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Improved methods for separating apoplastic washing fluid from roots and
leaves in cotton seedlings
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(Henan Institute of Science and Technology / Henan Collaborative Innovation Center of Modern Biological Breeding / Henan Key
Laboratory for Molecular Ecology and Germplasm Innovation of Cotton and Wheat, Xinxiang 453003, China)

Abstract: Apoplast washing fluid (AWF) contains minerals, metabolites, and proteins that plays an important role in plant growth
and development, as well as provides biotic and abiotic stress resistance. AWF extraction is the basis of exploring the function of
AWF constituents. It is generally performed via vacuum infiltration-centrifugation technique; which varies in processes and detailed
parameters depending on the plan species, organs, and culture conditions. Hydro-cultured cotton seedlings were used to investigate
AWF separation processes and parameters suitable for cotton root and leaf development, and further improve methods for cotton root
or leaf AWF separation. Compared with traditionally split sampling (i.e., splitting samples into segments or pieces), sampling a

complete unit was simple and significantly decreased the ratio of malate dehydrogenase (MDH) activity in AWF to symplast washing
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fluid (SWF), which usually is used to affirm the degree of AWF substances polluted by SWF; indicating that AWF components
would better to examine. Furthermore, the fresh weight increments and the AWF diluting factor after vacuum infiltration of the roots
had no significant change, but significantly increased in the leaves. This indicates that vacuum infiltration is only essential for leaves,
with a vacuum strength/time at —60 kPa/1 min, and about 110 s recovery from vacuum to normal atmospheric pressure. Leaf areas
with dark color increased with vacuum intensity or time, which could be used as a simple indicator for determining the suitability for
AWF separation. Finally, comprehensive analyses of the AWF volume, soluble protein content ratio and MDH activity ratio of AWF
to SWF indicated that the suitable centrifuge forge/time was 800 xg /10-20 min for the root, and 400 xg /5 min for the leaf. This
refined and optimized method will lay down the foundation for efficient study of AWF components such as the accuracy and
reliability of proteomics and metabolomics. The approach towards establishing this method should allow it to be generally applicable
to other plants.

Keywords: Cotton; Malate dehydrogenase; Vacuum infiltration; Centrifuge; Symplast; Apoplast
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F1 WBIESHERFFNMH R FAEREAXE AWF (KT, [AEERREILE. MDH FHLLERBEMNBSER
Table 1 AWF volume, ratios of soluble protein content and MDH enzyme activity in AWF to SWF and relative conductivity under
sampling methods of organ segments and whole organ of cotton seedlings

/
/ AWF MDH
Orean  Sampline method . o AWF volume Soluble protein content MDH enzyme activity Relative electric
g phng Vacuum intensity/time and [uL-g™" (FW)] ratio (%) ratio (%) conductivity (%)
centrifugal force/time
S0 kPa/l min 106.53+23.02 0.40£0.04 0.230.05 12.80+1.37
Root Root segments 800 xg/10 min ’ oo ’ o ' o ' =
91.06+13.61a 0.13+0.06b 0.05+0.01b 10.70+0.87a
Whole root
~50 kPa/l min 191.06+39.4 2.34+0.46 0.89+0.18 11.07+0.83
: . 4a . 46a . .18a . .83a
Leaf Leaf segments 400 xg/5 min
120.00+11.5b 0.39+0.04b 0.094+0.02b 1.85+0.17b
Whole leaf
: AWF SWF ; MDH : AWF MDH SWF MDH

(P<0.05) Soluble protein content ratio: the ratio of soluble protein content

in AWF to SWF (symplast washing fluid); MDH enzyme activity ratio: the ratio of MDH enzyme activity in AWF to SWF. Different lowercase letters in the
same column indicate significant differences for the same organ between two sampling methods (P < 0.05).

K2 BEDERREMFH-60kPa EZZEMEMHAECEN. BEFRLE AWF HRETF
Table 2 Fresh weight increase, color change and AWF dilution factor values for whole root and leaf of cotton seedlings after —60
kPa vacuum infiltration

Organ Vacuum permeate Vacuum time (min) Color Weight increment (%) Dilution factor
A 1 No change —1.22+0.09a 1.03+0.01a
Root B 1 No change —1.13+0.29a 1.05+0.02a
A 1 Half green 33.94+3.14¢ 2.20+0.17¢
B 1 Half green 31.50+1.27¢ 2.12+0.14¢
Leaf A 2 Whole green 41.41£2.51a 3.34+0.02a
B 2 Whole green 37.63+1.38b 2.57+0.03b
A: 50 pmol-L™! ; B: 50 pmol-L™"' (50 mmol-L™", pH 6.9)

(P<0.05) A: water solution containing 50 pmol-L™" indigotindisulfonate sodium; B: phosphate solution (pH 6.9)

containing 50 pmol-L™" indigotindisulfonate sodium. Different lowercase letters in the same column indicate significant differences for the same organ
between two vacuum permeates (P < 0.05).

1 EZBSERREDEH A RE
Fig. 1 Cotton seedling leaf color status after vacuum infiltration
, 1/2 s 5

s , H s The triangle arrow shows the color darkening after vacuum

infiltration, and the round arrow shows no color darkening. Left leaf photo shows about half leaf darkening, defined as half green; right leaf photo
shows whole leaf darkening and firmness, defined as whole green; if leaf is floppy, defined as over green.
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3 AREETBZRELE 1 min FRELSEITF AWF . F[AEER S LE MDH F1%LLE
Table 3 AWF volume, ratios of soluble protein content and MDH activity in AWF to SWF of cotton seedling leaf under different
vacuum intensities for 1 minute

AWF MDH
Vacuum intensity (kPa) AWF volume [pL-g ' (FW)] Soluble protein content ratio (%) MDH enzyme activity ratio (%)
-30 69.80+9.02¢ 0.44+0.01c 0.15+0.002b
-60 177.54+6.07a 0.82+0.04a 0.27+0.011a
-90 128.85+9.53b 0.68+0.01b 0.27+0.018a
: AWF SWF ; MDH : AWF  MDH SWF  MDH
(P<0.05) / 400 xg/5 min Soluble protein content ratio: the ratio of soluble

protein content in AWF to SWF (symplast washing fluid); MDH enzyme activity ratio: the ratio of MDH enzyme activity in AWF to SWF. Different lowercase
letters in the same column indicate significant differences among different vacuum intensities (P < 0.05). Centrifugation strength/time is 400 xg/5 min.

F4 -60 kPa BEATAEBARE R EFRBESEMNF AWF (K. AIAMER S 2 tLEF MDH EELLE
Table 4 AWF volume, ratios of soluble protein content and MDH activity in AWF to SWF of cotton seedling leaf under —60 kPa
vacuum intensity for different times

AWF MDH
Vacuum time (min) Leaf color AWEF volume [uL-g”' (FW)] Soluble protein content ratio (%) MDH enzyme activity ratio (%)
1 Half green 177.54+6.07¢ 0.82+0.03b 0.27+0.01c
2 Whole green 365.23+£16.90a 0.78+0.03b 0.71£0.04b
4 Over green 202.10+13.20b 1.36+0.04a 0.95+0.05a
. AWF SWF ; MDH : AWF MDH SWF  MDH
(P<0.05) / 400 xg/5 min  Soluble protein content ratio: the ratio of

soluble protein content in AWF to SWF (symplast washing fluid); MDH enzyme activity ratio: the ratio of MDH enzyme activity in AWF to SWF. Different lower-
case letters in the same column indicate significant differences among different vacuum times (P < 0.05). Centrifugation force/time is 400 xg/5 min.
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x5 WBEYEMHREZSERFHREEIERSXSERBERENBAENESE

Table 5 Relative electric conductivity of cotton seedling leaf at different pressure recovery times after the end of vacuum infiltration

/

Vacuum intensity (kPa)/vacuum time (min)

Recovery time (s)

Relative conductivity (%)

101( normal pressure)/1 0 1.16+0.18b
—60/1 110 1.05+0.10b
—60/1 50 2.49+0.29a
(P<0.05) Different lowercase letter s in the same column indicate significant differences (P < 0.05).
Fz6 AEBELHEBELREESEZHETIRE AWF KR, A[iAHEH S = th{EF MDH F it ibE

Table 6 AWF volume, ratios of soluble protein content and MDH enzyme activity in AWF to SWF of cotton seedling under differ-
ent regimes of centrifugal force and time

/
Centrifugation force (xg/

AWF

MDH

Organ time (min) AWF volume [pL-g"'(FW)] Soluble protein content ratio (%)  MDH enzyme activity ratio (%)
400/5 69.567+3.90c 0.013+0.001d 0.016+0.005d
Root 400/10 80.809+0.86bc 0.057+0.003cd 0.022+0.003cd
400/20 81.500+6.36bc 0.054+0.013cd 0.022+0.002cd
800/5 69.041+3.62¢ 0.072+0.022bcd 0.037+0.008¢
800/10 87.103+6.78b 0.102+0.009bc 0.048+0.005¢
800/20 93.000+2.83b 0.134+0.014b 0.031+0.006¢
1200/5 88.590+1.05b 0.124+0.006b 0.195+0.004a
1200/10 114.338+7.34a 0.218+0.007a 0.101+0.023b
400/5 177.538+6.07a 0.818+0.038a 0.267+0.011b
beat 400/10 186.395:8 442 1.040+0.025a 0.836+0.057a
800/5 181.864+7.35a 0.847+0.030a 0.663+0.044a
: AWF SWF ; MDH : AWF  MDH SWF  MDH

(P<0.05)

Soluble protein content ratio: the ratio of soluble protein content in

AWF to SWF (symplast washing fluid); MDH enzyme activity ratio: the ratio of MDH enzyme activity in AWF to SWF. Different lowercase letters in the
same column indicate significant differences among regimes for the same organ (P < 0.05).

1,
2’
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