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Supplementary Figures S1-S11
The BSX is secreted by Escherichia coli when the enzyme is expressed along with a 51-amino-acid Signal Peptide

To assess whether the SP of BSX could function across species and mediate secretion through a double-membrane system, analogous to chloroplasts, the BSX was expressed with and without the SP in E. coli. The results revealed that the BSX enzyme was effectively secreted into the culture medium when co-expressed with the SP (Figure S1C and S1D). The SDS-PAGE analysis revealed the presence of processed and mature BSX enzyme in the E. coli culture medium when expressed in conjunction with SP (Figure S1D, lane 1) and remained within the cell when expressed without SP. The periplasmic and membrane fractions showed the presence of both processed (BSX) and unprocessed (SP:BSX) forms (Figure S1D, lanes 2 and 4, respectively), while the cytoplasmic fraction showed SP:BSX, at relatively low amounts (Figure S1D, lane 3). The SDS-PAGE analysis of the immunoprecipitated BSX from the membrane fraction using anti-BSX antibodies demonstrated the presence of a sole band corresponding to the mature BSX when expressed without the SP (Figure S1E, Lane 1, band 1). Conversely, when BSX was co-expressed with the SP, three distinct bands were evident, with the top band representing the unprocessed SP:BSX (Figure S1E, Lane 2, band 2) and the two lower molecular weight bands, indicating SP is cleaved at two distinct sites within the SP (Figure S1E, Lane 2, band 2 and 4; Figure S2; Table S1). These findings imply that the SP derived from B. subtilis is recognized and processed by the secretory pathways of E. coli, ultimately leading to the secretion of biologically active BSX into the culture medium.
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Figure S1. Signal peptide (SP) of BSX from B. subtilis and the cleavage site of SP. (A) The N-terminal sequence of the BSX (pre-protein). SP cleavage site observed in: E. coli and B. subtilis. Cleavage site observed in E. coli (Arrow 1), and B. subtilis (Arrow 2). (B) Expression and secretion of native SP:BSX from a single membrane containing gram-positive B subtilis. BSX got secreted from the bacteria. (C) Expression and secretion of SP:BSX, and BSX, from a double membrane containing gram-negative E. coli. BSX was secreted from E. coli when expressed along with SP. The recombinant proteins remained inside the bacteria when expressed alone without SP. (D) Western blot analysis of SP:BSX expression in E. coli. The majority of BSX was found to be in the culture medium (lane 1), followed by the periplasmic space (lane 2) and the membrane fraction (lane 4). Cytoplasm has the lowest amount (lane 3). (E) SDS page analysis followed by Mass spectrometry-based identification of co-immunoprecipitated proteins using anti-BSX antibodies from the membrane fraction of E. coli expressing BSX or SP:BSX. Note the presence of processed (band 3 and 4) and unprocessed SP:BSX (band 2) in the E. coli. Only a single band corresponding to mature BSX is present (band 1) when BSX was expressed without SP.
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          Supplementary Figure S2
Figure S2. Peptide Mass Fingerprint (PMF) pattern of bands from immunoprecipitation of E. coli cells expressing Xylanase (BSX) and SP-BSX. For band IDs please refer supporting table in Supplementary Table S1.
Supplementary Figure 3
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Figure S3. MS/MS spectrum corresponding to the signal peptide region of SpGFP secreted by E.coli cells. For complete details regarding protein identification, please refer to Supplementary Table S2.
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Supplementary Figure 4A
Figure S4A. Peptide Mass Fingerprint (PMF) of FtsY protein (Band ID -2). For complete details regarding protein identification, please refer to supplementary Table S3.

Supplementary Figure 4B
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Fig. S2B MS/MS spectrum of representative peptide corresponding to FtsY protein (Band ID -2). For complete details regarding 
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Figure S4B. MS/MS spectrum of the representative peptide corresponding to Fts Y protein (Band ID-2). For complete details regarding protein identification, please refer to Table S3.
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Figure S5. Southern and Northern hybridization showing site-specific integration and efficient expression of SP:GFP and GFP genes in the transplastomic plants. (A-B). Site-specific integration of the GFP or SP:GFP was confirmed through Southern hybridization.  Genomic DNA isolated from NtVSRGFP1 and NtVSRGFP2 (lane 1 and 2 ) and NtVSRSP-GFP1 (lane 3) are digested with Hind III, separated on agarose gel, blotted onto a nylon membrane Hybond N+. Blot and probed with GFP (A) partial rbcL gene (B) present in the flanking region of the vector as probes. (C). Efficient transcription of SP:GFP was confirmed using Northern analysis. An expected size of 0.85kb transcript was found in the transplastomic NtVSRSP-GFP1 plant (lane 2). No signal was found in the untransformed control plant (lane 1). (D). Northern blot analysis using total RNA from NtVSRGFP1 and 2 plants and GFP probe also revealed efficient transcription of GFP. E and F show the loading control of total RNA used in the Northern blots.

Supplementary Figure S6
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Figure S6. 2D gel analysis showing the processing of SP:GFP in the chloroplasts of NtVSRSP-GFP1 plants. Total soluble proteins extracted from plants expressing GFP (A) or SP:GFP (B) were processed similarly and resolved using 2D gel electrophoresis. Proteins corresponding to GFP or SP:GFP were identified based on Mass spectrometry analysis (see insets). Note the presence of a single spot in the NtVSRGFP1 plant expressing GFP alone while at least two spots (shown by arrows, confirmed by Mass spectrometry analysis) in the SP:GFP expressing plant. For details regarding protein identities of the annotated spots please see supplementary Table S4.

Supplementary figure S7
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Figure S7 Stalked images from Z-sectioning of the trichome cells shown in Figure 3F. Note the presence of GFP signals in the cytoplasm as well as in plastids.
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Figure S8. SDS PAGE profile (A) and Western blot analysis (B) of tobacco leaf protein from NtVSRSP-GFP1, NtVSRSP-GFP2, NtVSRSP-GFP3 transplastomic plants using anti-GFP antibody. Lanes 1-4 correspond to the untransformed tobacco plant (control or wild type), NtVSRSP-GFP1, NtVSRSP-GFP2, and NtVSRSP-GFP3 transplastomic plants, respectively. M. Molecular weight marker. For complete details regarding protein identification, please refer to Supplementary Table S5.
Supplementary figure S9
[image: image8.emf]m/z: 2447.113 Signal peptide region: GGASSVFAQGNGQAGPPKGGIFKEGE

SpGFP Glu C digested

Fig.S9MS/MSspectrumcorrespondingtosignalpeptideregionofSpGFPisolatedfromtransplastomicplant

leaves.PleasereferTableS5foridentificationrelateddetails


Figure S9. MS/MS spectrum corresponding to signal peptide region of SpGFP isolated from transplastomic plant leaves. Please refer to supplementary Table S5 for identification-related details.
Supplementary figure S10
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Figure S10. MS/MS spectrum corresponding to the signal peptide region of SpGFP isolated from transplastomic plant leaves. For complete details regarding protein identification, please refer to Supplementary Table S5. 
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Figure S11. Multiple sequence alignment view of peptide sequences from GFP and SpGFP identified through mass spectrometry in the current study. Amino acids shown in red correspond to the signal peptide region from BSX fused with native GFP. Amino acid sequence regions highlighted in yellow correspond to peptide sequences identified through proteolysis by GluC followed by mass spectrometry (MS/MS). Amino acid sequence regions highlighted in green correspond to peptide sequences identified through proteolysis by Trypsin followed by mass spectrometry (MS/MS).
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