imtect nucleic acids. Much further work
a; h 

oppears that these iaOerwe cleet idle seq
wer, it 
ce dif.

may be a chemicel refkection of the

$tebility ef Sugers im the Pre ef Alkaline

J. X. Khym 
U P. Zill

Nucleetide »if mm le Becteriophege 
Deezyribomucieic Acid

E. Volkin
L. Astrochon M. H. Jones

Further information hoe occumulated with respect 
to the hydroxymethylcytosine (HMC) polynucleo- 
tides doiri ad tree enzymicolly de eroded phoge 
DNA"s. Purified DMA’s hear bocteriophoges T2+, 

ad Tire a are drgoded by deoneih. 

esterese + phosphomonoesterese) and the digests 
ssye Mi by toe exchange, the predient elution 
echo no being used. Thus it wos possible occv- 
r early to compore the elution profiles of ell the 
polynucleotide tractions treat these DMA’s by

direct ob ation of the ri d p
*W. C. Sehm-idar, J. Biot C.- tM. 747-751 

(1945).

Ceil Fectien

Aeid--eluk

Lipid

■NA

DMA

Peetein

In the d 
separetion 
attention

lop
A. B. Ontinger 

of the borete method for the
of sapors by Mm exchenge“-7 little 
es given to the possibility that the

weokly alkeline (pH --9.0) sodium er p Messi mi 
t eh eb e»et« eluting solutiona, er the borate ex- 
chonger, could couse chemicol chenpss in the

solution, some sugors
t, even in weokly olkaline

derg
A series of experiments -es A

d to d
gedee.

dations or tronsformations of n arises types of 
nrpN-t subjected to the borete procedure.

The foliowing ew pars were tested fructose, 
mannose, geloctose, piece so. moltose, melibiose, 
iMMitt. ewer ess, I octree. ribose, rebinose, and 
xylose. Each sugo (ewewe —ten. 20 mg/100 ad) 
was allowed to stand at room trap grater a m

‘L. P. zm, i. X. M,-, O. M. o 
Chem Ser. 73, 1159-1342 (19s.

TABLE SI. TOTAL COUNTS PER SECOD MCORPoRATED M 
puosPnoRuS-couTAG CELL FRACToNs

imeut m Mt (mim)
IS 90 1W

45

62

$00,000 900,000

1,110 1,ses 2,530 2,540

as

700

(Too le- re be mig 4

476 sos MS
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0.001 « end 0-1 M K.8,0, foe I. 3. ond 5-7 deys. 
At the end of tbaae inervels, the reducimg pawar

was checked colo ically by comporimg rhe

dord dissolved

24 he, at Ata use of nevel sodium or potessium 

el—ete "he difficvities -hich have been die-

in aa— only and kept in the cold. The bar—

wes then d ond the sugor solutions apt
grephy ta determine 

tion thet mighe have

Sae yaw Substreta Binding

O. G. Doherty
E. E—tn R. 3h epee

A survey of the specificity requiremerts of other 
pr alee lytic emzymes wee mode in on effort te 
extend the scope el cerbon-corbon bond »<<—•—*
ta systems other rhon a-chy ypsin.

el, the sugers
d to be wHy i<—Heal te a-chy

-ere eluted -ith 0.1 M Ne,K40, ond, after the
solution -es chactad for amg yw. the

in thet the specific binding of the tab—a 
the goups behind the point of hydrolysis -h

Trypsim 
owypsim

borete mes r —ed and then the sugos -ere 
subjected to analysis by poper chromatogcphy.

the group being* ed rates."
oved hes no effect on the
Thus typain requires for

4 MI omy
of the 12 sugors -hich -ere dissolved in the two

ellowed to stend at room fa
A er at a ond which hod been

a for periods

mexim= binding a Clbenyl et site 1. — ecylemnine 
yeep et site II. ond a bosic goup four corbons 

ou at site III (Fig- 31). The hydreolyzeble group R 

has been restricted so for vo on omide end a -ide 

rariety of esters.

a. elt 
nder-e*

bserved 
zimed Mt 
ennose.

of the chonge -os slight (<57) but -os detected 
ot the and of the first dey with no futher motice- 

eble increese occuring up to six doys. The three

echerides awe brad ely und
epimerizction, -bich ellowed the imdere 
of all three. Ribose end surenose a era

wr-ent 2- 
MW— 
the enly

I

7 %
• NH2CHaCH2CH2CH2 C-C-aR

‘ t SCISSION 

eril c-o I
R" X

power efter being

Fly 31. Besie S 
Subeet.

of e Twicel Tmwpaln

d up
te three deys, but et the end of six deys the 

reducing pea at e both these sugors -es obov 60% 
of their initial weles. The alkelinity at the borete

ch pe

Since the symthetic each for the prepoetions ef 
s-kete esters -ould be comsiderebly eosier W the 

acyl omino group at site II could ba omited 

-ithout loss o nil an ectiity. the susceptibility

te hydrolyze portiolly ta thei comstituem mono- 
seccharides. At the end of ana doy. the extemt 
of hydrolysis -es estimated «P yr talar then 10K.

ection mes stig
proic ocid to wypsin 
Cane ary to pranam

These r* e thet

reports" both the ethyl ond aw Ay l esters -ere 
rapidly by Aa*y ted by typsin te the free ocid. 
The reoction -es zere order over an eighteenfeld

"o. G. D-., .na E, n.a2. s.m--.

Prze- Erp. Ane- 2. 2934 0mL -1706. • 74.
Mam— —-a G. W. seh--n. Ch.- .

69-1s3 <m»>.
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caret—ba lag 00137 (mole/mim)/(mg al yr atala 
N/ml). The aNect al pH — veoctiom rotes -os 
lound to be similor to ether —ter subswetes al 
trypsin (Fig- 32). with e breed a—i— ■■ ia the 
renge pH 7-9-10.0. The efiect el choin length 
— the react*— rete wes tested by tab । act tea ethyl

ecetoocetic ■—r* wie the

3 hate 2 ocetyk

A omino end ethyl y-omino butyrete to
typsin oction. The velerete ester wes hydolyzed

helf thet ad the
wes net hydrelyzed et all. indiceting

four to five corbon etoms out from the sensitive

a s locking
— Qocyl emino grovp -ere promising, e; reheats 
of the conesponding ethyl 0 —Hu 3 beta acts
ae—e -es citempted. a Aral 
c—aerie d firs te « carbeb

oic ecid -as 

reminoceprcic
ocid ond then to the ecid chloride end cepled te

so.

--

plex.

-es soloted in foir yield

I — the purificetion of the c—fl— 
el al the ecetyl end corbebenzony

ta a pure condition for enzymic

Pselim 
el S.B-Amin

ry Wed ia a — the Metebelk
ehylineth

D. G. Doherty

S23.8- Aminoethylinethi

eh— hr NOr (AMT) 
C—d
R. Sepure
C. C. Congdom ’'

— -Be-HB, (AET)
-es pepwed from 0.52 mmole of —tear a a com- 
taining 3 me of s23. The redionctive AET -os

d d by three re—a f» fox mice, and

P
we converted orbi torily for cemporison 
to a heut coumt el 10. a* shoun at

; 30-i * ;8
21 ?

Table 53.
la general, the label -es most concentreted in 

the urime ond the bleed plosme. Ne ar fa — - 
emined -cs completely retd ol lobeled moteriol. 
Aa the ;n teat time, It la met possible to tell
whether dhe labeled
al AET c —— porilr os degod

ici is all in the fams

5201

to-

eo ro ea
-- wo

The high •

thet ite primary rovte of tr 
circulatory syatem.

Structure end Actiwity *B Redietiee-peete
Sulfhydryi Cempeunds

o. G. Deherty R. Shepire
w. T. Bunen, J.‘0 E. Eevens

The dudy of 
ectivity of cem ds previously

pwotetie 
ted’ cen

centege reletive ectiwity - pare 
pu minue (meosued e 1O min).

hydrolysis

comreletes 
nivitieia.

ds -ith thei oc-

l l.
Melegeel Pn 
melie- ha—a

,ao. G. «
E. Ee-en--, MeL S.
Ghwi-taM. • 93-94.
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-hich pedect elso gke • -SH test M
pH 7. The best explonotion of this phenomenon 
is thet ACT exists in multiple fams, end the
eqilibeium b these forms com be chomnged
by modifying the pH (Fig- 331. When ACT is 
boiled brieily in -voter, 2-ominothazoline hydro- 
bromide d is ebeeined. Thas indicotes thot, •• 

soon es ACT is slsesS mi ■—>. the equilibrium 
a ==d b tekes pises. AS Anew of bicobonete 
eel—new disploces the equilibriumn mi the direction 
ef c, es eho-n by the -SH MM.
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mice wre copoble of estoblishing on di
of type • end give • positive -SM test im Maa* al
selut ds -hich do not gie • posit
-S test et nerel pH hove no potective octivity. 
Some of A* compounds tested ara sho-n in Teble 

54 MI thei • end b I MM*. Severel of the ectiwe 
cempounds are too toxic to be tested on en

Re <t I I
R,-C — C-R2 

‘ • =—m

H C

, -hen they
l
Ra

N-Rs

A d
in this repot.

Toble 54 illushretes Ha* epowem essemtieliny 
of on octive <■ Win** to undergo a thiezolidine er 
• thiczome ring closure of nype b. I* over 100

heve been found. Thiezoline ond hexthiczene 
rings oct similorly to their sotucted forms.

in summgy. i is impossibie to thimk of AET

Rri
Re-h

H

TRz 
s

rether es e mixure of thee
ds es being of ene structe but

ic forms. Im
this tespect, it is similor in motre to co

Rs
l
Ra

-Rs

A
Mtiple Im mi.

ione,‘“ both of -hich exhibet
Alse M is concluded the t-o

besic ring sydems (Fig- 34) moy be subatituted 
-ith excellent probability e petective octivity.

Mdicrebiel Utilizet
O. G. Deherty

It hes been sho-’ Am

• welective culte subsh
mmicso
subsm

te A

atatic oction om certeim bacter ie in J

Haa ****** *f A»a iahlbMM| neti

ned for their obility
te ya* im .. .. medie -ith and without odded

"R. E. aa F.u.u 
Se: 77. 3873-382 (1vss)-
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ar* givem in Tebl 55. 
Thee mmedia were p d.

medium I is sho-n in Teble 56. Mi Jin ■ II MW

enzymicolly hydrolyzed -es
Medium IN consisted of 10 eoch «f yeest ez- 
tract ond typtane, nd $ • eoch ef glucose end 

KH,PO.-
These will were ill i Al to pH 6-5, end tubed 

•• 4-ml potioms. To one-helf Aa tbes of esch 
medium, 1 mi of ha* ar «i» -es odded prior a* sterili- 
zetion; A* final concentretions of heporin -ere 
then 1. 0.1, 0.01, 0.001, 0.0001. and 0.00001%. 
Tha a Ami helf ef earl medium, mi tab* a. -as 
sterilized ond the oppropriete <»ta*r atari ItaaA 
haMarta solutioms -ere odded to produce she 
egivelem concemreioms. Th* letter yaw mm* 
idemdicel to A* first ezcept that, in A* first 
group, the heperin *w eutocieved -ith Haa a* A a.

The

four

isms -ere Aw 4 mw eoch ef

sfers te a A*blia* the
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TABLE M. MEPARI SEMSITIVITY OF A VARIETY OF MAICROORGAISNLS Nt VARIOUS MEDIA

Orgenism
Souree or
Sucin No.

Mezimum Pereemtege at Meperin im she Med 

in whieh Gre-th Will Oceu

Mediumi 
»»

Medium . Mediu- *N

s S

Micrococrus citreus
M pyogemes vor. olbus
M vor- oureus

Bacillus revie

a u rp

B cm*
B. megethertum 
Alkeligenes fmcolt* 

Smptocncn* (aecelis
S. pyogenes
Pmm* vUf*ni

Paracolobactrum aeroge
P. nlifomr

Escherichia coli

E. nil

E. nit

E. cvlt

Arrobacter aerogenes
Srmiia marcesens

> Midwest cultures

Uniw. ef Tenn.

Midwest cultures

Univ, ef Tenn.

ATCC 1 1604

ATCC 1 1605

ATCC 1 1606

ATCC 10795

ATCC 8739

ATCC 10586

Streim B

Gele

Uniw. ef Tenn.

nyces cerevisie ATCC 4110

S. cerevisiae ATCC 4126

S. crmtttn ATCC 9896

S. cerevisiae ATCC 4125

S. ATCC 8644

S. imtermedius ATCC 2360

ATCC 10630

S. tbermanztonuna ATCC 563

medium conteining claved heparin.

NG' 
NG 
NG

NG
NG
NG

0.1
0.1
1

NG 
NG
NG 
NG 
NG 
o.v

NG

NG

I

0.1

1
NG 
NG
NG
NG 
NG

NG

NG

/

°s, medium conto ining heporin sterilized by filtretion and odd nd aseptieally.
/‘NG, no growth in organisms seriolly subcultured on this medium.

" “This organism grew on media contoining 0.1% heporin after serially subeulturing on medie of gradually 
concentrotions of heporin.

‘Organis Med when grown in this medium.
flor growth of the organism in medium containing heporin hen in obsenee of hep

93
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TABLE M. coupoSITIOM OF MEDIUM 1

MeCI

C d a G d M*

s

2.5

4.5

Glucc.. J
Ceseim ( -itzmin-fee, 

enzymicelly hydrelyzed

MeC2 
M-,B, 
F-C, 
CeC, 
MnCa 
Imesinel

so to

10

W

10

1

Th MO NO

Nieetinie ecid

Celeium eh
Pyridesine HO

Biesin
Cheline ehleride

Ribef

benzei : ecid

p-Mydre ybenzeie ecid

too

100

40

0.5

SOO

s

to

0.05

•A -eighta per 000 m el medium befere edditien el h u

3

maintain continued growth on medium II, but all 
grew adequately in 46 hr on the other two media. 
The orgonisms were then inoculated dropwise 
into the corresponding heparin series. After 48 hr, 
the tube with growth in the highest concentration 
of heparin (usually 17) wes serially subcultured 
through three transfers and finally trans ferrod to 
the original heparin-free medium. Following 
growth, the organism was examined microscopi
cally for any change or possible contomination. 
The results of these experiments are given in 
Table 55.

It would appear that most of the organisms are 
completely insensitive, under the conditions 
tested, to relatively high concentrat'one of heparin. 
This observation is in disagreement with the 
observations of Warren and Graham, 1 * who showed 
that in a synthetic medium, heparin was inhibitory 
in concentrations as low as 10 ppm. The single 
difference between the two media was the presence 
of the trace quantities of the B-vitamins. These 
materials were found to be essential in most of 
the organisms for continued growth in the absence 
of heparin.
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ENZYMOLOGY AND PHOTOSYMTHESIS

X R. Totter
*. A. Arnold 
X V. Passon
X *. Davis

1

M. M. Ros ter for1
A. M. Boot
M. X Cormier
X F. Albrighr3

EMZYMOLOGY
Activity of Cemp

B-e thylam
Enzymic Ac

A. N. Best
D. G. Doherty4

ds Hei mod to
es Imhibitors of
vletien

R. Shapiro4
J. R. Totter

and as tools for elucidation of biochemicel re
action sequences.

The results of the essays for inhibition of ocety- 
lotion are given in Table 57. It may be seen that
the first three ce ds listed are quite active.
Of these, S,y-ominopropylisothiuronium-Br-HBr and

radiation injury which has boon obeoined by treat 
merit of mice with certain derivatives of B-mercop- 
toethylamine raises the possibility that metabolic 
effects moy ploy some part in the function of those

S.B-ominoethylis 
protective camps

thiuronium-Br-HBr are excellemt
ds, wh the di-n-butyl com-

pound was too toxic for satisfactory testing and is
■Min activity. All the other co d

co ds as p tive a penis. Since B-mercop-
toothy lamine is a constituent of coenzyme A, the 
cocetolyst for acetylation, metabolic effects might 
be exerted through an influence on reactions which
are CoA do 
donee that

dent. Thore is, of course, no evi- 
in vivo alteration of the rate of

show less activity as inhibitors and hove not been 
found to be eery active in the mouse tests, although 
additional testing will be required to establish 
any correlation. B-Mercoptoethylamine itself does 
not oppear to affect the acetylation reaction even 
though it is a very effective protective agent. 
Since it is a constituent of CoA, not an on el eg, it
would not be

acetylation could affect survival after eradiation. 
It remains for future work to determine whether the 
ns v*ro effects do monstr atsd in this investigation 
de reflect im vivo changes and whether such 
changes might have an influence on survival rates.

A series of compounds which had previously 
been exomined for tonicity and for relative ability 
to increase the survival of mice after irradiation**4 
was tested for ability to inhibit the acetylation of 
sulfanilamide in the Kaplan and Lipman CoA assay 
test system.' Aside from interest in a possible 
correlation of these three tests, there is intrinsic 
interest in possible competitive inhibitors of CoA, 
since inhibitors of other vitamin derivatives have 
proved extremely useful in the treatment of di sease

ected to inhibit acetylation.
Additional compounds will have to be investigoted 
to establish whether a psod correlation exists
bet
their activity es protective a pants. It should be 
borne in mind that such a correlation should not 
necessarily be expected for a protective effect 
which is exerted solely by competition for rodicols 
produced in water by irradiation.

Fluores
X w. Davis

Polarisation
W. A. Arnold

IConsulrent.
2Reseerch porticipamt. 

2Temporery employee, 
“Bichemietry Section.

1955.

3w. T. Burnell, Jr., O. C. Dohery. and A. W. Kimbell, 
Biol. Semiamm. Png. K^. P^. If, 1935, ORNL-1863, • 28-52 ""

"w. T. Burnett, Jr., D. G. Dehany. and R. Shepire, 
this repart. Mereb lol epl«al Protection and Recovery 
Section.

_‘n.. 9.Keplen end F. Lipmen, J. tM. 174.
37—44 < 1948).

in studios on the fluorescence polorization of 
methanolic extrocts of green leaves and of purified 
chlorophyll, the material under examination was 
dissolved in castor oil in an optical cell having 
polarized light incident on one of its sides. The 
fluorescent light emitted from the materiel along 
a path at a right angle to the boom of incident 
light was anolyzed for degree of polarisation 
through a movable Nicol prism (Fig. 35). The 
relative intensity of fluorescence was detected by 
a photomultiplier tube, end recorded.

The polarisation of the ligh by the material in 
the cell is given by:

•it - «X 
P - --------------------

hi ♦ I
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TABLE W. ACTIVITT or comrouwDs RELATED TO B-MERCAPTOETMTLAAIME Al MBTons 
or TME coeuzruE A-DEPEMDENT ACETYLATION or SULFAMILAMMIDE

Al pM 6.5-6.8 end CeA

Ce a
Rege el

0
M Tested
der)

Cemeenteiem Regised tar Son 
inheiienef Acetletien 

(■win)

S.y-Ami

N.N -D.

S&Ami

prepyl • noi^iMieH in 4lf HBe

butyl 4 sothnvon iuw-F-ethyl emine-di MBe

1,41-28.2

1.06-21.2

iensh 0.59-17.7

2.8

x«
40

N- Acetyl emimerhyli soth 

N,N"Di

1.83-34.6

1.14-22.8

N-M a-S.R
1,6-Dihie4,9-diez 

N,N "Diethyu aethi.

*th*ti«* »»■» 

vapive(4,«)me- 
renium fl ethyl

o-hci

4.1*

2.02-40.4

0.645-12.9

1.24-24.8

6.0
7.1

10.5

1X0

1.4
Tri Ui 111 , I MU IIM »l«l I ll werhiurenium-B,-MBr 1.28-25.6
Dimethyemineethplisethiureniu 

N.B-Bremeetgichieuee 
2-Amimetiezeline
-Mere *****>>'*> emine

2-Aminethieseline-4embe-ylete

•a 1,9-38.0

4,65-46.5
2.45-81.7

>0.0-10X0
0.57-11.4

3X0
4X0
57.0

>108

>1X4

—1 •e- -e 
emactom 

jE, 

"ac
c---To- 

m

•wae •C amvzym •urtem
—FN P l

TCS PQamzm 
emeto

•-w «*u

"T «a mo*

Fig- 35. Polarzaon Appemtus.

where I ll and l_are the intensities of fluorescence 
reoching the photomultiplier when the plan* of th* 
pol arizer and onolyzer ore parallel and perpendicu- 
lar to each other. respectively.

When degree of polcizetion was meosued os a 
function of th* wave I on ptfi of th* exciting light 
(Fip. 36) a low volue occur rod in the neighborhood 
of 440 mu for both th* crude plant extroct and th* 
chlorophylls partially purified by sucrose Column
chro gophy. This depolization of light by
the plant •■tract can be occentucted by increosing
it* CO ratitm in the castor oil.

The effect on polgrization of adding back the 
extrocted carotenoid fraction to eoch of the chloto- 
phyll preparations wos tested with the hop* of 
finding evidence for a tronsfer of energy botweon 
these two molecules. Preliminory data indicote 
thet corotenoids hove no effect on the depolari- 
lotion by chlorophyll a but • measurable effect on 
the 4*0 o l filiation by chlorophyli b (Fig. 37).

The occurrence of no pot tv* pol art cat ion of light 
by the plant extroct materiol Bugpott* either that 
two molecules involved in energy transfer hove 
a fixed spatial relation to each other or that th* 

chlorophyli alone I* responsible for th* depolari- 
ration through transfer from on* electonic oscil
lator to another within th* in molecule.
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moy be esti
*

A Re d imthek
ef Glycine end Serine

X V. Pee tonne mi X R. Totter

The imterconver sion of serine end glycine in-
volves octivatiom of e one-cerbon i 
which is also omn i
ole. Since the series glycine interch

di

ge is more

-
•=«ammeTeses

nbe ~e

Fig. 36. Pelerizefion of Plant Mete dels, O. 
Plant extroct in co ate r oil. •. purified chiorophyll 
a in cesser cil.

easily studied than nucleotide let nation the former 
re set i on has boon seed as an experimental model.

The i er wet i sn of serime has been imvest gated 
by Kisliuk and Sakami* and by Al ereader and 
Greenberg.* The letter worker e ye .tel need e ve- 
quirement for e gyri dowel darivetivs in their liver 
ewe ect system on the basis of inhibition by deosy-
pyridozi

22

••

7 
1 a
I

64-

•O

strate directly e need for gyri dead in the min 
hibited reectien.

An investigation of water extrocts of ecotone* 
dried luminescent coccobocilli '* indicated tha 
the extrocts consented an octive system promoting 
the term or i on of serine iron glycine. Treatment 
of the extrocts with Dowex-1 meet noted the 
glycine —> serine reectien. The activity could 
be fully restored by the addition of a boiled, un- 
treated extroct er by the addition of both totre 
hydro folic acid end pyridoxal ar pyridoxal phos-
phate. Either of the laner ds alone failed

2-

to restore ths activity fully- Pyridoxine portially 
reg l weed pyridoxol bat gyri de non ins tree entirely 
inactive.

The test system consisted of treated extract.

400
— 
420 440 460

WAVE LENGTw (mp)
440

Fig. 37. Effect of Cemtene on Polatizdlion of 
Chletphyll b. O. Purified chlorophyll b; •, eHo-
rophyil b with plont ci added.

Fluorescence polarization has also Ww applied

acid ODNA) by vorious ogents such ee deoxyribo- 
nucleose, gommo rodiotiom, ond ultraviolet light. 
Ths kinetics of DNA degradation may be followed

"R. L. Kialiuk and w. Sekemi, J. Oft Chem 214, 
47-57 (I4» 5).

serine, glycine 2-C‘“. end phosph buffer at
pH 7. Cengs mds to be tested were added to this 
mixture end after incubation for 3 hr the reaction 
was stopped with trichloroacetic ocid. Serine 
comer woe added to the ocid extroct, precipitated
with alcohol ond pyridine, then m dly recrys-
fol l trod and washed. The isolated carrier woe 
shown to be free of C‘“-glycine by gager chrono 
to graphic methods. The redi recti vity of the serine 
increased linearly with time (Table 58) in the 
co aglets system. Table 59 gives the reswIre of 
typical experiments with the De wen-treated extract.

------------------------------- —-------
H. Alexender end O. M. Gres ib erg. J. Biol. Cira 

214 821-837 (1955).
1°u J. Cerwler ma B. L. Srahd.r, ». Celula, Co-p. 

Pbsiel. 44. 277-280 (19s4).
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Red whemeglebim by Phemihyd 

M. H. Rostocf.

reduced in the reoctiom. The ww ail re 
be expressed es shewn inFig- 38.

com

Several reducing sub
globin- forming 1 

ducing ogemts.

mces which ze known 
mts ge olso methemo- 

It is shown here thet
»•••*• o- ♦

zine. The r*
umder the most rigid

be

the meture ond velocity of
ylabia with y

ea. -hich were corried out 
omobic conditions possible. Fig- 38.

lib
TABLE Sa MrLUENCE or TuaE or mcyBATON 
on CowvERSon or c‘“-GLrcIE to c‘“-SEnmE

Br DOEX-TREATED BACTERLAL EXTRACTS
FORTIFIED wIru PYRIDOXAL PWOSPMATE

AMD TETRAMTDROFOLIC AC®

d, two volu

Tim- 
(min

Tete CM Aew-t, im S-rine 
p- saumiiter el E -rec 

tee-m•-e

of CO ge teken up during the reductien of met- 
hemoglobin. Thus the reduction of I mole of met- 
hemoglobin rapairat the oxidetion of 2 aelaa o 
pbewylb> Oral lae. Alaa, the dote clearly sho- thet 
eil of the aitrayaa at the aa> lb y^aa tea mor be 
evolved -hen the omount of methemoglobin exceeds
the omount of phenlhyd 
is ellowed Car completie 

and 4, Teble 60). The .1

zine end sufficient time 
of the reoction (lines 2
hi

2

29

72

120 14

180 207

hic studies cerried ou on the 
wepor rising from the surfoce of the reoction 

definitely idemtified. Futher- 

more, no phenol carH be found aHw all of tbe 
nitrogen of the phenylhydre izine area evolved, even

TABLE M. EFFECT or PYRIDOX ME DERIVATIVES AMID TETRAMYDROFOLIC ACID Oh TME COMVERSIOM
OF cl4GLrcmE TO C 1“senme OH DOWEX-TREATED MACTERIAL EXTRACTs

"U

Cempeund 
Added 

c20 ma mW

Tewehydrefelie
Aeia 

c225p)

Tere c 1“ Aetixit, im Serime 

pe sauunanine- el Tes Sww 
(e--•-e)

Mene

Men-

a

ryeiteeH phesph

Pyridenel a*

Nene*

d beeteriel ewteet.

10

38

62

129
179

29

195
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TADLE M. RELATOM BETWEEM MTRocEM 
EVOLVED AMO CO UPTAKE bumIG

Add-a Acded
(opeico (opetM„

Nimeg-- CO
E--i--d Umeh- 

(9

TAELE 61. •ELATON BET"EEN nrRoGEM 
EVOLVED AND PMEMLMrDRAZIE 

DESTROTED EXPRESSED AS PERCEMTaCE 
OF TOTAL PRESEMT •TLALLT - TuE MOLAR 
EQUVALEMCE or mrTuEuoGtonm REDUCED 

AMD PMEMLMTDRaZME OXIDIZED owrm
7 pl-, or PMEMYLMYDRAZME ADDED)

M3

Ml
91

157

*1

IM

•I

76

76

Tf

IM

103

•2 

a

46

M

39

214 

wo

•
9
67

7a

p» Omds-d

Ceeule= 
Ge- M,

‘meemeg- A--*
M Tanei (pat.a

se a""* R-d-eea
Anelyaed * u-l.3

as Tarm

M 3.02 62 1.92

wit the sensitiwe phenol reogent of Folin and 
Ciocolteou.

A modificotion of this test ’’ moy be uned es en 

onalyticel method for phemylhydrazine. The test 
is positive for phenyihydrezine ond the color obeys

25

14

83

1,75

5.82

M

IS

9

0.67

Q.57

1W

Beer"s Lem. 
she phemyihyd*

Il wos Mute! used to qomtitete

teduction. Teble At iwAe

d duing the
Glsk

the

azime decon
ylhydrazime

d.
-es

"phenol" test indiceted thet procticelly no phenyl-

hydn ezine d. Thus b e is the only 
ethemoglobin, 
globim.
methemoglobin

to the methemoglobin reduced in • piven time. The 

rote of reoction moy be expressed es • second- 
w Aw welocity constont simce, under proper con- 
ditiona, the kinetics of • bimoleculo reoction e 
setisfied. The averoge velocity constog im these 
experiments wos ebou 0.10 (ummole-mi- ").

The red ethemoglobin isomiy
slower thon the velocity of its formation in the 
reoction of phemylhydazine with omyhemoglobin 
This high velocity mokes possible • cyclic reoction
b ph wihydrazine and o-phemoglobin in the 

mmospheric onygen, in -hich relotively
"o. M Le--y. M. a. Ran.-h,-xg3, A.t, #—. 

R. A Remael, a bemL Chem «•>. As-its (esi.
loge cmounts of phenyihydrozine com be decom-
posed to miwrogen end be
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formation, which takes many hours, includes the 
building of the chloroplast particles and at least 
some of the enzymes for photosynthesis. Detail* 
of this formation will require much more work, 
but for the present, relative tests of the radiation 
sensitivity of the photosynthetic mechanism may 
be made by measuring chlorophyll formation during 
this time.

The data to be presented show that, for etiolated 
plants irradiated at various times during greening, 
the subsequent formation of photosynthate in the 
leaves was inhibited only by large doses of radi
ation which were about equivalent to the dose* 
needed to inhibit photosynthesis in a normal green 
plant. Furthermore, the inhibition of the formation 
of this process by massive doses of y radiation 
(156,000 r) was only temporary, as has also been 
observed for photosynthesis in a green plant. Thus 
the formation of photosynthetic apparatus would 
appear to be no more radiation sensitive than 
photosynthesis itself. In both cases, the radiation 
effect may be caused by general killing of the 
plant rather than by any particular destruction of 
photosynthesis.

In these experiments, etiolated plant* were 
placed in white light from a reflector flood bulb. 
Heat was removed with water filters between the 
plants and the light and, at interval* up to 48 hr 
afterward, total chlorophyll analyse* were run on 
the plant* as a measurement of their greening. 
In Fig. 42 is shown the rate of chlorophyll for
mation in the plant* in various intensities of light. 
In 1000 ft-c of light, the plants groaned at a nearly 

maximum rate; this intensity hos therefore been 
used in the rest of the work.

Thatcher wheat plants were grown in the dork 
in 30-mm-dia sintered-gloss Gooch crucibles filled 
with soil. The crucibles conveniently fitted into 
the holder used in the radiation exposure chamber, 
and the sintered gloss provided drainage and 
aeration of the roots. The plants were irradiated 
in the dark in a Co60 exposure chamber delivering 
approximately 1365 r/min. For most of the experi
ment, the plant* ware prevented from receiving 
any light until after the y irradiation by covering 
the crucible and plant* with aluminum foil in the 
dark growing room before taking them to the cobalt 
source.

When the seven-day-old etiolated plants ware 
exposed to various dose* of y radiation before 
exposure to any light, it was found that doses of 

. thousands of roentgen* were needed to inhibit 
chlorophyll formation. In Fig. 43 are drawn curves 
which show the effect* of 50,000 and 150,000 r de
livered immediately before placing the plants in the 
light. Large biological variation has been experi
enced in obtaining these data. Each point on the 
figure represents a separate experiment and batch 
of plants. At 50,000 r, there wo* approximately 
50% reduction in the rote of chlorophyll formation, 
but by the end of two day* the plants were about 
as green as their nonirradiated controls. At 
150,000 r, there was complete inhibition of visible 
greening or significant chlorophyll formation for

1300

L ?
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2 »
*
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Fly. 42. Rate of Chlorophyll Formation in Etio- 
lated Plant* Placed in White Light of increosing 
Intensity-

Fig- 43. Rate of Chlorophyll Fommalion la Etio- 
iated Plant* In 1000 ft-e of Light After Exposur 
to Gomma Radiation.
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about 10 hr after plants were placed in the light; 
whereas, in the unirradiated controls after 2 hr 
in the light, some chlorophyll was present. After 
150,000 r of y radiation and 10 hr of light, the 
plants began groaning, but for the first two days 
the total chlorophyll was much loss than in the 
un irradiated controls.

The physiological form of those treated plants 
was interesting. The etiolated wheat leaves ore 
rolled in a tight curl and, upon exposure to light, 
slowly unroll to become a flat blade after about 
16 hr of light. Irrodiotion with 50,000 r delayed 
this unrolling for about one day end 150,000 r 
caused a delay of several days. This unrolling 
may be related to cell growth and elongation 
necessary to permit the change in shop" of the 
loaf. Severe or complete inhibition of growth 
should be expected after 150,000 r. However, 
plants not used for chlorophyll analyses after 
48 hr of continuous light have been kept in the

fo observation. The leaf unrolled
slowly into a flat blade, end other growth wos 
evident by the development of new leaves. Growth 
was, however, very slow compared to nonirrod rated 
controls and could arise by cell elongation from 
the loaf primordio.

Since 150,000 r produced a 1O-hr period in which 
the plants did not green when placed in the light, 
experiments were run to determine whether light 
was necessary during this period to bring about 
chlorophyll formation. Figure 43 also shows dote 
(A) for plants kept in the dark for A hr after e x- 
posure to 150,000 r. These plants also required 
10 hr in the light for an opprecioble amount of 
chlorophyll to form. There was, therefore, a time 
lapse of 16 hr before greening began. In other 
expeviments, plants were held for 2, 15. and 24 hr 
in the dark after 150,000 r U y radiation, but 
always 10 hr of light was needed for greening to 
begin. In another experimen, plants, irradiated 
with 150,000 r followed by k hr of light and then 
darkness, also required about 10 hr of light for 
onset of greening.

4m n -nn iee mA nta. uhan+ nfen* reniA mazm#minad■so w "gwMu=H "-u H’HnBa •HPNa •vewwwwM 
chlorophyll production does not begin until the 
plant hos been in the light for about 1—2 hr. 
The reason for this time lapse is not well under- 
svood. Since the greening process is not rod iot ion 
sensitive for plants VI edicts 4 just prior to ex- 
posure to white light, experiments were run to 
determine whether the plants were mere sensitive 
during the first A hr in the light, when chlorophyll 

formation was octually getting Mitder wey- Two 
types of experimenta were run - the y rodiction 
wos given during dork periods alternating with 

nonirradiated light periods, or in one dork period 
after 2, 4, or 6 hr of light. Data for the latter 

experimenis (Table A5) show that chlorophyll 
formation wos mot severely depressed by 50,000 r 
delivered during greening- The 150,000- dose, 

if delivered 2 or 4 hr after the plant was placed 
in the light, inhibited greening for obeut 10 hr. 
The same dose, delivered after several hours of 
greening (ofter 6 hr of light), pro rented further 
greening for many hours, but the greening formed 
before y irrodiatian wos net destroyed. Inhibition 
of chlorephyll formotion wes even less (rom the 
150,000- yroy dose delivered ever 3-6 hr, alter- 
nating short yray exposures with white light.

TABLE M» EFFECT Of CAMM RADATOM 
DELIVERED DURIG GREEMING OF 

ETIOLATED PLAMTS

IIluminetien Befere 
imrediatien" 

(he)

Ohlerophyil 

(ud/e of tissue)

50,000 • 150,000

2
4

4

207*

208

291

eef

93

353

41s0,000 < et 136s r/mim bum Ce®°-
bAnely-ca far ettaephyu • hr ihn beginning et

HI—MiW—
e Analysed for chlorophyu 10 hr aftar beginning ol

illuminotion.

Porollel experiment* on the rate and products 
from C 140, fixation during greening of yirrodiated 
attainted dheat plants are being run. The C‘40, 
fixation follows chlorophyll formation, indicating 
that often the irrodiated plant does become green, 
it is cep obis of photos; ethos is.

Similar •s have also been run with
ultroviolet rodiotion irom • germicidal lamp (2537 A 
maximum). Owing to epidermol shinlding of the 
inner celis of vhe leof ond to the curled structure 

of the fee*. the ultroviolet experiments were not 
so satisfactory as those with the Co“° source. 
But approximorely the some results were obtoined, 
nomely, large des es were necessory to inhibit 
tempororily vhe chiorophyli formation, os hod been
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fawnA far inhibition of te prafaraoA photosynthetic 
process in a green leaf.

Phetesynthesis in AaHnay 
Leaf Tissue

g

C- V. Nystrom N. E. Tolbert

Filter Effect aA Amthocyenins. — There ore com- 
flicting rap err a in the literature aa to whether the 
rote of photosynthesis ia affacraj by the anaho 
cyonin pigments in the leoves of plonts. In ea- 
perimenis rapurtaA here, the rote of C‘4o, fixation 
and the intensity of chiorophyll fluorescence hove 
been utilizedte anaaara the rate of photosynthesis
in both onthocyar ntoining ond omthocyonin-
free leaf tissves in different qualities of light.

The results show thet the anthocyanin does filter 
out much of the qeen light, nali Ing it umovailable 
to the pl era far photosymthesis. Ho , omtho-
cyonin does not, obsorb • significant emount of 
the red light, thus making W odviseble to comy 
out any phetosymthesis rote studies in red light

when

A ,

thocyani vining tissue «• involved.

voriety of coleus wos selected which hod
lorge, rondom sections which a are either Aar aid 
of visible amounts of anthocyanin ar were heovily
pig d with red. The amthoyanin wos located
entirely an the upper ap rAarawa of the leaf (Fig- 
A4A) and there were no visible amounts of it an 

the lower apiAarma (Fig- 44B) or in the polisode 
cells in the ir*ar lar of the leaf. With such a leaf.

F Ar
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it was possible to study the rote al photosymhesis 

in the aNthecyenia caateiniay ond eetAee;enMi free 
e e client durimg idenicol experimentol weatment.

An oqeous HO exwoct for the an* ic>ieHlei 
pigments of the leof hod e maximum absorption 

at 520 mp, with very linle absorption ebove 645 mp. 
Although the obsorption of the pigmenis hi the 

leaf itself moy not be identicel te that el the HO

sho thet the rote of CO j I met law on e chlarophyll 
ew the onthocyanin section 

of the leaf in geen light; but there is linle or no
difference Ml the fimation rate bet 
sections in red light.

the two

extroct, it mtly is wery similor, simce a
difference spectrum obtoined by subtocting Iba 
spectrum of the onthocyonin-free a act! an of the 
leof from the onthocyonin-comecining section hod 

en ebsorption moximum a* 525 mp- Therefore, if 

ibara is a filter a Mac i by the onwhocyonin, in

green light (465-545 mp), the CO
should be much lomer Hi the onth

2 fization rete

Observation of Iba intensity of the chlorophyil 
fluorescence in both sections a* iba colus leaf 

in geen light gove further experimental evidence 

of iba filter e Meet of the anthocyanins. Figure 
A5A, * shows she leoi photogrophed through a 

far red filter which permits the possoge of the 
red-chlorophyll Haaraacanca, but no opprecioble 
amounts al iba shorter wove lengths el light. 
The abate yap A al iba top surfoce of the leof 
exposed to yean lighe (Fig- A5A) shows the

yonin ining
thon ba iba enthocyonin-free section. In red light 
(MS mg or F1**1). the rete should ba neorly 

equol Hi both sections at Iba leaf.
Chlorophyll onalyses and total omount of CO 

fied in 5- and IO ana imtervals in both red anj

free sections. bi the lower surfoce of the leaf

green light hove been d

BA Client < 
comtoining

ai vhe some leaf.
ined fer the two 
▼be anthocyenin-

is hiphvest in the 
chlorophyil is in • 
These observntion 
fiter effect of the <

ithocyonin section, where the
higher ci otion.

uttiam of the lecf also contoined
Ret ef Ph 
diation ef .

is con best be exploined by • 
onthocyanin.

symthesis After Ultreviolet Ir

more chloraphyll (Toble 66). This might be con- 
sidered aw ell ye an to growing plonts Mt low light 
imtensity, whereby they produce mere chlorophyll. 
The totals ofc fimed in the soluble froctions 

are recorded im Table 66 on a fresh-weigh bosis, 
a* well as on a chlorophyil bosis. The results

Am*a ay. teiming Leeves. -

it hos been suogested thot onthocyanin pigments 
Hi plomts moy function by screening out deleterious 
ulwraviolet roys from sunlight. This hypothesis 
bee been tested by irradiating the leoves ol the 
voriety of coleus described bi the preceding sub- 
section with ultroviolet ond then meosuring the

TADLE 66. EFFECT OF LIGMT QUALITY ON TWE RATO or c‘4o, FIxED M THE anmuocrauI- 
COMTAmIIC TO THE ANTMOCYAN-PREE secnous OF TNI COLEUS LOAF

Quelity Tim el 
ef Ps*

L«yA« (mim)

Seenen ef 
L.-

(eeuma/nee)/ 00 m3 
el Tienu-

Olerephyil 
(ug/o el Mesue)

( enunta/ane)/100 •
•< Ohlere,hyl

1o
Antheey
AmAwN

1775

IM
412
>44

441

ano
1.0

R-a » AnNmaa 

AaNm A

1101

1176

«as

sas
>44

215

G--n
Anth

A

rem

4awa

575

IMO
554

aso
104

282
0.37

G--n » Au

Amthe-i
• >

243

>41

112

31

>17
0,14
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A 8

Fig. 45.

rate of photosynthesis in the anthocyanin-containing 
and onthocyonin-free sections of the leaf. No 
protective action by the anthocyanin pigments 
could be demonstrated, since the rate of photo-
synthesis ed to bo decreased more on
chlorophyll basis in the anthocyanin-containing 
section than in the anthocyonin-free section of 
the leaf.

Leaves were exposed at varying distances and 
for varying periods of time to a 15-w germicidal 
lamp, 2537 A maximum, or a Blacklite lamp, 3660 A 
maximum. After ultraviolet irradiation, the rate 
of C‘40, fixation was measured in red light. In 
unirrodiated controls, this rate of photosynthesis 

in rod light wos directly proportional to the chloro
phyll content in both sections; whereas, in green 
light, the rate in the anthocyanin section was 
much lower than in the anthocyanin-free soction, 
owing to a filter action (described in the preceding 
subsection) by the anthocyanin pigments.

In one group of experiments, leaves were exposed 
to ultraviolet and then allowed to stand overnight; 
in another, the leaves were allowed to stand for 
10 min in red light after ultraviolet exposure. In 
both groups, C‘“O2 fixation was measured for 
10 min in red light. The results as shown in 
Table 67 indicate that short-range ultraviolet 
light around 2537 A has a marked effect on the
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TABLE 47. EFFECT OF ULTRAVIOLET LIGHT, 2537 A MAXIMUM, ON c‘4o FIXATION m TME 

AMTHOCYANI AND AMTMOCYANIM-FREE sEcToNS OF TE COLEUS LEAF

Duration ef 
uv Euposure 

(min)

Section of (ceunta/sec)/100 ms
Leaf of Plant Tissue

Chlorophyil 
(ug/g of tissue)

(counta/sec//100 ug 
of Chlorophyl Retie

IS*

30*

7*•

15-•

30*•

Anthocyanin
AwHia lias

Anthocyenin
Antho-free

Anthocyanin
Antho-fee

Anthoc yan in

Antho-fre•

Anthocyenin
Antho-(ree

Antkac. yam in

Amtho-free

1*75

2260

2201

2306

364

492

2886

3645

2921

2771

2026

1989

427

397

610

336

563

371

558

539

539

413

502

444

439

549

394

686

64

133

641

713

542
671

403

444

0.8

0.6

0.5

0.9

0.8

0.9

•Leafallded to fix c14o, for 10 min in red light.

-Leafawed to stand for 16 hr after exposure to ultraviolet light.

rate of photosynthesis. Since long-range ultra
violet light (~ 3660 A) had little or no effect, the 
data are not presented.

In these experiments, a greater decrease in the 
rate of C‘4O2 was observed in the anthocyanin 
sections than in the chlorophyll sections of the 
leaf. Although this effect was not so marked after 
the leaf had stood overnight, there was still a 
definite trend in this direction. The extent of 
this inhibition is indicated by the ratio of the 
C14O2 fixation on a chlorophyll basis in the two 
sections of leaves after the ultraviolet treatment. 
These ratios varied extensively and only repre
sentative data are presented in Table 67.

A Form of Phosphorus Storage and 
Transpon in Plants

N. E. Tolbert P. C. Karr

Recent studies on phosphorus metabolism have 
indicated the presence of numerous unknown com
pounds labeled with P32 which could be separated 
by chromatographic procedures. One of these has 

been selected for more extensive investigation 
because it contains more phosphorus than any 
other compound in the plant, except inorganic 
phosphate. In this report, it appeared to be a 
storage form of phosphorus.* Furthermore, this 
unknown was transported, along with inorganic 
phosphate, from the roots to leaves, where it was 
utilized in the metabolism of the loaf. This 
represents a unique function of the substance, 
since, of the many phosphorus-containing com
pounds of the root, only this one and inorganic 
phosphorus wore transported to the leaf.7

investigations toward identification on the 
chemistry of this unknown show it to be charac
terized by a great stability to acid or base hy
drolysis and by the nomreactivity to numerous 
chemical tests expected of phosphorus compounds. 
This has resulted in slow progress in isolating 
it in sufficient quantities far chemical analysis.

6N. Er Toiber and P. C. Ker, iM.. p 97-98.
7N. E. Tolbert, H. Wicbe, and P. Co Kere, Biol. 

Srmtmn. Pra/. R^p. Aug. 1). 1914. ORML-1766, 
p 77-79.
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In order to ascertain th* opti conditions for
growing plants from which to begin th* isolation 
procedure s, • detailed study of the amount of the 
unknown storage costpound was undertaken in 
plants growing in nutrient solution containing 
variable amounts of phosphorus. Of more im- 
portance, those nutrition experiments have shewn 
the distribution of the amount and percentage of 
the phosphorus in the plant among this storage 
and transport compound, inorganic phosphate, end 
organic phosphate esters of metabolism, when 
plants are grown on phosphorus-deficient, normal, 
or phosphorus-rich media.

continued to in creese at « slower ret* than th* 
phosphate molarity of the nutrient solution in- 
creased.

2. The highest percentoge of th* phosphorus
of the root in the unk
comp ds wos at the lower phosphate concen-
trations in th* nutrient solution. This indicates 
that the synthesis and storoge of the unknowns 
had • greet demand for th* phosphorus of th* root. 
This els* probably indicates that ether factors 
besides the inorganic phosphate of the nutrient
solution, such energy end nitro pen supply.

Sacramento barley plants were grown in nutrient compounds.
were contributing to th* synthesis of these

Cultures varying from W* to JO-1 M total phos- 
phate, but otherwise containing all the constituents 
of a normal Hoagland nutrient solution. A phosphate 
concentration of 10"’ M is considered a standard 
molarity since that is the concentration employed 
in Hoagland's nutrient solution.

Nutrient solutions were mode up with the P32 
tracer in sufficient amounts to produce autoradio
graphs of the chromatograms and to permit subse- 
quent counting of radioactivity in each compound. 
Th* amounts of P32, in microcurias per liter of 
nutrient solution, were 25 for 10"* M phosphate, 
125 for 10-* M phosphate, 250 for 10-4 M phos
phate. 500 for 10-3 M phosphate, 1000 for 10-2 M 
phosphate, and 2000 for 10" 1 M phosphate. This 
specific activity was sufficient to cause visible 
radiation damage to the plants by the tenth day, 
especially in the range of 10-4 to 10-3 M phos
phate.

Plants were harvested by grinding in liquid 
nitrogen, boiled in water, and aliquots were 
counted for total radioactive phosphorus and were 
chromatographed for separation of the compounds. 
In Table 68 those findings ore reported for three 
representative analyses. Similar data for the 
leaves have been obtuined; th* experiments have 
also been repeated with Thatcher wheat, but 
those data are not recorded in this report.

The following tentative conclusions regarding 
phosphorus distribution in the roots of barley 
plants may be made.

1. Th* amount of P13 in th* roots, representing 
the total phosphorus in the plant, increased with 
increasing phosphate concentration in the nutrient 
solution. This increase was about proportional 
to the phosphate concentration of the nutrient, up 
to 10"* M, after which the phosphorus of the root

X Highest yields of the unknowns were ob
tained at high phosphate concentrations of 10-3 
and 10"3 M in th* nutrient solution. Th* per- 
centage of P32 in th* unknowns decreased less 
rapidly than the emount of P33 in the roots in- 
creosed. Thus excessive phosphate concentration 
in the roots favors still more synthesis of the 
unknowns.

4. The unk storoge compound occounted
for as much as 10% of the phosphorus in the roots 
of these barley plants at the lowest phosphate 
concentration in th* nutrient solution. Th* amount 
of phosphorus in th* unknowns also increased 
with the ego of the seedlings.

5. Unknown No. 2 has been described earlier” 
and as previously noted, the amount of it appears 
to coincide with the amount of Unknown No. 1.

6. Experiments were also run with no phosphate 
except the small amount of th* P320.--- added 
to detect these compounds. Smell amounts of P33 
had been added to prevent too sever* radiation 
damage, and as a result there was low radioactivity 
on the chromatograms used for analysis. The 
results indicated that at the very low phosphate
concentration, less than 10-7 M, the unt of
th* phosphorus incon porated into these unknowns 
wos less.

7. Experiments were also run at 0.1 phosphate 
in th* nutrient solution or at 100 times normal 
phosphate concentration. There war* only tree* 
amounts of th* unknowns, but th* amount of P32 
in th* inorganic phosphor* was very high. Because 
of th* very low activity in th* unknowns, these 
chromatograms were not counted. Th* data suggest 
that th* high osmotic pressure frem th* high phos- 
phot* concentration may hove hod some efect on 
th* production of th* unknowns.
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TABLE M. DISTRIBUTON or PhosPMoRUS STORAGE AMO TRAJPORT UeMowN 
m MARLEY LEAVES

Phesph
p32 Aetiit,* 

K(ecumta/aee )ecd)
Diami

POa U, Ua

r
Sdey-el plenta < 10-“

260 94.2 M -+

eld plenta

ir*

10-

10-2

10-8

16-dey-old plents

3,400 

as.o00 

100,000 

291,000

1,670

1,600

9.s00

4,300

26,000

801,000

"Ceneeted te the dete en -hich the > Asr rW umHi --r• ftrs‘ 
el ehe first isapls.

""Celeuleted em tetel redu 
in wA»w compeunds -es ner

Pheteurshasi

L. M. Rohrbough

••Mr of

97.2

97.9

9.2

9.5

es.1
90.1

94.9

98.4

8.4

sa.5

94.3

98.3

2.

2.1

•A

o.s

IJ
6.7

2.
1.0

1.0

11.

•J

4.5

1.1

++

+*+

38

3.2

0.
0.1

+4*

24
1J

0.
+•

med end te M nw epee ufie eenewy e• thet

a in Poa--". u,. end U, -hieh --re the mejee P32- 

A nine. H mnsrrwrf eni, • amell aww wa el eetiwit,.
s «i As. p32

Metobelism la 
tebile

N. E. Tolben 

rAnhapAdsrs has bs aw

short ph ynthesis perieds. Preli y emperi

recognized in the post few yeors •• being an 
important unw liar in both the poth of «alar 
in photo synthesis ond in the omrobic glucose 
metabolism pothwoy for respiration. The presen 
investigation, to determine why Sedum spectabile

increcses the vate of C’o, fixation, ot leost for 
short experiments end a* partial pressue of CO, 
below m.

It was olso necesnory to know whether the 
distribtion of the c14 emong he products from

r* ymthesis wos dfferen* efter the re
this aiMwrir. The lower ppi Awals wos re

ol of 
oved

ocquires so much free sugor, which ally does

not accumulate in detectoble omounts in other 
plants and onimals, is MW sad»s A by studying Am 
effects of different environmentol conditions on 
Aw corbohydrate metabolism.

Since the sedum lecf is thiek end turgid ond Has 
a heavy epidermis. Am penetration of C’O, gos 
of Am —is ri ph srs wrM the Inaf Is slowed during

from one-holf of eoch leef used bu lef intoc* on 
Am other half, which wos wsaA as • control. After 
Am leaf hod been aliowed te fit C’O, photosym- 
sheticolly. it mes split longitudinoll elong the
midrib, ond eoch holf exwocted etely. The

pk ynthetic products from eoch holf of the leef
rWT then onolyzed by popmr eh

a number of photosymthetic 
was a mojor difference ob

g fon
ditiens. In no cese 

red in the products

ill
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yynthesis. Mew ewe
ene 4 which cewid not be detected in the

glutemic-c‘4 acid with only 1-2 awe of the lead

mormel lead wee formed ba epprecisble emoumts 
(bat not more than 1 or 2 of fetal CM fized from 
leaf tissu with the epidermic removed. Its R, 
velue in phen al in atar wes abend 0.7 and in 
butenol-propionic add water wet ebeat 0.4.

experimentd treat
The leaver were kept th

in e gleet chomb
ghout

with
phere which could be voried

Cie (awl t Acid Metabelism tai Bede y Leaves
A. W. Noyler N. E. Tolbert

The certawn chain of glacaic edd ploys a central 
role tat the nitrepan metabolism of plants and 
enimals. At present, glutomic edd ie thought to 

be formed by wensominot ion from o-ketoglutoric 
add — a member of the Krebs citic ocid cycles 

When fad *s die plant er animal, it can be utilized

tat tenipe titien. When light wes weed. intensities 
of 900 f-c er more were obtined at the tael 
a vr fee a with e phetetaeed bulb. Meet wee mini- 
mized by passing the light throvgh e meter loyer

cintcined et tenet ent and by ropidly

Hewing cir ar nitrogen through the gless vessel.
This prevented the 
28-C.

from rising obove

At the end of the feeding period, the leoves
were 
in a

killed by freezing in liquid niirtgen, ginding
ethanol mixture, and then bailing for

in the synthesis of proteins; ba d d and
metobolized by wey of the Krebs cycle; serve in 
the general metobolism of arginine and proline; 
be trensformed into ite amide, glutomine; and it 
can be de a er be a, I eted.

Saw die a by others have mode it deer that the 
pool size of glutomic add Ie marbidly Mlacted

l min in a he* water bath. Aliquots were sub- 
jected to analysi a by paper chremeSagrsph,. A 
typical er tar edit grgph ol a chrani eta grew ia given 
in Fig. 46. Identificotion of some of the com- 
pa am da wos mode by es ch ram at a peg by and aped lie 
agre, testa, but at I meat five camp awn da here 
not been identified.

arganiew. It ia known that, in plonts, there ia

ocids tel le wing treatment with the he indole
3-ocetic acid. In the present imestigation, the 
many normal mnetebnlic pre de eta associoted with

mined
by feeding the plent uniformly I abated glutomic-C 14

----

i a-treated plonts. Simila en- 
rted here, have also been per-

1 in f 
i

formed with glycine-C’".
The major new discovery with labeled glutomic 

acid ia thet, under all environmental conditions

■ b«WWB ' ume-

BH—W

tested, this amine acid wee
ominobutyrie acid and that, under onoerobie con- 
ditions, this acid wee the mojor product. There 
is ne known biologicol fumction ascribed to • 
ami nebety vic ocid, though it ia present in large 
ama ent e in each diverse -tisses os the estate 
tebar and the brain. It is ne* a known constituent a •Ee-merem J

Young See barley
scil, were always employed.

vedlings, gown in 
Immediately before

use, (be Mede of the first leaf wos cwt of obove 
the ahead and ploced in om oqeous solution of

Fig. 46. Autorediogvaph of Glutemic-C‘4 Add 
Merab aliens by Barley Leaves in an Atmosphere ef 
Mitra gen
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Per ge distibution of the c14 in the leaf 
emong the serious products from the glutomic 
acid is recorded in Table 69 for four different 
experimental conditions of ligh or dark and an 
Mu npfar el Mr or nitre gen. The time inter* el 
during which glutamic ocid was available was 
varied from hr to 3 hr. In Table 69 only 3-hr 
experiments in the dark and 1-hr experiments in 
the light ge recorded. Date from 1-hr sup er im ants 
in the dark or 3-hr experiments in the light showed 
no sigmificont change in distribution of the mots 
belie prsducts. Three hours in the dark was re-
quired to yield extensive ibolism of the glu-

tomic acid, ond 1 hr in the light best Mowed 
utilization of the glutamic ocid with relatively 
linle ewidence of circulation of the C’4 into the 
photosynthetic cyclo.

The Major product from dlutemic ocid under 
oerobic conditions was glutomine, the y cmide 
of glutamic ocid. At expected, glutomine woe not 
formed under onoerobic conditions, since its for. 
motion requires high-energy phosphate from oxi-

dative ph 
ditions, ho

rylation- Under ona 
, glutomic ocid was de

next to the omino group, yielding y 

obic con- 
rboxylated 
nobutyric

ocid as the motor product. In light ond nitrogen, 
• linle oxygen was likely formed through photo- 
synthesis, which would accoumt for the results

those for lecves in mitvo-

pen and those in sufficient oxygen, as in mr.
rAminobutyric acid woe identified by (1) the 

ninhydrin apm> test on the chromato prams and 
its R, volues, (2) co chr emelt pi Oph> of the radio 
octiv compound with chemi colly synthesized 
y-ominobutyric acid, (3) conversion of the on- 
known to its ureide, end (4) the failure of this 
compound to complex with CuCO, on paper chromo 
toprams.

Glutomic acid decarbokylase it widely die. 
tributed in nature. Mion the glutamio-c‘“ acid 
woo used os a substrate for this partially purified 
enzyme, yominobutyric-c‘“ woe formed in 100% 
yields, ee shown by chremotopr aphy, followed by 
rodiocutography and the ninhydrin test. Thus the

TABLE 69. PERCENTAGE* OF c14 IM PRODUCTS FROM GLUTAMIC C’* ACID 
METABOLISM IM BARLEY LEAVES

Dark end Aw Light end Air Dork end Niwogen Ligh end wogen
3 hr 1 hr 3 hr 1 hr

Glutemie ecid

Glutemine

22.4 31.4

32.4 33.0

Melie ecid
Succimie ecid

24.2 11.3

56-6

0.4
0.6

63.2

11.3
0.7

Asportie mW

gine eree

Alenine
Threomine

Sucrose

y-Aminobutyrie ecid

Unknown No. 1 (u,)

Unknown No. 2 (U,»

Unknown No. 3 (U,)
Unknown No. 4. No. 5 (U,. u,)

"Diferenee b
pounda not listed in this (able.

2.4
6.5

1.0

4.3

1.7

0.4
0.4
».4

2.1

0.5
0
0

3.3

2.3

0.0
1.3

2.0
0.3

s.a
2.3

1.1
0.6

1.3

0

0.0
Trece

Trece
Trace

0.5

32.3

0.0

0.4
Trece

2.5

13

0.1
0.o

1.1
1,3

0

0.5
15.6

0.3

0.3

1.2

100% and the sum of the volues in each column is anributabie to amall amounts of ether com-
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d boxylose oction
on glutamic acid has been identified ea j coins 
butyric acid. Furthermore, this enzyme functions 
actively in barley leoves under both omobic and 
sneer able conditions.

Other variations observed in glutomic acid me- 
label I am are: (1) The label tag in succinic and 
malic acids indicates that glutemic acid is de- 
aminated mi set obi colly im wm to o-ketoglutaric 
ocid and then to succinic odd which cannet be 
further metobolized via the Krebs citric acid cycle 
in e nitrogen atmosphere. (2) Corbon M labeling 
in the organic and ossocioted amino odds of the 
Krebs cycle does not appear rapidly in the photo 
synthetic pre ducts in the light, even in ouch 
metebolically active tissue as barley leaves. 
This indicates that the citric acid cycle is not 
functioning rapidly in the light. In terms of meto- 
belie products, there appeared to be no meter 
differences in glutemic ocid metabolism in the 
light or dark.

Four apparently import mt compounds from glu- 
tunic acid metebolism remain unidentified. Un
known No. 1 has an R, close to ) owinobutyric 
acid. Unknown No. 2, on de chromatogram, had 
an R, value near lactic ocid, and unknown No. 3 
was near fumaric acid. Unknowns No. 4 and No. 5 
wore formed in detectable amounts only in a nitro
gen atmosphere. Their R, values suggest det 
they may be cyclic compounds. Investigations 
are now in progress to determine whether they are 
produced from a further conversion of ) aminu 
butyric acid.

Chavacterization of an Unidentified Compound 
F sr am 4 in the Metebolism of Biosymthesized

L.tama.Iaaa_r 14 1m p A. ma fl -uggnwWwUI --=T* • • • twWI —=wv=•

C. W. Nystrom N. E. Tolbert
.In previous stdies by Tolbert and Zill* on the 

metabolism of sedoheptulose-C 14 in plant leaves, 
an unidentified compound containing C'* and 
formed in considerable quantities was observed 
on developed paper chromatograms of de extrocts 
of loaves fed sedoheptulose-C’". This compound, 
the one labeled "unknown” in the upper left
hand corner of de chromatogram shown in Fig. 47, 
hod an R, value of 0.80 in the phenol-water sol
vent system and 0.65 in de n- butanol -propionic

ume- fc—lit

Fig. 47. Auterediogreph of • Chremetgrem ef 
Products from Sedoheptulose-C 1 “ Metebolism la 
Barley Leaves.

ocid water solvent system. it wos olso formed 
when glucose-C‘“ was metobolized by either 
green or etiolated whea ond barley leoves. The 
compound has now been shown to be identicol 
with phenyl glucoside and to be formed es e 
resulr of the detoxification of troces of phenol, 
which were ocquired by the sugar solutions during 
their preparation from a plant source.

BN. E. Tolbert and L. P. zin, Areh. and 

so, 392-39# (1954).

Preliminary studies on the for motion of the eem 
pound showed that, in either light or dark, the 
percentage o the C‘“ remaining in a leaf which 
metabolizes glucose or sedoheptulose-C 14 
increosed in the compound with time. The com- 
pound was located on the developed chromatogram 
by its radioactivity and then eluted from the paper 
with distilled water. The eluate was treated with 
Polidase S and then rechromatographed. Glucose- 
C‘4 wos the only C'4-containing compound found 
in the eluate. These results suggested that the 
compound might be either a detoxification product 
or, possibly, on active intermediate in glucoside 
metabolism.
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Fig. 48. Bud Growth on Been Stems Following 
Trectment of Severed Stem Tip withe A. Setine- 
Lanolin Pesto; B. Tryptophan Leno II a Pesto; and 
C, Lanolin Paste. (Treated 8/7/55; photographed 
8/12/55).

go, Chlorella by the column ch MC
method discussed previously. 1 2 Pho sphoru s- 32- 
labeled tissue that is exposed to light of about 
3000 ft-c up to the instont of immersion in boiling 
30% ethanol contains a small amount of an un
known compound (Sa).. If darkened a few seconds 
before exposure, it contains none of the material. 
If illuminated with flashbulbs (»10,000 ft-c) at 
the instant of immersion, large amounts of label 
are found in the material. Thus its production 
is dependent on illumination of the tissue.

Label accumulates in So in tissue which is 
illuminated at normal levels (2000 ft-c) if the 
oxidative process known to be associated with 
COj uptake or phosphate exchonge is inhibited. 
The oxidative process, which terminates in cyto
chrome oxidese, may be inhibited by CO in the 
presence of rod but not in yellow light. Since 
P” occumulotes in 5a in leaves illuminated with 
red light under CO but net in these illuminated
with yellow light, the car 
illumination is oxidized via cytoch

d produced by
oxidose

in e coupled system which may be represented 
by Fig- 49.

It wos ciso possible to pile up P32 tn 5a by 
illuminating the leoves tn e nitrogen atmosphere 
or under evocuation, both of which ore conditions 
known to inhibit carbon dioxide uptake.

The compound is not the direct product of a lght-

12A. R. Kreil ana L. P. Zill. B.oz So 
Rep. Aug. n. 1934. ORNL- 1766, • 83.
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Fig- 49.
driven phosphorylation since its level changes 
only slowly upon cessation of oxidative activity. 
Its level is very high in those plants inhibited 
by CO under red light, conditions which give the 
lowest level of P32 attainable in edsna sine tri- 
phosphate, which is also sapor able by the ion- 
exchonge method used. No change in level of
ATP be noticed in the flash illumination
enpari—onts which pile up high levels of the sub- 
stonce. it. however, the tissue is exposed to an 
to aerobic environment for 1 hr or more. So does 
not pile up. This can be interpreted es evidence 
for lability of the phosphate bond involved, re
quiring its continual resynthesis in the plant. 
This lability is borne out by the rapid docompo 
sition of the material to inorganic phosphate after 
i eolation.

This e 
i P»’.

*
Poper chromatography of the two d:ffer-

ently labeled materials give spots at the some
place on the chromot opr The isolated materici
gives a positive test for SH groups, the decolori- 
zation of on iodine aside solution being used as
a meosure of — SH. Calvin has p ed that lipoic
ocid is the compound first reduced upon photolysis 
of water. As yet it hos not been possible to 
confine the presence of lipoote in this ce alpsurd 
with the pyruvic oxidase test of Gunsoluc d d. 1 
This may be caused by low concentratiens of the
material. by its some other ci d
than lipoic ocid

"31 C. Gunaelus, • 1. D-lin, ena L. to »>***. J. 
BeL Chem 194,849-857(152).
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GENERAL PHYSIOLOGY

C. W. Sheppard

M. L. Anderson
E.C. Horn’

M. E. House1
E. B. Dordem, h.*
T. Mokinodan
X R. C. Brown1

He 1 Tubeless Centefuge Heud 

N. G. Anderson
The technique of gradient differential centrifugo-

tion“ use el sector-shaped tubes ho* bean
extended with the design of e centrifuge heed 
(Fig- 50) in which a doughnut-shoped mess of 
fluid having a gradient of decreasing densities 
from the edge to the center is spun. The grodient 
is introduced through an annular opening in the 
center and flows to the outer edge through two 
stemless steel tubes while the hood is in motion. 
The brei is layered on top of the gradient through 
the central opening shown. After centrifugation 
ia completed. the gradient is removed by dis-

2 Teehnicel eaaiatene. suees-sod by re.«aer«h gram 
(RG-4203) (rom me Men ewe l imatitete of Hecit, U.s. 
Publie Heelth Service.

ORINS ptedeataral fello-.
4M. G. Anderaon, Sedpmce a21, 775-776 (1955.

plocing it with a denser liquid. A* the grodient 
is raised, it drains out through small tubes in 
the bottom of the hoed into the collecting heed 
shown in the lower port of Fig- 50. All opero- 
tions are conducted with the hood spinning- The 
medal now in use utilizes e 5-liter grodient and 
operates at 1000 rpm. It is designed chiefly for 
the lorge ecole seporation of nuclei and mito- 
chrondia. Higher speed model* are conterplated

Orgenizetion of the Soluble Phese of 
the Ret Livur Celt

N. G. Anderson M. L. Anderson

As o preliminary step in • long project (the
Cell Molecular Census Project) aimed at the iso- 
lotion of the motor classes of proteins fromvorious 
cells and tssues, a of the soluble pro-
teins of rat liver has born undertoken. These 
have boon isolated tree livers rapidly perfused 
with Leche's solution. Breis are prepared in

832
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0.25 sucrose by e loose fiting coaxial ""homog- 
eni zer"" in which the plumper is moved vertically. 
Centrifugation is carried out in two steps — at 
18,000 ■ g for 20 min and at 104,000 - g for 60 
min. Electrophoresis in verenol buffer (pH 8.6) 
and phosphate (8.6) gave reproducible patterns 
in the ascending limb (Fig- 50. but anomalous 
disturbonces and precipitations appeared in the 
descending limb. Evi dance indicates that the 
precipitation is ceased by die migration of certain 
complex-forming proteins away bom the proteins 
which they normally solubilize. Changes ob- 
served in the cytoplasm of cells placed in an 
electric field might be explained on this basis. 
Several other properties of living cytoplasm hove
their counterpart in this pe Thus freez-
ing ond thowing produce either precipitation or 

gelation. However, the addition of glycerol, which 
is now widely used to preserve cell viability 
during freezing and thawing, prevents the chenges 
otherwise observed in the soluble phase. Incu- 
bation at 37°C for 15 min results in the formation 
of a voluminous precipitate. a change considered
to be dogous to the gelation which occurs
during cytolysis. A detailed study of the macho 
nisms of these reactions is in progress.

The isolation of classes of soluble proteins 
and of individual molecular species by three 
methods has boon stoned; namely, isoelectric 
precipitation, ion a l electrophoresis on starch, and 
electroconvection. The first method was adopted 
of to i a study of the effect of pH on the stability 
of the fresh undialyzed preparation showed it to
be stele bet pH 1.2 ond 4.2, and pH 6 and
10. At pH 5, 29* of the soluble nitropen wes

tiens, with necessary chonges in pH, were used 
to purify the precipitate. Electrophoretic exomino- 
tien at pH 8.6 showed thet one very foot com

4 d.

C D

A Electroconvect i vo seporations carried out at 
pH 7.8 in such o monmer thot only proteins iso- 
electric at this pH were separated are being char- 
octerized. Carbon electrodes, which were used
in orienting erim were unsotisfoctory
si nce e consistent drop ia pH with time wos ob- 
served ewen though the buffers in the two elec-

trode its were e
stallation of plotinum elect

tontly mixed. In- 
des corrected this

difficulty completely.
Theoretically, e protein fraction isoelectric at 

the pH used may be obtained in better than 90%
purity in one run by el ection. Further

Fig. 51. Elertephoresis of Ret Liver 5 slub is

purification is difficvlt since insufficient im- 
purities are peesent to electroconvect. This 
prob lm has been solved, insofar os pure protein 
antigen production is concerned, by the addition 

of pure plosma albumim from the onimal in which 
the antibodies are to be uro du cod. By this method, 
purities of 9.9% with respect to cent oninot ion 
by other ra liver proteins is theoreticolly possible

Phose in Verenol BuHer. pH 8A.
b dory showing proc ipitot idn as

A, Descending 
blank spoce;

Prod of Density G in the

ascending boundery, C. descending bounder) 
showing precipitetiom area ond precipiteted 
protein as shoded area. D, oscending bounder) 
showing multiplicity of peoks.

Herizentel Tub doos Centifuge Hee J
J. R. C. Browm

Continuous density grodients of known compo- 
sition end rate of chonge with rodius have boon

nt
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produced in th* horizontal tubeless centrifuge 
head. For production of the gradient, a Lucite 
boa having a volume equal to the total volume 
of solution desired in the gradient is divided into 
two compartments by a thin partition. The curvo- 
ture of the partition is mathematically calculated 
to produce the desired gradient, provided that 
the levels of the solutions (light and heavy) in 
the two compartments are kept equol at ell time* 
during outflow. Since the heavy solution is much 
denser and more viscous than the light solution, 
a hand-operated leveling device on the outflow 
is necessary to mointain equal levels in the two 
compartments. A magnetic mixer installed in th* 
lino assures thorough mixing of th* two solutions 
prior to their introduction into the centrifuge head.

Calculation of the curvature of the partition 
must tube into consideration the feet that the 
volume of Ao head increoses as the squore of 
the radius. Thus, for a straight-line gadient, 
the curve should be that of the parabola V - cir". 
where V is the volume, « the constant depth of 
the hood, and r the radius. Since th* head is 
not filled to th* center, only that sector of the 
parabola between r w (distance from center to 
surface of grodton’’ and r^ (distance from 
center to outer limit of gradient) is used. Figure 
52 shows the theoretical gradient and the actual 
recovery of material from a sample run with a 

formed by mixing 13% (wtol) sucrose 
and 60% (wt/vol) sucrose as the lighr ond heavy

- • tI

e
I

•o

zo

•0

I
totA mm —1

won poo sooo 4000 earn

•e *Mi»a •-om ca-Ta- o- --o-
-mm

Fig. 52. Theoretic el Gredient and Actuel
Recovery of Meteriel from e Sample Run. 
Theoretical curve; recovery curve 
July 14. 1955.

run

osmotic behavior of isolated huclei.3 These 
thymocytes, which are probably identical with 
small lymphocytes, have a very thin layer of 
cytoplosm and are indistinguishable from iso- 
lated nuciei by microscopic examination of the
homog Further imesti gations have demon

solution re 
recovered 
tometer on

spectively- 
material «

The concentrenon of the
d d by refrao-

samples taken at 500- intervals.
The obvious mixing of material at the start of 
the godient moy be corrected by instollation of 
radially arranged baffle plates which have since 
been installed but net yet tested.

streted that exposure of nucieg fractions and 
homogenates containing osmotically intact thymo- 
cytes to enzymic digestion by chymotrypain er 
deoxyribonucleose leaver these cello unaffected. 
Since resistance to enzymic digestion is con- 
sidered one of the criteria of living cells, this 
indicotes that these cells ore not only oswotically 
intact, but in ell probability still viable.

Nucleor froctions of thymus h 
pored in the citric ocid media.

ge" 
in

pre

Purity ef Nucleor Free Haas ef 
Tissue Homo*■ aim

J. R. C. Brown
Nucleor froctions of thymus homogenates iso- 

lated in 0.25 M oucroeo 0.0018 M CoCIa have 
been shown to contin large an mb era of infect 
email thymocytes, identifioble on bosis of their 
osmotic activity as contrasted with the man

hypotonic modi Ofc do not contoin osmoticolly active 
or enzyme-resi stont cells. Low pH, ion binding, 
ond hypotonicity appear, therefore, to lover rup- 
tore of me cell embem.

Repetition of thee* experiments an spleen ho-
g has indicated • similar e

by whole cells in the mucleor froction of this 

tissue.

•x R. C. Be--, Set.me- 1*1. 511-512 (9sm.
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Ae Anelysis of the in vivo Effect of 
Haacla ey resale from Ehelich Ascites Cells *

E. C. Horn M. E. House

The intraperitoneal injection of nucleoprotein 
(NP) extracted from Ehrlich ascites tumor cells 
reduces tie meo survival time of mice -nen they 
are subsequently chollenged with living oscites 
tumor colls. 7-5 This study was made to determine 

the cause of accelerated death in such pretreated 

mice.
The method of preporing the NP has already 

been outlined. ”

Difference fa Moon Survival with Time After e 
Single Pretreatment with HP. - Thirty mice were 
injected intraperitoneally with 0.4 ad of an HP 
preparation (N/P - 5.86; 10.3 mg dry weight. 
Thirty control animols were set aside at the some 

time and treated identically except far lech of

•-i

-eomi 
e=i

WI v
t

Fig- 53. Relative Differences to Surviwal 
Between Control Mice (S_) ond NP-injected Mice 
(5.) When Challenged with Ascites fare ya ns lege 
at Different Time Imtervals After the HP Injectien. 
The dotted arrow indicotes a second HP injection 
ar 33 days. Broken lines connect points indicating 
relative survival far amice receiving the second

nang
int Mita HP. At wwekly intervals begin- 
the fourteenth doy and continuing for

infection either intraperitoneally (IP) 
venous ly (IV).

intro-

five weeks thereafter, five experimental and five
control mice were challenged with oscites
cell suspension. Their deaths were recorded 
twice doily end the mean survival time for each 

group colculated. The results ge shown grcphi- 
colly in Fig- 53. Since the difference between the 
meon survival time of the control s (i ) end that 
of the experiments (s.) fluctuates with the number 
of oscites cells used far challenge, a quotient 
obtoined by dividing the difference in ate an sur- 
rival time of the two groups by the mean survivel

is evident three moebs after the injectiom of HP; 
thereofter this difference decreases somewhat 
more grodually than the initial rise to the maxi- 
moan. Similar results were reported earlier fa 
much less caray lets farm and here boon correb
orated by additional Ol

of the controls (s 
porison between dit

)/5, allowed tor CO— 
challenges. This qo-

Modifictiom by a Secord Imjectiom of MP. - 
Twenty mice, prepared identically to those used 

for the time data, were giwen o second injection 
(0.1 ad) of HP (H/P . 5.41; 1.8 mg dry weight) 

on the thirty-fifth doy of the experiment. Ten

animals received the meterial « sly: ten.
tient ae plotted ogoinst time in oil the gophs 
which involve differemces in meon survival time. 
The date in Fig- S3 for the simultomeous injectien 
of Nf ond oscites cells (doy tore) card that far 
the te mu de» imterval were token from one the 
experiment which wes ceway enable an meatment 

bait an which the some series of omimals woo not 
used.

The date show some inregulority but e meoi mum 

decree a a in meon survival time (high qvotient)

introperitoneelly- Five of aecia group were chal- 
lenged with ascites cells 7 ond 14 days after 
the second injection (or 42 end 49 doys otter the 

initiai injection). From Fig- S3 it is readily 

appaene that the eaeon survival time for the mice

receivimg 
drastically

e second injection of HP bee boon
A

to controis but also to those mice receiving but 
one injection.

Modificatom by em imjectiom of AuUn
Ctlli or Aintri Fluid - In these experiments

•Thin uni -es --veot-d im eet by rew
I2G142031 "etiene“ laaanmaa eeith- P-

rt. C. Mom M M. E. Me---, aaL s,- 
ReA F-h 13. 1933. omL 1865. • 109-11.

•J weme
e Mett

cell-free ascites fluid eshed ascites ceils
kilfed with -ock fa reef an solution were used far
• second injection into NP-prepored
The fluid wos obtoined by ifuging cleor.

C. Mern mcti er Bepb,a Acta 16. ill sey 
(1955).

pooled oscites suspensions ond possing the super- 
matont fluid through e sterilized, sintered glass
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filter. The formal in-killed cells were obtained
ashed cells in 0.5suspending

formalin-sol ine tar 24 hr at 4°C. These cell* 
were then washed thoroughly in 0.14 M NaCI by 
successive suspension and centrifugation. Final 
suspensions far injection were mode in soline.

T wenty-one days after the initici NP injection, 
four mice were injected intravenousi, with 0.5 
ad of a 505 suspension at killed cells; five un- 
injected controls received the some weatment. 
Twenty-one days later (day 42 at the experiment), 
both groups were challenged wim the sues ascitos 
suspension used for the injection of mice rd ready 
described for day 42 in the time study. The mice 
which had received hilled calls alone showed 
the greatest decrease in meon survival time yet 
observed, whereas the mice prepared first with 
NP and then with killed calls showed no differ- 
once in moon survival time from the control 
oscites-injected mice of day 42 (Fig. M).

Modscom by Corisome — A forth goup of 
20 e ce which had been prepared with NP on doy 
rare, identical in every respect to oil prewosly 
mentioned NP-injected mice, were given an od- 
ditional O.1-mi injechon, introvenously. ol NP 
on the fifty-sixth day of he experiment. Ten at 
these mice were administered 1 mg each of cort- 
sone intromuscularly on days 60. 61. and 63. On 
the sixty -third day. oil 20 of these animals were
chol lenged. with uninjected controis.
As expected, the "boosted"" NP-imjected ei i moi s 
succumbed earlier than the controls, but the HP- 
proper oo animals which received the cortisone 
weatment outlived the controls (Fig. 55). Al
though suggestive, those results must be com- 
ditioned by the indicotom, in e seporate e-pei- 
meat, that cortisone given in the manner described 
dee* extend sligly the meon survival time of 

. untreated mice challenged -it Ehrlich oscites
tumor (Fig. 55). contary to die hod* ng* ol others."

nen a*

-0100

42043

ponne«:mpn
2e:28273men

an- r- ear*. m-Em
Aa- 2 oan 

oioo ooo a see arao osoo

MP+56 DArS, TEn NP+ 
cOnTISOnE AND r

I
CORTISONE ALONE

-0200
....."T""" 
-0100

MP 56DArs,TEn 
mpq r —

O

T9

0100 0200

Fig. M. Relotive Differences in When
Chollenged with Ascites S 42 Doyssi
After Treetmes’ with MP end -ith Killed Cells 
(KO er Ascitic Fluid (AF).

Se
Fig- 55. Effect of Certische ee the Di 

la Meen Survivel Time in Teected ond Ui 
Mice Challenged -ith Ascites Tumer Cella

4

Five NP-injected mice were given, intrevenousi y. 
• second injection of 0.4 tai of undiluted cell- 
free ascites fluid (ovproximatel y 8 mg of protein) 
21 doys after the initicl NP injection; fou un- 
prepared controls e-r-ived identical Wetmont.
T
both govps were challenged with the same esc • to* 
cell suspension weed far oil other 42 day chol- 
longes. The omimols receiving the fluid alone 
octually survived slightly longer dien the oscites 
control whereas those that received MP and loter 
the fluid injections showed a difference in meon 
survivel from the centre! s identicol to that at

Differe 
ef the A

im Mean Survwel Time es • Funchem

mice -ere injected imt 

preparation as loll eue;

octed. - Three groups ot

<11; -ith on NP
16 mice receved 0.1 mi.

16 received 0.5 ati, ad 12 received 2.0 mi. Eoch 

-eek shereafter for four -eeks, unweated control 
animals of the some oge ond four eoch o< the 
first two injected groups -ere cholleged -ith

in meon surwiwol time are plomted in Fig- 56.

Those receiving 0.1 and 0.5 ad pinned Pro . sued

the y» which hod been ft 
42 days reH a (Fig- ML

ed -ith MP alone **. G. G-eh-l end A. C--r- M----ea
14. 461-AM (92.
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a* mhe vep. See ee- tar ser- ebb-e-tem.

senum, -e-y sle-ty - Al AM, emd AeP. a*f 
akaghmi, - NRS emd aa* u* ell • •e smleme sus-

Eoch vuuped -mcub -es mhe
res end -mjected

"mough 
welly amte 

eceiimg
6.25 10® cells. S-rw-al «« to mice -es feb-
lo-ed emd moed by t-e doily a* -m*al
all -e- deod. The mesulra (F «•.*!) indicote mher
the AM end AM sere ceme a
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35- The i
some manner 
undiluted an three additional
tested — antimouse liver h —gi

ant* mt a were 
ste (AL), anti-

30-

e 25- 
o'
5

ascitic fluid (AAF), ond ontibovine plosme albumin 
(ABPA). AC. AN. and AM sera were tested at 

different low dilutions. There wos lttle or no 
indication that the effect woo obtcined after one 
twofold dilution. Results from this second iw 
witro test are shown in Fig- 62. Survivel times 
are different from the previous teat he cow 6to 
ascites cell suspension dilution woo different. 
Although not oil experimental onimols hod died

UJQ 
220

25-

2 .
o
5 45-

# 20-
§

4

Las
2
F 40-

5-

O
Ill

SAL NRS AC ANP AN

7

&
2 -
— 15-

—

#
g2
4
#

a

5-

Xa o
NRS AC ANP AM AM AAF AL ABRA

Fig. AL Peter el Surviwel fer Mice Imjected
-ith Ascites Tumor Cells Which Meve Beem
Imcubated in DIfferem Me Ao. See Fig. 60 for

vivel for Mice In d
with Ascites Tumer Cells Which Neve Been 

IwA—< im Diffesent Rebbit Sev. S«— mice of 
groups AN and AM still alive.

4
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when the data were collated. the results are 
sufficiently complete to beer comporison with 
the earlier experiment. The effect of AN and AM 
tore Ie even more striking than before in the 
lengthening of the moon survivol time of the mice 
within these two goups. Of the other ontisera 

tested, only that prepared a po i not mouse liver

Since these ontisera are the some es there used 
to accumulate the date an titer of the pre liovt 
section, it is of especial interest to compare
their effect! veneer im incre 
time of mice with titer. E

g the moon earri oof 

ination of the titers
of the AC. AN. and AM sere ogoinst whole cells 

(Teble 70) shows them to be essemtiolly the i —

homog fixation test.
worrant special attention. Not only wos the mean the re retro test i eported here. he

The results of 
ww, indicete

survival time of this yevp length d that differences exist which ore not yet revealed

death in this group wee neiorb able in Mo brevity; 
oil died in the short epen of three days coop mid.

pl fixation. There is the possibility
that obsorption of the anti ear a with different 

earn one will supply tome clue to these differ- 

ences.

■ice died.
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BIOPHYSICS

MOLECULAR siopursics AMO RADOLOGICAL 
PHYSICS

J. S. Kirby-Smith J. N. Dent"
M. Sister D. L. Craig

Effeet ef Redietion en Ted tie (J. S.

in pollen. Dose curves obtoined at intensities 
over a range of S to 380 r/enim hove shown no 
significont intensity effects, indicating that the 

ge lifstine 
for in excess of the figure of 4 min found for Trad- 
escemtie microspores.

Amphbien Rediebielogy (D. L. Crig and J. &
Smith and D. L. Crate). — I mvesti gations of the 
relatiwe biological effectiveness (RBE) of various 
ionizing rodietions on the induction of chromosome 
abemations in the Tradescantia pell on groin mi- 
toein have been con du de d with e study tn which

Kirby Sum th). — Study of the ele 
and review tn senaitivity of reg
tiseve of sok

ary eytology 
ting teil-tip

dere of the emus Gyrimophilus
includes investigation of the effects of X roys on 
mitotic inhibition end the pmduction of chromo-

were used 2.5 Mov chromatic it from somal a ations in this materiel.

the Biology Division Cockcrft-Walton facility. 
An RBE of 12.5 for these fast newwsns relative to 
CeM y rays has been observed, slightly larger 
than the volue of 10 previously observed in noth 
with neutrons of noon energy 1 Mev from the 
ORNL 86-in. cyclotron. The results of these ex-

The cheng * in the number of dividitg cells 
during e 47-hr period after odmimistration of 100 r 
of 2504kvp X roys woe followed in the regenerating 
feel tips of these animols (body shielded). The 
mitotic index dropped, efter irradi otien, to o esini- 
mum of neg zero and looted ebeyt •—22 hr follow

P riments ond previous figures for other re^e
tions2 are given in Teble 71.

TABLE 71. RELATIVE BIOLOGICAL EFFECTIVE- 
MESS or VAROUS RADuToMS om cHROuosOME 

ABERRATIONS M TRADESCANTIA POLLEN

Ce®° » eeys (1.17 end 1.33 M-«) 

p32 s re, (m-e -n-gy sook-)

200--

604..

"ay X "eya (0-06 Al 

s» X reys (0.20 Al

Fest meutrens (1 Hl meen en-n»

Faa -rens (D-D, 2.5 m--)

An inveetigetti 
relations for ch 
cantie pollen ex

RBE

l

1

1.5

1
10.®

12.5

of the tine versus imtensity

contimed. These ei

to t 
the

‘R
a

& ion in Trades-
ed to X ond y reys hes been

•e temp ily enm-

dietion and are designed to give some idee of 
mweroge time during which bmcks remoin open

A—
J. S. KibrSith end O. S. On i sts. Gemnes 34,

375-38 (1957)

ing the te
sense of this tissue the some types of obew-Miene 
osorefoundininodictedplontchomosomes. Chro- 
nut id end isockomatid ebervetiene end symmetric

esy

M ephosis in Gyrimophiks polli (J. N.
Dent, J. S. Kirby Surith, ond D. L. Croig). — It has
been previously reponed thet she
sal

dwelling
der Gyrimopbilus palleucus, which hoe

been found only in the lorvol stote, will
phose when trected with ■ rth or thyoxin or thyro-
trophic h
dence indicete thet it in ordinarily 
lage loro woe observed to meta

animel does not 
(56°F). it may

ol

ic- Own
• spon-

d a 75 t ?F for
This indicdes that, although this

at cove temperu 
at higher temp

tures. This possibility is being in, e sei goes d.

Cyelegice Studies on the Piuitesy ef Thy-
eeid zed Newts (J. N. Dem). — Pituitary

y hove been fol-

cytochemicel ining techniques (eidehy de lech
sin-ight geen end periodic ocid Schif reogent).

3a. N.
R-cnd tai

Pent. J. S. Kibr-Sminh end D. L. Cret*. tie 
at. 4z6 (955.

4. s. Mmi —a w. O. Gud-, Am. f. Paahaz 30 403 
(1954
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Coreful studies on each ch engia boo net beam y 

ported for lower vertebretes.
Two types of besophiles hya bey found to 

stoin, im the newt hypophysis, with PAS end with 
aldehyde fuchsin. They hey temami rely bey 

identified as thyee typhe end gomodotrophs. A 
study le being mode of they cells in onimals

been mode for such foctors es bell di ng scomter

(based ts of flux from •

room). tenget scemer, y 
chomber, recoil proton «

dard

weion for the ion 

sales owimg to the

which hove by n thyoid 
Halmi and Gude reported I

zed or a d.

roidi
dorged, ItghHy

proton coumter (besed on 

ferent foil thicknesses).

e
ray cells" in the rodiothymidectomized 
family colls here oppemed some IS da y a

sons of ony two

rdtes er in 0g

measurements with dti.
The overoges of imter- 

othe de of obtcining dose

following thyroidectomy in the newt end ar nu- 
ware ms after 30 doys.

Steimitz end Stone ebyrred ch page a in the

hial body of the thyroidectomized news
and suggested the it mey teke on • thyoid lye 
tion tar the absence of the shyvoid. If this is the
came, the ultimob 
to take up no yfaeiedine otter thyroid vy-
Newts given redioiodine sis synths fa ll e wing thr- 

roidecte vmmy, however, showed no iodine upteke in 
shmir uhimokrenchial bodies.

Redielegice Physics

Co eh am fa Waters Peet MeeOya Fociluy o L. 
Rondolph E. B. Deedon, Jr-, and T. A. King” - 

The term of the accelerotor progrom y earn.

try, fest
Three inde 

to determine I 
reaction: • h

boss ideyd under the beedi 
neutron yield, ead nevtron a

penden methods hey been 
the dose rete from D(d,m)H

g shyle yeth

(D4.p)T

rate mey be celeuleted from meosures 
the ion chamber ha two sore — by d 

Hr egg Gro; principle end obsolute 
meosuemen y faem compart ey ad c
dated in the

neg • 
lecst s wind di

retes -hich mey be celeul 
mdking these intercompor

meous velues of dose 

d yd conpared. In 

m, allowences heve

Su. St-im. a L. s. Sem-, A-- gecca 120, O 
(9s4).

”,m
4 Phyaiekgr Seetiem 

m end Cemmei OmaM

*

to within less thy 5%. The 

rete values obteined by the

d by the flux methods (pmton
coumter end long coumter) y well y mecsuremem a 
with • leodHimed ion chomber indicate that the y- 
roy dose is less then 5% of the totel dose. Merh- 

ods to mmcke • complete study of the spatiel die- 

tributiom of dose y yd the torget are no- yd

eble. Final mecsuremi 
i pain tin terget ceadlt»

es ar te be mode with

mad
maximum MW 
fer biologicel

yield each es will be employed

etry, the chi el emphosis by shifted to obe g
A fest meutron yield. Since (1) the dosim-

etry hy boom developed for the d-d nuclec reco- 

tion, (2) the probiems of eb Heining maximum yield 

by the dd end d-e reoctions ere very similer, end 
(3) they is some contomineion hezerd in hondling 
tritium, the d-d reoction by bey employed olmey 

enelusively. The high-voltege y y» supply hy

been pletely rebel It by the
now operotes steodily et 250 kv a tab yimg loods
up to day 2 me. The iom neo, cfher sligh 
modificction, by yielded #-me beom cumem 

focused rhrough e in. die opeture neg the 

tenget. wih • power dissipeion of ebos 200 - end

meter ot An trget, the problem b the of

de c high
d tygm -hich will retoim

emly cooling the tenget, P 
sembly ef emell mass and mo 

A mumber of deuterted rare 
ey bedbingi hey bey pro

or else w; effici- 

ferebly -ith en an-

ihydrog coolens.

A d end seesed wtab 

As e compromise 
mssive -eter cool-

of

air cooling. a scheme ef imjectimg My the eir
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ging prel

tities of wWr to be vopom zed et er.• Methods heve been OohaM end tested t

y resuhs. App
stete yields ond dose retes obtei

zimate steody 
d with the d-a

give eoch of these 
the order of KL

-

reoction e 250 kv on • porticular terget under 
vorious cooling AHwOiCOO ere given ip Toble 72.

A Ata pip tritium A ft -ith wot or cooliap hos 
been used briefly with a meximum motel AOtApipO 

of roughly 2.4 x 10* neutrons/sec or iso rep/he at 

S cm bom the terget -ith • 160 ky boom of less 

than 100ge.

to oppoof precision in the mecsuemen* 
dese rete from • poimt souce hos been obtai

• aow
The ma

of the

go ■O»-

estoblished focility for the

of in-

—I* te d- neutrons, end two instruclive
wiments hove been coried out. 
is has been given to the d-d teoo-

tiom, it is felt the the teonsition of Op Pio opr! end 
teget methods to the ooch more prolific d-e reco- 

tiom will bo much loop difficult thom the esteblish- 

ment ef the totality es « d- souce.
Neuten Bop Imo Ary (M. Slater). — The meutron 

ippac a Apr the cheonic focility will have on initiel
emission rete of 2.5 * 

will pto i «O emcell 
compison of meuro

10* neutrons/‘sec ond thus 
mt opportumity for on imter

dosimetry mmethoda

p

to 

y

crfuly « * d for veliability end stobility-

ionchombers® omd **** —— propos 

“e.n. Dwd.-. ma c. w. shepo-d, 
OmL-1052 (191.

-een vieus 
miomel co —

nopien

tional to wr) is comstreine 

sweighe line, end dose-nroe
mode ct occunetely
erbitrery zer on this line. The probl

POMP

of mcking

icci

enelysis then gives Hao dose vete from the souce 
end also the locefion of the effective ta-»r of the 
■ mwii) device. An ezomple of the eective- 
ness of this ip chai—o io om ion chomber meesure- 
■ oat of the dose rme from o 20eg redium poorer, 
with O stondord pilot of the meo of 0.4%, differing 
fmm the H—poof Burou of Stondords volue for 
the OOMtop of 0.9K.

ber, O lighaweigha, flemble ceble tA mecesnory be- 
tween the ion chomber end vibmeting teed electom- 

eter. Toi a pa c obi pa. connecors, and febtcetien
A -ere to PM pt— ed, ohich -oud leod 

esistence grecer thom
1014 ohms, • noise voltege of • fe= humded micro- 

volta, omd which !■ MB'OH qhe l—l*| <• few

"a. s M--, ama ). a~dm 27, 35 nvsn.

TABLE n. APPROXMATE STEADY-STATE TIELDS AW OOM RATES BT TME ddEAcTM AT 290h»

Be- Co — — 
c--1

Dese H--frep/ 
• t e- l-- Too — mar _

We-

Am

-=-

• mr

200
ATO

700

UM • 1o" 54=103 

s.7 12 26

203

o.a

0.7

Kt 
n.n

a.s 14

2.3
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4 y systam wes
stigated with a 10 cuie Re Bo

The resuts ne ei dy sensitive to
the locetion of the zer of the pulse heigh dis- 

crimotor which
eat of the lineor emplifier - a 0.1- emor in the 
zer producing a 1% peer in the results. A method

wes devised, with e pulse g
ree meter, t

dozimetty-
A eerier of calcul on the ORACLE, per-

Vender Sluis of the

y reys end fost io
results -hich ere usefi in she h

cs Penel, an the 
tala inodided by 

us energies, gove

she d
ion of

d to mized bonne a* redieti
Fest Meuhen Biela pi rd E-pesues with en I* 

♦erad Teget Cydeten (C w. Shape *<** E. B. 
Derden, Jr., end M Siater). - In November 1951,

dim the ORNL

phy d mvestigetion wee antuai to d
to wha exent she

die 
obe

chia e co aid mi aa a soumce 
diobielogicel studies. These

4 the gite high doses ef meutrons 
•d (40,000 rep wer given an one

With a smdl leod box with 2-m-thic
wells pleced SO deg beta* the esis of the proton 

bean ea is strikes the tenget, there -ere ebout 
a-12% y roys in the field end a negligible oner 
ef themel neutons. few ci the neuwons ere peo-
duced by proton b A
them are in the energy renge be taw 3 Mev. The 
ORL mochine does mot occelerete deuterna. 
Dosimetry wee based en the re eA ape. ef t-o 
Vlc—n eae, one -ith a bob diet thimble end one 
-ith a thimble mode el cond
plestic A...................I by Roper end Zirkle during 
Worid We U. ’1 Raios of nep to n-umit to miner 
ne Victoreen reodings to dose velues were deter- 
niani by a limited nube of dose determinetions

al
Be tri.

ided byHH.

it a. Re- emd a. E. Zukie, u.K Pewm Me.

The oner ail phyeicd situction wes not ideal for
precise work. The meutrons were highly d
ond degreded, ahi ch p redwing the pee of tech 
miques for outlining the meutron ep e car . ... ia deteil. 

Other difficulties have been lap ceiba 4. 1 * Never- 

theless, becoaoe of the imminent need for dete 
required io Operetion Upshot-Knothole e lie eel 
progrom of bielepi cel l me ph yeti pa we instituted 
end aerwree wee provided to a mumber of investigo- 
tore Car semiquontitetive exposure of their mo- 
teriel. Ian chombers were alee colibreted for use 

in the operetion Biologicel findings ware 

lished in e series of pre hn lev, repors.‘3- 14
In the tinner of 1953 the Porh.lip, ond Phyasi- 

ology Sectie a beceme laeeeeetel in the focility ond 
begon * moke eave sures with the easier enca ef 
the It edrl Physics Division. Their biologicel end 
physical fie A ape mode on the axis of the proten 
bean in e leapt leod box with 1-n--thick wells are
no* in press."7,19 G of she eclier
lee in 1*1 with the Health Physics results soom 
indiceted that n emor of ~ 30% had beta mode ia 
the earlier figures.

In F A ri *> 1954, ea imtemsive progr • of physi- 
col it ter vital wee bepaa to lane etip ve the dis- 
creponcy. At the seme Hap farther biologicel
work wes in prog dly. biological

by the more setisfoctory d 

studies -ere mmade in the <

d

bee end others i a the old baa. The priacipd com- 
clusions concerning the dosimemy wen:

I. Tiss

filled with gos belore wan. This A mey
mot evoly, possibly, to chombers ef more recent
desigm end
then the type used in our in

d of differem typesef plestic

ONL-1557 (T
13,, s, Kan 

42-43
• S

el
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used with e Victoreen
preeiAbto * dle

sltetweM 
defaet for

- ASSIFI

elen” thssAts 
er hew m op- 
eseswes which

sets in with the 25 r Victoreen usually at
ifs e te ab— hird full scele
deflediom per mimute.

-hen fa* 
occu bec

The defect else s seers 
shen one-ehird full scele

of the felling of of the ile
veltege at lenge deflectioms.

X The "educeted guess fectof"" of 2.5 often 
epplied te Victoren — mey eW^ee for very 
rugh -ok ee*. the high-energy mestvoms produced 

a beryllium -ah demtemna. With
lo
thimble IS sheet 30-3.2.

4. Monitering ecyclotonby g the beck-
St MM poimt —ell re- 

maved fem the terget is limited im precisien star.
es im the imtemel tesj — 
she temget atructwes is a

hine. * !
the protee beomom the terget com eltee the degredo-

field close to
the terjet te chonge reldive te the bockground 
fog- These will be changes in the dose end else, 
te some exden, the ijs re > e.

The *■ 39% imcrecse im ell the ewlier dose fig- 
■res dees net sAtesS the retie of the Usshet Kmm 
hole reshts le these obteimed tai she cyclotrom 
since the Ue th—-AsslAs Is As etas stere were coli- 
breted •• the cyciotom. The r e seise of .ton esl 
end Mukei’" were done taser emd Ae mot copoim 

the emor. In Micke’s < । cletsee Mitos,1* —
eddetie
His ex

d.

5
PERIOD uomg AUGUST IS. 19ss

H t* fuh, sha in she more Md — -okk, thefimol

meely 2155 
vhe HlJlK

npm
AA

This -es ach
the biologicel dete 
mambers ef done d

dby Hens el
end by meking 1—fS 

ma. The Hef—
do net seem to heve been very sevee SMI Mi usu-

Ah
C202 ainn, Sla

jumps mere obteined, is is mot feh the resuita 
besed ee eny sisfats emposure cess be treses A. mh
the 1 
ehis

pletion ef the beem dellegion vrgrom mi"h 
Alee. e > ester sSsMee shoud be echieved

im fuue -ork- The A 
imtegretimg *ype eftis

0M. Mf of en
elen A »•

ol 
olk delec end his finel

doses are ebout t— time ys—i than before- 
THs iS the WSTSt ewsr -hich wes mode, hewewer.

NW. c. fa— 
295-31419se.

dins •4

efaeeWee te 
l« eAMis

ekreedy rep
te the E —Ml Pethology shudies
dted"7-"e she following b i sis»ret «e> 
in the cyciomen were mode:

1. A
2. fa 
X d

lethelmuteni 
pomiel degem 
emtei diwuk

immicej
em in mice;

4. rodiatien 
atudyh

im false to

5. studies im E schemchi= e el.

tion in T

a. "gnu

pc

end ch 

escemmi 
domimem

•id eb

sties lethele-

MIM in Drmesepih 
hedXehmmsmes; 
wome breckege end m

1Q. ■-sri.. t teM
A 140 poge colla 

testers penineme st

and d

joimimg Mt Vis

emm
d dee end

in the cyelomrn -ork- This cee—* 
serrics f—As* te ties penject.

dts imvelved 
the physics
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