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| - CYTOPHYSIOLOCICAL AND CY”O”COLO 3ICAL INVESTIGATIONS

'~ OF HEAT RESISTANCE OF PLANT CHLLS TOWARD THE ACTION
~ OF HIGH AND LOY TEMPERATURE. . '

‘ V. Ya. Alexandrov

(Review of the works of the laborstory of cytophysiology

and cytoecology of V. L. Xomarcv Botanicel Institute,
Akademia Nauk SSSR). '

ABSTRACT

Thermostability of plant‘cells 1s due to the resistance
“of their pro ng to dengtqration, resistanée to injurious
metabolic chonges, reparatory cenacity, and conacity to harden.
‘Hardiness lncludes the stability of severcl Junctions end
increases the resistance Lo several injuriou: -.tiors. It
varies with thc tissue znd stage ofr growth. The thermostadility

with

Y

&Nz

['J
}_

o

of the protsins is consteni in hLizher olents bubt ch
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temperature in algae. Fro:zi increages resisience to

(

several injurious factors includliag heet. The denaturction

theory of injury satisfzctorlily explains zomc of the date.
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CYT OPHYSIOLOGICAL AND CYTOECOLOGIGAL INVESTIGATIONS
OF RESISTANCE OF PLANT CELLS TOWARDS THE ACTION OF
HIGH AND LOWZTEMEERATURE e
ST v, Yé. Alexandrov . . . , |
_ (Rev1ew of the works of the laboratory of cytophysmology and

cytoecology of V., L. Komarov, Botanical Institute, Akademia
NAUK SSSR.)

I. INTRODUGI‘ION

The principal purpose of the laboratory of cytophysiology

and cytoecology is the study of the mechanisms which determine
- the resistance of plant cells towards the action of various agents

and also the ‘elucidation of the rolé of:¢ellrresistanderin; adaptation
of plant organisms to various external factors,

Up to the present time we had directed our attention to
the reaction of the cell othheneféépZ;of high and low temper~ -
atures., The general program of this laboratory represents the

continuation of the Leningradvatophy31olog1cal School which

had'been headed by D, N. Nasonov, correSponding member of the

AN SSSR,

A zav iy as '
- Alkready= gInn1ng~w1th the 30'3, several research workers

bad Considevahle Aa¥ sy

of this school have accumulated a—iarge*facfualmmatevial on the

reaction of the cells - mainly animal - towards the action of

s

- various 1nJurlous and stlmulatzng agents. This material had ggr-
- g

mitted Nasonov and me to advance a theory of denatur1 1n3ur1es
A _ -~

. SR and stimulatlon of cells which was presented in two monographs
;7 ) (Nasonov and Alexandrov 1940; Nasonov 1955; sAlexandrov 1960).

| ‘ On the basis of cytological and biochemical data we came
e . kinds
’ to the conclu fqn that $lie stimulants of entirely dlfferent nature
Spnei b '\‘
takanﬂmn gome: deﬁlnite doses roduce in the protelns of protoplasm
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similar changes of denaturing type. The first stages of denaturing
which are comnected with thg;chemical activation of different
~groups in a protein molecule can increase the metabolism in the
acreaokes .
cell and shorten-the~time~of the processes. They can serve as

Specif e processe’ Qlavacleri3lie ofF

‘actzvators of th&a~ev=thatnact1n@ty~typzca&W£br the given type of
~ cells. Veny §frong actions during which the denatur%ggmchanges '
are considerable and include the whole protoplasm may create in
the cellaéonditionx which is not congenial with its normal functioﬁ.
In such cases the result will be not a stimulation but an lngury
to the cell, - ‘ "
When the injury has not gdne too far, it usually is rever;
gible and after removal of the acting agent the proteins of the
.,'protopiasm.retdrn to their primary conditions. With the further
increase of the dose, an irreversible injury takes place, the
denaturation of the cell proteins becomes final and the cell dies.
The denaturation theory easily explains such non-spec1f1c
Acharacters and injury, like 1ower1ng the dispersion of protoplasmic
colloids, increase of viscosity, increase of affinity towards
dyes, etc, The non-specific character of injury depends first of
all upon the similarity of the signs of denaturing of protein after
the action of various denaturing agents., The second source of
. great similarity in the behavior of the cells after different
‘injuries is the wholeness of the cell as a system. Due to the
interaction‘of it# parts the final resultlof reaction may be vety
a similar regardless of different parts where the various agents are

applied. However the different types of denaturation are not

identical anq‘a wholeness of the cell system is not absolute,

-+« Declassified in Part - Sianitized’ Copy Approved for Release 2013/02/14 N CIA-RDP80T00246A024200230001-7
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This will explain/*hg reaction of the cells towards varlous
agents sometlmes haée particular specific features which are com-
bined with general~non-epec1fic signs'of injury (Alexandrov, 1948),
The princinal points of our conception are as follows:
1. The reaction of<the protoplasm of different cells towards :
the action of injurious agents, which are different in their
. 4 Zo a comgrdlvabie degvee
physlcal and chemical nature, 1S)non—speclficf““”“‘“‘*J
2; Together with the non—speclflc characters of injury there
€ exist specific peculerlties which are characterlstic of the
injurious action of each given agent.
| 5. The stimulation.and the injury are consecutive phases of
| the-reeponse of the cell towards the injuri%§:agents.
4, At the bases of both the injury and the stimulation are
Adenaturing'changes of the'protein molecules of different
: protoplesmic components.
‘Durxng the cell injury it 1s necessary to distinguish the primary

otioV
denaturi B33 which is caused by direct application of the acting

tiow
; agent to the proteins of the protoplasm and the secondary denatué%ng

>  when the agent causes’metabolicJ changes and these changes in turn
) abonw, ‘“ .
lead to-.the~ denaturlng of cell proteins. -Such a secondary denatur-
alion,

-ing takes place for example durxngﬁdecrease of cell resplratlon
after the action of certain inhibitors of metabollsm.. Thege
data together with some others have led us to presume . that the
natural state of the proteins of protoplasm is maintained actively
by the normal course of cell metabolism. | ,
N . .” | After studylng the physig}ogy of animal cells we arrived at
(LA

- the conclusionf “‘that the denaturing theory helps us to understand
the series of phenomena which takes place in the plant cells.1

lSee Gunar (19533 about the similarity in irritabilit&
of plant and animal cellsy . . ‘ . o
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II. CYTOPHYSIOLOGICAL INVESTIGATIONS OF THE REACTION OF PLANT
CELLS TOWARDS THE ACTION OF HIGH TEMPERATURE

1. Materials and Methods - -

The prlnclpal Objects i @ﬁ‘our 1nvest1gatlons were living
vcells from the epldermls of leaves of several plant species, We
have avozded usually e sectloning or ete;ﬁﬁiiiﬁéiéff of the .

epidermal layer. The occurrence of varlous changes in the proto;
plasm of the cells whlch are connected with a mechanlcal 1n3ury are
often mentloned in the literature, Feldman (1960) had shown that
- certain plants had respondéﬁ?to a cutting or £§$I{£§l;ff of the
epidermal layer by increased reslstance of the cell to various -
actions including ‘heat. Even in the upper epidermis of the scale

bolbs
Ieaf of’onionhﬁhiﬁﬁﬂxs 381ly remove ythe cells are. very often

injured although the injury may be reversible (Alexandrov and

Gruzova 1960), Taking this into consideration we have studied
the stale lea
in 11ving conditions the epidermal cells of the pieces of-leaves.

=

' w1thout separating them from ‘the mesonhyll. For microscopic study
.. of small pleces of leaves it is necessary to have very good illu-

mination according to Keller, water or oil immersion objective with
.Tcorrection‘;QSQQ and inflltration of the tissues w1th the medium

in which the material was mounted. The infiltration was done by
means of a slmpllfied method, using a ayrxnge (Alexandrov 1954),

The medzum as a rule was the,tpp water, ‘

| In some of the plants:the epidermal celissare covered with
a ¢omp1ex sculptdred cuticle. Folds and furrows and tﬁé depogits

of various substances on the cuticle may prevent microscopic study ;

(t 13
andﬂquite often»through this cuticle.is p0331b1e1to see the

e a1 oA — \“‘-°' T e
structure of the protoplast. To overcome this obstacle a method
w“»‘ e, .._...———// N

‘T_,;..‘ :DeclaSSified‘in Part - Sanitized Copy Approved for Rélease 2013/02/14 : CIA-RDP80T00246A024200230001-7



Declassified in Part Sanmzed Copy Approved for Release 2013/02/14 CIA- RDP80T00246A024200230001 7

" CONFIDENTIL
gl
was developed which in many cases gave very good results (Alexandrov
. eXavwin gty o
1962B), Before thewsuﬁaywunder the microscope,a piece of leaf which
Sveh a : bloticd o
contains theéﬁhiek cuticle is removed from the water and dried-by

flltegggypaper. Then the piece is put on a slide in the drop of

@& vedyaclive

liquid with the index of-Yefraction whirk=IB near to that of the

cuticle, and a cover glass is applled. The prellmlnary measurenents
. vedvactive . 2he )
of the index ef«refraction of cuticle in a number of plants , made with
a C
the help of phase contrast microscope according to Grossman's method

(1949) showed that the index usually varles between 1.500 to 1.540,

“The yefwariut \mdices of

IAEardtumthis index-oﬁ~ne£rectlonxare some of the organicroils of”

. TFC ATy TR VAIp 7 Fins e Svbs¥ances
: silmcogy(for example me*b”lpolu$1110013 T2y are not toxic and ﬁhe
’ .v“,\( ;t\‘A RC I R "a A Lo

pieces of immerged 1ea£:rema1n alive duri "several weeks, The
. %
‘sculptured structure of the cuticle becomes invigible when the oil
is selected correctly (fig. la and b), and the contents of the cell

*%s clearly seen.. The application of ordinary vaszciine oil (NDZO 1.481)

$ox
in many cases gives good results, The substitution of water’
ot refractvee twdiets
(P 20 1.333) by-the media with vhe-indesx-of~reflection which—ir near
the wvid ° al

ﬁb-that of the cuticle has permltted to-include-as—objects epldermis Ctﬁ?
from leaves of many species of plants which were absolutely unusable:

- for micrpscopicﬁ} examination in water,

2, A Campafieon of Different Criteria of Cell Resistance to Heat

~ .In order to evaluate the hweat fesisfance toward—the-action:.of
bignﬂfﬁﬁﬁérature, it was necessary first ofeali to select .a criterion
- by which it would be possible to judge the}degree of injufy of the
cells after a certain dose of heat (Alexandrov, 1955). Such eriferia
a:8: respifation, photosynthesis, exit of substances into the medium,

represent general categorles whnch characterize the tissue as a

: whole. Only after application of dlfferent mlcroscopzc&} methods

CONFIDENTIAL
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of :.nvest:.gat:.on, ﬁ:h._s] possible. to judge mﬁzthestééé"&é;igallve.
‘ S
_ .%e guppression of plasmolys:.s and deplasmolys:.s, the exz.t of

pigments from the vactkles, the:-@hmge of vi.tal sta:.m.ng, luminescence

of the chloroplasts, and also of the fluorochiomes introduced. into
SCreaming
the cell, the depression of tie- prot flfsm.c motion, changes in
050 N *j

the cytoplasm and the nucleus during: the phase contrast and:rbtw
dark f:.eld m:.croscopy, change in v:.scos:.ty which is measured by the
shape of: plasmolysisyor-by: cenj:rifuga’biorr- all these are used as

criteria of :mjury -Before select:mg from th:.s list the most
resipant 6l
suitable cr:.ter:.on, it was necessary to compare their indications-

during the different degrees of heat injury. 'I‘he experiments were
VW ,
conducted as follows. E—z her x@hole leaves or pieces of leaves

were + into water heated to a des:.rable temperature. f;on:experzme.nts

e e e i

N e e

'aﬂd:x«hea rplaced in a thermostat feor »five m:mute—a?s. Only the h:ea#

[

temperature was varied After th:ﬁ. “‘px ln.m:.nav-y treatment -observa-
"”"’L“"L“«.L P’Y"O‘PQY'C‘)G’S Vo SO0 Ao 4 k

 tionsoWeremade-with-this-—orrthat-dn :'.r; “nov The respiration was
measured :l.n Warburgiﬁ\apparatus. The. iahotosynthes:.s was measured
by the radiometric method (Zalenskii, Semikhatova and Vosnesenskii,
1955). Tﬁé‘;ital staining was done with neutral red. As a fluoro-

chrome, acridin orange was used. The changes of luminescence of

Undey
the fluorochrome and the chlorophyll were observed in a lum:mescence
with veflecTed 54 e Streaming

" microscope in-direct light. The ~motion-of=the protoplasmyfvas
judged by the motion of .the spherosomes. The exit of electrolytes H
“ . was detemiped by means of a‘l.ectroéonductivity of the mediuth. Tire
}iscosity was measured -by’the' displacement of the nuclei‘ after |

centrifugatn.on. To«ebﬁam«the*p..aﬂmolysxswthmlum.cﬁ *ﬁf KNOz
i for pPlas molysig

was usei. For v1ta1 sta:.n:mg and study of 1uminescence the mater1a1

ws{ts infiltrated with the solutions of the dye and the fluorochrome.

-~ Declassified in Part - Sanitized Copy Apprbved for Release 2013/02/14 - CIA-RDP80T00_246A024200230001-7
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The rojette leaves of Campanula persicifolia L. and the

T

leaves of Tradescantia f£luminensis Véll.}were the main objects in

these experiments.. Results obtained are illustrated in figures 2 and
p SN -

3. The numbers indicate the temperature G@tba £ive mlnute# of heating.

The b%Pav1cr of each Indlcator of injury is shown by the correspondlng
. < Aavréa - AT

strlping.- The beglnnlng of the stripe for each indicator corresponds

C—.
to the temperature eﬁ-heatinc-asﬁvm~wh1ch 51*3u deviation from the

S1rs €
norm is observed. The end c£~thewatrxp&ng indicates the temperature
STy caoming

which shows the maximum inmury. For example, for thﬂ~momzen3 the

aea
photosynthesxs ané the resplratlon the beginning of the stripe would
.9 re (4*"') Ui
correspond to slcwgylng of the process and the end of -th =stripe to
CQ.SSQ'('O

v-its finél stoppmngd During the vital staining of normal cells, the
dye 18 accumulated in the vacule and the nucleus and cytoplasm remainL
colorless. In the 1n3ured cellslonr a reverse process takes place,
The dye colors the cytoplasm and tne nucleus and there is no concen;

trat;on of the dye in the vacgles.

tF(g}‘2, _ ’ “After heating for 5 minutes:the injuzy to the epidermal cells

- of Cémpahnla'persicifclia begins to show at thextemperature 56°C,

' with‘g’death at 60 °c, This is Judged by - plasmoly31s and staining
with neutral red (flg. 2). Ifzbe judge by luminescence of acrldzne

orange, or by resplratlon of the tlssue, it is possible to conﬁlude

A
that the inJury takes place at a lower temperature, ,Entirely dlfferent
avrived qt Lyaw The chasges 1n 1o STvear mg’
conclusion could be maﬁe, ii_the—mob&on:of cytoplasefls—eonSidered—

SLreaw )

as-an-indicator, After hgating to 39°¢ tﬂa~pnotaplasmxc=motxon-slows

coming (o

down considerably, an%lcomplete grrest of-motil
tempeprature at 44°¢.

DeCIassified in Part - Sanitized_Cdpy Approved for Release 2013/02/14 - CIA-RDP80T00246A024200230001-7
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To evaluatevfhe:degree of injﬁry; it is necessary to
consider to what extent the process ie reversible; fWith this
purpeee in_mind,'pieceq, whiéh~were heated beforehend at different'
temperatures for 5 minutes, were left in tap water at room temper-

~ature., The examination of thes e pleces after different perlods of
' STreawm

time showed, that in the cells with arrested protoplasmlc motion,
the latter can be restored even after heating to 52°C, The higher

the temperature of heating, the more time is required to restore
SCreaimng an

the motion. Fig. 4 111ustrates the results of such experzment.
Nine pieces of a leaf were heated at different temperatures between

40%nd 54°, After 5 minutes heatxng at texperature 45.2°and higher, .

—M . ')V'LH AN u. QJ\ /1/\6
all cells showed -arvésted totion of the protoplasm (dashiug). After

40.4° and 4L.5° the secession~of motion took place only in a part

of the cells--indlcated by heavy line and dash. During the following
STveaming
days gradual restoration of metéon—wae noticed--heavy lines. After
S'tvaay-\;hs
heating to 52. 29 the mbtxon was restored only after 12 days, and

-~,v\o~r" mn

not infall the cells. The heatlng to 53.7° stopped the motion
'-_irreversibly and led finally to eomplete coagulatlon of the proto-
plasm, S : ,
In the parenchymal cells the heat resistance of'ﬁhh proto-

plasmlc motlon is near that of the epidermal cells. Qhe‘photo-

ke Streamivy
synthesis,~eim&§5@mte§§me protoplasmic motion, is quite sensitive
’ Yamge
towards the action of high temperatures, The Pimit of reversible

o : thaw
suppression of photosynthesis is smaller, as-comparsd-with that

1t STyoqwim gy
of theémntzanrof protoplasmAFLiutova, 1962).,. A
v
“After heating to 39° a definite decrease of luminescence
A

of chloroplasts of parenchyma& cells can be observeﬂ through a

luminescence microscope. With the increase ef temperature the

“ Declassified in Part - Saniﬁzed Copy Approved for Release 2'013/02/14 X CIA-RDP80T002'46A0242002‘30001-'7
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luminescence becomes more opaque. Tﬁk4£emperature hlgher than -
tummesetm e

57° causeﬁ'almost complete.gessqtion of eue chloroplasta* humination-

floss
and exﬁress&n of chlorophyll taXuS place, whip%ébecemJE«ebsorbed

‘o -the -
-~ hy lipid globules found in these cells, The lipid globules begin
to luminesce bright red (Kiknadze, 1960).

Similar results were obtained with the leaf of Tradescantia

fluminensis (Fig, 3). 1In this materiel e plasmolysis, thev

respiration, and the exlt of anthocyanin from the vacuoles -- S
were all signs of a very é;:§”2211 injury. These three indicators
do not show deviation from the normal condition even after heating
to 52-54°’ wﬁieh causesairreversiblqu?og?ege of brotoplasmic
imééiﬁﬁ;_ The-motion-of-the grozelase? t;e ‘photosynthesis, and the
viscosity give indications of earlier stages of ingury. The exit
ofeelectrolytes-occup§e an intermediéﬁ? position, .

The results of these experiments, which aﬂe.conflrmed ;;fk
some other material, show that in a wide range of temperature,
equal to 20'-’30 degrees, th;“increaae ég temperature during the
5 minutes heating is followed by tﬁg7gradual,increase oﬁmﬁﬁg cell
injury. The signs of injury appear gradually and follow a
definite sequeﬁce. - A similar sequence was observed by Glubrecht
(1953) after the action of ultravxolet rays on the epldermal

. Stawtvial
cells of onion scale ¥£f and thedhalrs of stams

=47 Tradescantia

virginica, | ' " o
| When.we see a cell with coagulated protoplasm after
heating to 60° s there is nqg doubt that the cell is dead. However,

Q'V\ (l?(qc/r J\Q_‘{S‘,.‘Ihxiw(.\.tlu‘v\ o /"""’“’ “'--—~...._ e e :( /}l\" E’o;“T
eoeaebeeminewexactly'ét wmat _Lower temperature oceurs the deatih

of the cell¥is impossible, because between the cell which is

" Declassified in Part - Sanitized Copy Approved for Release 2013/02/14 - CIA-RDP80T00246A024200230001;7
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} ‘ alive and that which is dead there are numerous intermediary

e PV T s e —

transitionst//To determine a—ﬁiace in the temperature range “which

e Bae )
/ could be .considered as limit between the life and. death of the

/ /
P i
fgf'“& Y cell proved to be impossible, because this limit depends upon. ,//
\the cgiterion of measurement selected.; The limit of reversibillty

- of suppression of photosynthesms in the parenchymal cells of

Campanula persicifolia is at 48°; the limit of reversibility

Cssatii ,e-z,rc'z‘»»».m? . o
of secession of motdon in these cells is at 51 (Liutova, 1962).

In the epidermis of petals. of Campanula persicifolia the limit
C\‘:‘:S“\-vw’m .,:.l‘a’:"(l‘r‘n Y
of reverSLbility of the secession of motion is at 49°, However,

reversible suppression of plasmolysis in these cells was obtained
in the rauge of 514539. But a few days later the éaue cells had
perished. A restoration of certain functions of the cell, and
unrepairable damage to others is observed both in plent and animal

Gubjaction To Yaldwl on

cells after lightvactiouk(Blebl, 1936); .ﬁﬁffiﬁ?f?i? 1948).

Thus, after the restoration of thigworitliat function in
the injured cell, it is impossible to judge about the total recup-
eration of the cell as a whole, Observing the temporary restora-
‘tion of a certain function in a cell, which was damaged beyond
repeirs, one wonders how deep is a tendency towardS»ncrmelity in
the living cell system. N '

After comparlng the behav1or of different indicators of
cell viability during the injurious action of high temperature,
we have selected as the main 1ndicator of heat resistance of the

cessa’tzow 5% resming

cell the secesston of~the:protoplasm1c-motion. This lndicator -

had the following advantages: (1) being a cytological indicator,

* Declassified in Part’; Sanitized Copy Approved for Release 2013/02/14 : CIA-RDP80T00246A0-24200230001-7
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it gives an opportunity to judge the condition of each cell
separately, (2) it belongs to the most sensitive indicators of
4 “fy <\.ﬁ.mtwﬁ

heat injury; (3) during observatlon of tie protoplasmlc motion
the tissues are not subjected to additional substances, whlch
could increase the in;ury.tontheisezy (such as vital stalning,

es e . _
fluorochrome*ipn, plasmolyé a) (4) the test can be carried
on with the same cell several times, and the observations may

last for a long time, The drawback of this method is the fact

that not all the tissues exhibit protoplasmic motion.

3. The Curves of heat resistance of plant cells,

As the measurement of heat resistauce of plant cells we have
And Stree g
used the correlation between, the time durlng which the.motion@wes~

P?}’ql‘;\—.‘_\ (P -____,__...,t-»._..

retairetd-and QES temperature of heating Thls was calculated for

the zone of injurious temperatures. These experiments have per-
' O-OS(‘CSS\'&
mitted us to draw a curve of heat resistance, the hnrlzonxak~part
Sv A iwm at g
of which indicates the temperature of heating, and the vertical #¢

<Y e e an w8 ul‘:"\"wf""r v
the time during whlch.theameﬁienﬂ:&mretaluee..-Wlth the increase \w»
L o C&Ssatmm TSt earanw
ef temperature. toﬁsnme=éegrves,'the time eﬁbﬁhe secezeion of motdion
"“""‘""ﬂ~"”w"‘”~m T “nﬂi N ;r S e -w**‘””’"””v/
decreases. aund:dingly. If such relationship remains-at all the
A VF o Aot 1S
temperatures, and, the verticalt=line=gives the logarlthm of the

Lo <he blol
Foyf time of development of the injury, i& w111 form a

B S

straight llne. In Fig, 5, 6, and 7 are given typlcal'curves

obtained in similar experiments. Aéeerﬁing%y,‘Ii the zone of
at
hlgher temperatures, all the! pOIntS rece ived-dn:the experzmen%ifall OV

s et TS

dmtp a straight line. A constant, reverszsle parabolic relation-

ship exists along the straight section of the curve between the

duvia g wwieh The streamia, paywsisis awd

time tha_motton—ts~rete&ned:awﬁ-vhe" ggree=of the 1n3ur10us

temperature.' We have obtained curves of heat resistance for
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almost 40 species of plants, -enmAtlhe majori.ty of the cases the
abovementloned relatlonshlp is disturbed 1n the region of low
temperatures and the curve makes a  sharp turn- downward, More ﬁgl—'
;about this-point will be said later. The heat resistance of cells ,‘
is thus characterized by the position of the curve on the temper—
ature scale, 1ts éﬁéiine, and the point of its break

The position of the curve on the temperature scale may

vary‘cons1derably<1n dlfferent.plant apecles. As for example, the

alaa Peridinium bipes Stein stops protoplasmic motion after .
5 minutes of heating at 350; the epidermal cells of the leaves

of Zostera marina L.stop motion at 36°; the epidermal cells of

certain cacti stop motion at about 52-53°,

In animals, similar semi-logarithmic graphs WQ
straight line relationshiﬁbbetween the injurious femperature and’
the time of loss of excitation of the muscles, or the §2§§eé§§$f“
of the motion of cilia and flagella. Here also, depending gpon the
species, great variations exist in the position'pf the curve im on
the temperature scale. For example, after 5 minutes heating at
30° the motion of cilia stops in the ciliated epithelium of thev

mollusk Pecten islandicus, and in the birds (pigeon, rooster) --

at 49,2° (Alexandrov, 1952)., The ability to respond by contraction
to the stimulus of an electricﬁﬁ current is lost in the muscles

of a sea mollusk Chlomys islandicus after 5 minutes heating at

28,5° y and in the terrestrlal mollusk Helicella virgata after

heating to 53, 2° (Djamusova 1960 a, b).

CONFIDENTIAL
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The question 18 raised, what determines the resistance of
cells towards the actlon of high temperature in the zone of the

right, straight section of the curve? Tovanswer this question it

Slor e
is essential first of all to look at the incline-angle of the :
Som  Slope livie PovTiom . ) ale,‘fvwmef_
curve, Tﬁe incline of the straight section of the curve eXn-indi-

- fav
eate the temperature coeffz.clent<Qlo>e_ ~t¥e heat in_]ury of the

Tha _ .
protoplasm in the given zone ofﬁscale. In Table I are presented

values of Q. for certain plants studied, The meanirﬂ:ﬁf'Q

‘aU"
most‘dfiihe-chemlcal reactions is thhln the limits of 2-3, the
valves obtamed ave (v The ,
~figures received by us hivé:walues—for hundreds and thousands.

Nalpes e B ;
Similar conditionis found im"the animal cells (Ushkov and Gasteva,

1953); In tid processes observed outs ide tﬁe organzsms, such high

p‘
-~ ‘ KT

values of QLo are known onlya;n-the denaturmﬂg of proteins by
[lmg aj0
heat, This fact«haﬁ convinced a number of investigators that the
cavse € oliown
founidation of heat injury cf-the cells is-baged-on the denaturiis
of the protoplasmic proteins by heat (Loeb, 1919; Lepeschkin,
1923, 1935; Collander, 1924; Astaurow, 1940; Nasonov and Alexendrov,

1940 and others). Aside from the very high Q10 additional evidence

euggesfé that ¢he proteins extracted from tlie cells with high heat
re81stance aéécméiveﬁ? are re31stant towards the denaturlng actlon

- of heati#i¥. The f%é;fes for plant cells were obtained by Khlebnikova -
(1932), A large number of stndies show the presence. of highly heat
resistant proteins in thermophilic bacteria (Koffler,‘Mpllat, and
Aoye, 1957). Brown, Nesvetaeva, and Fijenko, 1959 have isolated

- actomyosin from the muscles of two frogs, the southern frog Rana

»rldlbunda, ‘and the more northern frog Rana temporaria., In accord-
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ance with the greater heat reszstance of muscle flbers of Rana

acte
" ridibunda the myoszn extracted was more: resistant to heating as
e ———— C ATPoase
compared with the myosin of Rana temporaria (ad+nes&ntrtphosphabase-

activity of that protein wasjzgalyzed)ifsee algso Vinogradov, 1961).

Thus, the thermoresistance of cells in the zone of higzh

temperatures is determined first of all by the resistance of proto-

plasmic proteinsg towards the denaturing action of heatid The

straight line section of the curves of heat resistance of cells ¢S q

obtzined bwiusg should be regarded as an indicator of heat resistance

—— e e ot
o e s I P

of protelns-whim‘%onpec?:ad 05 i.h he: “Function of &ro ot i oneof

ey gy RN

k,-thg- Jrot Qplagm "C s 'C"r v i Wi } o T | e

L

i AT

Limes S‘.nslt.w:.ty and the reverse quality--il® cell resist-.

ance-—arilboth measurements of the results of action upon the cell
aM wmAtvedvald
- of this“or:that stimulus. In a study on the injurious action of

—raﬁea 1o : <d
Tigh® on 1nfusorla I hawe shown alréady. in 1952 (Alexandrov, 1952 a)

that the result of the action of a stimulus(by which we judge the

cell resistance) is determined not only by the primary disturbances -

L

caused by it but also by the secondary destructive changes which
develop as a result of the primary disturbance and, 'in'additicn, by

the defensive processes which are developed by the cell at the
) (‘_QSS&t)m\
moment of actlon of the stimulus, or after its secession.

4, The reparat&on of heat injury { Streawm ing)
=t | "w/ng

The cell in which therwstiihof protoplasm hag been stopped

by heatz.ng is able ‘to restore this function if the heatlng was not

th2
excessive, In thi cages when the conditionms of experiment permit

LY Pa .
the—oeeurrence=ovf=the-reparatory =action, the heat resistance of
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protoplasmlc proteins is not the only cause whzeh*ﬁetermmnes:the of

heat registance dﬁﬁﬁhg cells, For example, after 5 minutes‘of

c.gssw&-on . s‘Creem\mj o
heatlng the seaesaznn of protoplasmic metfen occurs at 44,7° .

in the epldermal cells of Catabrosa aquatica (L) P. B. (experiments

of Den'ko) and at 43,.5-443 in Campanula persicifolia. Both measure-

ments occurred immediately after heating. Therefore, we may con-

‘clude that the cells of Catabrosa aquatica are somewhat more reslstant

-as compared with the cells of Canmpanula Eersmclfolia. However, 1f
e were to determine the results of heating byﬂnetxaamo£~bhe proto-
S'CrQQ'mi"‘i, 7 Vv & Aot uly
asm not azrnnoe.after removal of the pieces from the thermostat
but after a few days, we would have come to a different conclusion

because the ability of the cells of Catabrosa aquatica to repalr

the heat 1n3ury is less than that of Campanula persicifolia, Whereas

. the 81ngle cells of Campanula_ggrslclfolla restore the protoplasmic

- motion even after heating to 51.5%, the cells of Catabrosa aquatica

can repalr the motlon after 5 minutes of heating to 49, 0 only.

Therefore, after considering the behavior of the cells in time, we

come to the opp051te conclusion; namely, that the cells of Camganula'
tham
Eer81c1folla are more heat resistant as..o *“aﬂedmwi%h those of

Catabrosalgguatlca. Therefore, in this experlmental set up the
o b ht
difference in repar: atwrﬁféﬁﬁﬂﬁﬁ'aty had overcome the dlfference in
ther mostebi ity :
heat:résiztance. of the protoplasmic proteins,

The above considerations have to be kept in mind when the
sensitivity of different functions is compared within the 11m1ts
of the same cell. Fig. 2 shows that in the ,cells off 1: M\Eggggghymg)

'eﬂw“.) C(Ssa}tco%\ ';’:&,9“ i 8 OcCeVyy

.£mwm Campanula‘per81c1folla complete secession of th£~@og-en aftercx

5 minute heating oeccums at 44 To depress .completely, tha

————— -—-—..—-—-”’ »
553;;;-th331s heating to 46° isg requlred Judging by this indicator,
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f e Strcamed
it is possible to conclude that ﬂﬁamﬁﬁﬁ%“*@nwcfwmobiaw is less

heat resistant than thgawaﬂwKW%-photosynthe81s. However, the
v
wgve»\ew

'parenchymaf cell is @ﬁbable to restore the mamwwn even aftér 5ﬁ5? :
'Z 3’? -0 .
qf heatlng, whereas the photosyntheSLS 13 1rrever81b1y suppressed

after heating to 48° (Liutova, 1962). If we were to 3udge, there-

v(;\eﬁ:@\
fore, sbsat the - senslt;vxty of these two éunc tions several days
after the action of high temperature, we would #3we come to the

- - St?&o W\l“j
_ conclusion that the-motion is more heat re31stant agcopared Cha sy

w;thwthe photosynthesms.
When plant and animal cells are conpared some 1nterest1ng
differences occur in their abllity to restore tits protoplasmlc
'}.wecmon'after the 1njur10us action of heat., . Table II shows corre;

S 2O0mR
sponding data for certain plants., Here we see that the terreratnne

q:\;S>between the temperature whlch stops the protoplasmic

i

%teer_mlnutes & heatlng, and the maximal temperature
rm——, Q-C “\‘“"“‘i/ CJ;/&

after which thﬂwmstmun could still be. restorea/' The abllltx{to '

SCrecamin
wolion

restore iae wo which haﬂ been stopped by heating ir-animal

<celks- is considerably smaller. After 5 mlnutes heating of the

ciliated epithelium of frog, the zone of &¥® reversible suppression .

of motion was only 1.2° higher, than the temperaturé which stops the
. . the
motion of the cilia (41.7°). In mollusk Unlo pictorum and in
fess )
Parameolum caudatum this zone was smaller than l° ‘(Alexandrov, 1955),

) The cause of such a difference apparently is as follows:
Experiments'illustrated in fig. 2 and 3, show that in &ie.plant o
cells the dose of heéting required to stop the motion is lower than

that necessary for disturbing the selective permeability of the
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‘protoplast and tO'incpeeee:the effinity;towards dyes by‘the'
c&toplasm and the‘nuoieuo.~rwe haveﬁshown fhat the increase. in

* absorbing capacity of.the protoplasm towards the dyes.after'ﬁh@
action of various ingurious agents is the result of the denatur%igon
‘changes cf-the proyplasmlc proteins (Alexandrov and Nasonov 1939,
1943; Nasonov and Ale:androv 1940; Brown '1948 a and b, etc ).-
Therefore, the proteins of plant cells which are connected with
the function of motion of the protplasm are far more sensitive
towards the denaturlng action of heating as compared with the maln'
mass¢yl of proteing o thiﬁczfggiesm and the nucleus, The pre-
liminary investigatiocns carried with tfe animal cells show that
the temperatures which depress the motlon, and those which-
increase the affinity of the orofﬁlasm towards the dyes'are much

closer, This indicates that in #h2 animal cells there is no sub-

A 15 evence
. stantial rifit between the heat res 1stance of the contractile
thatT of
proteins and the main massg” of the protoplasmlc proteins, . Con-
A cLssalmn

sequently, the seecession of ths protplasmlc motion (or the ability
R

of cells to ccntract) occurs in the¢ animal cells with suih doses
Fhoaw TN the coce o+
that injure the whole cell system more as—compared- ith the
Cesea, f"m*»\, { Pxotoplasmrc, '
secession on/”mlon ofugmobop&acm in e plant cells, Under such
Ve oq v P OF ¥ SUI
.conditions &he~ =reparation—oiithe cell becomes hanclcapned because

1t{353iffnf}z/§§}an expresszon of the living activity of the cell.
Therefore, in certain cases the renaturing of the denatured

protein may take place immediately efter the removal of the |

‘denatur;?g agent -- homodromlc LFERTEY) reversibility, for example,
oLviow,

denaturihg of tripsin and ch1motr1ps1n by heat (¢unitz and

Northrop, 1935)., 1In other cases, the removal of the denaturing
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“agent is not sufficient and more or- less complete reatoratlon of
the original native condltlon could be achieved only after tha
5 addltlonal treatment of- the protelns--heterodromlc reverslblllty
(see Neurath, Greenstein, Bﬁtnam, ErlckSOn, 19445 Putnam 1956).
The restoration ofvtha protoplasmic motlon after heatlng-requlres
considerable time.‘ In accordance with the dose used, the perlod
of recuperation may last up to 18 days, In connectlon with this
it is loglcal to assume that the restoration of the. motlon takes
o Aplace either by means of a heterodromic reveralblllty or by sub-'
‘stitution of the denatured protein molecules by newly syntheslzed
~ones, In both cases it is necessary to assume the necessary‘A
lparticipation of the active~meta}bolism of the cells. Therefore,
it is logical to expect that the success 5£t21,Lfi%ﬁ;n of a certain
function degnda upon the degree of disturbance of the whole cell
system, ‘ |

* ) ‘. L“ -
5. Thz Heat hardening, or the increase of resistance of

ex poesvv €
plant cells after ccaéﬁtﬁbnlng to hlgh temperatures.

2N The heat resistance of cells is determined not only by the
thermootab, Ty
 heatrxesistance of the cell protelns and by the ablllty of cells

to regenerate after the action of high temperatures but also by

. a‘O'C/OW O'f
the increase of resistance in response to the cofditioningaby high

| temperatures,as'our investigations have shown. The information
tht
in the literature about acapacity of plants to 1ncrease their heat

el

resistance after heat treatment is contradictoryvanq«based przmaoaly
on e cytophyszologxcal methods of 1nvest1gat10n (Sapper, 1953-
Biebl. 1950; Laude and Chaﬂgule, 19535 Coffman, 1957).
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- N
S ' ,
. An 1ncrease oﬁmthe heat res;stance of cells in response to

’tﬁaaconditioning\bynﬁamperatureo» .v~1—~heat hardenlng--had been
establlshed in our laboratory fogg more thannﬁo species of plants
belonging to dlffergnt_fam;llgs. The following problems were
investigated: | o
: ' aQ ' ' ‘ on
(1) Dependency of the:mssulbs of heat hardening frwm
| | a) the length of time of heat harden;ng
b) the temperature of heat hardening
c) the initial heat resistance of the cells
being hardened
(2) Reversibility of heat hardening
(3) Relatioﬁship of the hardened cells towards
’other'injuribus agents. |
Flg. 8 shows the depenaenc¢ of the effects of heat hardening
of the cells of Tradescantia flum1nensms f“z;.the duratlon of -
~ hardening at two temperatures, 36,5 and 33, 0°. In these experiments
every leaf was cut in two. One half of the leaf wasigiggég&lnﬁé
water at one of the indicated temperatures, the other, control,
hﬂs remained in water at room temperature, After different periods,
1nd1cated on the 55;33;22;1 1ine, the temperature whlch stops
ST eaminsg

Ll pro%plasmlc moetion after 5 minutes was determlned in both
tn

halves of the leaf, As seen | £rgmx“%e fig. 8, a definite increase in
S .
-of heat: resistance ! glven temneratureglg?s obtalned after 30-60 mln}f

The greatest heat resistance was achieved after 36 hours of hardening.
m’?ui‘f Chiy o Atcvr@age accuvrye d

Aféecreﬁseﬂwasfbbsenneu_along.the~earve, and with still longer periods

of hardening, the cells Bad perished. 1In the control leaves a certain
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%I.III LLL g

increase of resisténce is also observed aftgr they are removed
from the plant, Thislhﬁélbeén dbsérved'by us in a_numbef of
plants.‘  i. ' | " |
The dependenqy‘offgeat resxstance of cells gpon the
tempeiature to which the cells had been subJected durlng a constant
' period of heating (16-18 hr) is showm in fig., 9. The heat resist-
~ance of leaves kept at 18° served as controls, Within thé limité

of 1° to 26° a prellmlnary treatment with heat does not affect the
heat re31stance of cells. The cells respond with aha increase of

heat-resistance only after the action of higher temperatures. The
a Uynder
maximum effect of heat hardenlnd (1ncrease of 2,1 ) occurs in these

conditions at 37,5°, Still hlgher temperature killg the cells, :
Qa coogulatioyn
Bukharin (1958) obtained increase in the break¢nv point in the, curves
/e FT#I Las oF

eﬁfpaete;n,anuau&atman:iﬁfthe protoplésm mn Lutescens wheat after
keeplng the plants at 30° ; however, the breaklng point hkxd dropped
consideérably 1f plants were kept at 35° '

After the- heat hardenlng)the reszstance of the cells
jincreéses not only towarda the 5 min heating, but the whole curve

of the heat resistance of cells is displaced. In some plants after
slope
hardening the ineltine - of the curve (Qlo) changes (£ig. 10), whereas

in others 1t remains the same (flg. 11).
« al

The fact that the cells do not change- thelr{re31stance
L wilhin oo

' #owaz&s;hcatxngmdtrlnga~he wide range of temperatures but begln to

' es
respond by increasing the re81stance when the temperature 3 reachaxg

ted ¢x o c<~‘»\£ g
the injurious zone madeius.presume that the heat hardenlng is tﬁe$= Oew.~
reaction of the cells exectly towards the 1n3urlous action of &=

heatfng., To verify this supposition a series of experiments was set up,

BUNHBEN'HM.
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In Fig. 12 €2 curve (1) shows the influence ofﬂ;emperature

£ w (duration of hardening is 18 hr) upon the intensity
: : '“-1?,0

 hes

of photosynthesis &2 the leaf of Tradescantia fluminensis.‘ﬁﬁther

imdicate
curves represent the dependeney f*bﬂ the hardzning temperature

(2) and of nhotosyntneuis (3).
of heat resistance of protoplasmlﬂ motloq/ When these: 'curves 'are
¢ompared, it becomes ev1dent that with the increase ef hardenlng
’ (wklo\\ RS L .
temperature, paralleled wi %L :he increase oia%hezce-ect:nf hardenlng
there is a definite suppression of photosynthesis.
o . . N '
The depressiwe action of hardening temperaturalhas been

&
noticeg in the experiments of Kisliuk on young plants of cereal

 grains, After 18 hr oF hardening at 36. 6° s together with the

et b

~“increase of heat resistance of plants, there was deflnlte 1nh1b1tion

of

. oEuwgmowbh egual~to 15-25%, as compared with the controls. Addl-

tional proof that the heat hardening is the reaction.of the cells
towards the injurious action of heating can be obtained from‘ﬁﬁeé
experiments which determine the connection between‘the hardening
temperature and the general effect of hardening in plantq, whlch

differ by—theer heat resistance. Thcse experlments were carried odt__
tead

with the epldermal celﬁ;fof sheathS Ivzves of grasses. From fig., 13

In ordt_y-

' we see thatlé#%E¥n&8-hﬁfneat?h&fﬂ@ﬁ&ﬁg\to increase the cell

lw'
resistance per 1° ’ the hardenlng temperature required is: for

Dactylis g}omerata L. --30 ; Phragmites communes Tr1n.--36°

Panicum miliacaeum L. and Eleusina'indica (L) Gaerth, --40- 4l°

The results. obtalned agree co“pletely w1th the differences in the

heat res1stance of these grasses- ‘thus, the temperature which
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stops protoplasmlc motlon after 5 min heatlng in unhardened

cells of Dactylls glomerata is 44 0° in Phragmltes communis

is 46,0 ; in Panlcum mlllacaeum is 48.5°, and in Eleusine indica

. o )
is 49.0 . Therefore the cells whlch are more heat resistant
: PN C-‘&‘(P
in the orlglnal state regglre hlgher temperature, to obtain #he o
- cixe,v_~,,<~\ e
effect.c&:fgggigzag§ or the given periced of time,

N\ ——

ir% ta consider that durlng the heat hardenlng the 1ncrease

i
ef resistance is a result of adaptation, then not only the

temperature, but also the duration of hardening is essential.

we, . o . . . .
However, if %o consider this process #&s a reaction towards the

intensity of the heat injury, in such cases the main significance
should be attributed toa:rﬂx the do e of the heating, but not.

the duration. Lomagin (1961) has studied the possibility of

e 3
decrea31ng the time of hardenlng Wlth the increase of the

[l iR ¥

._.._--‘W

cells from leat egeéermts of Tradoscantla fluminensi Campanula

persicifolia and Chlorophytum elatum R. Br. aftex;l.second

t

-

action of high temperature. One of his experiments is shown

in Table III. During the short time of hardening, the rise at

OGeurs Very 'v"étP['it

resistance Le~tak1ngaplaeeneeey-f&st :Et can be detected already
Perio d

afser 5-10 seconds after secesuionzof the 10 seconds of hardenlng.

e .
W;’ Theﬁﬁacts, abovementloned‘ led us to canclude that the E

/ increase ei heat res1stance of cells durlng the heat hardenlng

a
is the response to the injurious action of heatlng.

| In the abovementioned experiments the effect of hardening
™
was determined by the increase cﬁ,re31stance tnwarés’heat' as
proto Bla s mic »\rtawxl\d o \_./’

measured by the4motioﬂ~o£mthe_protoplasm. However, the decrease

e

et e e 2o i [Ees. IR —
7 /SI‘WIIQT vesvltS were obTarmed wvi ’CQVL* of Caw Pa“v’q)
puvsierfolia Dae?yhs glomeraTsa, ‘*C"c“""t"t‘”‘“”‘ vulgave /
: (Zc\,qu-SkaJ.'a 1?53); ; e e e e i e
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1 alse :
¢t sen51t1v1ty towards heatlng after heat hardenlng canqbe deter-

‘mined a¥s® using other indicators. As compared with the control
the hardened cells require higher injurious temperaturg to suppress
Hhe plasmolys13 (Alexandrov and Fel'dman 1958) for llberatlon of

v anthocyanln from the vacuoles (Lomagin 1961), “exit of electolytes_'

into the medium (Derteva), for the suppression of photosynthe81s

reption.
(Liutova 1958) and respiration (Llutova 1962), for the dls#a@@;nce
the

- of llnk between chlorophyll and chloroplasts with extru51on of the

former and its absorption by the oil globules (Kiknadze 1960);

LS "//’q\e

Thus, . #ae heat hardening £s affecti®y entirely different components -\

of the cell in regard to the action of high temperatures,

An interesting problem is raised in this connection: does the

heat hardening increase the cell resis tance_ _towards .Bhe heat/onl
alse P —

e s s’

- or doeshi*Abecome more resistant towards other injurious agents?

b |
. T— ¢
We did not find An the 11terature any 1ndlcatlouﬁwhether or not the /

e "'*-\___.__N_v_'_n'_/,‘

ot e S A O A

increase in heat resistance in plant cells is specific, In e

' o
animal cells it was indicated in a number of papers that adgpta-

o ——— e

tion of cells to a certain agent can produce an increase in their

resistance towards,other stimuli, which can be entirely different,

both physically and chemically (Daniel, 1909; Neuschloz, 1920;

‘Haffner and Wind, 1926; Orlova; 1941; Paribok, 1948; Trifonova,

- 1952; Barbashova and Ginetsinskii, 1956; Polianskii, 1957;
Shliakhter, 1959 and others). | o - \

The response of cells from the leaf epidermis of Tradescantia

-£luminensis hardened for 18 hr at different temperdtures, towards

~heating, ethyl alcohol, acetic acid, and ammonia, is shown in !
im

. T i
fig. l4. With the increase of=the, temperature-og\ggrgeﬁirg; the ;

N sabrg g S

cell re31stance 1ncreases not only towards Hive heataﬁg, but also !

03 g
o ,""

(O\'WA\ {é, ()(}gyvf,i};,.\; o-{ »{;’\& _ mqlc!- 'oe,.,wccv\ ck/ovapn).// a».a(' “f:l«c\}

) ,.\\_' .
Lipe protiim com pleax( Liviova /953 /
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towards <he alcohol and acetic aCId In regard to ammonia the

The, vresults
cells did not show any definite 1ncrease of res1stance In
an.

WA
Table IV an=experiment—is showpt witich increasegd 3

fid resistance

An
of the cells towards _the hydrostatic pressure. Tie increase of Im

resistance towards alcohol after heat hardening was found in the

cells from the leaf epidermis of Zostera marina (exper, Fel'dman

and Liutova), in the cells of parenchyma of Campanula persicifolia

. v - 7922 b
(Kiknadze, 1960), and in Podophyllum peltatum (g=pex, Llutova) <

| a7 \\
Our further investigations &g 3§ Hitd—to determlne the \
ddme duration of the effect of hardening.

\

We have found that R

this condition is labile, and during the first 24 hr: a definite

decreasewln resistance of cells toward
‘M—-—-—-‘m\-—..._,_-‘““
as well as to some other factors.

8 heat 7 tukes place (flg. 15),

Thus, we have found, that the plant cells may react to a
@ -

large extent by, nonspecific reversible increzse
. A

i .
¢f resistance

towards the action of a high iniurious tempe rature,

— - e e
e e

} Eé—te—eeﬂsrﬁér“thtsmﬁaet,from the point of view of the
ation

denaturﬁhg theory of injury, the results obtained are not un-

in
expected. In order to explain the increase of resistance of the

————. —

cell not only towards ﬁﬁe'heat4ﬁg,

——..

but also towards other 1n3urlous
agents, often quite dlfierent 1n thvidar nature,

S ——

it is suff1c1ent
" to realize that a% the basg of the adaptive 1ncrease of heat

———

‘resistance durlng the heat hardening is a certain stabilization

- of the native state of the protoplasmic proteinsJ/Aicxandver Aeuc), /

e e AV A st T v e 4w e < S T,

S S "«a’

LD“’WQSI’\.) A’*\d'ra)'ov’u amw ¢ Yeécently gshewad aw Ingvyeage -

|
Cot
1 vess/s Camce Lo ethy! el < Cws, and CdLf, o f heat l“""""{e"e"{f,'

cells o8 Tredescamtia. e S '

e 7ty A gy o
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6. The protective reaction of cells at the moment of heating.

. A ' : . ) ~Jre
As had been indicated above, the right ',straightr sections of

. o . e
thea curves of cell heat resistance (£ig. 5-7) express the dependency

el o ™ alron

of “Ffi‘«"hmoi.lon af iprotop}.acn mm the spx_ed of heat denaturiwg of
/

R i

Ad

e e

certain proteins which are connected with the -f nctionwof motion,
. . 2 Plrys g TR .
In most of the objects this dependency remsins only up to-the
“the 5“1 Zang \,l;[p )

temperatures which stop motion dur ~ing 20-80 min. At some lower
(‘ (, R AR ( W

‘temperatures this dependencgr is @1@§_§,§tmbg§‘, and the wz

: tm
is—-going=upwards. On the left side of the break ef the curve,

- “'(v"l)zsnm_j 7 ki
the protoplacmlc mt&on is preserved for a longer period aswcom- q”\\
pa%e&wé%h—%hmf%hc-highermtemp'e:remures. In fig. 16 is given

a curve of heat resistance of the grass Eleusine indica. If the
S Ll

period of preservation of the-metdiorn in this grass were to depend

e ™

v,

gpon the speed of the heat denaturation of proteins in the zone
1£ ! s 2xdvupolated )

: of lower ’cemperatures, then centinuing the l:z.ne”"/w the left (dotted

section) we would o expectg (u that gt a temperature of 45, 00

".f‘: ‘-—'( [Ch A o .

for example, the motien of the protoplasm would kazve stopped after ‘
S’Cvca‘m'ng ’

47 min, In reality, the motion cont:.nues for about 3000 min, -
at the same temperature.
What ‘are the causes which éffect the break ;the curve /

in the region of ;"moderate heatlng? 'To elucidate this problem,
I have studied the condition of the cells at different periods

. after the beginn_ing of thé heat:“zli;tiaa and at a temperature some;

. ‘what lower than ‘x':hat which corresponds .to't-he point—of break wf m{
the curve. The experiments were conducted in a special heat

.———’——-——\_\
chamber which was installed on the ‘ &“:"Ehe microscopd. A
T e ettt e - e = \

/ﬂwwl(} be Q\f}»cT J /*r '{L‘C' ""Q-/C‘»‘ o o i”“‘!‘@"""*uv? were

the .‘-“Q\»\.v‘ ag wm the L hgh N("Q'.mr e ra by e 'Y'd\;\-\j E.

et
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| <§§E§§q@i}£gg;from Campanula persicifolia was placed in the chamber,

and the same cells ﬁere_observed continuously.' The result of one

of these experiments is given here. The motion of the spherosomes
became quite slow after 40 min. of heating on the mﬁﬁ§oscope stage,
. ) H . A

and the temperature of the object had reached 41.0, Zlg further
rise 52 femperature h&éggéen stopped and dé;§£g the duration of the
expe riment it was maintained at 41,0-41, 5°, (The break ;2 the
curve of heat resistance in this object is at 42. 0° see fig, 6).
After 90 min. from theJEfglfﬁi?“ ofﬁﬁkperlfiet the motion had |
stopped completely. Regardlese of continu;ggmggiflngqafter 200

min. several spherosomes began to move again, some ex-

hibiting a forward motion. The motion continued to be more lively,

the S ‘
and hed approachedqnormal condition after 6 hr. When the heating
crssation
was continued further, a secondiyy depression of motion took place,
and, finally the cell hed perished. Exactly similar observations

- were made in the cells of Phragmites communis (Alexandrov 1956).

These experiments demonstrate the capacity of the cells to
overcome the 1n3ury caused by the high temperature, not only after
 cessalion
ceeesston: of heating but also durlng the heating, provided ‘the heat-

temperature was not too high. Thé- éhangeo in cell metabollsm must

TeSviting im parsisting
occur temaehzevaqa repair durlng the stille co;tinulng action of an
fov

injurious agent. These changes must either compensate, or neutralize

4

the destructions which are caused by the agent, There are several

1nvest1gatlons which deal: wzthathlstroblem (Petinov and Molotkovskii,
1956, 1957, 1960; Molotkovskii 1957), but the essential cause still:

remains obscure. N
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At the temperatures whlch are 1ndlcated to the right of
the breaklng poxnt of the cuxrve of heat resistance, the cells do not

 show. actlve re51stance towards the 1n3urlous action, - Thus, the

breaking p01nt of the curve ohould be regarded as a limit, on one
atien of : M’ NYS
side of which the cell resists heat denaturimﬂ> and on the other, side\ f

it behaves as if it were just a part-cli-the passive protein systen,

The re51stance, apparently, consists not only in the reweneration
- of the denatured protein but also in the 1ncrease of its resistence
during the process of heat hardenlng of the cell.

When the tauce of the cell death is compared in.the two
regions on both sides of the breaking point, a substantial differ-
encevcan be detected in some cases. In the cells killed at kigher
temperaturef/whiehxare higher than the point of resistance, neithar

, the»ge;ga%ike plasmolysis'nor other signs of swelling of thé'cth:
plasm are noticeable, ég'the contrary, at the temperatures wiwkch'

-are” lower than the limit of resistance, +he swelling of the cyto-

plasm pccurs frequently.  These facts indicate that the cause\of

cell death from heat in dlfferent\zones eﬁ—the»"ealeaex\temperatu
YAy E N
eoudd be qulte different, In the zone of hlgher temperatures

ofron
the leadlng cause remains the heat denaturing of the protoplasmic

ure;

proteins. During tke continuouskmoderate lieating, tke death of the
cell occurs, presumably, as a result of a disruption of metabolism
which leads tOWEzﬁi?accumulatlon of toxic products Lﬁl‘tergot

1936, 1937, 1960) and to the depletlmn of materials essential to
life (Lundegargf 1930).

CONFIDENTIAL
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; Slmllar disturbances of metabolism can lead towards the
; ation

denaturiry of the cell proteins (Nasonov and Alexandrov, 1940),

but thisvsecondaryﬁreaction is rather chemical in nature and /§
Q\, ferwy '

4%eg not rep_ygent heat denaturirg.

F> Jm. The
7. The factors whish:Jdetermine heat resistance of cells
to=AnjumpE—ean gL ~pY-Noat . -

The cytoph ulologlcal analysis of the reaction of the cells
TN
to «the njury eauﬂnﬁ;by heat ghshows that the result of this action

by which we judge the heat resistance of cells is determined by

the
several factors: (1) by resistance of protoplasmic proteins towaré& fﬁﬁ
denaturing action of heati ™ orjy,at” lower temperatures, by~the

T
re51stFnce of metabblié:- procesaes towar?s a shift in temperatures

(2 hg the reparatory ability of the cell which:xti!d <cour not'
cessatlon . clco
only after the seeession of heating bu;ﬂat lower temperatures

{

during the heating; (3) B¥ the capacity of cells to increase-heat

re51sLance$1n response to the.lnjurlous actlon of heatrby<neat

f"‘ e —— e e e, e —————e - . e T e -»-.-

r
hardenlqé.! The participation of 51ngle factors in establishing
—’/
the heat resistence gdependg.uponi theh tetiperature , thé ‘duratiofl of

heatdng, and . the time passed after the action.

Further investigations should be ‘directed ‘towards: (a) the.

study of the phy31co-chem1cal and the biochemical mechanisms rich.

basts o

are -at the E£SUndasien- of Stagle factors‘whlch determlne the heat
},—-«
P
resistance of the cells, and (b) the study of the ecological signifi-
cance of these factors; i. e., to determine the role which they play in

adaptation of plant organism to the surfounding temperature,
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In regard té_the'fifst point, our’information is.veryflimited.
We have some &aea,@bout the character of the injurious action'of
heating, but we hardly know anything about?the précesSes which aref.
connected w1th the reparatory action of cells and with the 1ncre%¢se
;; their res1stance. The task of our laboratory work is directed
at present to study the nature of these cell feactioﬁé. As fagf

as the second point is concerned, the cytoecological phase of these

‘1nvestldatlons is the subject of the Lollow1n¢ chapters.
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I1I. CYTOECOLOuICAL ‘STUDIES OF HEAT RESISTANCE OF PLANT CELLS.
. K 'ul. Problems of Cytoecology. .

A continuous and éééiééig adaptation of organisms to the
surrounding mediux takes place during the protess of evolution.
The adaptive response towards the action of the medium occurs at
“different levels of &he organization of fhe living matter: moleculer,
cellular, organisiic and suoerorganz:tic:L coenotic. For example,
the plant may secure #£he protection against the high femperature
of ﬁhe medium by the selection of a proper‘coenosis, (suchAas
growth under pfotection of trees), by ihe seasonal periods‘of develop-
ment, by +the increased transpiration, by the%reactive increase of +u
heat resistance of the cells during overheating, by tfz 1ncreased
stability of the cell proteins, etc.

The purpose of cytoecology cons:sts in the study of nolecular

tya ‘f VYT 4/(/

and céllular adaptations propertys; i, e. of the Deculﬂaritles of the

Je Suve developmin

molecules and the cells which seeure the annearance of tﬁe ddaptive

L Chavactizrs  even .
results already at these lower levels of #he organization of thz living

' matter. Without a profound investigation in the field of cytoecology

-a complete solution of the problem of adaptation o§ organisms towards
L. Witheot L e
the surrounding medium is impossible.‘ SIMi%Eri“&}S 1mp0381b1e the

solution of practicaljimportant problems of acclimatization and

re31stance against frost heat, drought and salinity of both pla%s

e e P T g
-S/ T e s e

e

and animale( The cytoecological investigations are directly connectvd.
with the cytophysiologicél studies of the effects of the surrounding
medium upon the cells,

One of the main forms of cellular adaptation (not the only

one) is the establishment of, relationship between the level of cell
, res1stance to a certain factor and the dezres=of intensity of this

factor in the medium,
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2, Heat re81stance of cells and the temoerature condltlons

at which the animals exist.

As has been pointed out above, one of the postulates of the
denatu;iﬁg theory of injury and excitation is thelgééuggeﬁce that
the native state of the protoplasmic proteins is unstable at the
temperatures compatible with the active life of the organism and is
maintained in a dynamic state by the energy of cell metabolism., This
postulate suggesé;d the ex1stence of a reletlonshlp between the
surrounding temperature of an organism and;ﬁeat resistance of its
proteins., Preliminary investigations carried %ﬁfby me with the cells
of the ciliated epithelium of a number of animals living at different
temperatures, (Alexandrov, 1952 b), and also by some other investi;

gators, (Battle, 1926; Runnstrom, 1927, 1930, 1936; Patzl, 1933;

b)
Adensamer, 1934), showed the existence of a relationship between

' fhe heat resistance of  the oells and the temperature conditions
under which the .animals live. Later this postulate was confirmed
by Ushakov and his collaborators on aw$§2£"22818$;;51 materlal
(Ushakov, 1955, 1956 a, 1956 b, 1960 a, 1960 b; Svinkin, 1959; |
Dzhamusova, 1960 a, 1960 b; Zhirmunskii, 1960; Zhirmunskii and Pisareva,

- 19603 Zhirmunskii and Tsu Li-Tsun,il960, and others). (%)

wexe . aulT
*(*) These cytoecologlcal 1nvest1¢atlons on anlmals are carried cmr

in the laboratory of eveolutionary cytology (Docent B. P. Ushakov
in charge), and in the laboratory of cytology of protista (Prof.
Yu, I. Polyanskii in charge), both &mx at the Institute of Cytoiogy,v

Akademii Nauk, in Leningrad.

BONFIDENHAI.
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The above-mentioned regularity appears élearly when the
.heat resistance of similar cells is compared in closely related
species which are living at different temperatures. .For example,
_° in the frog Rana Radlbunda which lives in the south the cells

th A
of different tlssues are more heat resistant as—compered=with

wev e
" those from Rana temporaria (the cells compared are those from

.cllated eplthellun, splnal cord ganglla, epithelium of cornea,
cartllage, muscle fibers, and spermatozoids). Spe01al studies
?ﬁ had shown that at the ﬁééggéuaon of the difference in heat res1é;
ance of cells observed was the difference.in stability of the
protoplasmlc protelns towardgagenaturlnd action of heat*M_
- (Alexandrov and Arronet, 1956; Panteleeva and Ushakov, 1956;
.Brown, Nesvetaeva and Fizhenko, 1959; Kusakina, 1961).
Anothér}impbrtanf fact was established for a large number
of'épecies of animals (sea urchins, certain worms, mollusks, fishes,
amphibia and reptiles), nemely, that the heat resistance of the

cells of the specimen of the same sg;c1es is very constant andfuo SN

B e e ! nrhaTler AL @ndrmnd Ao vfuw«.lrﬁ:;;, : ot ¢ Adr e glon
dees~ne%—éepend~ﬂ®enanortbern or southern areas—of~ori¢11
(Alexandrov, 1952; Alexandrov, Ouchakov et Poljansky, 1961;

Ushakov, 1955; 1956, 1958, 19605; Ushakov‘andeander, 1961;

Zhirmunskii aﬁd Pisareva 1960; Dzhamusova, 1960 c¢; Kusakina, 1960).
There is also no difference in heat re31stance of cellujzzpoihilothendﬁ
animals collected both during the summer and the winter, This | \ |

A@HZQQQQQQ also the stablllty of this characterlstlc within the
limit of the species (Alexandrov, 1952; Arronet, 1959; Shlyakhter,.

T. A., 1959). (%)

. ' - tha T
(*) Contrary tc these data N, A. Shlyzakhter (1961) reportgA the
dhe : Xthe
heat resistance of muscles of, fTO”ia8ﬁ° fempnorarial is somewhat —
A thaw i \ (r)?;’\

higher in i summer as«comparedwth -the winter, ?«&vU£ur.nv4«ko
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A remarkable stability of temperature limits during the

early stages of development of a series of marine invertebrates
"I\fi '

was observed by Runnstrom (1929, 1930, 1936). He consmdersAthe

) -C{;r‘/‘ —-——‘——"\\‘ R ave . .
e§ ©Z development &3 a constant physiological

e

e e A

characteristic of the species. This concérns z21so the heat

resistance of cell proteins (Ushalov, 1959 a, b; Ushakov and Kusakina,

1960), which apparently determines the range of temperatures

necessary for ®ize normal embryogenesis,

Gn lnahv.s Avef
In the—speedmen of a cmrtazn opec1es,tbe,adaptatlon towapds

B

’MM S e
5keftcmpcrature is achleved, as a rule, not through trhe changes

St “the {

R

'1n the heat re81stance of protoplasmic proteinsj but through some

mechanisms connected with the higher levels of organlzation,

mainly through behavior of the animaliduring seasonal and life

cycles. In ‘e phylogenesis, however, the adaptatlon towards the

changed temperature conditions is achieved ?y establlshment of
alteved

phy51olog1cal races, or new species, ‘with differemt res1stance

of protelns towards the temperature factor. Therefore, the cell's
fov

" . heat re31stance, and the 11@&E§*Egﬂtemperaturey of development,

Nt

can serve the purposes of taxonomy, phylogene51s, andythe genesis "’

of the whole fauna (Runnstrom 1930, 1936; Ushakov, 1959 a, b;

Zhirmunskii, 1960; Dzhamusova and Shapiro, 1960),
, . resefls  tntTh _ el
The materialsou=the animal cells sba%l Be referred to

further when a comparlson with s1mllar data on the plant cells
will be made. This will give an opportunity to establish both.

ioaone
the general biological regularltles Fmaid=as the dlfferences

| between the plant and animal cells.
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3, Heat resistance of cells and the temperature.conditiong

of the life of plants,

T oo gupluna Gtk
_ ¢¢he ecoloﬂlca ~slgn1flcance of the amount of heat re31stance
o hoold e
'_cf the plant cells)xsﬂt be compared bevween more or less closely-

/ﬂ"“"’“ e T ”

related plants,4ﬁ@$ whlch live in entlroly different temperature
as wel!lag

condltlons, aa@&azsuﬁgn the same plants during different seasons

cZ the year, Durlnd sim 1ar 1nvest1¢at10ns two ‘ques 1 arlse.

_‘_\

e .
@Bfiiigtely. (l) whﬁzher Hﬂ‘t resistance remaing the same in

- o eS

different tissues and organs, (2) whether it changeg with the

development of the plant and with the growth and differentiation

of the tissues?

plomC
a) The Heat resistance of cells from dlfferent tlssues.

of-plants.

The following two examples eesr illustrate the first
clsnattion . gfvea‘m:h_g
question: the-secession of protoplasmic motien after 5 min. of

fem
heating occurs at the temperature of about 46° in the cells

from the leaf cpidermis of cotton (var. 108 £), whereass in the
mmmmm R Ry

f\cells of the of capsules«wﬁat 50 o} (Ale*candrov, 1956).

S, e
e ey g e

This difference apparently has some ecologlcal 81gn1flcance.

vrooSasld

Aisensftadt (1952) showed that during summer despswon - undevsthe
sunlight the temperature of the leaf tissues of cotton plants
6;;;;ii§LEf)l-5° lower than that of the air, This cooling is
achieved by high transpiration. Atgthe same time,in the tissues
L'Clx‘i of £l gf

of the capsule the temperature is 5-7 degrees higher thanfaxf““"
on the lighted side, and only 2-3 degrees on the shady side.

The second example is taken from four varletles of

CQSSqt.oh Streamm

barley. “The secession of protoplasmic motion after 5 min,
CErAer mowd

heating took place at 45,.5° in the cells of ezidermisz from the

- oL i
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sheath leeves whereas in the cells of the spinules from the
. A o

-0 ,
awns, it occurred at 42,5 (Alexandrov, 1956). It is qulte

" possible that the different temperature reglme of the tissues

A .
3 responsible for the dlfference. Burgerstein (1920) had de-

scribed in the awns of barley highly developed stomata and a
high rate of transpiration. '

The data presented show that the cells from different

tissues of the same plant may differ considerably in their heat

/‘-—_\\
resistance. Because the: anlmal cells from dlfferent tlssues
\,._ e e --—»-,— .
¢es /n B D
show| also dlffereqx heat resistance (Ushakov, 1960 a3
a +he

Rumyantsev, 1960), it is concluded that e~ comparison of heat

-
&

resistance in different organisms must be carried op in"quite
similar cells.,

b) A‘¢onnection between the heat resistance of plant cells

and the growth.

Spec1al studies on the relaulonshlb between the heat
Aoy A uT
resistance of cells and growth haJ been carrlediza in our laboratory
16‘3 v
by Gorban' (1961, 196g). In the epidermis from Zebrina pendula

Schnizl., Tradescantia LLuwlnen81s, Echeveria secunda Booth, and

Dactylis glomerata she had found greater sensitivity tomands heatiﬁ?

in the cells of the young growing leaves aqziggkar;d‘w1+h the cells

of the leaves which had ceased to grow. There was no dlfference
levels
in sen31t1v1ty of the adult leaves taken from different tayers of

the same plant., For example, in Zebrina pendula the curveﬁ of Sov- the

heat resistance of the cells from the tip of the leaf of the lst
(N
internode (counting from the top) e@efmeveé—:n*the~d1rectlon~oi

ool
<§§;E§\tenpera%uras almost by two degrees,amwcompareﬁ~v&th thc curve o

DRP—
i SR .

of similar cells taken from the leaves of the 3d and 4th inter-
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nodesﬁ(fig. 17),, The cells of the leaf from the 3d internode
which had ceased to grow did not dlffer in thelr resistance from

the cells of the leaves taken from the lower 1nternodes, such as'
cessatlion
'the sixth. During tihe winter, after general seeeasion of growth
’ kc:twt, u‘”‘“
the difference xn ﬂéat resistance of tna cells taken from the
ot
tips of the leaves rree—dlf erent internodes dlsappears. The

the
rise oﬁu&he heat resistance of the cells from the leaves of Aupper
internodes accounts for thls. In the growing leaves during the
summer months, the cells at the base ‘0of the leaf are less heat

'f’/‘ Ay ‘
resistant asscompered=with those £n$n the tip. This clfference

(o7 % 4
{ alnifffif}be explained by the higher rate of growth of the cells

/' T L"‘“ -*f.-? G :'.“‘l"’

at the base as—eompared—with that at the tlp of tne leaf, In
the leaves of the lower internodes which had ceased gr rowth, .there
is no difference in heat resistance between the cells of the tip
and those from the bése. In &= winter, after growth ceases in
the upper leaves, the heat resistance of the cells at the bése

increases but it does not reach the level of that of the cells

ot
£»em the tip.

The relationship between heat resistance and e /orocesses

i AT RN . sttt SRS

v, s o T
o e e it

&£ drowth are still more cloarly illustrated in the experiments

. |
shown in Fig., 18 where there is a difference in heat resistance belweew 1

U_Ef't drrin 1} r‘
*he cel from~epidarmis of leaveu of K¢1anchoe blossfeldiana ‘ J

taken from different internodes. Thus, the growing cells showed

a greater sen31t1v1ty towawrds heating. The plant was treated with
hydreditoof malelchéggéw%?Thé growth had ceasgd énd, at the same
time, the difference in heat resistance of the cells from the

upper and the lower leaves had disappeared. The leveling of £

CONFIDENTIAL
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| Th of -
w&t *we. o an 1 (ke
of reSLStance took-place-by -ithe 1ncrease of resistance mn the
(V‘nt;} xe a‘t{awxej/
upper leaves reachlngffhe‘level of the lower leaves.
due e
Therefore, the growth cemmeoiod-wddh cell elongation is

! d
CASS e AN 34} . an

aZso connected with the increscsed sensitivity of the cells towards

heatizrs, - In ke plants taken at different developmental stages
there is no difference in resistance of the cells which had ceased

to grow (see for example fig. 19).
<L
The facts discussed above show that for £he comparison of
o heTweowm cers of
eeilﬂye31stgncc ’»fheaﬁ eﬁadlfferent plantc it is necessary to

— e
A s o A g b AT

38T

take similar tissues which nuu ceased to grow., The difference

in the developmental phases of the plant is less important.

c) The Meat resistance of nr.*onl&smic prcteins and the

temperature conditions Oﬁ 1ife of plants.

The temperature conditions necessary for the evmstence of

C'\
the plants are determined by the gnogradhie zone of habitat, by
: A :
. ﬂx,cl«?
the selected microclimatic soverimy, and by the seasonal periods

of orowth However, the Lcmperature of the sur*oundlng medium

does not always correspond to the temperature atmwégoh the plant
tissges-%%ﬁe: ‘Biebl (1950) is not quite correct@ﬁ in stating that
the plants are helpless in regard to. the temperetufe factor. |
Thus, Lange (1959) has shown that in the desert of Ma%ritaﬁia cerféin
plants (e. g., Citrullus colocynthis) are capable of maintaining
.thérleaf temperature almost 12° lower than that of the air because

of increased transpiration. FSimilar date of Aisen%ﬁ%adt (1952)

have been given above,
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| p A A
The problem ogﬁrelatlonshlp between the resistance of

the
plants to&a£n§4actlon of high temperature and *he temperature of

the habitat has not been extensively 1nvest1ﬁated (we do not consider
here the work$ on thw thermophilic mi croordanlsms). Sapper (1935)
Fed studied the heat resistance of entire plants belonging to |
different families and hﬂa~c£me to the conclusion that in spite

of cerﬁain exceptions there is a distinct connection between the -
rocality-of plané?habitatiﬁn and its heat resistance. Biebl (1939)
did not observe a correlation between the heat resistance of the
-algae and the climatic zones in which they live. However, in the
algae, from the tidal zone of the‘Neapolitanﬁ@ﬁ sound, Biebl hwd-
established a relatienship between Tr=»-hea resistance and the
depth of habitat. The algae which wer ";;;; out during the ebb

. ”'l/"\"’y‘c
tide were more resistant sc.oompazcd.smith the deep water forms. In

L

i

a later work Biebl (1958) =i 0uﬂpared the heat re31stance of a
series of sublltoral red algae, which have different areas of dlS-
trlbutlon, and hﬁd found that the cells of the southern species are
: ’ ’ T ‘(h./vy rthes e v SEco e
- 0f more heat resistanse as compared-with the norther%. Similar
results were obtained with the algae of the Kil' Fiord (Montfort,
Rled and Ried, 19557and 1957) and with those of ‘the White Sea (experl—
ments of Zavadskya, Liutova, Fel'dman). Lange (1953, 1955) has
shown a good correlation between resistance of lichens and mosses
and the condition of their habitat. The species inhabiting wet
‘tk@-"ﬂ- 't“(?b@

and cool places were less resistant aw—eomnaxeuewn$%~the-@wee&es«.
which live in. tﬁn“open, sunny locations. In .tH®e wet lichens the

tha 1M A
heat re31stance was lower &@—esﬂnaxeé?“ ith the dried state. It is
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well known that the sensitivity of the proteins towards heatfﬁg
in vitro is becoming lower in the dry state. The differehces in
sensitivity tottawsis heat’hﬁ between the spe01es remalned similar
regardles;f;hether the determination was made in the wet or dry
state, This suggests that here :also the d;f;ereﬁ;iégérmo—
resistance of cell proteins is at the base of the differences ef '
&tre cell resistance.,
We_han been studying the heat resistance of the epidermal
{246+

cells from the sheath?&za%as of a large number of grasses belonging

to the sub:amllles of Panicoideae R, Br., and Pooidecae (R. Br.)

Asch (Alexandrov, 1956). Tgble V shows the temperatures which

ProtoplaSm: ¢ § Tt

stop the-motion of-<% 2@“@93dﬁm after 5 mln. heatlng, and tho
GLves L Fov
fig. 20 indicctes curves of hea resistance of a series of grasses. ()
WS

As has—been indicated previously, the determination of
P'ru’(.af'/ﬂ-v""tf' STveam:inyg . )
heat resistance by bha molionogirthe~protoplesn immediately after

b'rtﬂ’f‘ es
a shnrtfx;me—heatlng’éa characteriziiy the stability im-regard

to the denaturing action of heati.is of those proteins whiciiare
Stveenming
connected w1th thodfunotion wf protoplasmic metden.
Lhe
The species of subfamily Panlcoldeae, which 1nclude mostly

tropical and subtroplcal plants, have more heat resistant proteins
+han Thote of
ag-compared-uith the subfamily Pooideae which, as a rule, inhabit '

more temperate and cold regions. However, those species of Pooideae,
which inhabit the subtropics, are either short-lived and complete
their cycle of development during the cool period of the year or

are found only in the mountains. One exception to this is Phragﬁites

(*) The figures in Table V and in Fig. 20 belong to the periods when
nel :
the maximum temperature of the medium haqﬁreached the level corre- -

sponding to that of .the heat hardening (see further).
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which is a cosmopolitan species. Because of its relatively low
heat resistance, it is capable of growing in the far north. At

the same time, because of its water habitat and, presumably, high
a ' '
transpiration it also grows in the hot climate without becoming

an ephemeral species,
Lange (1959 a, b) diid not £ind a direct correlation between
the heat resistance of the leaves (30 min. heating) and the

copditionssvf habitat of a large number of plant species growing
' Atrect .
in the Arabian desert. However, there was a eomplzbe correlatlon

vbetween the heat resistance and the temperature of the leaves,
o iegl) ,_,_,-.-«-.._... -

A1l the plants which were uapable % LOWQT 'ubstantlallw the "leaf

N ety vt o
A o, e —
- T i b et te e o -

.......""‘

temperature by tranup ration shoxed lower heat resistance of the
leaves as compared with tlz plants whlch did not have these

qualities., Fel'dman and Liutova (1962) have clearly demonstrated

. Q.
in two species of marine plants tlis correlation between the

temperature conditions ef-ilw=3%fe2 of the cells and their heat
D

.

resistance. The cells of Zostera morina L., which do not dry

up during the ebb tide arc far more sensitive towards heating
Thaw
aszoomparedriih the cells of Zostera nana Roth., which inhabits

higher levels and dries up during the ebb tide,
The facts presented above, and also some data on “tire
le v -
thermophilic microorganisms, bmought us to the following conclu-

sion: the establishment of a definite level of heat resistance

means
of the proteins is one of the wayps of adaptation of species, both

plant and animal, towards the temperature of the surrounding

medium. The heat resistance of both plants and animals is the

VR Wy cases '

factor whicgidetermines and limits the geographical distribution
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of the species and also the seasonal periods and the rate of
develépment‘of the organisms, If the low heat re81stance111m1ts
the épreadﬁbg of the organisms 1nto the regions w1th a hot
climate, the extremely high heat resistance serves as a limiting
factor for habitation in the morthern regions. |

i

2, The stability of heat resistance &f the cells of

ek

higher plants.

.The heat: resistance of animal cells is a constant ph\rac:
teristic of the Speciesjas has been mentioned above. Do'or éo
not #se plants exhibit:éimilar stability of heat resistance?

Biebl (1950) éonsiders it imposgsible to change the heat
resistance of plants by adapting them towerss high temperature,
Lange (1953, 1955) haid observed very slight differences in fhe
heat resistance of lichéns and mosses of the sams species |
living in different temperature conditions. He considers this
characterlstlc,as specific Lor the glven species, J; ....... .

Wmarntenanct

As was stated above (fig. 9), the keeping oprleces ks
reaves:duzwﬁgyia hrs. a£m;'w1de range of temperature:does not
influence their heat resistance except for the zone of high in;
jurious temperatures where it is possible to increase i@ heat
resistance or to obtain heat hardenlnd These experiments, of

0£ .
course, do not solve the Droblem about the possibility of changing

the sensitivity of e cells townwvds heatinyg after a prolonged
treatment with different temperatures, A comparison of the
curVes of heat resistance of cells of #hx representatives of the

same species growing in diffcrent climatic conditions is of some

" Declassified in Part - Sanitized Copy Approvedvfor Releése 2013/02/14 : CIA-RDP80T00246A024200230001-7
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interest in this respect, Fig. 22 shows curves of Dactylis

glomerata studied in the polar-alpine botanical garden near

Kirovsk, Kola peninsula; in Leningrad, and in Diushanbe,
The m
Tadzhikstan, ﬁbdlan mlnlhum and maximum 24-hr. temperatureS'

amu AN AN 3

for the last 30 days before tHe curves “Were measured were: in

the polar-alpine botanical csarden 4° and 18°; in Ieningrad 11.2°
e ST a

ey

o . .  ,.0 w
and 19.47, and in Diushanbe 13~ and 31°,  Regardless of a sub-

stantial dlfference in the surrounding temperatures, the curves.

the
-L¢Lavea—%ﬂAthe heat resistance of, protonlaswxc proteins are
)AQ—)\"C‘CL\* t.,,('a”x:: "‘o‘.v;-:.?:
coineiding. The difference does not exceed theYerror ef~—exporiment. .-
A coincidence of curves was 2lso obtained for Phragmites communis

grown in Leningrad, Diushanbe and Ashkhabad, Turkmenia (£ig. 23).

In the Pamir mountains, plants of Swertia warginata Schrenk and

Hymenolaeﬁa nana Rup., grown at elevations'of'ésoo mel, and 3860
met, were studied simultaheously. Plants grown at ég; altitude

of 1000 mif., higher and at a considerably lower temperaturé did
not show any lowering of heat resistance., Year-round obeervations

- on Echeveria secunda, grown in the greenhouse of our laboratory,

did not show:Ehange in heat resistance. The surrounding temperature
" varied in i wiﬁter from 8-10° and in éhz summer, as a rule, was
higher than 20° ‘ ‘
Thus, the literature, as well as our own observations

'FCL(‘)
1ndlcate that in the temperate zcne the heat resistance oprroto-

plasmic protelns of £he higher plants shows‘great stﬂblllty durlng

the change of the surrounding temperature, A shift of heat resistance

En
of the cells of higher plants can be obtained as a result of, actlon

of high temperatures (heat hardening) and, as we shall see further,

of low temperature; both are on the verge of being injurious,

GONFIDENTIAI
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. The degree of heat resistance of plant cells which had ceased
to grow and which were not gubJected to the extreme temperatures
represents a stablq, characteristic of the spe01es. It may be‘ ‘
used as a criterion in solving taxonomical problems. For example,
some authors classify Aelur cpus in the tribe of Fe stuceée (Bentham |
and Hooker, 1883, Pilger, 1954) and‘%f%enus Aristida in the tribe of

Agrostideae (Benfham and I 6 r), or in the tribe Stlgcae (Stapf,

( ]

1934). “The Table V showsf if we were to consider the high heat
resistance of the rotoplasm of #fxe representatives of the zenera
T ves g

Aeluropus and Aristida,‘their classification among the Pcoideae

is not well founded. Frou the cytophysiological point of view
the opinion of Rozhevits is correct; he classifies these genera

the ‘
in the tribes of subfamily Panicoideae,
[

" e
3. *The 'adjustment” of heat resistance cf cells in- lower

organisms,

. | . ' ,OL\)LI
( The cells of algae and of E:woimple animals exhibit a different

relationship to the temperature fzctor aa.on"“(:vd with the cells
of higher plants and animals. Their heat resistance changes 4m.
geeordance with the change giféémperature £;~Whlbh they live and
this is true for the whole range of tha»temperaturéssca&e, 1nc1ud1ng
the zone of the osulmai tamnnr' Pes. In the infusoria such amu
"adjustment'" to tgi temperature ofxoxistence is sh&wn in the works
of: Serebrovkii (1916); Polyanskii and Orlova (1948) ; Polyanskii
(1957, 1959); Mikhal®chenko (1958); Irlina (1959)- Sﬁkﬁanova (1959).
‘The changes 1n}heat resistance of the lower organisms can be

as garly o<

M
observed already several hours after the, ghanﬂe 0f<tenperaturg)
. \-.. S ..,_,_4__,..——-’/

Y
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. [ ¥ 0';' )
otrdeions, The changes of the level in cell thermorevlstance

’Q : L4 * ‘
hag been described also for the ciliated eplthellum ofctenOphores_f 

(Kamilov, 1960), and in the muscles of the worm Arenicola marina

(Gorodilov, 1961).
The abitity=towards heat adjustment in the zone of optimal

4
temperatures was observed .in our laboratory psn th= unicellular
. | A | o
plants (Peridinium cinctum (O.b.ﬂ ) Ehr.,P. bipes Stein, Chlmydomonas

-—ua:‘f\L‘S pv&‘;lc{' ,

euganetos Moewus., SDlroera sD, (BaLhLeova 196?), as well as pn the é\

v, Sovvretus &y FLvesicviorre L )'Pp!ve'&a. CQmchu!a‘fc\

(__ESoxrelvs
higher alﬁae (Fucus 1nf1auus”VahI:?VEnteromorpha compressa (L) T~

Foddwam , o \;{nc'JSE’VG awnd le(ovm\

Grev. Pornh‘ra sp. (Liutova and Fel'dman 196OD The level of 1%¢
y roronyra W‘{M“} \\)
heat resistance changes in this material < several hours after they

are removed from one temperatux amﬂ:p%aaedfrnto another. This
l L s & & &% ¢ i ,‘E'. ’
shift occurs more ravld when the plants are brought from the lower
Y
temperature ﬁnto the higher asscompared with the reverse procedure,
F & T fle
In £ig. 24 3 shows uhe course of ,.change in heat resistance of
“Fran s z:eww et
Chlamydomonas cudgametos after it has been placed from tha room

temperature (control) imto a lower one. This alga can lower its
heat resistance almost bx 4°. Similar results are obtained with
" the higher algae (fig. 25).

It was important to determlne whether the algae in their
o . : _
natural habitat utilize thﬁ ability ef adjust i‘gﬁ h%fheat resist-

ance in accordance with the surrounding temperature, The obser-
Lockwnitskaya '

vations of Bakhteeva on Peridinium bi pes~have‘shown that #he heat

re31stance does change Wlub the cbange oﬁﬁth4tempﬁrature ofthe

, e vy —— s bt £ i v g

<EEEJ' In the higher algae of the White Sea}%ﬁg heat resistance

Tl
was higher during the summer months as—compared-with.thakb-cl the
J -
Qs e,
In early spring pewied, (experiments of Zavadsmuya,ALlutova (?cl'dna;?"
/\__ e S \\ /

with Fucus vesiculosus L., Fucus serratus L., Ascophyllum nodosum L.)
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At present it is difficult to evaluate the significance
'ffpv tht fide e""‘/
of the Shlft in heat resistance zrfiﬂlu soria and alga ' Generally,

as far as the temperature factor is concerned, the reaction of

the cells of the: lower organisms is different as compared with

the cells frcm the tissues of higher, organized plants and animals.
Therefore, if we were to consider thes heat re51stance as a stable
taxonomical cha 1*cac‘tezrzlsi.:r.c for the species of both higher plants
and animals, then we could no% agree with Moewus (1960), who
considers heat resiétance as a taxonomical characteristic for the

species of Chlamydomonas,

AY

It is important tc establish at what stage of the phélogenetic
development &ire plant and animal cells have lost their ability to
adjust the heat reelstance‘gfﬁégéxgémperature of the ﬂurroundlna
medium in the wide range of the tempc*ature&&ﬁgla which includes
the zone of the physiological optimum. The fact that during the
process of evolution both the plant and the animal kingdoms have
experienced this loss suggests, apparently, an important bioclogical

.:1-"
significance in the change towardQ ﬁ;re constant state of the
cellular proteins. Possibly this lossqoccurred as a by—Droduct
of some other_stabilizing mechanisms, Zﬂ s1m11ar dlrectlon in the
evolution of the relation of cells tow s the tenperauurc factor
in the two independent kingdoms of living organisms should be
regarded as an expression of the parallelism discovered by Zavarsin
(1950, 1953) in the study of the evolutionary dynamics of animal
tissues. | |

undev
4, 2% Heor hardening of plants growing in natural condltlons.

’ .85 uwR Y
Tha Blologlcal evolution sevurss the adaptation of the

organisms towdFds the enviromment: " in two waysl“First, the development
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T

of the adaptable charactef is guaranteed by idre onqﬁbgenesis
Imtewn sty e
regardless of the wate—ofaction of corresponding factor in the

!
mediun during the process of ontyogenesis. In an adult organism

Q((C\z"(h’f’ /’

such character is stable and does not react/tOﬁ A fluctuatlons
4 by
in the surrounding medium, Secondly, thz@uv5~*hﬂ reans of selection,
thal mrathev '
T ¢ mnot the adaptive character itself, becomes stabilized but, the

ability of the organism to react 2ecordingly at the moment when the

e sy th& . - . A
ae of cor responding facter has weached & certain level., &s An

s LhE
example?of the f£irst type of cdaptation nay cerve hldher heat

resistance of the protcplasv"c roteing in plants of tropical
.. dobhoaw awm e e ) . :
origin az -Corpared IR ¢¥e plants of northern and temperate zones.
A
e example of the second type is Zound in the ability of plants
to increase their cold resictence the beginning of %l early

£all frosts. There are intermedizin: stages which can be combined

]
or
e

with one another between the st onary and the reactive adapta-

tions. i

A 1=t : al :
The increasegd %ranspiratioc)is cne of the strong reactive
1

o

[

adaptation s against ko overheating of leaves of plants growing

in thc;x>4w%rbxﬁv“h§f - hot, dry climate. This form of protection
e e A T """‘N

&t
rcprescwts an examrle ez a euprucellul r leve l‘oE adaptlve

e

g rerEm————
pons e e e o e i i

' , i
- - mechanismy T0 the cellular, or more exact] the molecular level
. . . a '

of adaptations belongs the ability of a number of plahts (eef.,

mosses and lichens) to tolerate high temperature as a result of

d H
J i‘\.\.-

loss of water. However, many plants do not stand ‘a similar method
of protection ad inst overheating hezcause the drying itself Eills
them. It was interesting to £ind out whether the.ability of cells
to respond to supraoptimal temperature by hardening, observed by

us under #he experimental laboratory conditions, takes place in
 natural habltats.‘ : S
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'f'n.li ’
Under the condltlons of ewtremely hot continental climate

of Turkmenla'durlng the sprlng—summer periods, Alexandrov and

Yazkulyev (1961) carried ocuvlobservations on heat'resistance of
’ s"‘"’-‘ke a Loa s
certain plants. ,As the main object sexrwved a perennlal grass, which

@ i AT

grows during the whole sumuer on the sanq?fof Nlda31atlc desertswl

,/-' L — -‘w_m~~~—~ ke D S P e e A o s

. . y; .
{ (Arﬁsulqa Karelini (Trin. et Rupro Roshew,’ It has a very high heat

,J~"—'

resistance. During the periods when the maximum temperature of

the air varied from 22° to 267, the heat resistance of the’epidermal

cells from Lheféheathfleax of Aristida Karelini remained constant.

/z
- V¢ qr‘(‘bo\v\(“ .
To stop theemetion—of protopxasr%attc* 5 min. huatlng;a temperature o©+
o . A . s i .
about 49.5 was reguired. Slight variaticns «f heat resistance
tw

from 49° to 50° were not connected with the change of temperaturey

of the medium and were easily within the limits of an experimental

and 1 I/;»ux%ﬂ o el ronis )}

- o

error, Iiowever, when the air tempera ure had reached 38-44", a.
' 1 & '{ﬂe .

strong increase 1n heat resistance of cells was observed, and the

&‘( . L,-E_ sTv Cniming "*ro’ 5 U

tenperature,which stopg the-m sion-of-the proloplacﬁ*had reached.

53°, This 1ncrea3u in heat resistance, as well as the heat hardening
Ly lx.}“’

which had been obtained i=- ilie laboratory COFdlLlOHS, are both

reversible, During ti® cooler weather, the heat resistance of the
G{'Y’o )‘3&}. S 'fv'ti SV s r‘. V-"z 3 {j
cells bmcaﬂe”»ower, but it had never reached the starting point,

Moreover, during the hot days the heat resistance of the cells
{w The gfiernasn L

(4-5 p.m.) was higher as—eeﬁaared i thethatof v

the morning heuzs (8-9 a.m.) whichiwas after a cool night (Table VI).
These diurnal differences were absent; when the day temperatdre

‘did not reach over 36-37° (Table VII).
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H
The Heat hardenlng apoarently occurs in many plants’ under

tre natural conditions oﬁ growth inxhot climate. Aside from

Aristida Karelini, we have found it also in the grass Arundo donax
' . “the . lb eris A
and in Catalpa speciosa. In Africa durlng hot time of the year,
,\ 1=, { y L
Lande (1959) has observed dlfferenc%‘ln heat re31stance of 1eaves
. ,..,w K e e e e eeme e st e S, ST ¥ i .

e TS ey

NG
CAcacla torulls and Citrullus colocynthla 11~tbe 1ndlv1duals of
V

c..r

o - ps—.m-\ e e b s e B L T

Ny s
Do Jvras
eachﬁspecie'vgrown under dlLferent tempnraiure regxne‘and in

- different habitats. It is quite possible that these differences,
which did not surpass 30 were caused by differeﬁt;heat hardening
{in Sevme OF }

‘e‘ the plants.

1 :i)\,*‘a'}

The 1ncrease-cf heat resistance im the process of natural
hérdening ﬁy(g:éjpmay have a substantial protective significance

for the plant. For example, in unhardened Aristida Karelini a
o PSR ,_;‘,:k\i‘:\-;’,l IT(/
_temperature of 49,7° stops tﬁ°~me%i‘ﬁ:6f*ﬁhe protoplasm”éu**
L Q 'w,
5 min,.,, whereas in naturally hardened spec1me% the secession of

S'(’r” -Lh"s‘“) o . Qr
motion occurs after 40 minutes at 49.7°. Thus, &nzﬂegaréwquthls

temperature, tdw natural heat hardening has increased the heat
- resistance of:gells 8 times.
Notwithstanding the fact that the plants havebdiverse, and
often very effective adaptations against the dangeraus_overheating
in thereenditicﬁzeﬁrhot climate,ymany of them suffer from the
injurious action of high temperafure. In such circumstances, the
total effect of injury depends wpon the reparatory eepabilit&
of the cells. We have presented above a series of facts showing
that under experimental conditions in the laboratory, the cells

have the ¢mpability to restore the functions which were interrupted

CONFDENTIAL
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"by heating. We Ado! not know’ as yet to.what extent this tmpability
occurs during the natural life of thz plants, and what is its
significance. TFurther studiésa ;i:—:d,ed,in«t%mf?ﬁwm@é. However, the
streaming of the protoplasm, which is a very seﬁsitive <:r:§'_terl':l'.::’:;\L

of the heat injury of the cells, can be successfully used in

similar investigations.
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Iv. COLD HARDENING AND SEASOMAL CHANGES IN RESISTANCE OF PLANT

C"‘LIS TOTARDS VARIOUS AGENTS, ..4

 the .
It hag;been known ch“a-ég%g;time thatndold resistance o£ most

e, et

T e st e e 1 s v

ef=iha everdreen- and wintergreen plants increases in the fall,

reaches its max1mum durlng v w¢nter, angd decreasessin tire spring

e e e

U . T SR,

e

Kifalﬂ, rGaChlnd 1ts mlnlmu during e summer. The seasonal changes

v"-\d

o,

 C

He

old resistance of plants arc of primary Importance both 301en-
tifically and econcmically., The expability of plants to increase T here
bra~duwalicof cold resistance during ¥ winter soasen determines

to a great extent theY;eoﬂva ical distribution and fhe possibility'

of extending thi-valuable crops into vhe regions with a severe winter,

/"‘\.\1
The understanding of the mechanism, which Iz atr the base of the

in
adaptive increase of cold resiscaﬁcc, may serve to discover effectlve

( fe)

ways to introduce it in %z nlante useful foz man. The cytologist,

has a decisive role in solving this problem because the seasonal:
changes ;g cold re31stance‘;ﬁ plants are determined to a great extent
by the corresponding changes in the resistance of the cells towards
the action of 1oﬁ,temperatures.' It is not our task to review here
the tremendous literature bn this topic (see Mairimov 1915-1952;
Tumanov 1940; Levitt,1955, 1958), but merelyvto record the findings
of our laboratory. One problem, however, needs special attention.

The degree of specificity of an agent is one of the first
p?fblems which requires solution dLr ing the study of the mechanisms

o o

of ;daptlve increase éé resistance of an object towards a given
agent. It is necessary to determine in the Eirst place to wiau extent
the adaptive increase in resistanced, caused by a given agent, influences

. o . .
the resistance of the object towamrds the actlon of a a different kind. The
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anseer to thls question deternlnbs to a great extent < the path
of the further investigations of the waoTe problem. ..
In the literature on cold hardening, it is p0531b1e to

find some experimental data and numerscus specula+1ons 1ndlcat1n

Ve
v S §

that with the increase eg co la reSlStanCE‘ he ce11s become less

e oo o s - S

o

sen51t1ve\i£§;\towards g other agents. There are indications

of higher resistance touvards plasmolysis and deplésmolysis in s

cold hardened cells (Scarth ond Leviti, 1937; Scarth, 1944;

Sulakadze; 1949), towards ice pressura (Tumanov, 1951), inundationm,
, .

(Timofeeva, 1935), dryin

@

Pizek and Larcher, 1954), drought

(Siminovitch, 1940~ 41). Illext (1924) ked mentioned the increase

% . _
heat resistance of the loaves 71 Oimlis scetosella during the

£all. Sapper (1935) placed ficgwering plants of Eranthis hiemalis

i

r

, 14° and at minus 4°. The

=t Lo
nlants kept in the cold were uiore Yoot vosistant ag=crmprrgd-with

for two days at iz2 temperatires ol 10

the others. Cut shoots of Frunue laurocerasus, liedera helix,

a
Linaria cymbalaria were more heat resistant immediately after, winter
. LR . ]

period agedk .paredwwithﬂsimilar shoots cut after advent of

warm, rainy weather (Sapper, 1935). Tysdal (1934) found that the

diastase of the alfalfa extract is more. re81su x iawr:aa’ﬁeaﬁ ing
hoawm v i :
in #ye winter as-oompéred:-wildhi<ths summer, Tn anov (1940)

considers: ”hardening... iz a universal means for protection of

winter crops from almost all kinds of winter-spring killing of

- 1] . ) . . . ~ '
plants.,: ZLevitt (1951, 1956 a and 1958) .is inclined to find common
causes at the base of drought, heat, and resistance tow."z

osmotic water loss. However, (I cold hardened cells do not

O A ) .-
show, great resistance towzixds,action of acetic acid and high

temperature (Scarth and Levitt, 1937).
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Thus, theve are certuln indications in the literature that
. A
the cold hardenlng is nonspec1L1c. However, in spite of consider-

able litersa ture which is devoted to the Droblem qf cold hardenlnd

R ‘bor"é’w-{

in general this spectfic question has been*studied&ve“y little;

t is quite natural, therefore, #&&t after being convmnced that

' > d L4 > * [ d a - Ld
the heat hardening is widely nonspecxflc}to inquire if, similar

condition exists for cold hardening. The plan of the 1nvest1gat10n
was quite clear. It was necessary to ccoapare in the winter-

; or evergreen plants the path of the seasonal change in 2 cold

h

esistance of the cells in connectlon with the change &£ their

2]

resistance to other agents.

Three gresces ‘were selected for the study: Dactylis glomerata L.,

. f?,,",h e
Elymus arenarius L., Ciymus anustus Trin., Hepetica nobilis Schreb.,
4N

(Alexandrov, Lyutova, Fel'dman, 1959). The seasonal changes in

resistance towaswds cold, heat and high hydrostatic pressure of the
“ ? IELS "

e s,

v o tre il cells from thefsheﬂinzLeaf:epidarmis of the two grasses is shown

in fig. 26 and 27.. (Zlvmus angustus gave similar results).
Raf
To determine #n cold resistance, picces of, , sheath keewes were

2

placed for 5 min. in silicon oil cooled to a given temperature, The
cooling was conducted in a special senmiconductive cooler. The

minimum temperature. after which,K it was still possible to detect-*he

protoplasmic movement served as a measurement of cold resistance.
oas .
The resistances towarﬁs heatimg and pressure were determined, as
avc $low
in the majority of above-described gxperlments, after 5 min, heating
was -
and were measured by the maximum tem perature or pre8°ure during
: b.{lva 1 'sw.*( A
which e protoplasmic metisn was Sblll precerved,
Soe .
The curves ef cold resistance of the cells had the usual
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the sunmer and a maximum during the cold time of the year, Our

experiments'have established a=faet that the seasonal changes in
. < ¢k
& Lt f*'\ Nipth v

cold resistance are concomitant=zith similar changes in resistance

|
!
}1 ' appearance in all the obJects studied: there was a minimum durlng

towsrds heat and hi igh hydrostatic pressure, The éurves of
resistance tozmds these ent rblj different agents almost coincide
for each of the grasses studied. A secaconal change in sensitivity
towamis ethyl alcohcl is shown in £ig. 18 for the cells of Dactylis
glomerata. lThe sensitivity of éhe cells towzwizn this agent is
el

decreasing with the advent of ¢2 winter. The results obtained by
us were COﬂpletelj cenfiraed, 3f-$ﬁﬁ1;§1;;éz;l%ﬂb%i$?ﬁ Tevrorlksly

. Lange (1961). 1In three specics of plants Irica tetralix, Asarum

: europeum2 and Taxus boccato he obtained an increase in tic heat
el i
resistance of leaves which was uarallel with the increase <L - cold

resistance. We have also concluded observations showing concomitant
seasonal changes in resistance towaris cold, heatiws, and high

2

hydrostatic pressure in Geun rivale L., Vinca minor L., and

Caliuna vulgaris Salisb. (sin. Erica tetraliz)(Alexandrov, Den'ko
and Sheika -

;w«w‘“""udﬂ’hlslyul5 The same was established by Shukhtina (1962) for

\

Dt 4 em———

Carex rostrata Stokes and Carex rotundata Wahlb.

Thus in &ixe2 plants beLOPdln” to d;f ferent families, a non-
.

e

specific increase &f resistance of cells takes place after +He
E

cold hardening. As a result, the cells become more resistant towsrd

' am
the injurious action of agents cof, entirely different nature.

. In i
To determine whether the nonspecif ic increase ef cell resistance
during the f£all is a direct reaction to the cold, the following

experiments were conducted. Dactylis ~lmerata was g¢rown in

 CONFIDENTIAL

Declassmed in Part - Sanitized Copy Approved for Release 2013/02/14 : CIA- RDP80T00246A024200230001 7




Declassified in Part - Sanitized Copy Approved for Relegse 2013/02/14 : CIA-RDP80T00246A024200230001-7

Lo

pots which were sunk 1ruo the ground durlng the whole summer

e
of 1957. On September 3 one-half of the Dots’W&s placed in a
; lo ol
greenhouse, the temperature of which did not go beyend 8°

i he :
The second half ecisshe-lcot renained in{Open air, At the beginning

of October the resistance of the éells towerds high temperature

and hydrostatic pressure bagan to rise in both of the groups

studied. This increase, however, ceased vrapidly in the plants

the _
grown in greenhouse; whereas in those remaining outside, i%jé%%?
“¢he Comliw toed
TR G Ee. dncrease and kaE resched the limits typical for dhe
o -
A VRS ‘
winter( fig. && and -.‘f'r}:). This permite 'us to conclude that the

non53901£16 increase @f cell »resistance in the fall is the direct

)]

ulz of the action of lew temperzture, A gsonewhat insionificant

initial rise of wasistance is apparently connected with some otherp

. J N

e T
Yvundeternined ‘as_vel, causes,

The increase f resistance towwssss hea Llnﬂ and hydrostatic

pressure as a result of the action of cold was obtained experi-

N

. A, i . :
mentally also én the summer plants of Dactylis glomerata. It was

sufficient to place Lhe plants grovm in light at room temperature
cofd voowva L
into the seeter at 2° and at -4Y for 2 nights (Alexandrov,

: A
Lyutova, Fel'dman, 1959). An increa Sgkﬁ hcwt resista ancegin the
sprouts ofﬁhs ot (var, Borov1cheskoya)f§%ier cold hardening fn Wndey-

e,

[
labo“atorj condlulonq;yas obtainead b] \islyuk (ZEEESE In the

N - . i
s e g e B T e

riddle of August, 1956, in the region of Kirovsk (67°930'n.l) we

hava observed a sudden rise ef heat resistance in the cells of

Dactylis glomerata, Antoxanthum alpinum and uarcw biceleowii growing
under natural conditions. This was caused by a night froest.

Several days after the frest, the heat resistance of the cells
OL'T“FP’?‘ . .
has aEad
‘Wweredwv gadn to normal (AleAunafov and Felldman, 1958),
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A
K.—*' I““f (.."

It.is well known that cold héfﬂen ng is a veverslole

i’),l,‘i»c;, e 5

()

m-m

process, For examole, according to Tumanov (1940) the winter wheat Vevi €l

Lutescens 329 taken 1mmedlauely from the open ground in the winter
el
wom killed at t&e temperaturs of - 20° y after being kept in the

Crisny e ve @ led b 3}:-,_.,, e Rphted
S ‘w.v'a.u.._ - ‘-r‘ w.j v s e i gnen, e ot e
greenhouse for two daysiat - 15°; and after 3 days,vat - 13 In
7 \ Vz; le v n ‘ ‘(n 2

7]

the cells of Dactwviis glomeraten e winter Fron &n open
= A

geewnd Into waim surroundings, e vesistance B decreased not only

towsndas ¥hz low temperature hut he t&ﬁg and high

hydrostatic pressure (fiz. 38). £ adaptation towards The
gevere conditions of @ winter aen’~d leseribed for the winter-

-

green plants, is not the only one. In the epidermal cells from

the leavez of Hepatica nobi

K. g0 > T e T, -
find neither the o
I3
‘o

e .: e ,\.‘\v :;. ‘,“'

tw -
' rengible. cqanncé in the

g > - £ 9 ‘n.»w',. e F oy P T S . ) e PR SR .4 .
sensitivity of tha cells towusie heotls: or hydrostetic pressure.

e OF :
The young leaves appear; im Ierotics nobilis at the boginning of May.
GG - 3

Their epidermal cells are. ve“v “sensitive to all the three agents,

Vith the development of the leaf, the ~zneral re31stance of the

cells increases and reaches VC‘j hizh level °bOUu Julv This level

isvs fficient to. secure the survival of the cells during winter.

_ &
These results contradict the finding of Till (1956) who b=d recorded

}

[R5 &5

an increase e¢f cold resistance iw Hepstica nobilis (Anemone hepatica)

in winter., He hw=# estimated the cold resistance macroscopically

by the appearznce of the whole orgoens after a prolondea action of

low temperature. It is possible that this condltlon Guﬁ“ﬁded upon
havdaned T o
tissues which hadﬁeold hardening .in confras; to the epidermis

We have # reason to believe that the presence of the initial
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high level of cold registance (kmLa in Hnnatlca nobilis) and the
?KV”

capacity tﬂdﬁr@&ﬁﬁ nonspecific cold hardeﬂind wiTichwesthibite~aizo

am ]
<%vﬂ increase ef cell resistance to various agent% do not represent
the only two ways of adaptutlon of the cells towszds cold. Further

investigations must discover ctill cther adaptive mechanisms of

the cell which secuir:z the cold resistence of nlant organisms. There

[77]
(@

-

are some interesting facts observed in our lzboratory which may
und Kamtalarva . { ?’i‘?."b/‘
spagiin favor of such a poesibility. Fel'dman-{unvub&i@hed)zﬁava
. . M s e y - T .
studied the resistance towsl s dlf:erent agents &n the epidermal

Nt RS N R

leaves of an early spring plant Ga-ea Lutﬂa In the young leaves,
metTe

which appear before the melzinzsgf=the saovw, the cells have very

[}

hizh cold resistance and very low heat resistance. With the

T

T

devblopnent of the leaves and the increase ef the, tumperature @f
¥he—airy~the cold resistance decreases, and %he heat resistance
increases. It is quite obviocus that here we have reverse conéitions
as compared with the development and the loss of cold hardening-

-

the two types of resistance instead of exhibiting parallel changes
ehawg

newe in opposite directions.

J

A highly-developed capacity of the plant cells to restore
the injuries caused by heating was observed in our laboratory. In
connection with this we have presumed that this reparatory capacity

may hgvo a great significance for “%e plantu subjected to overneatlng

Uh(’F’)

fm=the natural conditions. Accordlng to our data, the comparatively

’
easy repir&%

sn of #wHe heat injury is connected with the characteristic

e

~
peculiarity of the injurious action o hcatlnd-(iiiﬁ the 1nc~eaaé\

P
I S e e _ -
e o 8t e e e 8 -~ ~

/l ”
1 ..

{efthe dos efthe breakii

et e \\‘

- down of the cell system procecos Nruduallj.
‘‘‘‘‘ - 2Lk
Therefore, the restoration of the d;sfu%bﬁnceg of tore sensitive

< 0; Lomap £ e’ \ vy ity Ge ‘ it _.j:'.__\‘\ ol e

functions proceed under ¥ha conditions w%en most vital components

, of the cell st&;%vremaxnrccmaera%&vely~wc?%“p“égervud _
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%
N
The exanlnat:.on of %= tissues injured by cold reveals
— WM‘N _.—-.._,__——»"—'/r,h-—..\‘"'"MM (M
that M increase .cf 4%z dose of coollr;g) oe:;urs “a d:.fferent
"""" i ‘__,MNN_—-—--_..__.J

sequence of 11131‘:*/{' 8 mna red with the heating. Durz_na' thia

} PR ) .
rapid cooling the chann‘e £rom the normal state to e definitely 7wt
}‘af el awlh
kitted proceeds not gradually but almost in- :urzmu"' ses, Therefore,
it is only very rarely pogsible to catch that state of injury after
CCSSZ'?N;””“« Stha’W't,.,a
which Zim--secesgion of proz.om.,zsnlc motden can be reversed.. From
T Lhe »
thlséfollows that in,cold resistance of plants the copability

of cells to repair #h& cold injury plays a less sienificant role.
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TLe< in cont»nt 01 prc“enu article is concernsd with the proplem
of ceil wesis ancb, L,uh:rwd's th: actio“ of hizh and low temperaturcs.
From the study of reslstence of cells towsris the action of different

fzactors, it is easy to Dbz convinced tnou thsre exlcts a2 whole series of

cormon nrop:zittizs in the behavicr of th: ¢slls towardes the injuries of 4w
ceatirsly diffcrent nature. ©his mekes us consider the probdlem of
Qv &

theoretical signif lcance iz determlned by the fact that twe resistance
is the maln characteristic of the cell ms & waole living system

(Alexandrov, 1962a;. The imporitence for practical purposes is deter-

2ined Dy ths slgnilicance of tias cell rasistance in ths 1ife of micro-~
<

a2xd necro- orraaisa Begideg the ecoio"") he »nroblzm of cell reslistance

T i s s T e N\
dirsctly connected wigh (fucivyilvicions Nf‘vaﬂ:wigg‘ss vete ﬂinarjy.

b
n
£

well as in ths use of pharmaceutioel and toxicgdl sub-
stences, insecticides, he: ?: ;rost—he:t—arougut resistance, smd
salt resistance, acclima atroductlion, cete.

. o , _
‘ nlents is. & comnlex cuality

to & great extent by the stability

of metebolisnm in ths relation

to the.direct action of the iﬂ1dfl0u sent. The occurrsnce of the

6]
¢
]
<

primary site of injury cen lead towords more or less coaslderchle de-

structive after-action. The character of the latter depends «¥pon the

-

$ite of the primery injury end zlso uypon ths propertiss ond metabolic

S -~

oondition of the cell “yotCm. .The cell, nowever, doss not accaent

e “"""*\ .
,n °SlV81y‘t e blo Ovg, and £t the moment of the actlon of the injurious
e e - &

.
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1935).
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DJ

le non-equilibrium (Bzuer, e

'J

destroy ths s:

molecules not

cell.

stability o

mb

ecologicel

and animal orgenisms towards it.

~

The contemporsry cytolor

1
&F the analyticsl ilr ctlion

of stﬁdy of, cell

the study of problems of suto-reproduction

to the study of the cell as th

LS
fog

i

renuratory and sdaptive phenomena {exec: he
e SR RN

znd recovery.afterrsy injury).
e

o+

-
L

4

x

NZyacs

e whole system a
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a.
2 condition of stationary

the

oQTproteins

OB R

A condition

m
o

he

a lnsure the maintenance

detcrminction of the

cf metabolic proce

sSEs

Injurious zction. It

change caused by

and by ach cments of

attention

nd in psrticular to the

Iy

problems of adaptive
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