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Sumtinary. Electrophoretic and immuinological properties of the soluible root pro-
tein complement of 6 Medicago sativa L. genotxpes in the cold hardened and non-
hardened physiological condition were compared. These 6 genotypes were chosen-
to represent a range of abilities to survive exposuire to sulbfreezing temperatuires
when in the cold hardened condition.

A zone of highly charged and/or low molecuilar weight protein components were
fouind to be more prevalent in the protein complements of the cold-hardened material
than the non-hardeined material.

Immunodiffusion plate tests were not so definitive as the electrophoretic patterns
for identifying the genotypes or physiological con(litions, but did corroborate the
electrophoretic interpretations.

The intimate association of proteins, either as
components of enzyme systems or the struictuiral
organization of cellular organelles, with celluilar
metabolism implicates the important role which
soluible proteins may have in the physiological adlap-
tatioin of plants to environmental stresses. Mtertz
aind AMatsuimoto (3) observed chainges in electro-
phoretic patterns of soluble proteins of leaf cyto-
plasm of alfalfa plants when stlbjected to the physio-
logical stress of niutrient deficieincies. Perry (6)
reported distinctly different banding patterns of
acetone powder extracts from active and dormant
tissue of Pinius thuinbergii L. Briggs and Simino-
vitch (1) related variations in the electrophoretic
patterns of the water soltuble proteins of black loctust
bark to the development of cold-hardiness in this
tisstue.

It is generally accepted (2) that the ability of
plaints to uindlergo the cold-hardleniing process is
genetically controlled. This coincides with cuLrrent
concepts of geine-protein relationships. The in-
crease(l sensitivity of gel electrophoresis and im-
munochemical tests in separating cytoplasmic protein
componeints of plants shouldk provide more definitive
informationi than moving-boundary electrophoresis
concerning changes in the protein complement that
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may be associated with the physiological adaptation
of a plant during cold hardening.

This paper reports comparative gel electro-
phoretic patterns and immtlnochemical relationships
of the soluible root protein complement from alfalfa
plants which have specific genetic capacities to
u1(lergo cold-hardeninlg.

Materials and Methods

Six Mledict go satiza L. genotypes, representing
variotus levels of ability to develop cold resistance,
sere(ed as the experimental material. Vegetative
ctuttings were made from the 6 plants. After root-
ing and establishment in pots, 50 plants of each
genotype were transplanted to the field in Jtune
1963, aind 50 plants were retained in the greenhouise.
Plailts retained in the greenhouise, harvested as
needed, provided the non-hardenedl plaint material.
The plants grown in the field were removed oIn
December 9, 1963 and immediately stored at -300.
These plants provided the cold hardened plant ma-
terial. Comparative tests of cold hardeined material
that hacl not been frozen at -300 with frozen
material showed no alteration of the electrophoretic
or immunochemical tests due to freezing.

The top 10 cm portion of the root was washed
in a water-ice mixtture, rinsed in (listilled water,
cuit into discs, and dropped immediately into cold
0.1 Ni Tris-maleic acid buiffer; to this was added
2 m-N cysteine-hydrochloride and( adjulsted to pH 7.0
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with K( ) 1. 'I'hc root (liscs \vere h(nliogenize(l in
a \\Waring blender, filtere(d througlh parachute silk,
anl ceintr-ifigcd(I at 2000 X y for 20 n uiiilites to
r-emIlOVe cell del)ris. This sulpernatant fraction was
cenitr-ifuige(d again at 6(0,000 X y for 20 minuites
to remove cell organielles. The suiperniatanit material
\was theln (lialyzed throuiglh 5 changes of buffer, the
final me(lium was 0.01 \i Tris-maleic l)buffer ad-
justedi to pH 7.0. The dialyzed protein sulspensions
\vCrC conlcenltrate(d with polyethylene glycol (Carbo-
x\ ax 4000) to a final conlcenitrationi of approximately
2.5 img of protein N per mil, as (leter-miiie(l 1by the
imicro-Kjeldahl mnetho(l.

E'lectr-oplhoresis was carrietl ouit in polyacryl-
anli(le gel, according to the plioce(lireO uitllC(I by
()rnsteiln (4). The sample gel conisiste(d of a 0.1
mil mlixtulre of proteill suispeisioni ain(l conenitrate(d
samiple gel. Electrophoretic ruLIns were ma(le at
1.67 mlla per tube for 1 ain(l onie-hailf houirs, or iiintil
the tracking (lye approaclhe(I the lowx er eni(d of the
tube. Proteins in the gel colilumi wvere stained xwith
Am\iido Schwartz (1 g1200 ml of 7.5 % acetic aci(l).

Antisera to the proteill siuspenlsionls of AM 5-44
ali(d C-630( genotypes, repriesenting the extremes ill
seiisitivitv to subfreezing temperatures, wvere pre-
plaretl ini rabbits. The animals \vcrc inijecte(d intra-
iuiscillarly wvith 0.5 ml of the appropriate proteill
suspension; which conitaille(d 7.5 mig of proteini N,
eiliilsifie(d in 0.5) ml of Comiplete 1'reuii(d atljuvants.
Thhe animals were given booster inijectionis of the
satiie protein-adjuvant mIixtutre 10 al(l 50 (lays after
the initial inijectioni. The aniials \v cre bied 10
lavsx <lfter the last injection to provi(le immiuine
sera. I)oulde (liffusioni plate tests in 2 (limenisionis
\xecre carriel ouit as (lescril)e(d l)v ()ichterlony ( 5).

Results

I.ectro phio() retic CollparliSMS. .\ schleImatic dia-

graim of the general banding patterin of the gel
coliltiiins is shown in figuire 1. All the stained
bands repr-esenit anio(lic moving proteins at a p14
mlalxiIImIum of 9.5. Ani ainomaly inivariably presenit
at the leading edge of the coluiniii was arbitrarily
refer-re(d to as grouip A. Two or 3 bands imme-
(liately- behind this anomaly are referre(d to as
groulp 13. Fouir hiands mid\way in the coliumin were
usually the most tleinse aind are referre(d to as grouip
C. Five bands were generally fotun( in the tipper
portion of the coluimn and( are referre(d to as group
1). Three thin, distinct bands were present in the
uipper most portion of the coluini, anid( ai-e referre(d
to as grouip E.

(xrotips referre(d to above wvere commiloni to all 6
genotypes but the number and location of the band(ls
varied amonig genotypes ancd the 2 physiological
coilnlitionls. From 17 to 20 proteini bands, exclIIding
the anonialy, xverc observed iii the coluimns. The
patterns \vere precisely reproducible with aliqiuots
from the same extraction as wvell as replicatedl
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extraction of the genjotypes in either the cold hard-
cne(l or- non-har(lened conlditioin.

The gel coliluimins showx n in figiiu-e 2.\ r-cp-eseiit
the electrophoretic patterni of the soluble proteins
fronm the roots of genotype Ai 5-44 in the cold-
hardened (Il and noni-har(lenied ( I ) con(lition.
Tlhis genotype is severely iinjiure(d or kille(d b)v ex-
postire to overwxintering coinditioins which freeze the
soil. The gel coliinins represent the electrophoretic
pattern of the soluble proteins from the roots of
genotype C-63() in the cold-hardened (II) anl 11011-
hardened ( I ) con(litioni ( fig 2F ) This genotype
is capable of xx ithstain(iiig severe overwx intering
temperatttures withouit any visible damage to the
plants the following spriilg.

Thle gel columniiiis shown in figurei- 21'), C, 1 ), and F'
represenit the clectrophor-etic patterin of the proteilt
complemenit of genotypes clapable of devIlopin, iu1-
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FIG. 2. Gel electrophoretic patterns of protein complements of 6 alfalfa genotypes arranged in increasing abilities
to develop cold hardiness from left to right, A to F, genotypes M 5-44, 54-30, 61-238, M-589, 48-55, and C-630,
respectively; I, non-hardened condition, II, cold hardened condition.
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Table I. Nuibrcr of Similar (S) and Diffcrcnt (D) Antigen-Antibody Precipitin Lincs Apparent in tll( Immuno-
Diffusion Plat' 7Tcsts Comiiparing Gecnotypes M5-44 and C-630 in the- Cold Hardened and Non-Harde>ned Conditiotn

Antigein from:
M5-44

Non-hardened
S D

A.ntiseruii p)ro(luce(d from:
N15-44, hiardeened
M15-44, nioni-hardenied
C-630, hardenled
C-630, noin-lhardeled

6

3+

- 4 2

1±
6

5 1+ 3

3 2+

- 3+
1+ 6

termiie(diatte levels of har(leniilg to the extremes,
genoty-pes Al 5-44 and(l C-630.

The most strikinig (lifference in the electro-
phoretic patterns of the protein complements of
the roots in the col(l-hardlened and non-hardene(d
phlysiological con(litioni wvas the more intense B1
protein hand evident in the protein complement of
the cold(-hardeiie(n material. This hand appears to
l)e present in the protein complemenit of the noln-
hardlenied material l)lit in lover qu1antity. A secon(l
colnspicuiouls characteristic of the electrophoretic
patterns of the cold-hardened iimaterial was the
presence of distinict protein bands in the F groulps.

IliinuIil tological Co npariso1ts. The immuniio(li f-
fuisioni plate tests comparinig the anitigenis aln(d
correspolinig antisera produiced with the root
protein comlplenmelnt of the 2 clones are suimmarized
in table I. Five precipitin lines of the douible
(liffulsion plate tests appeared to be common to the
protein complemenits of 1)oth genotypes in the noni-
har(lenie(d coniditioni. Comparative dloul)le (liffulsioni
plate tests of the proteini complemenits of these 9
geniotypes in the cold-hardene(d condlitioni shoved
3 precipitin lines common to both genotypes. At
least 2 precipitin lines evident in the anitigeni of
C-630 in the coldl-hardenied condlitionl were inot
evident in the anltiseruim of 5-44 in the cokl-
hardenie(d conditioni.

Discussion

The electrophoretic patterns of the soluble root
protein complement of non-hardenedl alfalfa showed
a zone of highly charged and/or low molecuilar
weight protein components in trace amouints. This
zone was more highly concentrated and definitive
wheni the roots were in the hardened condition. It
seems plauisible that the protein components present
in this region of the electrophoretic pattern reflect
the degree to which a plant has been cold-hardened.

Another striking characteristic of the electro-
phoretic patterns of the protein complement from
the cold-hardened material was the more definitive
banding of the protein complements. Considerable

tailinig of the proteini band(Is was observed in the
electrophoretic patternis of the proteini complemenit
from the nion-hardlenied material.

The immulniodiffuisioni plate tests di(d Inot identif-
the soltuble protein complemenits of the geniotypes
or physiological conditionis as (listinctly as the
electrophoretic patterns. However, these tests did
confirm protein complemenit similarities and tliffer-
enices as in the electrophoretic initerpretationis. It
is possible that if selectedl componienlts of the total
proteini complemenit were ulsed to produtce the aniti-
seruim, the immuniiological tests wouild have been

more iniformative. The double tliffulsioni plate tests
colnfirme(d the presenice of antigens, in the cold-
hardene(d conidition which were nlot presenlt in the
nioni-hardlenie(d cond(litioln. If these antigens were

presenit in the protein complemenit of the nloni-

hardenled plant, they were presenlt in inisuifficienlt
quiantities to elicit adequtate antibody reactions.
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