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Abstract: Hevea brasiliensis is an important natural rubber-producing plant. Rubber particles (RP) in latex are important
organelles for the synthesis of natural rubber, which can be divided into large rubber particles (LRP) and small rubber
particles (SRP) according to the diameter. Although the specific mechanism of its regulation of natural rubber synthesis
in response to exogenous ethylene stimulation has been studied. However, the specific regulatory mechanism of LRP
and SRP in regulating natural rubber synthesis in response to ethylene stimulation is still unclear. In order to clarify the

Wi BEH  2023-08-01; fEEBH  2023-09-08

EemB FEEARFREETH (No. 31500557 ).

fEEEN £ P (1984—), 2, @i, BRSO, WIS I BUEEWERRA S, *#{E1E# ( Corresponding author ):
4~ i ( TONG Zheng ), E-mail: tongzheng@foxmail.com.



1128 o AE A F AR 45 %

role of RP with different diameters in the synthesis of natural rubber, LRP and SRP stimulated by ethylene were isolated
and the proteins of corresponding samples were extracted for differential protein analysis. 37 differential proteins in
response to ethylene stimulation were identified in the LRP, which were involved in natural rubber biosynthesis, glyco-
lysis/gluconeogenesis, carbon metabolism and amino acid biosynthesis, and some other metabolic pathways, including
four members of the REF/SRPP family. 56 differential proteins were identified in SRP, which were involved in protein
processing, endocytosis, splicing in endoplasmic reticulum, and some other metabolic pathways, including five members
of the REF/SRPP family. The key differential accumulation protein REF138 had many isoforms with different isoelec-
tric points (pI) and molecular weights (MW). REF138 isoforms below the standard pI (4.80) on LRP were
down-regulated in response to ethylene stimulation, while isoforms above the standard pI were up-regulated to ethylene
stimulation. Different from LRP, more isoforms of REF138 on SRP changed in response to ethylene stimulation, and
isoforms with standard MW (14.7 kDa) were up-regulated in response to ethylene stimulation, while isoforms with
higher than standard MW were down-regulated in response to ethylene stimulation. The function analysis of key differ-
ential proteins showed that there were interactions among the members of the REF/SRPP family. REF138, REF175,
REF258, SRPP117 and SRPP204 may form protein complexes and bind to RP. In addition to the members of the
REF/SRPP family, 20 proteins interacting with REF138 were mainly involved in the spliceosome and endocytic meta-
bolic pathways, and 50 proteins interacting with REF258 were involved in the regulation of lipid metabolism and the
synthesis of secondary metabolites. In conclusion, functional analysis of differential proteins and the interaction proteins
responsive to ethylene stimulation on LRP and SRP might preliminarily reveal the metabolic regulatory mechanism of
LRP and SRP in regulating natural rubber synthesis in response to exogenous ethylene stimulation.
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Fig. 1 SEM observation of RP, LRP and SRP in H. brasiliensis latex treated with ethylene and ddH,0
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Fig. 2 Differential protein spots on 2D-DIGE gel of LRP and SRP proteins of rubber latex after ethylene treatment
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Tab. 1 Differential protein information of LRP in latex of H. brasiliensis after ethylene and ddH,O treatment
25 IE . A A .
P HigfE A Bl 73
%%  (ED) o EHRRA BB e ‘,
N o AlfEM: . . . /i TE B T g
0. Average Ratio Protein name Protein accession
T-test pI/MW (Da) Score Coverage/%
(E/D)
L1 2.11 0.050 Stromal 70 kDa heat shock-related protein, XP_021650389.1 5.24/75224 499 12
chloroplastic-like
L2 1.70 0.014 Heat shock 70 kDa protein 5 XP_021691174.1 5.36/72149 643 19
L3 3.88 0.004 Malate dehydrogenase XP_021640500.1 6.19/36173 279 28
L4 3.84 0.049 Elicitor-responsive protein 3-like isoform X1 XP_021663495.1 4.06/15249 364 40
L5 3.35 0.006 Elicitor-responsive protein 3-like isoform X1 XP 021663495.1 4.06/15249 796 63
L6 3.08 0.005 Rubber elongation factor protein-like (REF175) XP 021653600.1 5.28/19612 204 26
L7 2.79 0.033 Leucine aminopeptidase 1-like XP 021672059.1 6.30/61645 382 10
L8 2.76 0.011 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 191 25
L9 2.13 0.022 Elongation factor 1-gamma XP_021660692.1 5.69/48685 523 29
L10 2.00 0.050 Leucine aminopeptidase 1-like XP 021672059.1 6.30/61645 280 8
L11 1.95 0.018 Small rubber particle protein isoform X1 XP_021653597.1 4.80/22331 659 41
(SRPP204)
L12 1.84 0.012 Phosphoglycerate kinase, cytosolic XP_021651095.1 5.90/42600 648 27
L13 1.69 0.015 Protein DJ-1 homolog D XP _021645399.1 5.18/42984 469 18
L14 1.62 0.043 Triosephosphate isomerase, cytosolic XP 021646026.1 5.90/27571 729 55
L15 1.61 0.013 Patatin-like protein 2 XP 021668042.1 5.13/49142 821 27
L16 1.60 0.032  Actin-7 XP_021666817.1 5.31/41897 397 28
L17 1.58 0.013 Enolase 2 XP_021644856.1 5.99/47993 243 17
L18 1.45 0.033 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 431 38
L19 1.42 0.049 Phosphoglycerate kinase, cytosolic-like XP_021681983.1 5.67/42438 753 38
L20 1.38 0.044 Isoflavone reductase-like protein XP_021644235.1 5.50/33240 380 20
L21 1.30 0.036 Cysteine proteinase inhibitor-like XP 021677544.1 5.45/11236 229 34
L22 1.25 0.016 Small rubber particle protein isoform X1 XP _021653597.1 4.80/22331 739 74
(SRPP204)
L23 -1.25 0.018 Petacaspase-4-like XP_021692568.1 5.01/46443 137 16
L24 -1.26 0.017 Phospholipase Al-IIdelta-like XP_021650571.1 5.47/47415 358 17
L25 -1.27 0.013 Rubber elongation factor protein-like (REF175) XP_021653600.1 5.28/19612 384 26
L26 -1.3 0.010 Ricin B-like lectin EULS3 XP_021658810.1 7.77/20724 120 12
L27 -1.31 0.019 Rubber elongation factor protein-like isoform X1 ~ XP _021653592.1 5.21/25299 522 30
(REF258)
L28 -1.32 0.018 Alpha-soluble NSF attachment protein 2-like XP_021668979.1 5.12/32802 189 19
L29 -1.34 0.020 Rubber elongation factor protein-like isoform X1 ~ XP 021653592.1 5.21/25299 208 25
(REF258)
L30 -1.41 0.047 Rubber elongation factor protein-like isoform X1 ~ XP_021653592.1 5.21/25299 228 16
(REF258)
L31 -1.41 0.027 NADPH-dependent aldehyde reductase 1, XP _021670828.1 5.29/32309 404 24
chloroplastic
L32 —-1.49 0.013 Actin-7 XP_021666817.1 5.31/41897 467 25
L33 -1.53 0.042 Rubber elongation factor protein-like isoform X1 ~ XP 021653592.1 5.21/25299 555 30
(REF258)
L34 -1.59 0.043 Uncharacterized protein LOC110668061 isoform  XP_021684781.1 7.67/29500 232 16
X1
L35 —1.63 0.011 Rubber elongation factor protein-like isoform X1 ~ XP_021653592.1 5.21/25299 560 30
(REF258)
L36 -1.67 0.016 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 629 55
L37 -2.02 0.008 Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 548 55
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Fig. 3 Enrichment of KEGG metabolic pathways of ethylene responsive differential proteins in LRP and SRP
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Tab. 2 Differential protein information of SRP in latex of H. brasiliensis after ethylene and ddH,O treatment

5 E Al
E57 , , ELN o I S
£ (E/D) o HAATR HAHRS sy, U YT A
N . AfEH . . G800 s % 0
0. Average ratio Protein name Protein accession Score  Coverage/%
T-test pI/MW (Da)
(E/D)

S1 4.25 0.050 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 237 25

S2 4.19 1E-04 Rubber elongation factor protein (REF138) XP _021653602.1 5.04/14713 344 38

S3 4.16 0.001 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 384 55

S4 3.76 0.002 Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 286 38

S5 2.19 9E-05 Small rubber particle protein isoform X1 XP_021653597.1] 4.80/22331 372 60
(SRPP204)

S6 1.98 0.047 Nuclear transport factor 2 XP 021640386.1 5.65/13692 117 26

S7 1.91 0.010  Pro-hevein XP_021650927.1 5.89/23154 105 23

S8 1.90 0.019  Pro-hevein XP_021650927.1 5.89/23154 120 23

S9 1.78 0.010  Pro-hevein XP_021650927.1 5.89/23154 111 14

S10 1.72 0.046 Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 175 25

S11 1.66 6E-04 Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 240 38

S12 1.62 0.010 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 283 38

S13 1.61 0.021  Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 282 42

S14 1.60 0.050 Thioredoxin-like protein Clot XP_021656682.1 5.69/15060 140 46

S15 1.59 0.011  Actin-depolymerizing factor 2 XP_021663200.1 5.92/16227 131 23

S16 1.58 0.002 Small rubber particle protein-like isoform X1 XP_021653603.1 4.61/12769 168 61
(SRPP117)

S17 1.57 0.013  17.1 kDa class II heat shock protein-like XP_021661608.1 5.52/17648 203 35

S18 1.50 0.015 17.9 kDa class II heat shock protein-like XP_021655193.1 5.80/17535 132 19

S19 1.48 0.009  Actin-depolymerizing factor 2-like XP 021689182.1 5.92/16220 146 51

S20 1.47 0.021 17.3 kDa class I heat shock protein-like XP_021638116.1 6.00/18335 551 43

S21 1.42 0.010 Putative 4-hydroxy-4-methyl-2-oxoglutarate XP_021673665.1 6.13/17998 257 30
aldolase 2

S22 1.40 0.049 Eukaryotic translation initiation factor SA-like XP _021645712.1 5.60/17689 311 35

S23 1.39 0.015  Elicitor-responsive protein 3-like isoform X1 XP 021663495.1 4.06/15249 198 45

S24 1.39 0.047 Peroxiredoxin-2B-like XP_021675296.1 5.55/17542 98 20

S25 1.38 0.016  17.3 kDa class I heat shock protein-like XP_021638116.1 6.00/18335 327 25

S26 1.34 0.046  Probable phospholipid hydroperoxide XP 021674982.1 8.78/26698 41 9
glutathione peroxidase

S27 1.30 0.050 ATP synthase CF1 beta subunit (chloroplast) YP 004327669.1 5.17/53665 37 7

S28 1.25 0.039 Rubber elongation factor protein-like (REF175) XP 021653600.1 5.28/19612 183 21

S29 1.24 0.010 Small rubber particle protein isoform X1 XP 021653597.1 4.80/22331 448 60
(SRPP204)

S30 1.21 0.016  Small rubber particle protein isoform X1 XP_021653597.1 4.80/22331 436 60
(SRPP204)

S31 1.20 0.046  Small rubber particle protein isoform X1 XP_021653597.1 4.80/22331 271 57
(SRPP204)

S32 -1.20 0.049 Probable glutathione S-transferase XP _021670613.1 6.23/25563 99 8

S33 -1.23 0.018 Rubber elongation factor protein-like isoform XP_021653592.1 5.21/25299 421 34
X1 (REF258)

S34 -1.23 0.020  Uncharacterized protein LOC110633924 XP 021638455.1 8.91/31899 99 13

S35 -1.25 0.023  Triosephosphate isomerase, cytosolic-like XP 021677209.1 5.76/27533 191 22

S36 -1.25 0.041 Rubber elongation factor protein-like isoform XP 021653592.1 5.21/25299 172 12
X1 (REF258)

S37 -1.28 0.047 Triosephosphate isomerase, cytosolic XP_021646026.1 5.90/27571 208 17

S38 -1.29 0.008 Rubber elongation factor protein-like isoform XP 021653592.1 5.21/25299 174 23

X1 (REF258)
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Tab. 2 Differential protein information of SRP in latex of H. brasiliensis after ethylene and ddH,O treatment (continued)

2SI . A
P55 MRS
%%  (ED) o I 144 i{ahe &2 o RIS JEAIIL R
o nfETE . . o EE A TR 0
No. Average ratio Protein name Protein accession Score  Coverage/%
(E*%D) T-test pI/MW (Da)
S39 —-1.31 0.050  Uncharacterized protein LOC110659451 XP_021673087.1 6.09/31590 323 24
S40 —-1.34 0.005 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 189 25
S41 -1.35 0.033  Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 165 25
S42 -1.35 0.039 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 290 25
S43 -1.38 0.035 Rran-binding protein 1 homolog b-like XP_021645721.1 4.85/25419 300 31
S44 —1.38 0.040 Rubber elongation factor protein (REF138) XP 021653602.1 5.04/14713 173 42
S45 —1.42 0.017 Ricin B-like lectin R40G3 XP_021663961.1 6.16/34079 209 17
S46 —1.42 0.050 Rubber elongation factor protein (REF138) XP_021653602.1 5.04/14713 326 55
S47 -1.45 0.023  Ricin B-like lectin R40G3 XP_021663961.1 6.16/34079 165 17
S48 —-1.46 0.047  Guanosine nucleotide diphosphate dissociation ~ XP 021673535.1 5.54/50142 143 11
inhibitor 2
S49 —1.47 0.040 Elongation factor 1-delta 1-like isoform X1 XP 021690229.1 4.47/25408 252 18
S50 —1.49 0.020 Patatin-like protein 2 XP_021672059.1 5.13/49142 142 14
S51 -1.6 0.023  Protein EARLY-RESPONSIVE TO XP_021658906.1 5.11/48761 314 21
DEHYDRATION 7, chloroplastic-like
S52 -1.63 0.046  Probable mediator of RNA polymerase II XP_021663050.1 5.14/71639 396 12
transcription subunit 37¢ isoform X1
S53 -1.73 0.002  Heat shock 70 kDa protein 5 XP_021691174.1 5.36/72149 319 19
S54 -1.92 0.030 Leucine aminopeptidase 1-like XP_021672059.1 6.30/61645 216 9
S55 -2.17 0.038 Phospholipase Al-Ildelta-like XP_021650571.1 5.47/47415 508 18
S56 -2.53 0.041 Eukaryotic initiation factor 4A-11 XP 021638642.1 5.49/47095 470 35
A B — 5
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A: Western Blot of key proteins in different components;
B: Western Blot of key proteins in LRP and SRP.
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Fig. 4 Western blot of key proteins among different
components in H. brasiliensis latex
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Fig. 5 Western blot of key proteins in H. brasiliensis
C-serum and rubber particle between the ethylene
treated groups
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Tab. 3 Information of members of the REF/SRPP protein family with interaction to REF138 and REF258
DAP ERES HEHAR J7 4 DL i = VL E 2 ik B
Protein accession Protein name Coverage/% Peptides
REF138 XP_021653597.1 Small rubber particle protein isoform X1 (SRPP204) 71.6 11
XP_021653602.1 Rubber elongation factor protein (REF138) 54.3 6
XP_021653600.1 Rubber elongation factor protein-like (REF175) 21.7 4
XP _021653603.1 Small rubber particle protein-like isoform X1 (SRPP117) 28.2 2
XP_021653604.1 Small rubber particle protein-like isoform X2 25.7 2
REF258 XP _021653597.1 Small rubber particle protein isoform X1 (SRPP204) 71.6 11
XP 021653602.1 Rubber elongation factor protein (REF138) 57.2 8
XP _021653592.1 Rubber elongation factor protein-like isoform X1 (REF258) 38.4 7
XP_021653600.1 Rubber elongation factor protein-like (REF175) 12.6 2
XP 021653603.1 Small rubber particle protein-like isoform X1 (SRPP117) 28.2 2
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Fig. 6 Enrichment of KEGG metabolic pathways of interacting proteins of REF138 and REF258
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