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Chemical and Biophysical Changes in the Plasma Membrane
during Cold Acclimation of Mulberry Bark Cells (Morus

bombycis Koidz. cv Goroji)’
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ABSTRACT

The: lipid and protein composition of the plasma membrane (solated
from mulberry ( Marus dombyeis Koldz.) kark cells was analyzed through-
aul the cald acclimathon period wnder nataral and controlled environment
comditions, There was o significunt increwse in phospholipids and umsat-
uratinm of their fwity scids during cold acclimation. The ratie of sterols
to phosphalipids decreased with hardimess, primarily dee to the large
increase lm phospholipids. The fluidity of the plasma membrane, as
determined by fleorescent polurization techaigue, imcreased with hardi-
ness. Ebectrophoresis af plasma membrane proteins incloding glycopro-
feins revealed change im banding patterm during the early fall to winder
period, Some of the protein changes could be related to growth cessation
and defolistion. Howerer, minor changes in protelns also occuwrred during
the most aciive period of hardemimg. Chamges in glycoproteins were
coincident both with changes in growih stages and with the development
af cold hardiness.

Following a lethal frost, there 1s often a loss in the semiperme-
abality properties of the plasma membrane in plants. This had
led 10 the belicf that the plasma membrane 15 the prmary site of
freezing injury {9, 12, 18} Most perennial plants growing in
temperate chmates develop some degree of cold hardiness wath
the aonset of winter. It follows, therefore, that duning cold accli-
mation the plasma membrane may be alered in order to tolerate
extracellular freezing,

Manv plants capable of cold hardening exhibil an increase in
lipid unsaturation (24) and an increased level of phospholipids
dunng hardening (6, 16, 17, 23, 26, 29). This has led to the
speculation that the enhanced flusdity of the membrane by Lipid
unsaturation is related 1o cold hardiness. However, no preferen-
tial increase 1n phospholipad unsaturation could be detected in
black locust (17) and poplar (29) which are both extreme cold
hardy species. These findings have led to the conclusion that
membrane unsaturation or fluidity is not related to the devel-
opment of eold hardiness (6, 14, 17).

In many of the studies relating lipid unsaturation 1 hardiness,
total hipads were investigated rather than the plasma membrane
which 15 considered to be the primary site of injury. This has
been primarily due to the lack of methods to solate sufficient
guantities of pure plasma membrane from plant tissues. Re-
cently, we have developed a method of isolating plasma mem-
brane fram plant tissues wiilizing an agueous PEG-dextran two-

! Conribution Mo, 265% from the Insutupe of Low Temperarure
Seience,

plvmer phase system containing MNaCl (20, 300, In this reporn,
we followed the changes in hpids, proteins, and fluidity in plasma
membranes of mulberry trees dunng cold acchmaton.

MATERIALS AND METHODS

Plant Materials. Living hark tissucs from curment twigs of
mulberry trees [ Morus bowbyeis Koidz, ve Gorop) were used in
the present study. Frost hardiness was evaluated by measunng
the electrolyle leakage after frecze thawing of the tissues. Living
hark tissues (500 mg) were cut into pieces (1.0 % (L5 cm) and
frozen in test tubes (1.3 * 1% cm) at =3°C for 2 h wath small
preces af ice, Thereafter the tisswes were conled by 5°C increments
at |-h intervals. Afier holding at the desired temperature for 16
h, the frozen tissue pieces were then thawed at 0°C. Upon
thawing, the tussues were immersed in 5 mi of distilled H>O and
incubated at 257°C for 4 h with a gentle shaking and subjected to
mzasurement of the conductivity. Cold hardiness was expressed
as the temperature which resulted 1o a 50% leakage as compared
with completely killed tissues by fast freezing in liguid nitrogen,

lsolation of Plasma hMembranes. The living bark tissues were
removed from the twigs, cut into small preces and homogenized
for 75 s at 0°C with a polytron PT20 at the medium speed seiting,
The homogenizing medium contained 0.5 W sorbitol, 100 ms
Tris-HCL, 5 mm EGTA neutrahized with Tns, 3% PYP (mol wt
245000, 0.5% defaned-BSA, 2.5 mm potassium metabisulfite, 2
mM SHAM?, and | mm PMSF (pH 7.8). Sixty g of tissues were
homogenized 1n 300 ml of the above medium, The homogenate
wis squeezed through four layers of gauze and then through two
layers of "Miracloth’, and then subjected to differential centrifu-
gation successively atl 3,600z for 10 min and 156,000g for 20
min. The 3,600g pellel was discarded and the 156,000g pellet
was used for the isolation of the plasma membrane, The 156,000
pellet was washed once by suspending in 0.3 M sorbitol- 10 ms
K-phosphate (pH 7.8) and then centrifuged at 156,000g for 20
min. The pellet was resuspended in the same buffer system used
for washing. The membrane suspension was added 10 a phass
system containing 5.6% (w/w) of Dextran TS50 and 5.6% (w/
w)of PEG 4000 made up in 0.5 M sorbitol, 10 mwm K-phosphate
{pH 7.8) and 30 mm Na(l. The phase mixture containing the
membrane suspension was thoroughly mixed by several inver-
sions and centrifuged at 40{g for 3 min to hasten the phase
seting. All procedures were done at (°C. The upper phase was
removed and subjected 1o a repartition by mixing with a newly
synihesized lower phase, The upper phase after the repartition
was highly enniched 1n plasma membranes,

* Abbreviations: SHAM, suhicvibydrozamae acwl; PMSF, phenylmeth-
yisulfonyl flworide; PEG 4000, polyethyleneglyeod (mod wi 3,340k BHT,
butylated bydroxylolsene.
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Fis. 1. Electron micrographs of isolated plasma membranes. Plasma membranes were isolated from mulberry twigs sampled on Septesmber 7 (1)
and on Decernber 28 (21, A and B refer to the conventional Samn with urany acetate-lead cifrate (% 15,0000 and with penodic acid-chromic acid-

phosphotungsiate (= 15,000), respectively.

Table 1. f¥stribastion of Varnows Erzyme Morkers after Phase Partisioning of Crude Membranes i 5.60%
Dextran gnd 5.6% PEG

Crude membranes were prepanad from hving bark tsswes of mulbermy trees (240 g fresh wi) and subjecied
o phase partition system &8 described in “Matenials and Methods. ™ Parentbeses indecate per cent recovery al

wotal exyme activily in each fraction,

Protein  Mg"-ATPase Acid Phosphatase NADH Cyt Red  IDPase  Cricox

mg wmolih
Llpper phase (plasma
membrane) 5.6 (9.5) 3.4019.5)
Lovaer phase (maxiure
af endomem-
branes) SEE(S0.5] 14017 (BO.3)

i aral 10
pmald 10 min pmed il el
12.5(9.9) 1.2 {300 4.6 (13.6) Ol
1036 (901} 41509700 200 (BG4 T26 (100}

Lipid Extraction from Membranes, Total hpads were extracied
from membrane samples according to Bligh and Dver (3) excepd
sopropuine] was used mstead of methanol, The total lipad eatracts
were dissolved i chloroform and subjected o a slicic acd
codumn (3 = 1 cm, eguivalent o 1 g of Kieselgur Type 60, T0-
230 mesh; Merck). Elution of each lipid class was performed as
reported previously (31).

Quantitative analysis of phospholipids was performed accord-
ing to Marinetti { 10) with a slight modification (29). Quantitative
analvsis of sterols were performed according to Zlatkss ef al. (32),
Cholesterol was used as the standard. Sterviglycosides were ana-
Iyzed using the anthrone method (2). Brnefly, the glveosides were
diasalved in 20 gl of methanol, added 1o 3 ml of 2% anthrone 1o
TO% H,50,, and then heated at 90°C for 3 min, The absorbance
was measured at 623 nm. Glucose was used as the standard. For
the analysis of fatly acids, todal phospholipids were transmethy-
lated in a 0.5 ~ sodium methoxide solution at 30°C for 15 min.
Fattv acyd methylesters were analyzed by GO uwsing a C-5cot

glass capallary column (FFAFP) purchased from Gasukuro Kogvo
Co. Lud.

Each lipsd component was wlentfied by co-chromatography
with the authentic lipds by TLC. Compositional analvais of
phosphahipids was performed using one-dimensional TLC with
a solvent mixture of chloroform-methanol-acetic acid (65:25:8,
viv i),

Enzyme Assays. Activities of Mg™*-ATPase, antimycin A-
insensitive NADH Cyt ¢ reductase, Cyvt ¢ oxidase, acid phospha-
tase, and [DPase were assayed as reporied earher (30). Protein
wis guantified by the Coomassie Bnlliant Blue-dye binding
techmque of Bradford (4).

SDS Slab PAGE of Plasma Membruse Proteins. A plasma
membrane preparation equivalent to 300 ug of prodein was
resuspended in 0.2 m KCL, 10 my Tris-maleate (pH 7.3}, 1 mM
EDTA, 10 gg/ml of BHT, and centrifuged at 105,000g for 40
min. The pellet was suspended in 10 ms Trns-HCL (pH 6.8}, 10
wg/ml of BHT, and recentrifuged at the same spegd as described



COLD HARDINESS AND PLASMA MEMBRANE
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Fi. 2. Sessonal changes in phospholipids and sterols in mulbenry
plasma membranes, (O—C), pmod phospholipid/mg membrane pro-
tein; {A—d=}) mokar ratio of free sterols 1o phospholipids; (% .,
meodar rate of steryl glveosides to phospholipids; (88—, molar ratio
af todal sterols to phospholipeds; (80— 0, freeming tolerance, H corre-
sponls o the values afler conolled hardening of excised twigs at 0°C for
3 weeks (3.5, and DEF represent the periods for growth cessation amd
defoliation, respactively.
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Fice. 3, Seasomal changes in phosphalipid composition of mulberry
plasma membranes, (O0—2), phosphatidyd choline (PC); (86—,
phosgisatidyl ethanolamine {PE), (O—0), phosphatidy] glyceral (PG,

{f——&), phosphatidy] inosited (PI) plus phosphands] senne (F5). H
cormesponds to the valuwes after controlled hardening at 0°C for 3 weeks.
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Fii. 4. Seasonal changes in fatty acid compaosition of plasma mem-
brame phospholipsds. [(@——8),  palmiate; (CO—), sicarsie;
[h——ai}), oleate; (O—00) hnoleate; [(X——x), inolenate. [©——0],
unsaturated /sarurated ratio {18:1 £ 18:2 + 18:3) / (1620 + 180 + 20:00.
H refer to Figures | and 2.
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Fio. 5. Seasomal changss in fatty acid compositions of phospholipids
in endomembrane mixtures. Endomembrane mixturss wene recovensd
from the bower phase of the phase partitioming system. Marks refer 1o
Figure 4.
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Fis. 6. Changes in relative flusdity of mualberry plasma membranes
with seawn, (B—8) and (O—O), platema membeane Juidises a 5
(ecale B) and 23°C (scale A), respectively; (A——aA), activation flow
enempes of anmispiropy pammeter values afier the Armhenius plots;
(D), freerang tolerance. Marks H refer to Figores | o 4.

above. The membrane pellets were solubilized in 250 gl of 0.0615
™ Tris-HC] (pH 6.8), 2% SDS, 10% glvceral (w/v), 5% 2-

and 0.001% bromophenol blue by heating for
3 min in a boiling water bath.

The discontinuous SDS buller system of Lagmmili (§) was usad
for the SDS-PAGE slab. A B.5% SDS-PAGE slab, | mm thick,
11 cm long, and 15 cm wide, was prepared as described by Ames
{1}, except that the stacking gel (4.4% acrylamide) was 1.5 cm
high with 12 sample wells. The final concentration of SDXS was
0.1% in both gels and in the electrode buffer. Electrophoresis
was run routinely at room temperature at a constant current of
200 mamp. The following proteins were used as the mol wit
standards: trypsin inhibitor feome soybean (TT), mol wit 210 500k
albumin from bovine scrum, mol wt 68,000; RMNA-polymeras:
from E coli (core enzvme) e, 8, v subunits; mol wit 39, 000,
155,000, and 165,000 D, respectively. After electrophoresis, the
dah gels were stained and destained according 10 Fairbanks e
al. {7). For the determination of glvcopeptides, the Con-A per-
oxidase method (235) was used,

For the analysis under relatively mild denaturing conditions,
the plasma membrane proleins were solubilized in 0.1% 508,
0.0625 mM Tns-HCI (pH 7.3), 10% glycerol at 0°C for 1 h
Electropharesis was performed at 6°C with continuous buller
system contamng 0.1% SDS at a constant current of 5 mamp.

Fluorescence Polarization Measvrement. The fluorescent hy-
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