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Cloning, expression, purification and activity assay of
Trypanosoma brucei phenylalanyl-tRNA synthetase in
Escherichia coli

Ying Yao, Guangwei Gao, and Dawei Li
School of Pharmacy, Shanghai Jiaotong University, Shanghai 200240, China

Abstract: Phenylalanyl-tRNA synthetase is a key enzyme for protein synthesis in Trypanosoma. Its validation as an inhibition
target will enable the development of a new generation of anti-Trypanosoma drugs. However, little is known about the isolation of
the Trypanosoma Phenylalanyl-tRNA synthetase. Here we report the cloning, expression, purification and activity assay of
Phenylalanyl-tRNA synthetase from Trypanosoma brucei in Escherichia coli host. We co-cloned the a-subunit and B-subunit of
Phenylalanyl-tRNA synthetase from Trypanosoma brucei genomic DNA into the co-expression vector pPCOLADuet. We successfully
expressed the Trypanosoma brucei Phenylalanyl-tRNA synthetase in E. coli host, purified the whole enzyme by Ni-Hind affinity
column and verified it by Western blotting. In addition, we tested its enzymatic activity by isotope labeling. The whole work laid a
solid foundation for in vitro the screening and optimization of Trypanosoma brucei phenylalanyl-tRNA synthetase inhibitors.
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A 2 2 BOR 25k L PR S T
ROA BRIAE s F T3k S5 2 B2 5% ) T AL 2% R 1 X
MEER AT, KA LIRAR ME A B 24 4l X H
Wi, (A4 PSR & A TR KAk, it
R TAHL (WHO) JELF 250 L (DNDi) S50l
DA B — s 2 LA € 28 8 B AL H B AR U, JF
IR T 783X 5 1 9 S 45

AR, AW K kT, DL R R A
UFHN M BESL e, S F-FRHT 0 245 W/ P A AR At
TARGF LR . EBE (RNA S5 (AaRS) 1ENE
FIB A6 B A b 1 — 2 Bl Bk T B e
iy EEA Y SRR B R 2 L, D
AaRS Wy #E i 1) 25 Wk A il L H T E NS R
FIAE AT A7 & LA A [CHE B2 TN Z B (RNA & Bl Bl
(PheRS) AR I i1 7 vk A £ 5T

ARNEWE t(RNA A5 (PheRS) J& AaRS %
Wi R Z —, 1 (aB), PUBMAH R,
o T 25 M 1 5 2 M A5 K I LUK 76 7 PheRS 11
il 8 B T I AL ASBIE S UK A [RHE L PheRS
Fe A TE K AT BL21 (DE3) RIPL itk 47 1 ah e
RE 3k, IF A Ni-Bind 26 FJZ Hrxl & (1T T 4lifk,
FAG R BN AT T 90 0E , I FEAT T A G 1 0 5 1 F
5%, XA HE— 25 DL S AT A AR T R A
AN 8 BRAT BT AR A SR 2 RIR B E T —E Y
HLA

1 SR

KL FN B B . 3% 3k 3K pCOLADuet 14 H
Novagen 227 ; KIFFE# BL21 (DE3) RIPL HASE
5= R

fitg 5 E 20 L XS FREIMENVIRE . T4 DNA
YRR . Tag DNA BB H Fermentas 23 7 5
IPTG W F bt il B A P EOR A BR 2 ] 5 15 T a5
& A BORL A AL R & 1 A JE s RO AR YR A
F); Ni-Bind Zifb &S50 H Novagen A +; [MC) 5%
Z R H Perkin-Eilmer, MUF 2 £ tRNA I H Roche,
Hogx R 38 Sk I o A gl TN BRI B B
BechmanL.S6500,

2 ERAE

2.1 9 MAEMFAEY PheRS EEERFF 5 b3t

M NCBI ] GenBank #5452 H i HU A7 LG A HUAN
HAbYF 1) PheRS ZIEMRITS, FI Clustal W 4K fF
KA BT RN 5 L X
2.2 PheRS o T £ . p T EEF A IKISINELHRAL
pCOLADuet-PheRSop BIHEE

48 T 1A PheRS Y o WL . B 7 LKL 4]
V5. o WHMEIY F A 5-GAGCGAATTCT
ATGAGTACCATGGAG-3'",5|¥ R i 5'-CGAAGCTT
AAAACGCATTAGCTTTG-3' (FRIZ 43513678 EcoR 1
M Hind 11 FEYIAL5). B WHMGIY F R
5'-ATCAGATCTATGCCAACCCTCGC-3', 5|¥ R Jy
5'-ATACTCGAGTCACTGGGCAAACTG -3' (NI
I3 ZeoR Bgl 111 Xho 1EEVINL ). KA ER514)
DA QA U JE R 2 R AR 1T PCR 373, 7= H]
DNA 4ifk i & M, Ll EcoR 1-Hind 111 B o W1
FEHRLH B, b ARIFEL: EcoR 1-Hind 1 FEYIH
{Ef pCOLADuet 244, 4L % E. coli DH5a &2 45
Y, 43 E53R15 B4l 5k pCOLADuet- PheRSa, %4
f D)% P IEW S, T B WMk, L
Bgl 11-Xho 1 [ Y] B WIS B, webE A [RFEL
Bgl 11-Xho 1 E§VIVE LAY pCOLADuet-PheRSo Z 44,
25 Wil ) S 4 e e HE O B Y 3k 3R 8 K
pCOLADuet-PheRSaf H T £k,
23 EHERFSFIEMKKL

& 4]  L K ik pCOLADuet-PheRSap #41k
A E. coli BL21 (DE3) RIPL ', 7E& RIFH 5 %
(30 pg/mL) Y LB 55 H 37 Chid i F. WH
PL1:1000 (V/V) B Hefl3efh Fopr et b5 b, 37°C
Widi &2 Asso M 0.6~0.8 I, 1€ IPTG 5 0.01 .
0.025. 0.05. 1. 1.25 mmol/L, X 37Ci%ES 4 h
J 25°Cid i i i 2Ok A S EA R KL, L
W AR A S AR
24 EFFEPBIFRIEMAEL

4°CEL, PR, AR, S0 -
HW . IEWARYE Novagen 1) His-Bind purification
kit PHRAEF I TR AL i alifh , AR A A1
BHAASHAE PO 3 ASHEIRIRF L B 1K, 5 454
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PR AC 2 Wi (50 mmol/L BRFRER) T8RS
Tz, 6 fEFERIRFUN LS &% 0l (0.5 mol/L
NaCl, 5 mmol/L BKM , 20 mmol/L Tris-HCI, pH 7.9),
EEWGE AR, 10 FERE R AS G G2, 6 1A
IRIRFRAOVR I ZZ 0P (0.5 mol/L NaCl, 60 mmol/L Bk
g, 20 mmol/L Tris-HCI, pH 7.9), 6 f%H:PRAFRGE
L% (1 mol/L BKME, 0.5 mol/L NaCl, 20 mmol/L
Tris-HCI, pH 7.9), /&R VEN K . SDS-PAGE 43
BroeWeas R, WIS, &iEh K
(1xPBS, Hi# 50% (VIV), B-5iLEE 5 mmol/L,
pH 6.8) I &ENTG, 20 CLRAFBEMIIE I 8%
f) SDS-PAGE HLTK AT AL SR Y %€
25 BIEBENTEYEE

R . IPTG 5T Ja B . alifbi) g
FFE 4T SDS-PAGE J5, 4°C. 300 mA. 2 h B %
THSIREF AR b B T scderh, B E
WEM 1 he WG, FIMAHE AR 1:5000 #
AR S PEDT His A& 1y bt, 4°Cilk. UL TBS-T
VR 3 W5, A HRP-ILAEHT/INR 1gG Pk,
M 1:40 000 i BE, ZIRMFH 1 ho TBS-T P 3 1K
J&, KA ECL-Plus AbBR)S, TREZEELH X
F b, 2% 3min, E5# 3 min.
2.6 PheRS RYEgFEMES M

R B P R 2 3, DA A 4k 2E 5[ *C]-Phe
-RNA Z5W 15K 5 B ) o AR N 22 bR &
50 mmol/L (pH 7.8) HEPES-KOH, 5 mmol/L MgCl,,
45 mmol/L KCI, 9 umol/L ['*C]-Phe (0.1 uCi/uL),
0.4 mg/mL WU BEEE tRNA, 0.02% (W/V) BSA,
1 mmol/L DTT, 10% (V/V) DMSO, ZEN%Z M tRNA
A 21 pL (2EAL S BER RS 1000 £, HiRYI R
A1), INAZHE N 2 mmol/L ATP I Bt , 1R
BYBARFAN 70 pL, 37°CIHIRRY, 7E 20 min K
£EAIPE 5 min 4B 3 2505 20 uL BN 4 B N 2 5E
PEUELE L, I BRI A 5% TCA % 100 mL H
Rpkidk, mE 3K BEUEIEAER AR 95%
WG Rk, A 3 K, JEACE TLIMT T
T, RSB E 1 U B AR bR e v
ZAF R A48 A A 1 nmol 7= 4['*C]-Phe -tRNA Hi )
i, RIEERBETN AU T AT B E2H
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Rt A7 (U/mL):

__ ["C]- Phe(nmol) 1000
#(min) x (CPM1—-CPM3) i {A R (uL)

U/mL= Kx(CPM2—-CPM3)xH B (i 5k

AR CPMI J['*C]-Phe BN CPM2
A B SN JE i CPM {5 CPM3 S35 5ttt , H
Jn['*Cl-Phe AMMEGH) CPM {H .

3 %

3.1 ARE4YF#E) PheRS S EEEF 5 bt

W A1 T R H T2 T 2R 5K Y LR ) i
PheRS, FH 4015 PheRS HE4T T [RVEYE T,
Bl 1 )&% Clustal W 43075 (LR S5 5 . L LR
YR o LR B P SE R R, & BE PheRS BH i 43
REAZEYE | FRZE YR AN ZE 3 Rl TEie
Mo S EEA S B IELEES, A FRHE R Y PheRS # 5
NG S PR 1 PheRS R MR s o i T A IEE
HHEITT PheRS TN HIFRIE, 3 A [A) Y5 PR 48 mi A A7 G
HE HUY PheRS T ek 4R 416 T AR AT (1 3L Atk

3.2 FAREL (RNA SR EERIE SRR E
M GenBank /4332 A6 G HE L PheRSo Hl

PheRSP fIFEE 43 51 1491 bp Fl 1875 bp. LUTH G
HE By R R A BN, SRICT PCR ¥ 359 7 =X
345 PheRS ) o WAL B W HEAYBE M Bz, MAIA 2
A LU 145 200 B 9 2L B/ 5 T 2 R
—3

& 3 Al 4 2 3k FoRE pCOLADuet-PheRSof
MRS, i o WA N-Jifl &5 His #7285, 107 B F
B N-F Cuid i AR . B 4 REASE I RIL
BTokL By B VI EE, N A B b LLE
pCOLADuet-PheRSa fH| EcoR 1 il Hind 111 XLfiF]
PR B (3.7kb) 5 HBMERE B (1.5kb). B
[&] th k435 )i ki pCOLADuet-PheRSaf JH BamH 1 [iff
I, K15 H B 2.6 kb F1 4.4 kb, FEEIH B R/
WU ARTT o
3.3 PheRS EHHIFRIER AL

H 4 F ik k. pCOLADuet-PheRSop %% 1k F
E. coli BL21 (DE3) RIPIL H1, ESAALIKZE FEH,
A E. coli [pCOLADuet-PheRSop] 7E 0.01 mmol/L
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0.05
L
0.014—0025 17516 sapiens (NP_004452)
0.088 0571 Saccharomyces cerevisiae (NP_116631)
9.2/ Trypanosoma brucei (XP_829468)
02 %217172 Methanocaldococcus jannaschii (NP_247463)
: Thermus thermophilus (YP_145224)
Pyrococcus horikoshii (NP_142612)
Escherichia coli (YP_001458493)
Bacillus subtilis subsp. (NP_390742)
Thermus thermophilus (YP_145224)

0.073 0.303 Trypanosoma brucei (XP_828320)

Homosapiens (NP_005678)

Saccharomyces cerevisiae (NP_013161)
lethanocaldococcus jannaschii (NP_248101)
Thermococcus kodakarensis (YP_183338)
Pyrococcus horikoshii (NP_142611)
Escherichia coli (YP_001458492)

Bacillus subtilis subsp. (NP_390741)

0.082! Escherichia coli (YP_001458492)

PheRSpB

1 BRINFRIZH PheRSa F1 PheRSP Ay b it &l 1%
Fig. 1 Phylogenetic tree of PheRSa and PheRSp that has been
expressed successfully. The phylogenetic tree was constructed
by the Neighbor-Joining method. Phenylalanyl-tRNA synthetase
subunit alpha: Homo sapiens (NP_004452), Saccharomyces
cerevisiae (NP_116631), Trypanosoma brucei (XP_829468),
Thermococcus  kodakarensis  (YP_183334),  Pyrococcus
horikoshii (NP _142612), Methanocal-dococcus  jannaschii
(NP_247463), Escherichia coli (YP_001458493), Bacillus
subtilissubsp (NP_390742), Thermus thermophilus
(YP_145224), Phenylalanyl-tRNA synthetase beta chain, Homo
sapiens (NP_005678), Saccharomyces cerevisiae (NP_013161),
Trypanosoma brucei (XP_828320), Thermococcus kodakarensis
(YP_183338), Pyrococcus horikoshii (NP_142611),
Methanocal-dococcus jannaschii (NP_248101), Escherichia
coli (YP_001458492), Bacillus subtilissubsp (NP _390741),
Thermus thermophilus (YP_145225).

2 i PheRS ER M

Fig. 2 Amplification of PheRS gene from T. brucei genomic
DNA by PCR. M: DNA marker; 1: PheRSa gene fragment; 2:
PheRSP gene fragment.

3 FHFH pCOLADuet-PheRSap BT = &
Fig. 3 Schematic map of the recombinant plasmid pCOLADuet-
PheRSap.

B4 EHERERNAOBYILEE
Fig. 4
enzyme digestion. (A) Recombinant plasmid pCOLADuet-
PheRSa. M: 5000 bp DNA marker; 1: pCOLADuet-PheRSa; 2:
pCOLADuet-PheRSa double digested with EcoR 1/Hind I11. (B)
Recombinant plasmid pCOLADuet-PheRSaff. M: 1 kb DNA
marker; 1: pCOLADuet-PheRSaf; 2: pCOLADuet-PheRSaf
digested with BamH 1.

Identification of recombinant expression plasmid by

IPTG 5% NS SE R RV W (Rt 3 W & 41 1A 7
0.01 mmol/L IPTG % F . 25 Cid 53 1y S5 i
o TEMBRAEFRAMNT, #i7 THEAMNKRER
ikalifk, B 5 458 o W3 (55 kDa) 1B W3
(72 kDa) AbBHFEFERIE, SHUBHEAART ., Wik
fift 5 1 3% L >R F His-Bind 35 A @38 AE 9847 T 4lifk,
SDS-PAGE 7 #ie 45 )5, M 5 halfLIE
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W EMENrai s, v LIS B S Al G A A
B, GBI AT, ST E 90% .
34 RIGENESHT

N T UL S B R, TR
TR XF AL B RS T T, oA G A H
A o W N ¥y His-Tag, R BT His i) —
Yook frit— a5 e mt, HAE B o 3K/
il o Bl 6 S5 IR M, 7E K2 55 kDa b Ki%E T
WA &4, 78 IPTG B SIRA & L, 4ifk
(2 FURE i P A e e R LA, i — PR T
H 8 A I A
3.5 BEEIEMESR

H AT A UL AR ] & F AAG [GHE Bt PheRS S #1 4
A2 L Ty 1 T, AR AEETT F Y PheRS 4%
T R IE A TG Y R L, A BB TR S Y
e TAE o AR S 56 5 2 RO M IR 47 26y 2o I
fig e, & 7 S 20 WL SO AR R T 1 2k

5 SDS-PAGE SiT@{L MR E &R

Fig. 5 SDS-PAGE analysis of the purified fusion protein. M:
protein marker; 1: E. coli [pCOLADuet- PheRSaf] uninduced;
2: E. coli [pCOLADuet-PheRSaf] induced; 3: supernatant of
induced E. coli [pCOLADuet- PheRSaf]; 4: inclusion body of
induced E. coli [pCOLADuet- PheRSaf]; 5: co-purified o and B
subunit.

6 EH PheRS ERMIGEENTESD 4T
Fig. 6 Western blotting analysis for recombinant PheRS. 1: E. coli
[pCOLADuet-PheRSof] uninduced; 2: E. coli [pCOLADuet-
PheRSaf] induced; 3: PheRS after purification (Only o subunit
is shown for the lack of His-tag in B subunit).
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1200.000  , — 46.907x + 56.600
R2=0.9841
1000.00 /l
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7 HSHERMGIERIENE PheRS HYE M

Fig. 7 Activity of PheRS measured in radioisotope method.

AR 52 2% 5k Al Ak IS 15 B0 0 Bl AT DAAR 95 507
] N AE =B [ CT-Phe-tRNA {1 2 S A6 ) HL 3% 478
70 pL SN AR [MCIARIC A N Z B2 [ *C]-Phe
) CPM, fH A 559440, Z:["“CIHRICHI =9 [C)-
Phe-tRNA =4 (1) CPM, [} 3580, ¥l CPM;
80, HIURIEHI[*C]-Phe A 0.4662x10°° mmol, 4f
fRJ5 I A BE 1000 £ o AR A X THE T R 400 1 22
FHE AL (UmL) 8 7.

AR LA 1 2518 U B3 4o A S 0 1 5 1k R ik ali Ak
WA B EA T, PR e Rl DU LA A e A VR R
O SR A 4T 5
4 7w

KN (RNA A U Z AaRS HiR %0 —
K, HAT, AR PheRS MYk Tk T Hi4k
e DL LR O vk o i) Gn 4 o (0 B A BR
(Staphylococcus aureus) PheRS FJZR Al i o I
SEA B OWEE S B TERE AR, PV REA RS BT
BN . WU R AR 25 A 057 o5 B XU I 1 2 18 3 A5 3
FkB NJRPELERIR PheRS 4% 7l A Kk A
Ja AT FR0Y s AR ME AT PheRS 19 o SEIEFN B
WHEAY B e A bRZ R Feak ik, LAk mE £ 18
AT GRS T R B, A ECHE U
PheRS 7E[A] M I 5 AU PheRS e, PFIILASE
K fi e \JRPEZR )R PheRS HY BRI T VL, 7F a
WAL N sl His #7285, B EJE N il C sty e
A PRAS s AL, SR T M A R AR 1 Ty
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A T, e T SRR

A=Y Thermus thermophilus PheRS 5[]
RNA E AW S AR R BT, 334> 5 U5 0 2 A = 52
A IR AR (oB) ALAL, TP R RS,
HAWA RNAM, BT 45 LW of 5 UH Rk H 11
NEEMIEA Y, P A1~A3 BT o F 35, B1~B8 J&
F B Wk, o WIAZEMBEA M, — R
JE-I2HELE IR H S S (RNAP 254 & Bk
N T — RIS RIS B KL T e S A R
H—RAEHEZEEM. BE&A B WM “Hiffe”
i (B6. B7 45th4) . “J5 DNA 4567 455 (Bl
Ml B5)., “Z& EMAPI” 455 (B2, 25T AspRS
Fl LysRS W [ 50 12455 45 #3) . “2& SH-37 454
B (B4, Z25{F 513 ) KU T PheRS HH &
F i e . AR PheRS 7EdE LI AP, Bk
RN . AT A 2SS, B EAR & IR
e, TEEATITA AR, 4Hf15T PheRS LU
(ap), TIRIRIE X AFHE . X HWIERIMKIE T, Brucei
PheRS WIFEHIHR ML 14405

PheRS Hi (o), SHEPURIRFIRL, JIE P a5
FEAT o WH, (RNA &5 507 05 0 A TE o VI B
W b, “H LS SEEET PheRS A fiE & 4% HAE AL /E
FHU Rt FH RIS 28 32647 JT P00 2 e 2 o TE 6 B
ST B BB G 1 o FH 2 B IR 35 T4l 1
BN, P o WIE N 3 His P28, Bk
WR—41 o TR IR AL I 25 R /R 7E 55 kDa
(o W3E) Al 72 kDa (B W.HE) Ab¥4 H A A H L,
I LA TS P 000 3 o S [ 87 2 il o T
PRAVY) R TIEEEAAL (U/mL) Sl 7. BT E RO
FARAEAT ) T A FOHE ST 2 -(RNA 58U , I
HAEAT TR, O DIRIN S BE (RNA G U N
FO SR TP A YR | A — 2D R AR S
-tRNA B G245 4 T BEAR A | 3 T 075 126 ) il 490 1 ¥
PEM LG YIBEE T RAF LA
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