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Figure 1.

Schematic diagram of the Sec insertion mechanism in prokaryotes. Sec-specific tRNA

S interacts with

different factors such as SerRS, SelA and SelB accordingly. In the presence of bacterial SECIS element, tRNA®
ultimately carries Sec to the small subunit of ribosome to incorporate Sec into growing polypeptides and eventually

forms selenoproteins. In this study, we aimed to search for key nucleotide sites on E. coli tRNA

Se¢ scaffold.
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Extraction Kit, Gene JET PCR Purification Kit.
Gene JET Miniprep Kit . PFR i ¥ 4y U) (2 55
Restriction Enzyme Eco31 1, Dpnl. Acc65 1. Xba
DA K T4 &R [ Thermo Fisher Scientific
~Fl. DNA Marker 1 B A9 TR (CRIE) A PR
H] (K% TaKaRa /A 7). Bradford 8 113 I &
A G B A TAY TR B A R A 5
1% JEE®) 5,5'-Dithiobis-(2-nitrobenzoic acid) (DTNB)
4 F Sigma-Aldrich 23 & (USA).
113 FEE{YH . Biometra — LK 96 fL
Professional Thermocycler PCR ¥ g H f&
Analytik JENA 2 F] . 2D BER PRI SYNERGY H1
Wy [ 3= BioTek 24 H] . 24t UVS BIO
Wy H Fi - Mettler Toledo 72t w] . AKTA Start
workstation, 2',5' ADP-Sepharose™ 4B # HiPrep
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N A A Blk2EE0 ] (GE Healtheare Life Sciences,
Uppsala, Sweden). Amicon®Ultra-15mL #3725 0>
(30 kDa)l#y H Merck-Millipore 23 7] (USA).
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selC L -5 AE 5872524, L) pCDF-SelC Jit
MR, #4700 PCR, A Dpn I/Eco31 | AU
P PCR /=4, KFH T4 DNA # G T A%, 3%
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F1 TERRTEARSIY
Table 1. Primers for site-directed mutagenesis

Primer Sequence (5'—3')* Purpose 2

FO5A GCGGTCTCGTCTCCAGTGAGGCGGCTGGACTTC Forward primer for g18a mutant
FO5U GCGGTCTCGTCTCCTGTGAGGCGGCTGGACTTC Forward primer for g18u mutant
FO5C GCGGTCTCGTCTCCCGTGAGGCGGCTGGACTTC Forward primer for g18c mutant
FO7A GCGGTCTCGTCTCCGATGAGGCGGCTGGACTTC Forward primer for g19a mutant
FO7U GCGGTCTCGTCTCCGTTGAGGCGGCTGGACTTC Forward primer for g19u mutant
FO7C GCGGTCTCGTCTCCGCTGAGGCGGCTGGACTTC Forward primer for g19¢c mutant
F17 GCGGTCTCGTCTCCNGNGNGGCGGCTGGACTTC Forward primer for rma mutants
F18 GCGGTCTCGACTCCNNNGATCTTCCGCCAAAATGC Forward primer for rmb mutants
RO5 GCGGTCTCGGAGACGACGATCTTCCGCGCC Reverse primer for g18, g19, and rma mutants
RO8 GCGGTCTCGGAGTCGAACCTGCCCGGGAC Reverse primer for rmb mutants
T7 TAATACGACTCACTATAGGG Forward primer for sequencing
T7TER TGCTAGTTATTGCTCAGCGG Reverse primer for sequencing

This table lists the primers used for introducing mutations at the D arm or T arm of E. coli tRNA®® (selC gene product) scaffold, using
the wild type pCDF-SelC plasmid as template. * Restriction cleavage sites (Eco31 1) in primer sequences were underlined. N is a
degenerate base (A/C/G/U). 2RMA were mutants constructed by introducing degenerate base N at G18, U20 or A21 sites of E. coli
tRNAS®, And RMB indicates mutants constructed by introducing N at U63, G64 or U65 sites of E. coli tRNAS,

1.3 TrxR1 EAMFRB 5S4 1.4 TrxR1 EHKE 4L
¥ pSUABC' itk %1k 2] BL21 (DE3) gor- (7% i) B A A B (50 mg/mL) % 2k B

PET-TRSter JFORD)RESZAS P, WATT TCK JUHER 5y 1 mg/mL, B4, R il 3 05, AR,
W LB A B R S0 pg/mL RARZE S (Kana. 4o 13000 rimin 2.0 20 min Ji5 , 32 13 , 4 0.45 pm
K). 34 ug/mL SZZ(Chl, C)., 15 pg/mb PUFFE Tor e S, BAEE 2',5' ADP-Sepharose 3%
(Tet. T). 87 “CoLAsie. ZIIMEIORER gt e sl R 24 Tt A2 B TxRY At 72
UpOTRIE S v 5 mL & TOK SUPERGRERIIR ) e o ookt o e B v % 3 L

LB 556, F 37 °C. 220 r/min &% 5535 12 h,
i 1% B R ok B RN B 24 FLAR (S 3 mL Y
TCK #itk LB WiAkREFRAE). 100 mL HEIEHH(E
20 mL /Y TCK Hiotk LB Wi iR Fedk) sl 1 L #EIE R
(7 200 mL () TCK Hitk LB A& 15 37 %E),, T 37 °C.
220 r/min 4% 7 15 7% 20504 K ORI (ODgoonm™2.4)
WYRIMA 0.5 mmol/L IPTG. 5 pumol/L selenite.

F 4 °C. 13000 r/min &.> 20 min, H( 2 mL 7§
EAERIEE R uERE, A 0.15 mol/L NaCl i)
50 mmol/L Tris-HCI (pH 7.5) - J5 k47 i% ek ik

BOEEVEME . 2R IBERC I8 5 AKTA Start™ 25 (141
A TAESGIBCH , @ I UV 280 nm (8 1 BT
JFE) B SRR, R 4 mL, XA Sl
100 mgiL Lcysteine(ERFHIA). F 24 °C. (R 2H 5300 52 FEAE 463 nm AW EER, TrxR1 25

o = L 4°C [24]0
220 rimin SEESREHE 24 h. 4000 gmin . 1 4TCIRE

20 min, WeHEEfk, i TE buffer (pH 7.5) G0 mmol/. 15 TPXRI R e

Tris-HCI+20 mmol/L EDTA) k&, %, A Bradford 1: 75 96 FLAR I E B MK HE , 45
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FLL(U), TRBUE 1R UImL &, s iR
R Ulmg &, Hr, TNBHEE/RIEERECH
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1.8 BRI RMS T 7

AWEFE R B B SR B s ¥ oy 3-5 Ml
ST S P Y {E AR U 22 (mean+SD) . £ di R H]
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2 HERFQH

2.1 HE E. coli tRNAS 2784

T B tRNAS AR [ i ) 98728 %o B (15
M, FRATIEAT RNAS SRR IR, AN 1
Wk 2, B, 7E selC KM M“G18. U20. A21”
M“U63. G64. UBS™( mikk, 43l FHfE 3514
SIABRIEZAE, 38T 16 N2 SR AR K, RIE 0T
KIGFFE tRNASC () G18 1 G19 v i k41 HiAt 3
AR LR AR, HE7 4 G18A . G18U. G18C,
G19A. G19U Hl G19C iX 6 4~Him 848K, fe)a,

# 2. E.coli tRNA%® & &zar

Table 2. Multipoint mutations of E. coli tRNAS
Mutant Mutation sites Mutant Mutation sites
RMA1 U20C; A21G RMA26 U20A; A21G
RMAS G18U; A21U RMA28 G18A; A21G
RMAG6 G18U; U20C RMA29 G18A; U20A; A21G
RMA1l C16G; G20A; AU20 RMB1 U63C; G64A
RMA18 G18C; U20A; A21C RMB2 U63C; G64A; U65C
RMA22 G18C; U20C; A21G RMB7 G64U; U65C
RMA24 G18U; U20C; A21G RMB11 U63G; U65G
RMA25 G18A; U20C RMB12 U63G; G64C; UB5G

Numbers denote the position of mutation on the Escherichia coli tRNA>® scaffold. A, U, G, C represent for adenine, uracil, guanine,

and cytosine. “A” means deletion.
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Figure 2. Technical schematics of TrxR1 production: protein expression, purification and enzyme activity detection.

Firstly, the pSUABC’ plasmids carrying the tRNA>* mutants (selC' genes) were transformed into BL21 (DE)3 gor-
(pET-TRSter) strain. TrxR1 were obtained and further analyzed by DTNB reduction assay using an enzyme-labeling
microplate reader. Finally, the mutants with higher enzyme activities were identified by the data analysis.

ik TrxR1, t gk J& ¥ pSUABC 41k 5] BL21 (DE3)
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Figure 3. Enzyme activity analysis of TrxR1
produced with site-directed mutant tRNAS* (cultured
in the 24 deep-well plates). All the samples were
induced by IPTG at a final concentration of 0.5 mmol/L
and cultured in the 24 deep-well plates. The TrxR1
crude enzyme activities were measured by the DTNB
assay, and the results are shown in Table 2. Data are
expressed as meantSD. W.T. means wild-type TrxR1.
“a” represents carrying RMA tRNA>® mutants
co-expressing TrxR1. Similarly, “b” denotes carrying
RMB tRNA®® mutants co-expressing TrxR1.
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% 3. DTNB &R 5 #7
Table 3. DTNB reduction assay
Sample Volume activity */(U/mL) | Sample \Volume activity */(U/mL) Sample  Volume activity */(U/mL)
W.T. 2.00 W.T,, -IPTG 0.10 al 0.61
a5 0.18 a6 0.20 all 0.18
al8 0.19 a22 0.16 a24 0.19
a25 0.19 a26 0.90 a28 0.29
a29 0.20 bl 0.18 b2 0.16
b7 0.58 b1l 0.50 b22 0.26
G18A 0.16 G18U 0.16 G18C 0.17
G19A 0.19 G19U 0.15 G19C 0.16

This table summarized the enzyme activities (volume activities) of these TrxR1 produced with tRNA®* variants cultured in
24 deep-well plates. We resuspended E. coli BL21 (DE)3 gor- (pSUABC'/pET-TRSter) wet cell pellet with 2 mL TE buffer (pH 7.5).
All samples were induced by adding 0.5 mmol/L IPTG, except “W.T.-IPTG” which meant without IPTG. * TrxR1 crude enzyme
activities were determined by the standard DTNB reduction assay. Each group of data was measured three times and the average value

was shown in the table.

2.3 KA G18 fll G19 B RFHHITE tRNASC #y a4
A=Y

AT HEBR/IMA 22 238 I ASFRE R s R
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ADP-Sepharose 3 flZHT4li4k TrxR1 2 11, [RI A4
W TrxRY AL TS MRS . % S B2 i g 0 b
WoR, aifbni(E 4-A) Bisir Wl i, gifb)s (18 4-B)

JLTRFETF BARa
(A) ~ S 823F83F, (B)
kba M 2 O 0o oo o @58
100 —
85 —
70 —
ol 11T 1 11 1 1 e
50 —{uw
40 —
& 4.

LR R (RNASC A L, T 225K tRNASS
() TrxR1 Zead ik | dlifk, Wl (A 7= 4 0O S Pk
EIAFIREMBEAL, WK 5. % 4 s, Hrp
G18 1 G19 Z/BAR A ARG 1 MIBEAR, /D3]
JEHFLERIAY 30% X LA HE R W], MU G18 B G19
DL AFF 7= A IS P TR B o tRNA & — R
PEZERE , FEEOAL RSB T RE ST tRNA %
RE5H, T30 (RNA B/ AR F R 7 (9 AH B

ER, MMBEABIECE, sl i hEe.
.2 U 2 < U D
H € R E S S o

kDa M=z ooococ oo dE

100 —

85 —

70 —

60 — S W ThRI

50—

40 —]

B tRNAS® Z2 30Kk 4l & 44k B9 TrxR1 #4TiEE 2! SDS-PAGE 4 #7

Figure 4. Reducing SDS-PAGE analysis of purified TrxR1 produced with tRNA®® variants. Rat TrxR1 were
expressed by BL21 (DE)3 gor- (pSUABC'/pET-TRSter) strain, which were cultured in 100 mL shaking flask and
further purified by 2',5" ADP-Sepharose affinity chromatography. The crude sample (A) and the purified protein (B)
were run on 10 % SDS-PAGE gels. “M” stands for My protein maker.
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Figure 5. The DTNB activity assay of the pure enzyme of TrxR1 produced with mutant tRNA®. A: All the
samples were induced by IPTG at a final concentration of 0.5 mmol/L. Those TrxR1 produced with tRNA%®
mutants were expressed by E. coli BL21 (DE3) gor- (pSUABC'/pET-TRSter) stain in 100 mL shaking flask and
purified via 2',5' ADP-Sepharose affinity chromatography. The pure enzyme activities of TrxR1 were tested by

DTNB reduction assay, and the measured data are shown in Table 4. B: The secondary structure of E. coli tRNAS.

% 4. DTNB #f
Table 4. DTNB reduction assay
a Supernatant volume Eluted enzyme a Supernatant volume Eluted enzyme

Sample L b L c Sample . b . c

activity/(U/mL) activity/(U/mg) activity/(U/mL) activity/(U/mg)
W.T.-IPTG 0.04 - b7 0.18 2.06
W.T. 0.83 7.51 a26 0.22 2.51
G18A 0.06 0.51 G19A 0.05 0.49
G18uU 0.06 1.19 G19U 0.05 0.50
G18C 0.07 0.34 G19C 0.10 0.51

Rat TrxR1 proteins were expressed in E. coli BL21 (DE)3 gor- ()SUABC’ / pET-TRSter) strain which were cultured in 100 mL
shaking flask. The harvested wet bacteria pellets were resuspended with 3 mL TE buffer (pH7.5). Then, TrxR1 were purified by ADP
Sepharose affinity chromatography (see Fig. 4. for Coomassie-stained SDS-PAGE analyses). * Except that “-IPTG” means no IPTG, all
the others were added with IPTG at a final concentration of 0.5 mmol/L. ° The protein concentrations were evaluated using the
Bradford method with BSA as protein reference. © Rat TrxR1 concentrations were measured at 463nm via FAD concentration
determination (table not show). TrxR1 activities were measured by using the DTNB reduction assay. Each group of data was measured
three times and the average value was shown in the table.

XL T R KT B IRNASC B4 [/ G18

M G19 SEHAEEL PRSI, BT R RE

KT = G S5 F i SR T R 7 5, FRAT1d

A IRNA B 0 HA 7 SR 45 1 P A

B AT LSS

2.4 FEFZEFE RNA K TrxR1 il & 5464k
¥ a26. b7, bl #FE] 1 L #EII A S HIA

TrxR1, KkZxt 2'5 ADP-Sepharose 3 Fl1JZ T
S e A AR IR AT 4li4k , BJS A DTNB
B AGI TrxR1 2% F i g o BERS U8 5 1Y
TrxR1 FE 1725 e iE YL .0 4, 7E 55 kDa
AbRT UL B 55

alifb 25 RN 5 FoR , Sl B g TrxR1
SIE TR, g1 BT, Hodr, a26 iR
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#5 TrxRIEAFESWLEHNRE
Table 5. The yields and specific activities for TrxR1

Mutation sites® ADP Sepharose” i Sephacryl S-300° i

mg U/mg U mg U/mg U
W.T. — 14.99 6.30 94.41 4.63 19.10 88.51
a26 U20A; A21G 8.18 4.21 34.43 1.85 8.60 15.90
b7 G64U; UB5C  17.04 1.16 19.73 2.88 6.21 17.88
bl U63C; G64A  23.17 0.41 9.55 2.2 1.01 221

All TrxR1 proteins produced with tRNAS® variants listed above were expressed in 1 L shaking flask and subsequently purified by
affinity chromatography and gel filtration accordingly. * “—” means that there is no mutation in tRNA, and the others are the sites of
the mutation in E. coli tRNAS®. ® TrxR1 were purified by 2,5 ADP-Sepharose only. ¢ TrxR1 were purified by 2,5 ADP-Sepharose and
then concentrated and finally purified by gel filtration. ¢ Specific activity were determined in the standard DTNB reduction assay.

B7 A= R tRNASC JERGA R TrxRL HLis i —2F,
8.6 U/mg; b7 4 6.21 U/mg; bl [i& &k, 5=
BAS AR —3, BRI AL AR I 4k 4 5 1 7 28 02
AT, B T eR R R AL A AR AR, R 24
AL FEAE T TrxR1, @ik DTNB 20445
75 1 T T L X 1o ) tRINVAS®C 2R A5 | 5% I 1) T 56
JERT . BRI PR LA 1) TrxRY, TR 1™ &
FECIE T, XA BRI TR BB T

3 ik

TEJR AR W) 2 S tRNA fR YK 5 SerRS . SelA
M SelB MEAER, k4% UGA KiifEm| 5, Mififi
Sec BAZMEET, WLEMMEN. Mk, b
GO T UAG RS-t ] LAt Sec /= A= il 2
[P (HE, &IL%ET UGA B UAG #ifE 5 #¢
P25, BRI B s Ak AT
EAPS, B BSCR | HLRE R A
FKEZEHMW,

FEAMGE H, KIGAT R tRNAS () G18 FIl G19
(SN0 SRS % NA Sy 3 A B (AR B g2 SN
Vil G18 Fil G19 {3 5 Al BE /& E. coli tRNAS 4L
e R A, 2013 4, Yuzuru ltoh ZEA
“k Thermoanaerobacter tengcongensis tRNA =2
ghER ) t(RNA D BRI T B 4Efr, fud% G18:U55 bp,
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G18. G19 fii s Al RE 447 tRNA — 5 Y DG
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SelA 5% SelB 456, X/ AFATF HRBWIE &
AR 25 3R T . X BB T E. coli tRNAS®
HA TPV Al AR, — SO BR A a5 A U2
AIREETS tRNAS U/ SelA. SelB HHEAEH )
W, T E 0 TrxR1 RIEIIRE, T4
T UEAT R 1 S AR Z (R AR BRI SR IR UE . 5
I ZE 2, Tetsu M. Ishii & K tRNAS® () D iy
Al14:U21 Fl C15:G20 REME 4+ tRNA S5t fa e Pk,
SRTMTHATE tRNA TPl fe AR P, 3641
RIS (RNAS 0] LU B AiReE, vk &3
G18 il G19 FIRERRMFF A tRNASS [ SCHER%
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HET RS . A IARETE T, FRATI IR R o
TR RASR, SRIGXS TrxR1 HAEFEATHE R AL
TE M RARRIET PCR BRI Bk H Y DNA
FIAZAS, MR RANL SRR, T LU B
RASMZ HRA, — W TAH AT DNA ik
9 H A E MR AP, SR, B AT AR
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AT 528 E. coli tRNAS 5 SelA. E. coli
tRNAS® 5 SelB fh A4 , SO AF TS E. coli
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FDHy FALAG & (0 s A T TR, X3RRI
i1, s tRNA S48 = T 8 1 ik 2
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Figure 6.

Predicted secondary and tertiary structures of tRNA® mutants in this study. (A) Predicted secondary

structure of RMA26 (U20A&A21G). (B) Predicted secondary structure of RMB7 (G64U&UG5C). (C) Predicted
structure of RMA26 (U20A&A21G). (D) Predicted structure of RMB7 (G64U&UB5C).
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Key nucleotide sites of Escherichia coli tRNA>*

Xiaoxiao Wang™, Shibo Sun*, Yici Zhang', Nan Zhang"?, Jihong Chen*, Weiping Xu®,
Qiang Ma?, Jiangiang Xu"

! School of Life and Pharmaceutical Sciences (LPS), Panjin Institute of Industrial Technology, Dalian University of Technology,
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Abstract: In prokaryotes, selenoprotein synthesis requires the interaction between selenocysteine (Sec)-specific
tRNAS® (SelC) and selenocysteinyl tRNA synthase (SelA) or Sec-specific elongation factor (SelB). [Objective]
Based on the Sec insertion machinery in Escherichia coli, we aimed at finding key sites of tRNA>* scaffold and
providing a new way to solve the problems of low Sec insertion efficiency and low yield of selenoprotein.
[Methods] We used rat cytoplasmic thioredoxin reductase (thioredoxin reductase 1, TrxR1) as a model
selenoprotein. First, we constructed tRNA®® by site-directed mutagenesis, and transformed them to BL21 (DE3)
gor- to obtain a positive recombinant strain (carrying pET-TRSter’/pSUABC), which was used to express rat
cytoplasmic thioredoxin reductase 1 (TrxR1). Then TrxR1 was purified using 2’,5’-ADP Sepharose affinity
chromatography and gel filtration. The enzyme activities of TrxR1 were determined by the classical Se-dependent
DTNB reduction assay to analyze the key nucleotide sites and evaluate the Sec incorporation efficiency. [Results]
When tRNA®® co-expressed with SelA and SelB in the presence of the bacterial SECIS element, the activities of
TrxR1 decreased at varying degrees compared with wild type. Among them, the enzyme activities of all G18 and
G19 mutants were much lower than that of wild type (<10%). However, the enzymatic activities of a26 and b7 were
relatively high. [Conclusion] G18 and G19 nucleotide sites of E. coli tRNA®® may play a vital role in maintaining
the stability and flexibility of tRNAS®. Site-directed mutations of tRNA®® causing the conformational change may
affect the interaction between tRNA>*“and Sec elements. Thus, it is possible to improve the Sec insertion efficiency
via proper modification on tRNA nucleotide sites.

Keywords: Escherichia coli, selenocysteine (Sec), selenoprotein, Sec incorporation tRNAS®, cytoplasmic
thioredoxin reductase (TrxR1)
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