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High-level expression of anti-interleukin-6 single chain
variable fragment through plastid transformation technology

WU Mengting”, WANG Haitao”, ZHANG Miao, XU Wenbo, ZHANG Wang, LI Shengchun

State Key Laboratory of Biocatalysis and Enzyme Engineering, School of Life Sciences, Hubei University, Wuhan
430062, Hubei, China

Abstract: Interleukin-6 (IL-6) is a pleiotropic cytokine which participates in the pathogenesis of a
variety of clinical disorders, including many kinds of cancers. Anti-IL-6 antibody was proved to be
useful for the immunotherapy of various inflammatory diseases. Plants are low-cost platforms for
producing specific proteins of therapeutic interest. Two dependent transplastomic tobacco lines
expressing murine anti-IL-6 single chain variable fragment (scFv) were generated after bombardment
and regeneration, homoplasmy was then verified by Southern blotting analysis. The anti-1L-6 scFv gene
was successfully expressed at both transcriptional and translational levels in transplastomic tobacco
plants. Functional anti-IL-6 scFv accumulated to 1% of total soluble proteins, namely 41 mg/kg fresh
weight. There was no obvious phenotypic difference between the wild-type and the transplastomic
tobacco plants, including the growth rate, the height of mature plants and the number of siliques. The
high-level expression of anti-IL-6 scFv indicates the potential for cost-effective production of scFV

using transplastomic plants.

Keywords: plastid transformation technology; interleukin-6; single chain variable fragment; plant
bioreactor; immunotherapy
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pYY 12U iy it b A e 3 ik R BT AR IL-6
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k. 25°C 16 h J6H#/22 °C 8 h PR,
1.2.3 JHE S DNA $2EUFA Southern blotting
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x1 AARFFASY

Table 1  Primers used in this study

Primer name Primer sequences (5'—3") Purposes
IL-6_scFv-F GAAGGAGATATACCCATGCAAGTTCAATTAAAAGAATCT Cloning
IL-6_scFv-R ATTTGATTCTAGATTAATGATGATGATGATGATGTTTAATTTCTAATTTAGT

IL-6_probe-F ATGCAAGTTCAATTAAAAGAATCT Northern blotting
IL-6_probe-R TTTAATTTCTAATTTAGT

psaB_probe-F CCCAGAAAGAGGCTGGCCC Southern blotting
psaB_probe-R CCCAAGGGGCGGGAACTGC

The underlined nucleotides represent the homologous sequence used for cloning and the nucleotides in bold mark the His tag

sequence.
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1 FEAEFPFRIER AR IL-6 scFv B R LEREAIZREX
Figure 1 Generation of homoplastomic plants expressing murine anti-IL-6-scFv. (A) Physical maps of the

transgene targeting region in the plastid genome of wild-type and transplastomic plants. (B) Homoplasmy
analysis through Southern blotting. (C) Homoplasmy analysis through seeds test for wild-type and
transplastomic plants.
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Nt-wt Nt-pt-anti-I1L-6-1

Ni-pt-anti-1L-6-5

2 FRFEEEREYRE ST

Figure 2 Phenotypes of transplastomic plants. (A) Phenotypes of 6-week-old transplastomic plants
cultivated under heterotrophic conditions on sucrose-containing MS medium. Phenotypes of transplastomic
plants after 8 weeks of growth under autotrophic conditions in soil (B), and 12 weeks of growth in soil (C).
(D) Height difference between wild-type tobacco and transplastomic lines in (C). (E) Number of siliques
from 16-week-old wild-type tobacco and transplastomic plants. Data are X t+s of 5 plants (D, E).
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3 RFFEWIEE SR AR IL-6 scFv 3% R MENIF K &N
Figure 3

Analysis of anti-IL-6 scFv expression in transplastomic plants at both transcriptional and
translational levels. (A) Northern blotting analysis of anti-IL-6 scFv transcripts. (B) Quantification of
anti-IL-6 scFv protein by SDS-PAGE. (C) Western blotting analysis of anti-IL-6 scFv protein accumulation.
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x2 ARMERERSERMAIRIL-6 scFv HIEMLEE
Table 2 Determination of total soluble proteins and anti-IL-6 scFv activities in 5-week-old tobacco leaf
extracts

Item Nt-wt Nt-pt-anti-1L-6-1 Nt-pt-anti-IL-6-5

1 2 3 1 2 3 1 2 3
Weight (g) 0.06 0.06 0.07 0.07 0.09 0.06 0.12 0.09 0.10
Volume (mL) 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40 0.40
Protein concentration (g/L) 0.47 0.63 0.91 0.44 0.93 0.36 0.60 0.90 0.65
Total protein (TP, mg) 0.19 0.25 0.36 0.18 0.37 0.14 0.24 0.36 0.26
TP/weight (g/kg) 3.15 4.46 5.35 2.44 4.13 2.51 2.02 4.09 2.75
anti-IL-6 scFv (mg/kg) / / / 24.36 41.28 25.07 20.16 40.87 27.53
Absorbance 450 nm 0.44 0.49 0.39 0.68 1.30 0.61 0.81 1.20 0.91
Adjusted absorbance / / / 0.25 0.86 0.18 0.37 0.76 0.47
Active anti-1L-6 scFv / / / 2.03 9.36 1.19 3.49 8.20 4.74
concentration (ng/L)
Active anti-IL-6 scFv initial / / / 10.13 46.81 5.95 17.46 40.98 23.69

concentration (mg/L)

AP S E WS R A AR RS A, KT
AR 5 TR R 40 R P K O 1 B ' {0 2 B A 7Y
FE ) S B I R WA, FRAR FAm v i 15
HR AR IR PR 5 v X 7 )3 BT TL-6 scFv 11
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scFv G PR (AR dE B ZE R* ¥ KT 0.99,
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ECh il W NI YA EY s 4 PAL /) B LG S A i
TERE W) N AETE 5 T 2L 30 0 A R 2 0L i) e o ) 1
Wi, DR L AE R AN N A BRI L B
7 A B PR AT B 25 R A0S B )
AR 25 TR A R TR ok B sy, R
) B0 0 A 5 3 T B iz o T A
LB E AL T, R A T SR B A R R
FA R SR AR ), BN AE 0 s 325k HIV
HRIHLIAR 2G12BR>3 ) 0w A0 i 7 T Rk 1
AR 108, i 3 DRRI S5 A 2 o DR A e rp 38
PR PUREPIEE e 3L R 8 m] LA SRS
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AEIF 8] J7 {5832 i o

ST AEAE P R G K ) R AR
M, FRATSE T B AR rh R THAE IL-6
scFv BT AR IL-6 scFv Z: [ HHMH B2 1Y 16S rRNA
FEHEW G SF (NPrrn) K3, H NtPrrm G
TREREAR T7 (9 g10 B 5'-AR 45 X 51 %
PR AMEIL R kAR IC R aadAd
FR) 2 5 U pH S TR ABE Y psaB BRI (ot R G0
1 # B AP CrPpsaB) IR 8h T3k 7 55 52 i
(K 1A). @3 Southern blotting K, Fe A 1752
TR B B AR AR (& 1B), kR T H
ML aadd FEPRIFRIK G T HE w385 )
FiiARSE A b [FEE, 5L R A =
BB R4 RAG DL R T B AR R SR 3
CrPpsaB H XIS T3 aadd HIEIEK (H
1C). BiJ , i3 Northern blotting A1 SDS-PAGE
T o A R DR B 40 A5 IL-6 scFv JE [
TERG AR R a (B 3). %45
5 Z W TR GE WAZ L BE R R A 7 Bt IR IL-6
scFv AHEEM, Hi AR IL-6 scFv 8 R 2k
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SRR FE R o MTT A 5 DR AR 0 A o o L A
K0 i AR T AR IL-6 scFv, Pk
R RAEEAN 1% (8 3B-0), - HEE
41 mg/kg BEFE T AN MAZ S A0 10 4 o 2
NS BERLIR A, BT LAAMNESE R AL B AR
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A AZ: B S DR R g b e AR P B9 BT AU TL-6 scFv
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WAL IR B AR AR AT B IR BE 37 A BB 1R 3 A 1)
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e B A (B RSl A AR B . S AR SR
FEA) B R AR/ N R AR TR, RBPLARE
IL-6 scFv Ji A% LR F% A H B A K 50 3%
B, HARMEFUREYWEEEA 238
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