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Sodiwe Inflnenced Respiration of Wommal
snd Ultraviolet Irradlated Ngcherichis cold

Cytologieal studles have indlested that external Wa plays an
{izrortont role in the maclear orgerdsation of ultraviolet irradiated
becteria, Whitfield (1955) bas shown an aggregation of chromtin
following UV irradiation of ihisells dysenterise cultured on basle
13 medda plus 170 meq, ¥a agar, Vith ¥a doficlent 13 ages frage
mentation wao odserved instend of sggremation, Clumping followed
by dspereion of miclear todies ccowrred in UV irradlated Egchorichia
2ald cultarsd in nutrient broth sontaining 4O meq ¥a/1, (Cortelyon
8% al. 1955). Transient aggregstion of chromatiniec beddes followed by
fragmentation in UV drrediated 2. gold wae also reported by Payme,
8t &, (1955).

¥ith non-drradiated Shigells dysenterise Whitfield (195%) demon-
strated simllar chromatin ageregation vhen atﬁ.u were cultared on 1B
media # 1700 meq Wa ager, Wom-irradisted eells on IB £ 170 meq, Wa
ghowed mo elumping, Payne gt sl. demonstrated chromstin aggrogntion
of non-irradiated I, eoli oulbuved on mubrient agar 4 680 meq, Wafl,

Hacleod and Snell (1948) and Claxk and Macleod (1951) have
reported Na t0 de inbibitory in gZlycolysis and ¥ cem bs o stimulus So
overcome Wa inbitition, Thie work, however, was done with Gram posie
tive organians, Dabn (19%) sumwmrising the vork of mny investigators
and his own, stated that Oram nogative bacteria can grow without
petaseiun, The dependence of Cram positive organisms on K has been
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demonstrated by many investigutors reported in ths review by Haynes,
&t al, (1954),

In acoord with the evidenos of differendis] stimulation and inhie
bition of X and ¥a on Gram positive and Oram negative organisme, Starck
and Cartis (1936) reported thet addition of 0.57 sodiun formate to
brilliant green Mle tendod to increase the rate of growth of Sscheri-
dhia-iorobacter organisms although it 414 not affect the Oram positive
ormnisnms responsible for false tests in thie medium,

stapleton (1952) and Xaplem, ot 51.(1953) have sugsested that
adaptive engyme systems sre injured by UV irrsdilation to & much greater
degroe than sre the constitutive enszyme systems, Neimmets, g% g1, (1954),
consider that & large nunber of structural elements and metabolites sre
sltered by irrsiietion, These investigators studied the effscbs of
added metaboliten of the tricarbosylic acld avele and coenzymes on
ultraviolet frradiated §. goli. Regults, dased on viadble cell counte,
although not declsive, indioate that soveral links in the gyelic
processes are injured by irradiation,

sevasdarian, gt al.(195%) foumd that diphosphopyridine mucleotide
was inaotivated by UV frradiation which caused the formation of four
produsts: ADP, adenylic acid, sdenine and nicotinamide,

The work presented here was carried out to determine the poseidile
ity of a protective effoct of inersasing Na in the media of irradiated
1. ®1i and vhothor this is an londe effect or a true Na effect,
Beousce of the inactivation of rurs coenmsyme I by ultraviclet irra-
diation 1t seomed desiradle to also study the effect of adiing cocnsyme
1 to irradfated §. gold and sleo of adiing glyceraldshyde phosphate
dehydrogenage and phosphoglyecsric acld to the media, Correlations
botween these sdditions and the podium wariations were sought,
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Stock eultures of Jocherichis gold strain AR were used for all
oxperiments reported. Daily transfers were maintalned in ¥«9 medis
(inderson, 19%6) and eolls ot 2 hre. incudation wers used for all
studles. Population denmsities of 2 hr, culturss ranged from %7 X
107 eells/ml as wors determined bty the plate method.

To stody the effect of ¥a and X dons on both normal and ultres
violet Lrradlated cells of . coll, the composition of Me§ was modified
in the following mammer: Dased on preliminary respivetory messuvements
as o funstion of cell density iz & 2 he, culture the basal medium was
eotablished at 7 parts of solution I (inorganic ealts) %0 3 parts of
eolution 11 (4 glucose). 7This sedium was then waried in ¥ level by
omitting this fon, wheveln tuffer and osmotic balance were contwolled
WWM&MO!%&!%?WMM%“#&RM
Hs congentrations equal %o 0, 93, 124, 139 and 186 meq./iiter,

Since the ratle of Naik is affected by varlations in Wa, stuiles
were aleo made on varistions in X concentration, Date on metabolie
rate would then indiente specific fon effscts or would represent o sine
ple monovalent cation effeqct, Nowmal led media contains 22 weq.X/liter
and 93 meq, Wa/l, Hainteining the Ms level at 93 meq/l the X level
was varied to yleld fimal consentrations of 53 meq/1 (total fonic con-
centrasion equal to that of mediun containing 12% meq. Wafl), and 115
meq, /1, (total fovdie conontration equal to that of medium containing
186 meq, Na/1.). ¥he relationship between cation concentvations and
ratios used in this vork fe given in Tadle X,
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Table I

Sodium and Potassium Concentrations

i By
B2 220 A
: e B 5. 2
J9 93 53 3 ig " 2.3
0.8 93 115 208 22 g.
LB Medda
N
243,5 -9 S T
* Hormal M=9 Hedia

% Horml 13 Modda

In addition to the mae of NS media, o tuffered Sryplone, yeast
extract, glucose medium was uged (LD of whitfield, 1955)., Thie mede
fun containe cs, 11 meq, K and 20.5 weq. %a/l. Sodium, as FaCl, was
added in the following cancemtrations: O, 142, 170 and 212 meq./1.

fn all experiments reported here, cells of a 20 hour gomplete M9
culture vers washed and aliquots resuspended in media of various ¥a ond
'K oconcentrations., These wore mubsequently incubsated at 37°C for twe
hours,

To stady the role of fons on metadolism of Doth normel snd ultra~-
violet irradisted cells, 2 hr, eulbtures wore dlvided into aliquots and
one of each padr was treated, The ultraviclet soarce was o Yewatt,
6.8, GUN/1 gemmiefdal lamp., ALl eultures were trested with 420 mw/fs?
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for 15 seconds ylelding & Sodal enersy of 6.7 X 10° evgs/m®, Gem¥’le
agitation was maintained throughout the radiation perioed, HeH media is
transparent %o ulbraviolet radlstions and thus irrsdiation wes carried
out in this mediun vith varistions in fonic composition, Vhen 1IE medla
vas used, the mltures were wsehed in Na-free M9 and irradiated in
this sediun, Subseguently, they were resuspended in LB medls of the pre-
vious tonie composition, ‘

| Following irradiation, oxygen uptale was measured in Varburg re-
actlon vessels ot 37°C, using the Verturg direct mthod, sbsording 00,
in 0.4 m1 106 ROH, In the moin voom of esch vessel wns placed 1.6 ml
of the eell suspeneion and 1,0 ml of medis of the corresponding fonie
composition, In the studles with L3 media 1.0 ml of the oell suspen~
sion and 1.6 ml of medla were used,

 Resulte inddcating incressed oxygsn uptake st pertlenlar salt come
mummmammwuunuuum”am
intermediates in glyoolysie, Menometric determimations nn subsecusntly
made using complete M9 ne the bassl mediun wherein consnsyme I {250 and
500 nierograms/ml.), glycersldehyde phosphate dehyirogemase (2000 and
5000 unite/ml,.), and phosphoglyceric acld (1 and 2 mif) (Nabriticnal Bloe
chenieals Corp.) were used singly end in combinstlen.




1, fayying Concemtrations of

Based on the composition of Me9 medium, 93 meq. NWa/l, has been
accepted ns the normal congentration of this lon for routine mccess~
ful mltivation of dacteria, Oxygen consumption per 10 min, interwal
was measured through a period of I hr, vhen young oolls (2 hr, incube-
tion) wore caltiwated in solublons of greater apd lesser Na concentroe
tions. The data are presented in .1 0p/10 min, (figare 1 A) and total
0p uptake through a B he, perfoed (figire 1 B), It csn be soen from fige
ure 1 A that a eonsiderable difference in metabdolie rate exiats botween
pormal enltures when modis of varions Na concentrations are employed,
the dat: show $hat & ¥e concentration of 124 meq./l. supports the greate
mazmmuumammm-m.mmmum
tion in serobic metabolism until » eoncentration of 126 meq./1. Ls reached,
In this lzst esse inhidition is dlsproportionate and effectively come
pleta, By 3 1/2 hr, bacteris growm in 166 weq ¥a/l, utilised 6 .1,
0,/10 min, This vas not folloved by *ay significent rise in the fol-
loving 2 hours, On the other hand, vhile dacteris grown in Na-froe
H=3 medium showed a substantially lover O, upbake (35 .1/10 min.) than
thuse treated with 93, 124, and 139 meq Na/l,, at 3 1/2 hr,, these colls
reached 91 A 0,/10 nia, by U hours and 10 min, Thus, the Fa~deficlency
does not abolish aerobiec metadolic rothways but does produce n marked
mquhnoamM

The date presented in figmres 1 A and B for celle of I, goll enltie
wated on media of varlous ¥e concentrations, ofter sub-lothsl ultraviolet
irradintion, present eesentially the smme genersl trend of Na effects.




paratively at 3 he, Mubawml’m.u. or at B hy, Dased on

total uptake ths same Pelative difforence existe, This cc b geon in th

the following tabalay dats,

Table 2

Porcant of Contwol 0, Upleke by Ultraviolet
Tosetionet cotte fa Bo Bt

(aea/ies g e v
0 19
128 St
1o 1030

* Na concemtration where serolie metsbolism of normal eells is

alnost completely abolished,

Thege dnte indleste that ultraviclet treated oslls mltivated in
mediun containing 93 meq Na/1, show » mried depression in O, upteks
which s however, signifionntly less than that obsorved in Nuedeficlient
medium, Furthewmore, the mgnitude of the depression is apnroximately
the game as that of eells eultivated ia 139 meq Ba/l. Of consideradle
intersst i3 the fact that Lvrodisted cells cultivated in medis containe
mmmn]x.aunomumum-ammuee
consumption when compared with ldentiel untrested oultures,

The activity of Lrrediated eslls cultivated in medie conSaining
186 meq Wa/l., vhen expressed as pey cont of non-frradfated contvels
in the samo mediun, camnot be considered in the game manney ss the pree
coding da%:, Pocogmising almost complets inhidition of untreated eslls
mﬁvﬂv&iﬁﬁku&m&mﬂtﬂﬂhﬂamﬁﬂm&
ercd sienifieant,
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These data chow that with an inevesse in the ¥a concentration,
md wvith an inorease in molar ratlos of ¥a to X there is o progressive
inoresse in serobie metadolism to & eritiml level n812h meq/1, in
synthetic M0 mediwn, Subsocuent inaresses in this fon conss o pro-
portionate reduction in Oy uptaks to the limiting conosntmtion of 186
moq./1. Sodium conosntrations influsnce metabolisc wate of ultravioe
let irradiated cells in 2 mammor gomparable to morml colle with the
#fforence in 0, consunption botween these two types deing sbelished
vhen the medium oontains 124 meq./1.

Regults odlained vith the use of 1B media %o which Na was added ave
somevhat sixilar to those obtained vhan cultivation was in N9, This
mediun contadng ea, 20,5 meq. Nafl. and oo, 11 meq. K/1. The data of
figuve 25 show the rate and magnitude of Op consumption of 2 hr, eells
of X. soli when 142, 170 snd 212 meq. Ha/l, are added to basie 1B media,
Tdentical studies were mads with morml and ultraviolet treatsd cells,
The data show that vhen mo Na {0 added $0 basie I3 media thore is en
initial lag in O, uptake vhich is followed, hovever, by & sudden rige.
his s oomparable to the lag observed in Na-free Me9 media but Ls not
so marked as in thot wedium, When ¥a is sdded in the three concentra-
tions used heve, the character of the metabolic responce as expressed
by O, uptake fs almost fdentical. It is probadle that the geneval oug-
that a protein Wffering action wuld account for a tolerance to the
higher Wa levels before definite Snhidition is evident,

In o manner similar %o o indnced effects vhen M=9 was used, ire
radlated oslls show & response o variations in Na concentation, The
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data presented in figuves 2 A and B demonstrate that the addition of
¥a, 88 Nall, to o level of 170 meg/l. W:M!mnuoa
congumption while inareases beyond this do not stimmlate ssrodie
motabolism to the same degres. The relative effect of Ha concentration
a%mnuwmmmomunmmu
soen in Table 3.

Table 3
Per cont of Control O, Uptake by Ultraviolet
:mmmu%mmxam.
Ea added £ Total 0,
{mog/1.)
0 "

2 21

170 h8.7

a2 33.0

The data shov that with incresses in ¥a conoentration thevs is a
reduotion in the depression of 0, consumption due to ultraviolet irra~
ddation, The maxdwun effect is ot 170 meq/l. and ineresses in ¥a level
aMMMhtW&%&W”ﬁ!MM‘&
the basic I8 meddws (oa. 20,5 meq Wa/l,) alene.

Thus, in 15 medis therve is also an optimum Fa concentyation with
respoct to 0, consumption for both mormal and wltreviolet irradlated
eolls, However, as might be expected, with a medium in vhich beoteria
are loss sensitive to changes in No concentration the optimum level
for Arradiated cells i higher (170 mes Na/l.) and the metabolie vesponse
to 1% 45 less than in ¥« wedla, If external ¥a preserves or stimnlates
at least in part, the serobic metabolism of U-V irradiated bacteria 4t
world appear to do so in o protein-free basal medium dut not to any
narked degree in a highly favoradle msdium containing organic sources
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of nitrogen and carbon ae well se mumerous other poorly defined compow
nente.

It con be noted that {n these studles the M¥a/E ratio renged from
4,2 to 8,45 vith ¥a varlations in M9 with the maximal O, uptake, in
both mowmal and irradiated celle, where the ratio was 5.69, ¥ith ¥e
varistions in I3 media the ¥a/X vatio varied from 1.86 to 21,14 with
an optimum 0, uptake st 17,32, Such variance in mmovalent cation
ratios 2% which O, consumption is maximun indicstes more strongly thad
the effect of dom ratios.

2. Yarying Concentrations of Zotessimn.

¥ith the wse of N9 medium, K variations were studied using the
basal comcentyation of 22 meq/). and 53 and 115 meq/1. (Fa/E satics
from 4,2 %0 0.81), The data are shown in figave 3 and demonstyate,
both in normal and ultraviolet irrudiated cells, that inorveases in this
fon to 53 meq/l. or above elevate the 0, consumption 10 Tut one glven
level, Torml colls exposed to 53 and 115 meq K/1. have an O, upbake
of 37 and 367 move than that consumed ly oslls cultivated in 22 meq
k1. Thie is tased on tetal O, taken wp throush 3 he, In & eisilar
senpey ultraviolet treated oells take up, in the swme period of tims,
40, 35 and 39% of the O, taken up by comparable contrels trested with
22, 53 and 115 meq X/1. vespectively. In addition ultraviclet treated
colls take up 22 and J6¥ move O, than irrailated oslls eultivated in
22 meq K/1. vhen caltivated in medfs containing 53 and 115 meq /1,
respectively,

It 45 apporent that widle K has sn offect on aerodic metabolism,
it does not modify this after ultraviolet irradiation. The data indieste
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ealturss of Z. goli have besn ghown to have no sugmenting effect on
Pabe o magnitude of O, congumpdion. Figure U shows the resplratory
aoilvity of norml and ultraviolet irvadiated cells during % hours
after the nddition of rhesphoglyoerie acld in concentrations of 1 amd
2 mM, vith the sddition of glyceraldehyde phosphate dehydrogenase in
& concentration of 2000 and MOCO wnite, theve is no eignificant differe
ence in metabolic rate whether cells ave mormel or irradisted, However,
nomal oslls in the presence of the ensyme continued to conmume O at a
steady rate of imarease after the 0, consumption of normal ells in cone
plete M+9 had started to decline due So the limiting conditiome of the
senction vessels, The addition of cosnzyme I with glyceraldehpde phose
phate dshydrogenase ylelded sirdlar results while the adiitien of Co I
alons had no sffect at all,

The date of figaws U show o depression in respiratory aetivity
when phogphogiyoeric add is sdded to both normel and frradiated cells,
This depression iy preportionate o the concentratlon used in bLoth

+ Depression of 0, wpbake ix the presence of phospboglyserie seid
cannot be aserided to & change in pi since measurements made at the
stars of the experinent and agsin & hy later show mo change in thig
netabolie variadle,
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The data odSeined from these studies show that the fonde compo-
sition of the mediun in which £, ooli are cultivated has a warked effect
upon the rate and magnitude of oxysen consumption. While increases in
toth ¥a and X concentrations ceuse an increase in the respiratory aotive
ity of normal eells of . gold, the effects sre not proportionste nor
do the fons substitute for each other., The date indlcate that these
effects are more likely dus to the kind of fon and its abeolute concen~
tration rather tham to ion ratics. A 25 per cent incresse frem the
basal ¥a level in synthetic medium (93 to 124 meq/l.) results in & %0
por cent increase in oxygen consumption while K ineresses of 2.5 %0 §
fold (22 to 53 and 115 meg/1.) elevats oxygen consumption to the same
degree, On the other hand, a two fold inorease in Wa (93 to 186 meq/l1.)
is sssontlally inhivitory, Vhen ultreviolet irraifsted esils exe stadied
in the game medis, Pesponses to variations in the externul concentration
of ¥a and K are elmilar to those of norml eells bub of 2 different owvder
of magnituds, ¥ithBoth nomal and f¥radiated cells in symthetie Med
modium, & concentration of 124 meq ¥e/l. 1s the polnt of maximal serebie
motabolism, m,uu.mwmumm
sunption of contrel cultures is 160f of that in Ha~free mediun while
vith irradiated eultures 4% repfesents an inecrease of GUGT of that in
Ha~free modium, Oultivation in mowe complex 13 medium with varying cone
centrations of this came fon does not lead to the same type of regponse
in novmal eells but ultraviolot trested ocells do show an inevease in Op
consumption $o an optimm st 170 meq No/l. with a decrease at higher
concentrations, In both media however, asrodic metabolism is greater
when Na ie added then in ite sdsence. Ome sotable exception to this is
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the adddition of 186 meq Na/l, o M0 madium vhich is sffectively inhi.
bitory to both normal and frredisted eells., Contrarivise, the addition
of 212 meq Wa/l, %o 1B media does not depress oxygen consumption of
nommal cells %0 or below that of the basal concentration of 20.5 meq/l.
Increases in metaboliem of bacterial ocells as a function of ox~
ternal ionic comecsntration have been reported by other fnvestigntors,
In & study on the mechaniem of halophiliem, Robinsen g% al. (1952)
demonstrated an incrence in intracellular nitritase activity no the exe
ternal NaCl concentration was raized from 0,55 to 2.2 per cent with do-
creases in setivity from 4.B o 17.6 per cent. An external concentration
of 3,280 NaCl was considered mommal. Amalysis of intact cells and celle
free homogenates demonstrated that inteacellular enzyme activity is mase
imal at 0.9 per cent ¥all and that & consentration difference across the
nenbrans was maintained by sn expenditure of emergy. The metabolic ine
hibitors used by these investigators suggested thet coensymes I or II
are involved in maintéining the concentration gredient. The metabolie
regponse of nommal eells of j. gold o external Na concentvations simue
lates that of intracelliular nitritase under parallel conditions of ine
erensing concentrations of this salt, Vhen treated with ultraviolet ma-
diations, olls of 5. goli show o elgmificantly heightened respomse to
these same conditions. Changes in menbrane permeability as a result of
radiation injury would vermit an exoess of Wa to enter the eell, This
result would reouive an ineresse in the expenditure of emergy to aine
t:dn & viable concentration gradient across the oell membreme. Changee
in permoabllity se o result of ultraviclet have been reported by
Heinmots ot sl. (1954). Ia addition, Billen 88 2l. (1953) have shown
post-Lrradiation leakage of ATF and other substances from cells of
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2. 2014 B/r. Thot Na enters normsl as vell as irrediated eells has deen
shown by numerous vorkers. Vith norms) eells of marine bacteria, Johnson
and Oray (1949) demonstrated inerenses in chromatin aggregation with an
elewation of eelt concentration or subssquent to urethane treaiment,
Agsregation and dlspersion sve reversidly induced by salt varistions
within viadle 1dmite. Whitfield (1952) and Vhitfidl and wurray (1955)
have demonstrated that the same nuclaar changes oomr wAth ultraviolet
irradiation in moderate (0.17 ¥) Ha concentrations as ave seen to ocour
in normal oslle at high ¥a levels (1.7 M NaCl), The effect was always
less maried when the dasel medium was IB as compared with o salt solu~
tion alone, Thies obeervation, among others, indientes s greater ene
trence of No into irrediated sells which are affeected by railation in-
dnoced permeabdbility changes than into normal cells, Relating ceredble
metadolic inoresses as s funotion of external N¥a concentrations to the
role of aetive Na extrasion, i% would appesr that oells of 5. goli demon-
strate s regulatory mechanisn maintaining intracellunlay fonie dalanse,
¥hitfield (1952) demonstrated that cells of Shigslls dvsenterise ealti-
oated on 0,34 B HaCl=l3 sgar at 37°C showed no nuclear agzresstien while
ealtivasion on the ssme mediwn at %°C vesulted in muolear "contraction.’
mmwmuum”nmnmﬂ; From the data ob-
tained in this dudy the mechaniom of sotive extmasion is droughs to its
maximam whon the extemal concentration reaches 124 weq Na/i, whether
un:mmtuhnimam\wutnm'us irrediation, Sube
sequent increnses beyond this lewel may exosed the metadolic capacity
of the extruding mechanisn with & resultent disturdance in fonie gradi-
mawmwwMuamummu. Inereases
in intrasellular ¥a may them lead to gesmeral or particolar engymatie
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fnhibition. While emsyme or endprodnet analyses have not been made in
this study, Na fon influencss have been shown in the energy cyole of
glyeolysis, Boyer st al. (1942, 1943) have demonstrated thet he en~
gymatic Sransfer of phosphate from phosphopyruvate %o the ademylie eye-
ten regquires X snd that Ha fons antegonize this functlon, dspressing en-
gymatic activity in the presence of limiting K. If such an interference
in the energy aystem prewsiled {n clroumetances of overwbelsing Ns con=
¢entrations, the emergy of Ya extrusion would ultimately bde effectively
blocked, Whether or not lon influenced emaymatio inhibition explaing
the marked reduction in asrodie meteboliem when conmcentrations exceed
124 meq/1. it is kmown thet with externsl loniec lmbalancss cells reach
s limiting capacity in regulation., This is verified in the data pre-
sontod here where untreated cells demonsirated the sams metabolie limie
tations, |

It is of intorest that the vesponses of both nommal and ultraviow
let treated cells %o increases in ¥a when added So 12 medium do not ap~
proach those obiained vith synthetie M=9 mediun, 7The results presented
here show ne gradstion of respiratory setivity vhen Sa s added to nor-
mal eells sbove that of 142 meq/l. On the other hand irrsdisted cells
demonstrate the highest activity at 170 meq Na/l.

1t would appear first that Ha 4fcss are not as available in a proe
toin medium as in a salt-glucose solubion and ae a consequence ds mot
proportionately stress the metabolic exolusion mechanien, Considering
the anionic nature of the protoins at the g of the medium employed,
£t is 1ikely that Ha is mot in the sawe available concentration, Seo-
ondly, manometric data on cells in this mediunm indicate an inevsase in
the permeability of ultraviolet irredisted cells such that the greatest
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asrobie respiration occours at a lewel of 170 meq/l. However, total
available concentration of Wa and active metabolie contrel of intrae
oollular ionie concentration do not entirely explain the results re-
ported here, It i¢ appavent thet the marked metabolie respounsge of ire
radiated oolls, vhen enltivated in "9 msdium with 120 meq ¥a/l, sad
considered above to be a result of ineressed ¥a influx, should find its
verifieation in a continued rise in O, consumption bty normal, less pere
meable cells at & highor external Na concentration, In addition s simie
lar vespones should be apparent in contrel eslls in I3 medis where We
is considersd to Be less available, As & consequence of this digpare
ity snother mechaniem must de sought,

Cationie action on muelear components of normal and irrsdiated
cells have been reported by meny investigators, Sudssquent o ultrae
violet irradiation 1¢ has been shown that naclear feagmentation results
(vniefield 1952, 1955; Johnson and Gray, 1949; Cortelyou 8§ al. 19551
Vhitfield and Murray, 195%5; Payme gt sl. 1996, ete.). Oytologieal chane
£os in the physieal distrilution of muslear somponsnts have been shown
to vesult from the addition of ¥e salts. Payme gt al, (1956), ameng
others, have shown that exposures of . goll %o hypertonic solntions of
Ya and ¥ salts results in veversille aggregntion of muclear chromatin,
They have offeved the interpretation that subsequent to cell injury there
ocours an alteration in the bomeostatie regulating mechaniom, As & cone
soquence of thie fallure the internal fonle milieu is increased, resalt-
ing in chromatin reageregation,

Tltraviolet irrvadiation has beon shown to decrease the viscosity
of Naedesoxyribonacleste (Gremstein and Jemvette, 19W1), Miynid and
Price (1950) demonstrated a protestive setion of ¥a at concentrations
greater than 0.% against deoresges in vicosity of IHA when $reated with
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hent, This effeet wae reveraible., In thie respsct in vitro stuiles
on Ya and THA are similar to the reversidle effest shown for this fom
on the sggresation of the chromatinic bodles of Shigells dysenterine
desorided by ¥hitfield (1955), Similar dstalled stodles have besn made
by Shaek ot al. (1953). The data presented by thess wovkers sugeects
¥a ¥Mnding botween anionic phosphate residuss and as a consequence, pole
ymerization. The effact is greatar wvith ddwvnlent catione ot lower
congentrations than with monvalent eations, Reversal of in situ ule
traviolet indnoced viscosity changes (fragmensation to agzregation) in
muclear THA, with inereases in exteornal Fa concentrations would protect
against yreversidls ultraviolet damage, BElectron microscope studies
of ultraviolet treated cells, sultfvated in 13 medis with 170 meq Wa/l.
added, show s more normel eytology than ie found in cells culiiwated in
basle 13 vith no Na added, Yariations in nuclei Pasgs frem chromatin
gramles interpreted to represent chromatin aggregation, to aprarently
normal oells, Irradiated colls cultivated in basioc L8 medium present
predominantly spread mmolesr elements rendering the cell unmiformly
dense, This cytological obmervation suggests a protective setion of
inorenses in environmental ¥a ag indlcated by manometrie data, It may
also contribubte $0 an understanding of the ddspreportionate ineresses in
oxygen consumption of irradiated cells which s not adequately explained
on the basis of an setive Na extrulding mechaniem,

That Na 1s gonerally stimulatory to glyeolysis in X. gold does mot
seen likely in view of the evidence of many workers, On the contrary,
it has Deen demonstrated by many thot inhidition of glyeolysis is pro~
portionate to Na inereases and that this fon effect i3 antegoniszed by
K (stumpd, 195%; Hacleod and Smell, 1948; Clark and Maaleod, 19543
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Pguyukd and Wacleod, 1951), These workers have shown that in the prose
enos of sufficient X, inkibition by ¥a dleappesrs and that as the concens
tration of the inhibi ting lon Lo elowated, higher concentrations of X
are required to antagonise it. Iahibition by ¥u was not sesn in the
stuly reported here until the concentration exeeeded 12 meq/l. in Me9
meddum, This could te interpreted as a point of eritical Wa/X (eg.
5463) vatio vhere inereases in X would sgain antegonise inhiditory Wa,
However, if the reason for decreases in serodle respiration rests slone
fn the ¥a/K ratio above 124 meg Na/l. there can be no apparent sngwer
for stimlation of untreated colls in I3 mediunm vhen the ratie is 14,7
or of irmadiated cells when they sre eultivated in the same medium with
a Ha/E ratio of 14.7 and 17.3. The workers clted have shown stimulstion
of glycolysis with incresses in K. The dats rveported here demonstyate
8 genoral stimulation of both normel and irradianted cells vhen X wag ine
ereased from the basal concemtration of 22 to 53 and 115 meg/l, ¥ith
these concentrations, though the Na/K ratio was 1.75 and 0,8, there wae
a0 significant difference in servobic respiration at these two conocone
trations.

Potagsium stinulation shown here Lo in agreement with the obger-
vations of Friedman and Fox (195%) who have concluded that there fs o
minimal X requiremsnt for maximal growth and cell yleld of 3. goll,
The stimlation of Oy consumption bty inoreases in K in this wirk may be
an expression of optimal growth sbove that in minimal synthetie Med
medium,

With use of certain elements of the glycolytic cycle no incresse
ia serodio respiration of mormel and frredisted cells of 1. goli resuls
ted, Serasdarion gt al. (195%) have shewn ultraviolet insctivation of
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cosnzyms I, Wowever, the sddition of this cofactor in mo way altered
the 0, consumption of elther type of ell. Thls may be due of ther to

a lack of penstrability of the moleculs or though it may have permes~
tod, no enhansing effect would vegult if either its respeotive dehydro~
@genase aotivity was not injured through radiation or was completely ine
activated through radiation, Prom the rates of Oy consumption of Vee
stimalated irradiated oells 1t Lis apparent that glycolyeis can procesed
after ultraviolet irradiation, This has been obgerved by other worie
ere who have studied metadoliem through both Oy consumption and 0Oy re-
lease. The redustion in Oy eonsumption dy both norml end ultravicles
frradiated ocells upon the addition of phosphoglyceric aeld may glve evie
dence of the continuance of glyeolysis after UV, The oxidised intermedi-
ate would participate in the ayele resulting in a reduction in the amount
of endogenous carbohydvate oxidised, The real partieipation of added
rhosphoglycerie acld can only de determined by quantitative determinae
tong of pyruvate in an asvobic aystem,
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SUMMARY

Hansmetric studies were made of cultures of Sgcherichia goli in
media of various Ua and ¥ concentrations after irradistion With
ultraviolet at a dossge of 120 me/£4%/sec. for 15 seconds,

There is o specific protective lavel of ¥a, m-u.klt._nﬂ
modia, ot vhich the oxygen omesunption of 2. goli 1s umaltered
by UV irradiation,

186 meq. ¥a/l. in Ne9 medie inhibdits O, consumption of both now-
mal and irradiated cultures of ¥, goli.

Potaseiun increases in the cultiwtion medium stimulate asreMe
respiration of normal snd irmdiated cells, the inercase belng
proportional in both cuses.

Additions of cvenayme I and glyeeraldiehyde thosphate dehyirogene
sse have mo marked effect on the Cp consumption of normsl or ire
radiated oslls. Plosphoplyeeric uCﬁmmmn of 1 and
ZQWnO,nphhh\o‘thdunc.
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Pigure 1 A

The effect of godium on the rate and magnitude of
0, congumed per 10 win. intervel whem moraal and ule
traviclet treated I, goli are cultivated in differs
ent concentrations of this fon in Me9 media.
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Tigare 1 3 ammmwmamumu
ultraviolet treated oells of £. coll are cultivated
in ¥« medis modified by wariations in sodium concen~
tration,
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Figure 1 B




Pigure 2 A

The effset of sodium on the rate and magnitude of
Op congumed per 10 min, interval when normal snd
ultraviolet treated cells ure cultivated in Aiffere
ent concentrations of this fon in I3 media,
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Figure 23  fTotal oxygen teken up during 2 hours vhen novmel and
altraviolot treated oells of 5. gold ave cultivated
tn I3 medis modified Yy varfations in sodius concen~
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The effeet of potessium on the rate sund magnituds of
traviolet treated I, goli ave enltivated in differsat
soncentyations of Ghis S0 in M9 medls,

Pigure 3
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The effeot of phosrhoglyceric acld, in concentrations
of 1mt (1) and 2 ot (2), on oxygen comewsption per 30-
min, intervel of nopmal and ultravislat treated eelle
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