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ABSTRACT

Transplastomic plants are a system of choice foe tmass production of
biopharmaceuticals due to the polyploidy of thespthgenome and the low risk of
pollen-mediated outcrossing because of maternaritaimce. However, as field-grown
plants, they can suffer contamination by agrochatsi@nd fertilizers, as well as
fluctuations in yield due to climatic changes antections. Tissue-type plasminogen
activator (tPA), a protein used to treat heart chfa converts plasminogen into
plasmine, which digests fibrin and induces thealiggon of fibrin clots. Recently, we
obtained transplastomic tobacco plants carrying KIS gene encoding truncated
human tPA (reteplase) with improved biological @ty and confirmed the presence of
the target protein in the transgenic plant lea@essidering the advantages of plant cell
cultures for biopharmaceutical production, we dsthbd a cell line derived from the
K2S tobacco plants. The active form of reteplase gaantified in cultures grown in

light or darkness, with production 3-fold highetiight.



1. Introduction

Biopharmaceuticals based on proteins, antibodiesicleic acids are increasingly being
used for disease treatment. Although only aboytdflides have been approved by the
US FDA to date, more than 140 are under cliniaadgtand by 2020 the global sales of
biopharmaceuticals are expected to be worth ove® 8.2 billion (Santos et al.,

2016).

Tissue type plasminogen activator (tPA), which icekithe dissolution of fibrin clots
by converting the zymogen plasminogen into thengepirotease plasmin, is a clinically
useful thrombolytic agent (Clark, 2001) and a targe biotechnological production.
tPA has five domains, N terminal finger, epiderngabwth factor, serine protease,
Kringle 1 and Kringle 2 (Youchung et al., 2003). eTlactive part of tPA, the
thrombolytic Kringle 2 domain, serine protease diomawo functional regions of
proteasa (176-527 amino acid residues), plus tiee3lamino acids of the N-terminal is
known as the truncated human tissue plasminogé@rtmt (K2S, reteplase), which has
a longer plasma half-life and higher fibrinolytictiaity than tPA (Nordt and Bode,

2003).

The main biotechnological systems for the producticof recombinant
biopharmaceuticals are based on microorganismresltsuch agscherichia coliand
yeast at bioreactor level, while large proteinsgererally produced by mammalian cell
platforms (Demain and Vaishnav, 2009). Moleculamiag also has been utilized for
biopharmaceutical production, because transgeaittlonly need water, minerals and
sunlight for growth, but a drawback of the systawogording to the US Agricultural
Department, is a lack of guaranteed transgene etmteand the risk of contamination
of the human food chain if edible plant species ased as the host (Wilson and
Roberts, 2012). Moreover, transgenic crops usedHerproduction of heterologous
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proteins are exposed to agrochemicals and ferslizethe field, while variable culture
conditions and the impact of bacterial and fungé&dtions can lead to fluctuations in

yield (Hellwig et al., 2004).

As an alternative production system, plant celtuwels share the capacity of transgenic
crops for proper protein folding and can assemblapiex recombinant proteins. They
also have similar advantages to bioreactor systbased on microorganisms and
mammalian cells, as they avoid transgene disseimimand provide controlled and
sterile growth conditions, chemically defined cuitumedia, and compliance with
pharmaceutical good manufacturing practices, enguhe biosafety and productivity
of the system (Demain and Vaishnav, 2009; Santas.e®016). Furthermore, they
allow proteins to be manufactured in days or weeither than the months or years

required when depending on the growth cycle of alevplant (Doran, 2000).

Several factors affecting transgenic crops, sucltliasate, soil quality, season, day
length and weather, are not issues for biotechmbglatforms based on plant cell
cultures. Additionally, the secretion of heterolaggroteins into the culture medium
simplifies downstream processing and protein pratfon (Pham et al., 2012). The first
human recombinant protein approved in the US ahdratountries was Taliglucerase
alfa, a modified glucocerebrosidase enzyme usddetd Gaucher’'s disease, produced
by Protalix Biotherapeutics in the ProCellEx® ptath based on carrot cell cultures

(Tekoah et al., 2015).

Transplastomic plants have been targeted for thdyation of biopharmaceuticals due
to the high number (approx. 100) of chloroplasts gant cell, the high copy number
(approx. 10000) of the plastid genome, as welhasnaternal mode inheritance, though
low-level leakages of transgenes in pollen may p¢8ock, 2014). Transplastomic
technology has enhanced field-grown plant resigtdoderbicides and plagues and has
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been used for the production of recombinant prsteidowever, the derived cell
cultures have been scarcely applied for the bisteldyical production of heterologous
proteins (Block, 2007). Examples of biopharmacelgigoroduced in transplastomic
tobacco plant cell cultures include the phage-@erigndolysins, used as an antibiotic
against pneumonia (Oey et al., 2009), camelid adids (Lentz et al.,, 2012), the
transforming growth factor (TG33), a cytokine-type protein (Gisby et al., 201T)da
fragment C of tetanus toxin (TetC). The latter \wasumulated up to 7 mg/L, but when
the transplastomic cell suspension was cultured temporary immersion bioreactor
(TIB), regenerated shoots achieved a TetC produatio95 mg/L (Michoux et al.,

2011).

Recently, our group obtained tobacco transplastqrtaats harboring the K2S gene
driven by the promotor Prrn for the production dife ttruncated human tissue
plasminogen activator (K2S, reteplase), which ise oof the most important

pharmaceutical recombinant proteins, widely usetirtmk down blood clots through
the conversion of plasminogen to plasmin (Abdolsalaet al., 2013). The purification
system of reteplase has been recently optimizedhmeg a production of up to 30.6
Hg/100 mg fresh weight of leaf tissue (Abdoli-Nasdlal., 2016). Taking into account
the potential advantages of plant cell culturestiier production of biopharmaceuticals,
in this work we demonstrate for the first time ttagpacity of cell suspension cultures

derived from K2S transplastomic tobacco plantsraalpce the bioactive target peptide.

2. Material and Methods



2. 1. Plant material

In this work, we utilized seeds from homoplastiamé carrying the K2S gene driven by
the promotor Prrn obtained as described by Abdakdh et al. (2013). Sterile seeds
were germinated on solidified MS (Murashige anddkd 962) medium supplemented
with 500 mg/L spectinomycin, in Magenta vessel$5(8A). Thein vitro plantlets were

cultivated in a climate chamber at 25°C under d Jthotoperiod and an approximate

light intensity of 60umol mi? s*.
2.2. Initiation and maintenance of the transgergtt suspension

Leaf discs of young K2S plants were cultivated ankthess or under light conditions for
callus induction in solid MS medium (Murashige &@kbog, 1962) supplemented with
2.14 mg/L of naphthalene acetic acid in combinatiaim 0.215 mg/L of kinetin (Pifiol

et al., 1985) and 500 mg/L of spectinomycin (Fig.After several subcultures, 30 g of
friable calli were placed in 300 mL of liquid MS diam with the same hormones and
antibiotic to obtain a fine cell suspension, whielis subcultured every 12 days, shaken

at 115 rpm and maintained at 25 °C in darknesgbt tonditions.
2.3. gPCR analysis

Expression of theK2S gene in the cell suspension was verified by gPCRe
elongation factor x (EF-1a) as the nuclear-encoded reference (Schmidt eR@L0Q)
and the accD-like plastid-encoded (Lee et al., 20@Fre used for gene normalization.
The stability of the housekeeping gene expressias analyzed by calculating the
coefficient of variation (CV), as previously desad (Exposito-Rodriguez et al., 2008).
Total RNA from the plant material was isolated wiiliRlzol reagent (Invitrogen,
Carlsbad, CA). For the gRT-PCR, cDNA was preparethfRNA treated with DNase |

(Invitrogen, Carlsbad, CA) and synthesized with &&gript IV reverse transcriptase



(Invitrogen, Carlsbad, CA). gRT-PCR was performesing the iTAQTM universal
SYBR Green Supermix (BioRad, Hercules, CA, EEUUaiB84-well platform system
(LightCycler_480 Instrument; Roche), and each samnm@s run in triplicate, under the
following conditions: 95 °C for 2 min, 40 cyclesx(9C, 10 s; 60 °C, 20's; 72 °C, 20 s)
followed by a melting curve. Gene-specific primesesre designed with Primer-BLAST

(Table 1).

2.4. Protein extraction

Total soluble protein (TSP) was extracted as diesdrby Wang et al. (2005) with slight
modifications. Briefly, 4 g of the harvested cellspension was ground in liquid
nitrogen and placed in a 15 mL tube, which wagdillvith 10% trichloroacetic acid /
acetone, and centrifuged at 10000 g for 5 min (4Te supernatant was removed,
washed with 0.1 M ammonium acetate / 80% methamdlcgntrifuged. The pellet was
washed with 80% acetone, and air-dried at room ésatpre for 10 min. The tube with
the pellet was filled with phenol/SDS buffer (Waetgal., 2005), mixed thoroughly and
incubated for 5 min on ice. After centrifugationetupper phase was recovered in a new
tube, which was filled with 0.1 M ammonium aceta®0% methanol, incubated over
night at -20°C and then centrifuged at 10000 glfdmin (4°C). Finally, the pellet was
washed once with 100% methanol and once with 80%ioae and air-dried. The
protein was resuspended in 6 M urea and quantifsaty the RC DC Protein Assay Kit

Il (Bio-Rad, CA, USA).

Native proteins were extracted using finely gropagvder under liquid nitrogen. Per 5
g of cells, 10 mL of cold buffer solution was udgdiffer: 250 mM sucrose, 50 mM

HEPES, 5% glycerol, 10 mM N@sS,, 1% PVP, 10 mM ascorbic acid and 100 mM
PMSF, pH=7.5). The mixture was thoroughly homogediand centrifuged at 12000 g

for 15 min (4°C). Finally, the supernatant was fiedi for further analysis.
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2.5. Protein purification

For purification of the recombinant protein, a H@Gravitrad¥ TALON® (GE
HealthcareBio-Sciences AB, Uppsala, Sweden) wad fadlwing the manufacturer’s
instruction. The eluted protein was concentrated\tnjcon® Ultra-2 (30K) Centrifugal
Filter Devices (Millipore Corp., Bedford, MA), arte buffer exchange was carried out
with buffer phosphate (50 mM sodium phosphate, 3a0NaCl, pH=7.4). Finally, the

guantification was done by the RC DC Protein Adsayl (Bio-Rad, CA, USA).
2.6. SDS-PAGE and sample preparation for mass spaetry analysis

The TSP extracted from the cell suspension wasegl§t00ug) in 12% acrylamide gel
followed by staining with Coomassie brilliant blgeaemmli, 1970). The gel bands
located at 48 kDa were processed as described hyrget al. (2010). For digestion,
sequencing grade modified trypsin (V5111, Promdgadison, WI) was used and
samples desalted with PepClean™ C-18 Spin Coluniherno Fisher Scientific,

Rockford, IL) according to the manufacturer’s recoemdations.
2.7. Liquid chromatography-mass spectrometry

For protein identification, MS and MS/MS data weguired in an Agilent XCT plus
ion trap mass spectrometer with a ChipCube interfed by an Agilent 1100 series
nanopump HPLC system (Martinez-Esteso et al., 20The four most intense
precursor ions in the MS scans were selected foM&Sand then passed to an active
exclusion list released after 1min. Raw data wereverted into a peak list with the
extraction tool of SpectrumMill Proteomics Workban¢SMPW) (Agilent). The
reduced data set was searched against the Swidgpvadrd and reversed protein
database without taxonomical restrictions in thentdy mode with the MS/MS search

tool of SpectrumMill Proteomics Workbench, using flollowing parameters: trypsin,



up to 1 missed cleavages, fixed modification caidamethylation of cystein, the
variable modification oxidation of methionine, aadnass tolerance of 2.5 Da for the
precursor and 0.7 Da for product ions. Peptide \wése validated first in the peptide
mode and then in the protein mode according tstioee settings recommended by the

manufacturer.

The MRM selector tool of SMPW was used to genetaesition lists from validated
peptide identifications by selecting the five miwgénse precursor/product ion pairs for
each target peptide above the precursor m/z, alodlating the collision energy for

each precursor ion.

The MRM experiments were performed on an Agilestandard flow LC-MRM-MS
platform (Agilent Technologies, Palo Alto, CA) castsng of a 1290 Infinity UHPLC
interfaced to a 6490 triple quadrupole mass spewter via a JetStream ESI source.
Protein sample digests were separated using ann&dvidio Peptide Map 2.1*150mm
2.7 um column thermostated at 50°C at 0.4 mL/naw ftate over a 6-min run along a
linear gradient from 0 to 70 % of solvent B conagiof 0.1% FA in 90% ACN. Source
parameters were: 3000-3500 V capillary voltage,Lidin N, gas flow, 150°C gas
temperature. Each transition was acquired at esilution in standard mode for 10ms

dwell time at 3 duty cycles per second.

A project was created in the open source applica8kyline (MacLean et al., 2010)
using the sequence of identified peptides and tseteamanually the previously
generated transitions, in order to import, viswgliefine the acquisition method and

compare the LC-MRM runs.



2.8.Activity assay

The protein assay was performed with a tissue{y@eminogen activator (tPA) Human
Chromogenic Activity Assay Kit (ab108905, abcam,mBaidge, UK). This assay
measures the ability of tPA to activate the plasgen to plasmin. The amount of
plasmin produced is quantitated using a specifiossate releasing a yelloys-
nitroaniline chromophore. Briefly, human plasminogelasmin substrate and tPA
standard were prepared following the manufacturar&ructions. Then, a standard
curve was prepared in triplicate by serial dilufi@onsidering 7 points (40, 10, 2.5,
0.625, 0.156, 0.039 and 0 IU M) Next, a mixture of specific diluent, plasminogen
and plasmid substrate (60, 10 and (IO respectively) was distributed in a 96-well
microplate. Finally, 2QL of standard points or samples were added, inedlbait 37 °C
and the absorbance was periodically read at 405anmup to 9 h, according to the

manufacturer’'s recommendation.

3. Resultsand Discussion
3.1 Establishment of transgenic cell suspensiotuceg and K2S gene expression.

After 2 months of the initial callus induction, suffictematerial was obtained to
establish the cell suspension. A characteristiemyelor was observed in the callus and
cell suspension grown in light (Fig. 1 A, B). Afté2 days of culture, samples from the
cell suspension growing in light or darkness wealeeh for the planned analyses. Their
growth capacity was measured as a growth indexé¢sted fresh weight / inoculum
fresh weight, GI) and biomass productivity)(rLight was found not to affect the
biomass production of the system, and in both ¢, the cell cultures reached a Gl

> 3, which represents a * 18.5 g ['d™ (Fig. 2), a growth capacity very similar to the
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untransformed tobacco cell lines (data not showhégse results show the high capacity
of the system based on tobacco suspension culiu@®duce biomass, which was not
affected by the K2S gene expression. Similar redolt growth capacity were reported
previously for tobacco cell cultures geneticallgideed for the heterologous production
of the t-resveratrol derivativet-piceatannol (Hidalgo et al., 2017), and for the
production of scopolamine in transgenic tobaccd loets carrying theHnH6H gene

(Moyano et al., 2007).

In order to normalize the gene expression data maeisely in the gPCR analyses, cp
values of housekeeping genes (EF1 and accD) wert urscombination or separately,
to calculate and compare the CV between them, sixiled in Material and Methods.
The results, CWe= 0.0247 < C¥rigacer= 0.0307 < CVep= 0.0513, demonstrated that
the accD gene expression was affected by lightveasl therefore not useful for this
experiment, while EF1 proved more stable under lootiditions, giving the smallest
CV value, which indicates less variability than winoby the combination of EF1 and

accD or accD (Table 2 and Figure 1 C).

In contrast with the growth capacity, the analysishe K2S gene expression showed
significant differences according to the conditiongh 4.6-fold higher gene expression
when the cell line was cultured under light. Thessults could be related to the green
color of this cell suspension, which is probablysed by a higher degree of chloroplast
organization and/or their number per cell. RecerBsreto et al. (2017) developed

transgenic calli for the heterologous productiontlod fragment C of tetanus toxin

(TetC), and reported a positive correlation betwgesen shoot development and TetC

yield when the callus was cultivated in a temporargnersion culture.
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3.2Characterization oftPA heterologous protein by Mass Spectrometry

The acrylamide gel bands corresponding to the piediimolecular weight of the K2S
protein were successfully submitted to qualita@elysis. A method was previously
established to detect 7 different reteplase pepti@@f which were proteotypic (Fig. 3),
I.e. they were exclusive to reteplase and with omdlogy with related species (Fig.4).
Each peptide was detected with at least 3 tramsitiovhich gives specificity to the
analysis. In all the samples from transgenic maltesverexpressing the K2S gene,
peptides associated with reteplase were found anexpected, the signals were not
detected in the wild type cell suspension. In athples, the most intensive signals were
detected for the peptides GGLFADIASHPWQAAIFAK and VAQNPSAQALGLGK
(Fig. 5 A), at a retention time of 3.4 min and 2din respectively (Fig. 5 B). The
transitions of the peptide GGLFADIASHPWQAAIFAK wedetected both in samples
kept in the dark and in light without significanuantitative differences probably
because the transitions for this peptide give tsemany unspecific signals in the
tobacco proteome background. Transitions of thetigepVYTAQNPSAQALGLGK
were well above noise in light treated samples avbihly noise could be detected in
darkness treated samples. The later is consistiéimtte higher plastid abundance and
the K2S expression levels in light conditions, thraidating the suitability monitoring
VYTAQNPSAQALGLGK by MRM as a surrogate peptide of28 The results
confirmed the capacity of the K2S transgenic cele [to biosynthesize the target

biopharmaceutical.
3.3 Determination of the protein content and atyiassay.

As the reteplase was polyhistidine-tagged (Abdbhle2013), the recombinant protein
expressed in chloroplasts was estimated by measthen TSP before purification and
after concentration of the eluted protein from tloéumn, as described in Material and
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Methods. The rtPA content reached in the tobactlosospension when cultivated in
darkness was 0.083 % of the TSP, rising to 0.2#v%gt conditions, which represents
an increase of more than 3-fold. These resultscaresistent with the MRM signal
intensities for the peptid® YTAQNPSAQALGLGK and the production values were
lower than those obtained in the transplantomicheroplant (approx. 1% of TSP)
(Abdoli Nasab et al., 2016), but in that case tha&tgn was harvested after 8 weeks
rather than the 2 weeks of the cell suspensiorurulperiod. In accordance with
previous reports (Michoux et al., 2011; Hong et @002; Hellwig et al., 2004;
Magnuson et al., 1998), this result shows thatptieeluction of recombinant protein in

plant cell suspensions is lower than in the whéd@p

The plastid genome contains many promoters (LiaceMaliga, 2001), but the strong
sigma70-type rRNA operon (Prrn) promoter, whictwesll-recognized by the plastid-
encoded plastid RNA polymerase, is commonly useglfstid transformation (Maliga,
2004). Prrn, a constitutive promoter in chloropaamtd prokaryotes, is reported to cause
high levels of transcript accumulation in plastadglants, but it has been described as
having low activity in plant cell suspensions (Mictx et al., 2011). Other factors might
also be responsible for lower reteplase produdticime obtained cell cultures, such as
less differentiated cells and plastids (Michoux at, 2013), instability of the
recombinant protein secreted to the medium duedtease release from disrupted cells
(Hong et al., 2002), or aggregation occurring wttendaughter cells do not separate in
the cell division (Santos et al., 2016). Neverthglehe rtPA yield was significantly
higher than the tPA production (up to 0.017%) imary root system (Kang et al.,

2011).

Unlike tPA, reteplase has no carbohydrate sidenshand thus can be producedBn

coli cells, but most of the protein is present asnatusion body, making its extraction
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and renaturation a time-consuming downstream psodasolving solubilization and
protein refolding and dialysis (Khodabakhsh et aD13). In contrast, as the target
protein in our biotechnological system was taggeth \8-his, it was easily purified
using a column containing TALON-Superfl8unedium precharged with cobalts ions,
and the active K2S protein was recovered accoridinige method previously developed

by Abbdoli Nasab et al. (2016).

For the quantitative measurement of reteplase iggctihe extracted native protein was
obtained from a cell suspension growing in liglmce the production was higher than
in darkness. The crude extract was purified ancceotnated as described in Material
and Methods, and the use of the Plasminogen Aotidvdiman Chromogenic Activity
Assay Kit allowed activity against plasminogen te measured throughout 9 h of
incubation at 37°C. The behavior of the extracteziyme (146Qug) was comparable to

the 2.5 Ul mL* tPA standard curve (Fig. 6).

Further approaches to enhance the productivityhef K2S tobacco cell suspensions
could be based on modifying the promoter and vaegulatory elements (Hong et al.,
2002). Adding signal peptides like 33KDsp may im@ecretion efficiency (Haung et
al., 2015), minimize processing time and avoid gobttic and oxidative degradation of
recombinant proteins (Fischer, 1999). Fusion tagkding fungal hydrophobin (Reuter
et al., 2014) or zein-derived peptides could insecthe protein accumulation (Joseph et
al., 2012). The culture medium could be optimized, by increasing aeration (Liu and
lee, 1999) or adding growth medium supplements stschmino acids (Fischer et al.,
1999), gibberellic acid, haemin (Tsoi and Doram)2) a carbon source (Santos et al.,
2016), protease substrates like gelatin, biopolgnllege et al., 2002, Kwon et al., 2002)
or bovine serum albumin (James et al., 2000; Bawal., 2005). The results obtained

demonstrate that the extraction of reteplase iiveaonditions preserves its biological
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activity and the biotechnological system could becessfully used for the production

of this biopharmaceutical.

4. Conclusions

In this study we developed tobacco cell culturesvdd from transgenic K2S plants for
the viable production of the biopharmaceutical pktge. Although the risk of transgene
dispersion in transplastomic plants is low dueht maternal mode inheritance, the cell
culture system guarantees transgene containmes, Ake other bioreactor systems,
the target compounds can be produced under stdotiyrolled culture conditions, thus
avoiding the risk of contamination with human pafos associated with mammalian
cells; it also has the capacity for proper protiiding. We have demonstrated the
capacity of the transplastomic K2S cell culturesptoduce active reteplase and the
enhancing effects of light on its production, agimg a TSP content of 0.277 % after a
2-week growth period. These results open a newusvér the production of reteplase
in transplastomic plant cell cultures as an altéveabio-sustainable system for

biopharmaceutical production.
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Table 1. Sequences of the primers used to ampigygenes by gPCR

Gene Primer Sequence A;?Zpélcbc:)n Reference
E"?”gta“‘-"” FW: TGGTCAGGAGATTGCGAAAGAGC 120 Hidalgo et
actor
(EF1) | RV: ACGCAAAACGCTCCAATGGTG al. (2007)
FW ACAACTGGTGGAGTGACAGC _
accDh 76 This work
RV ATGCAATGTAGGCGTTGGGT
FW: GCATGACTTTGGTGGGCATC
K2S 59 This work

RV: CGGGACATCCTTCTGTCCAC
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Table 2. Evaluation of housekeeping stability by CV

Mean Cp
Housekeeping EF1 |EF1&accD| accD

26.974232 21.37467915.775121

Light 28.009782 22.11045516.211124
27.866260 21.83413215.802004

27.315741 22.31027217.3048043

Darkness |28.948752 23.31449417.680236
28.130729 22.747606 17.3644843

Mean 27.874249 22.28194016.68963(
SD 0.687129 0.683648 0.856542
CVv 0.0247 0.0307,  0.0513
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Figurelegends:

Figure 1. Appearance of the callus cultures (A) and thevedrcell suspensions (B)
growing under dark and light conditions. (C) Anady®f the relative K2S gene

expression normalized to Elongation Facter 1

Figure 2. A) Growth capacity of the cell suspension measaegrowth index (Gl) and
biomass productivity (rx) and B) reteplase produttof the cell suspensions growing
under dark and light conditions. TSP, total solyiretein. Each value is the average of

3 biological replicates + SE.

Figure 3. Mass spectrum and fragment ion of the 3 protaotypptides for the human

tPA protein.

Figure 4. Multiple sequence alignment of tPA in related s$pec Those that are
highlighted represent the seven peptides for metledelctions and those that are framed

correspond to proteotypic peptides for human tRatgn ID PO0750).

Figure 5. Peptide characterization. (A) Identification betmost intensive peptides in
cell cultures under dark and light conditions. @)romatogram, indicating specific

retention time and intensity of each fragment ion.

Figure 6. Quantitative determination of the native reteplasotein activity, extracted
from the K2S cell suspension measured with Tisgpe Plasminogen Activator Human

Chromogenic Activity Assay Kit.
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1D

Q28198

Q8sQ23

P00750
QSR8J0

Identical

Sub Group # Length AA's %ID Species Protein Name
1 566 566 100 BOVIN Tissue-type plasminogen activator
1 562 468 83.3PIG Tissue-type plasminogen activator
il 562 460 81.9HUMAN Tissue-type plasminogen activator
1 562 458 81.5PONAB Tissue-type plasminogen activator

(1)
(1)
(1)
(1)

(1)
(1)
(1)

(1)
(1)
(1)
(1)

(1)
(1)
(1)
(1)

(1)
(1)
(1)

MMSAMKTEFLCVLLLCGAVETSPSQETYRRLRRGARSYKVTCRDGETOMTYRQHDSWLR PLLRGNQVEHCWCDGGRAQCHSVEVRSCSEPWCEFNGGTCRQ
—MYALKRELWCVLLLCGAICTSPSQETHRRLRRGVRS YRVTCRDEKTQMIYQOHOSWIRPLLRGNRVEHCWCNDGOTQCHSVEVKSCSEPRCFNGGTCLY
~MDAMERGLCCVLLLCGAVEVSPSQEIHARFRRGARSYQVICRDERKTQMIYQOHQSWLRPVLRSNRVEYCWCNSGRAQCHSVEVESCSEPRCEFNGGTCQQ
~MNAMKRGLCCVLLLCGAVFALPSQETIHARVRRGARSYQOVICRDEKTOMIYQOHQSWLRPVLRSNRVEYCWCNSGRAQCHSVEVRSCSEPRCEFNGGTCOQ

ALYSSDEVCQUCPEGEFMGELCEIDATATCYRDQGVAYRGTWSTAE SGAECANWN SSGLAMKPY SGRRPNATIRLGLGNHNYCRNPDODSKPWCYVERAGKY T
ATYFSDEVCQCPVGEIGRQCEIDARATCYEDDGITYRGTWSTTESGAECVNWNT SGLASMPYNGRRPDAVELGLGNHNYCRNPDEKDSKPWCY IFKAEKYS
ALYFSDEVCQCPEGFAGKCCEIDTRATCYEDQGISYRGTWSTAESGAECTNWNS SALAQKPY SGRREDATRLGLGNHNY CENPDRDSKPWCYVFKAGKY S
ALYFSDEVCQCPEGFAGKCCEIDTRATCYEDQGISYRGTWSTAESGAECTNWNSSALAQKPY SGRRPDATRLGLGNHNYCENFDRDSKPWCYVEFKAGKY S

SEFCSTPACAKVAEEDGDCYTGNGLAYRGTRSHTKSGASCLPWNSVEFLTSKIYTAWKSNAPALGLGKHNHCRNPDGDAQPWCHVWKDRQLTWEYCDVPQC
PDFCSTPACTKEKEE-——CYTGKGLDYRGTRSLTMSGAFCT.PWNSLVIMGK I Y TAWNSNAQTL.GLGKHENY CRNPDGDTQPWCHVLEDHKLTWEYCDLPQC
SEFCSTPACSEGNSD-——CYFGNGSAYRETHSLTESGASCLEWNSMILIGENYTAQNPSAQATG YCRNPDGDAKPWCHVLENRRLTWEYCDVESC

SEFCSTEPACSEGNSD-—-CYFGNGLAYRGTHSLTESGASCLLWNSMILIGEVY TAQNENAQALGLGKHNY CRNPDGDAKPWCHVLENRRLTWEYCDVPSC

VTCGLRQYKRPQFRIKGGLEADITSHEWQAAT FVENRRSPGERFLCGGI LI SSCHVLSARHCFQERY PPHELKVELGRTYRLVEGEEEQTFEVEKY T THK
VTCGLRQYKEPQFRIKGGLYADITSHE IFVKNRRSPGERFLCGCILISSCWVLSARECFQERFPPEHVRVVLGRTYRLVPGEEEQAFEVEKY IVHK
STCGLRQYSQPQFRT! R SPGERELCEETILT S80I LEARHCFORRF PPHALTVI LGRTYRVVEGEEEQKFEVEKY IVHK
STCGLRQYSQPQFRIKGGLEADIASHEWQAAT FARHRRSEGERFLCGGILISSCWI LSAAHCFQERFPPHHLTVI LGRTYRVVEGEEEQKFEVEKY IVHK

EFDDDTYDNDTALLHLKSDSLTCARESASVRT ICLPDASLYLPDWTECELSGYGKHESS SPFFSERLKEARVRLY PSSRCT SQHLFNRTVTNNMLCAGDT
EFDDDTYDNDIALLGLKSDSLTCAQES DAVRTVCLPEANLOLPDWTECELSGYGKHEAS SPFY SERLEEAHVRLY PSSRCT SKHLFNET T TNNMLCAGDT
EFDDDTYDONDTATLLOLESDSSRCAQES SVVRINCLEPADL QL PEDWTECH LS GYGKHEALSPFYSERLKEAHVRLY PSSRCTSQHLLNRTVT DNMLCAGDT

(1)

(1)
(1)
(1)
(1)

EFDDDTYDNDIALLOLKSDSSRCAQES SVVRTVCLPPADLOLPDWTECELSGYGKHEALSPFY SERLKEAHVRLYPSSRCTSQHLLNRTVADNMLCAGDT

RSGGDHTNLHDACQGDSGGPLVCMKDNIMTLVGII SWGLGCGREDVEGVY TKVTNY LDWIRDNTRE
RSGGDNANTHDACQGDSGGFLVCMKGNHMTLVGVI SWGLGCGORDVEGVY TKVINY LNWIRDNTRE
RSGGPQANLHDACQGDSGGPLVCLNDGRMELVGIISWGLGQQQgDVPGVYTKVTNYLDWIRDNMRP
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Highlights:

Reteplase was produced in cell cultures derived from K2S transplastomic tobacco plants.
Heterologous rtPA protein was successfully characterized by mass spectrometry.
Purified native reteplase showed activity against plasminogen.

Reteplase production in the K2S cell cultures was enhanced by light.
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