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1 SRR R R g 22 Be, 50 5EFH 550004

2 SO BER} R AR PR o B SRR e i g A, S BERH 550025

3 7  SABUIR RGO B F AR S s DM A BE T AR SE R R, BEM BERH 550004
4 SUNBER M EEERE, StH 52 550004
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i E (HXIEATENSTRA—XEAAET RNA #7214 T %% 4 (intron encoded protein,
IEP)A R A RN TRBAELEKR EZAH G RAEFIERET, B CHMIT LA SRR T
¥2 T H Thermotargetron, I8 8A & MAEAL S, SIEAMR E )T E MR BRI L H A 3/ T LB
HEZEZL, [B 0] ifkeg i 11 & Q4T Teldc/dc-RT LM IRXALE AL &, FRFRERIR
HE N AT hRBEGRER, [FE] £AREME EFRRSAHFTHE TR m Teldc/4c-RT
RAEEZAROGXERAARBRL L, REX AR XA ARG EH#TTERE, F
Thermotargetron /T #2 A M E R FE R AR ARG REAER N A NS TFITREAGL, REVARM
FHE lacZ AR AH), BiLHE G it KoK LA Thermotargetron A 44937 E, RN IE
Tel3c/4c-RT 45 MR KA EMAL S REXE R T A A A Fardes e ¥m. [£R] £HE3 154
TR R R AR R E M) R AR BT B, .45 D194, 1195. S196. G197. C198. F199. Q241. G242.
R274. Y275. A276. D277. D278. L324 #= G325. ¥, % G242 fm R274 X 2 ML AR L JE,

PSR AT Tel3c/de 493 £ EIJUF A& %, K G242 = R274 & 8 # 11 B 14T
Tel3c/4c-RT 4 MIRREEF A et Az M L &, (48] HAFRFHhEHR I 2 AESF
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Tel3c/4c-RT 45 M) R 4% K o fit 0 RARMBALAL &, AIRANAFE 4 1L A A AT o )3 £Auh & 2
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Analysis of active sites from the structural domain of
thermophilic group II intron Tel3c¢/4¢c-RT
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Biology of Guizhou Province, Guizhou Medical University, Guiyang 550004, Guizhou, China
4 The Affiliated Hospital of Guizhou Medical University, Guiyang 550004, Guizhou, China

Abstract: [Background] Thermophilic group II introns are a class of retrotransposons that are
composed of intron RNA and intron-encoded protein (IEP) and can move on chromosomes at high
frequency under high temperature, and nowadays, they have been used to develop Themortargetron, an
efficient gene-targeting tool. Therefore, it is highly important to elucidate their active catalytic sites for
studying the “retrohoming” mechanism and developing new genetic tools. [Objective] To screen the key
active sites from the domain of thermophilic group II intron Tel3c/4c-RT and obtain IEP mutants with
inactivated reverse transcription function. [Methods]| Firstly, bioinformatics method was used to analyze
and screen the key amino acid sites that might affect the reverse transcription function of Tel3c/4c-RT.
Then, site-directed mutations were performed on the selected key amino acid sites, and Thermotargetron
plasmids were used to construct a targeting system of thermophilic group II intron with inactivated
reverse transcription function. Finally, taking the lacZ gene of Escherichia coli as example, the targeting
efficiency of the Thermotargetron mutant system was analyzed by blue-white screening, and the effect of
the key active site of the Tel3c/4c-RT on the targeting efficiency of the thermophilic group II intron was
verified in vivo. [Results] A total of 15 amino acid sites that may affect reverse transcriptional activity
were screened out: D194, 1195, S196, G197, C198, F199, Q241, G242, R274, Y275, A276, D277, D278,
L324 and G325. The “retrohoming” of Tel3c/4c was almost completely lost when the G242 and R274
were mutated, suggesting that the G242 and R274 were the core catalytic sites affecting the reverse
transcription function of Tel3c/4c-RT. [Conclusion] The core catalytic sites affecting the reverse
transcription function of Tel3c/4c-RT were screened out, which laid a good foundation for in-depth study

of the “retrohoming” mechanism of the thermophilic group II introns and the further development.

Keywords: Escherichia coli; thermophilic group II introns; Thermotargetron; Tel3c/4c; intron-encoded
protein; reverse transcription domain
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I BN F(group II intron))@ T —23S %
SREE T, i HA S TERT N & T RNA FILE
H Z W YE P N - 4a A5 2 1 (intron encoded
protein, TEP)ZHA", [ iZAF7E T4 . & A
L ELAZ R R 2R AR S i vpr - Horp LA TR
RSP & Ffis U FEC AR AT 11 8N
b, PRENTHER EEAMWIE: KR
5T FLMR FLER T (Lactococcus  lactis) ) W H iR
RSP & F L1LaBY ™)y 55— 2802 f ok R T g A
Eﬁ?ﬁ"é(T hermosynechococcus elongatus) Tel3c F
W T RNA FRIE T 18 I8 U7 2 96 4 18
(Geobacillus stearothermophilus) W [ ¥ 5% i
(Teldc-RT)H [ 21 25 17 i 1 23 5 UGB 10 2R N
& F Tel3c/ac™7, RN & 7RI HA 7
HE[H 4 DNA S RGE R B REvE , ©ise A T
Ik R ) KL IR 2 06 T H. Targetron (%€ H i) Al
Thermotargetron (W& @=ilt), IHTEZF R ED R
WAL P AR Tz

I BN G P “HE” (retrohoming) L]
S PRAE L PRI v (9 1) i A%, <O Sk R AN
fItR: B8, W& F RNA 5 IEP EAMEAEA,
HBWADEEENEREZEAD RS K
(ribonucleoprotein, RNP); #RJ5, RNP H1A{%
F- RNA i i B AN EE S B IR 51 X% DNA
LR, ¥25E 1EP 8B 7E RNA 1515 T /e md)
FIXUEE DNA JE- Y1105 RS, TEP A A &
5T 00 S S WS M LAY Ak 7= A2 1 3-OH K
Ui VE R SEMP T8, AN & T RNA SRR S i s
I cDNA; f)e, 57 £ A 5 DNA BX
PLHIH: cDNA R 5 b4l A ZHEAL S, SEB I
AP FAE SR B 8 g LT

T IRAWIGE T BN & T ShRE, Fh)E 115
W& T RN TS L, ATARESE 0 Hr T LLIB
YA R R SR 45 F 3 (reverse  transcription

domain, RT)MAZOMEN S, HIE T —RF1K
6 UG SN RE I 28 A8, 430 T IEP SR
A % 11 70 PR << B 03 1) 5 i B HLAE O
20 i TP TS AEVE AT, 53R BUR LLIaeB 97
Tt R IR G S R R TR JG e ek TN &
T8 hRe, HATERA A5 A DNA $Hifh
PIVERE, I H AR T & AR B DR G T LAY
FIUCT8 Tel3c/de WEHA T RN 15 LAY LL1trB
W& EAMI 5 S5 hEE, H IEP &AM
L S AE R (Tel3c/4c-RT)HL 9 /N HH R ST 18
F R Y, R, fETR IR Tel3c/4c-RT JX
B SR T RE A S FHEE T A SO S R 1T AU P
T RE S TF R R R i T S A &
PR,

1 #H57%

1.1 ##d
1.1.1 EFRERERFHZE

KIGHT I (Escherichia coli) DH5a., BL21(DE3)
I LB 833 5 3, ORI A S
FEIBT R IR LI A LR 30 pg/mL S
2 KIGFFE 37 °C AR, WIAEEFREHEIR
B 200 r/min. ¥ FIBEGRER, FEREIA LB #5597
FP I AEEZ (30 ug/mL). X-gal (40 pg/mL)Fl
IPTG (0.1 mmol/L),
1.1.2 FERFIFLEE

FIRHE DNA RAERW . T4 DNA EEHGH
2xTaq Master Mix, Fg 5t i MERELE IR IRy A
FRZsH]; DNA Marker, bt a4 AW Al
WA R Dpn 1BRBIVERZIRE , FEECHEOR
ALEOA R E BRG] £ . &8 DNA
afi A iR S ARE e e R) &, RAR A bR
(db 7)) A R Al ; Tryptone , Yeast Extract, IPTG .
X-gal AR R, JEEEKEREARAA
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Cat

Expression Thermotargetron
TEBC - - plasim
Tel3c
B Target site
5 * 3!
3’ I N 5
RNP Target DNA
L I
C
D
c \ ,
5 Inserted intron 3
—
oy
3 Disruted gene 5’

1 NBEREFYFEFEE  A: 1N ET RNA M IEP HEH4EE, M HA RSN RNP £
“¥; B: 1E IEP EEHENT, RNP %] DNA #78; C: AT RNA SUulffi A dsDNA 5 D: %
SCEEDIE], 1E IEP 19 DNA R N VIBGEIE T U1 XUE DNA ) SLBE, JFAE 1EP 8% SR IVE T T LAY
F RNA IR, 39ME T 5948 cDNA; E: DNA B, ALHEBIMREE A9 I bR A B AME (14 B Bl
Figure 1 The “retrohoming” principle of group II intron. A: Group II intron RNA and IEP protein were
assembled to form a functional active RNP complex; B: RNP recognizes DNA target sites with the assistance
of IEP protein; C: Intron RNA is reversely inserted into dsDNA; D: Antisense strand cutting, the antisense
strand of dsDNA is cut by the endonuclease activity of IEP, and the cDNA is synthesized using the intron
RNA as template and 3’ exon as primer using the reverse transcriptase activity of IEP; E: DNA repair,
including excision of template strands and synthesis of complementary strands.

PCR {¥, Thermo Fisher Scientific /A% ; B, W AHEMRAESGE, FI1¥FILE 1,
WAUEE I WARAL, b A—EWRHHARS 1.2 A%
Al AR T RIS, BUMRRAHE; HR 120 £MERESH

Weide, bil—tER2EAER A RA A PRI TR T RIS F 281 Tel4e-RT
1.1.3 5|4 1) St i S5 R 87 91 (B 55 i NP_681951)H

WIS TSI ¥ A TAEY TR (R B, EPRSTE5 88 4 (conserved domain
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*1 AWHREFASY
Table | Primers used in this study

Primers name

Sequences (5'—3)

Notes

To mutate the D194A

To mutate the 1195A

To mutate the SI96A

To mutate the G197A

To mutate the C198A

To mutate the Q241A

To mutate the G242A

To mutate the R274A

To mutate the Y275A

To mutate the A276G

To mutate the L324A

To mutate the G325A

To detect the lacZ-60a/369a site of the

lacZ gene

D194A-U AACACGTCCTTGACGCTgegATATCCGGAT
D194A-D cgcAGCGTCAAGGACGTGTTCAGCCGACTT
[195A-1 AACACGTCCTTGACGCTGACgegTCCGGATGCT
1195A-D cgcGTCAGCGTCAAGGACGTGTTCAGCCGACTT
S196A-U CTTGACGCTGACATAgegGGATGCTTTG
S196A-D cgcTATGTCAGCGTCAAGGACGTGTTCA
G197A-U CTTGACGCTGACATATCCgegTGCTTTGATA
G197A-D cgcGGATATGTCAGCGTCAAGGACGTGTTCA
CI198A-U TGACGCTGACATATCCGGAgegTTTGATAACA
C198A-D TGTTATCAAAcgeTCCGGATATGTCAGCGTCA
Q241A-U ACCCATGCTGGGACACCTgegGGAGGGGTAAT
Q241A-D cgcAGGTGTCCCAGCATGGGTGGGGAAGAGTT
G242A-U ACACCTCAGgegGGGGTAATCTCCCCAGTTCTT
G242A-D AAGAACTGGGGAGATTACCCCegeCTGAGGTGT
R274A-U gcgTATGCTGACGATTTTGTCG

R274A-D ACAAAATCGTCAGCATAcgeGATGAGGTTGA
Y275A-U AACCTCATCCGAgegGCTGACGATTTTG
Y275A-D CAAAATCGTCAGCcgecTCGGATGAGGTT
A276G-U GTCAACCTCATCCGATATggaGACGATTTTGT
A276G-D cctCATATCGGATGAGGTTGACTTTTTGACCTC
L324A-U GAGGAAGGCTTCGACTTTgegGGATGGAACATTC
L324A-D cgcAAAGTCGAAGCCTTCCTCAATATGGACGAT
G325A-U AAGGCTTCGACTTTCTCgegTGGAACATTC
G325A-D GAATGTTCCAcgcGAGAAAGTCGAAGCCTT
lacZ-R GCCATTTTTTGATGGACCATTTC

lacZ-F ATGACCATGATTACGGATT

Tel4c-U AGTGAAAGCTTTGCAATGGC

Teldc-D CTCGGCTGTGCACCTGTTTG

To detect the Tel4c-RT fragment

TE - LT B RN S AL i B

Note: The bold letter indicates the base of the mutation site.

databases, CDD)H #1472 )7 41| Hb X5 45 44 T
m, J%LL‘HT%%HH RT 15 Pk i) G s L TR
BRI R Y O i 2 R A6 5 2E AT ]
ﬁ@@% e, FIAH Swiss-Model 7E 4k M v
(https://swissmodel.expasy. org/)#’?ﬁfﬂl”ﬁm
I BN & F Tel3c/de-RT 2 [ S IALEH ; 4R

DIEFA R Tel3c/4c-RT E.Eé.ﬁié**@%ﬁﬁﬂi_mﬁ]
TR, LA SC B S IR R 7 5 1Y) Telde-RT

HA = LE L Jn, FIH Swiss-PDB Viewer
B P A O B 2 i R AV o5 R AR I JT — 4 25 [B) 4
224K
122 TRRLTRELTE Thermotargetron
LN AEES

MRAE 1.2.1 s A5 B 27 0 S ) 58 52 i
RT I Pk 0 5 Bl 2 IR A 15 B, DAk
pACD2X-TT1A-lacZ60a/369a [ Tel3c/4c-RT Ky
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Bk, (s ml o R ARSI (R )RR
Teldc-RT X3 1) 22 3 R A7 o R A7 5 m 28 78 (B
A276 {7 s AR R H R AN, AR s B R AR Ry
NAMR). PCR /4. 95°C30s; 95°C 30s,
58 °C 30's,70 °C 6 min, 30 ¥R ;72 °C 4 min.,
PCR 4505 HIA 1 uL 4 Dpn T BRI N VI,
37 °C & F I 1 h ZBRAEAR R, B G 5%
b KW AT 5 DHSa, $h UL T B 15 757 I 45 s
B I P I 58 AR v a5 AR AR O, R AR
%l Thermotargetron & pACD-M-lacZ-60a #l
pACD-M-lacZ-369a (M 7~ 24 FL R 28 A5 v 15)
1.2.3 Thermotargetron FT#R% K 53 47

B 4= A Thermotargetron #% {& pACD-
lacZ-60a/369a 17 A Thermotargetron Z A&
pACD-M-lacZ-60a/369a (M /R RASE FEBR (7
FA AL KA E BL21(DE3)&RZ 410,
PRICRA v B T Y45 B2 FP T 5 mL A9 LB B 32 3L e (3%
30 pg/mL S8 %), 37°C. 200 r/min FFEid0k,
B 40 UL G FREWMA 4 mL &4 30 ug/mL
ARG RN LB #FEd, 37°C. 200 r/min 555
2 h, it 304 A A TIPTG 2446 4 1.0 mmol/L
1) IPTG, 48 °C 155 5 h, i BEAS[R] (e BE R
JE WA LB K32 (A B R . 30 pg/mL; X-gal:
40 pg/mL; TPTG: 0.1 mmol/L), 37 °C ;3%
TR, 38 3 DAV W T BRE A3 A TR/ R AR T A A <1
LRI B R = BT B+ BE) < 100%)]
By 3 WCPATES, MR C R R ECE
I N e ZATREARLR
1.2.4 &% PCR i

399 P BT A TR 2 A AR 2 A AR 2 AR Al
()0 O & M A A e 3%, L lacZ-R/lacZ-F
(lacZ-60a/369a il 51 4)) R 51 W)k 7# 7% PCR
K, PCR 4544+ 95 °C 3 min; 95 °C 30's, 56 °C
30s, 72°C30s, 30 f~E#; 72°C 3 min, &
1 7 PCR E— B0 Tel3c/4c-RT 4 #43 %&

AR Jr XU R o

2 HERE504

2.1 Tel3c/4c-RT Z5+1E EE F 5 bb 3t & 5%
pEprl i V=T bin

Tel3c/dc N7 Bl 8 11 Hh S Bt S 445 )
(RT). #%MRMHE45 ) (En). DNA £ #418 (D)
— DRI R IR L, e = k= ) 54y
AT RE G EAR B ST, % R A LA
JE SR . DNA RA G . 2R N Uil 55 2 i ity
T (B 2A) . R T i 96 T I i 3% 39 12 1) v 44
ORI EF, FM1L Teldc/dc I BIN & T
S SEal, DL RT Z5H 38000 2 LR 7 91 (5 S5 h
NP_681951) Rtk , FIH NCBI & ¥4 L Xt
S CDD RSP S5 88 e E i AT A, 45 R 3R
BH , Tel3c/4c-RT 7E Z i 41 Bl S oty T vP s AR ST
Forr, G242 T AR ES A 4, D194, 1195,
S196. G197, C198., F199., Q241 £1 D277 il
g NTP 4540 45, D277, D278 il h Mg> 4%
AL, Y275, L1324 F1 G325 T Ay 5 5 e 5%
T RE B S TG MO S (B 2B). BEAh, MY
25 (B G5 A B, FRATTHED R274 10 A276 3% 2 4
P AL AT B Tel3c/4c-RT [ ik SETHHEA 5%,
P, FRATIEIHEEE] 15 A Al BE Y 56t FEBR T
PEOL S (B 2B), MRS 55 5848 R U RE I UE 32
HERE S 5K
22 Tel3c/4c-RT E & R T B K
Thermotargetron F{K#3E

DL ERIHBERI R 15 NFTRERZM Tel3c/4c-RT
J2 i Si T RE A OC B A B R 4 a5 K L DU
Thermotargetron AR Fefifi, I s R AR+
ARET 12 H5AER Thermotargetron R4
(15 A S L TR 7 5 TN 25 S F199, D277
D278 31X 3 AL M R H L), BR
A276 fimiRAE A H ARG, HAPAL %R

il

w
Kt
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A RT: Reverse transcription domain

Tel3c/4¢-RT .
RT X/Thumb D En X/Thumb: X/Thumb domain

D: DNA binding domain

0 1 2 2a 3 4 5 6 7 En: DNA endonuclease domain
B

RT-1 RT-2 RT-2a RT-3
NP 681951 117 RRVYIEK. [5] .RPLGI. [21 .MKDRAMQALYBLALEPVAETT'A. [31 . SYGFRRGRCTADAAG. [10].S.[2].HVLD 192
NP 982096 101 KRVFIPK.[5].RPLGI.[2].IEDRIIQOMMKQVLEPVLEAQF.[3].SFGFRPERTTYHALE.[11].H WIVE 175
NP_687596 96 KRVYIPK.[5].RPLGI.[2].VRDRVVQTAVKIVIEPIFEADF.[3].SYGFRPKRSANQAIR.[10].E WVID 169
YP 516283 74 RRTYIPK.[5].RPLGI.[2].FDDKLVQECVRLLLEAVYEGSF.[3].SHGFRPNHSCHTALS.[ 9].K WFVE 146
Q47688 82 RRVYIPK.[5].RPLGI.[2].LRDRIVQORAMLMAMEPIWESDF.[3].SYGFRPERSVHHAIR.[14].R WVIE 159
AADO03884 85 RRVYIPK.[5].RPLGV.[2].TEDKLVQEVVRTILEQIYEPLF.[3].SHGFRPKRSCHTALE.[ 9].K WLID 157
CAB61571 258 RREYIPK.[5].RPLGI.[2].PRDKIVQQVMVFVLESIFEQKF.[3].SNGFRPNKGTHTALK.[ 8].D WVIE 329
ZP_00589124 62 RGVGIPK.[5].RMLGV.[2].VADRVAQSVVKMVLEPILEPVF.[3].SYGYRPGRSAHDAIA.[ 9].D WVVE 134
BAA31792 111 KRVYIPK.[5].RPLGI.[2].MKDRAMQALYLLALEPVAEVTA.[3].SFGFRTGRSTADAIA.[12].E WVLE 186
ZP 00530428 205 RRINIPK.[5].RPLGI.[2].MKDRAMOALYLLALEPVAETTA.[3].SYGFRPWRSTADASA.[12].0Q WVLE 280
HQ263410.1 82 RRMVIAK.[6].RPLGI.[2]. FTDKL]QEAVRIILESIYEPVF.[3] SHGFRPQRSCHTALK.[ 7] G.[3].WFVE 158

RT-3 RT-4 RT-5 RT-6

NP_681951 193 'ADISGCFDNISHEWLLANT'. [26] .IGTPQGG. [11 .ISPVLANITLDGME. [13] .ILIRYADDFW'I‘GKDI. (51 .IKARNLI 295
NP 982096 176 GDIRQFFDKVNERILIKKL.[31].GTPQGG.[1].LSPLLANVYLHSFD.[35].LIRYADDWVLVINN.[5].RWKTV 305
NP 687596 170 ADLKGYFDTIPHDKLLLLV.[32].GTPQGG.[1].ISPLLANIYLNALD.[16].LIRYADDFVILCSN.[3].KYYQY 279
YP 516283 147 GDIKGFFDNINHEVMIGIL.[32].GTPQGG.[1].ISPILANIYLDKLD.[76].YVRYADDFLIGVIG.[6].AIKEQ 319

Q4?688 160 GDLSSYFDTVHHRLLMEAV.[32].GVPQGG.[1].ISPLLSNIMLNEFD.[42].YCRYADDFVLIVKG.[6].AIREE 298
AADO0O3884 158 VDVVGFFDNIDHDVLVSLL.[32].GTPOGG.[1].VSPMLANIYLHELD.[81].YCRYADDFIIGVTG.[6].QIMEE 335
CAB61571 330 GDIKSYFDLIDHQTLISLL.[34].GTPQGS.[1].LSPILANIYLHEFD.[73].YVRYADDFLIGING.[6].QLKSE 501

ZP 00589124 135 FDIKGLFDNIDHELLMRAL.[33].GTPQGG.[1].VSPLLANLFLHYAF.[12].FCRYSDDGVLHCKS.[5].LVKRK 243
BAA31792 187 GDIRGCFDNISHQWLIDNT.[26].GTPQGG.[1].ISPVLANIALDGLE.[22].YVRYADDFIITGES.[6].QVLPV 299
ZP 00530428 281 ADIASCFDAISHEWLIDNI.[26].GTPQGG.[1].ISPVLANMCLDGLE.[18].MVRYADDFVITGNS.[6].EVLPV 389
HQ263410.1 159 GDIKGCFDNIDHVTLIGLI .[32].GTPQGG.[1].LSPLLANIYI.HELD-[72]-YV#R:’#?§§F[ISVKG.[6] +WIKEQ 327

it
RT-6 RT-7

NP_681951 296 'IQEFL .[1] .ERGLTLSPEKTKII «[ 6] .FDFLGWNT 328 Thermosynechococeus vestitus BP-1
NP_982096 306 IKNFL.[2].ELKLELSEEKTRI.[ 7].IEFLGFKY 340 Bacillus cereus ATCC 10987
NP_687596 280 AKQRI.[1].KLGLTLNEEKTRI.[ 6].FDFLGYTL 312 Streptococcus agalactive 2603V/R
YP 516283 320 VKAFV.[2].MLILELSDEKTLI.[ 6].ARFLGYDI 353 Desulfitobacterium bafniense Y51
[
[
[

Q47688 299 CRGVL.[2].SLKLRLNMDKTKI.[ 6].FIFLGHRL 332 Fscherichia coli

AAD03884 336 VRTYL.[2].HLKLAVSAEKSGI.[ 6].ARFLGYEV 369 Novosphingobium aromaticivorans
CAB61571 502 INEFL.[2].TLKLTMSVEKTKV.[ 7].ALFLGAEI 536 Fission yeast

ZP 00589124 244 IGERF.[1].ECGLELHPDKTQI.[16].FTFLGFTF 286 [Peclodictvon phacoclathratiforme BU-1
BAA31792 300 VRRFM.[1].ERGLMLSPEKTKI.[ 6].FDFLGONI 332 Fscherichia coli O157:H7 str. Sakai
ZP 00530428 390 VVEFL.[1].ERGLFLSPEKTKI.[ 6].FDFLGWNV 422 Chlorobium phaeobacteroides BS1
HQ263410.1 328 LKLFI.[1].NKKMELSEEKTLI,[ 6] .Akr‘;gvm 360 Lactococcus lactis

E 2 Tel3c/4c-RT HHIREE REMBIFEFTISH A BB I BN FF Tel3c/de-RT Z5H R B K,
BIRAAEC T 0-7 F/n RT S5HIRSTF R ; B: Tel3c/4c-RT ZEHBARAEIT S 4047, #AH 2ER
Tel3c/4c-RT IGPENL &, £LEAFBERIR S RSO, B EFEFRRHX RSO, JERTFREEREE
WS, RN T RN A I IR A, ST IR IR T ENL AL, #FN XA T RE R A B
S RT (EVE EHEAM R IR A5, NP_681951 £/R Tel3c/4c-RT ¥4, HQ263410.1 F/RmgH T
RFLERE LLItrB ¥ RT J73)

Figure 2 Schematic diagram of Tel3c/4c-RT structure and analysis of domain characteristic sequence. A:
Schematic of the Tel3c/4c-RT structure of the thermophilic group II intron, the Arabic numerals 0-7 represent
the conservative motif of the RT domain; B: The yellow background indicates the active site of Tel3c/4c-RT,
the red letter indicates the highly conserved site, the blue letter indicates the relatively conserved site, the
non-conserved amino acid has been omitted, the number in square bracket indicates the number of omitted
amino acids, the green number indicates the amino acid site, # indicate the amino acid sites directly
associated with RT activity, NP_681951 represents the Tel3c/4c-RT sequence, HQ263410.1 represents the
RT sequence of L1.1trB of L. lactis.
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A RNHAIR(A), 155 DI94A . 1195A. S196A .
G197A . C198A. Q241A. G242A . R274A.
Y275A. A276G. L324A il G325A (3 2).

AT IR PR S RAS X Tel3c/de N
T E R, AT R 4,
We# lacZ-60a M lacZ-369a X 2 N7 S AE A 40
i, T 24 DERABRETHEIR pACD-M-
lacZ-60a 1 pACD-M-lacZ-369a (M /R~ 12 A
[ ) 2 SRR BN, R 2), A RN
20 Pk
2.3 Tel3c/4c-RT K5EFMENL S R TAFIEH
B RS FUYTEERBIEZ N

JTARMAESS Tel3c/4c-RT 8 2 SLPR i/
SRR L B R A R, g B AR R
Thermotargetron /A K 4 Fh Tel3c/4c-RT ALY
Thermotargetron A5 51#% 1k E. coli BL21(DE3),
I W IR M 74 PCR (8] 3)BiF Tel3c/4c-RT

# 2 Tel3c/4c-RT R PR<JIE HE
Table 2 “Retrohoming” efficiency of Tel3c/4c-RT
mutants (%)

Mutant site  pACD-M-lacZ-369a  pACD-M-lacZ-60a

WT 98.05+1.67 91.76+7.08
D194A 14.72+12.27 90.33+1.07
1195A 90.60+4.92 71.51+5.06
S196A 94.89+5.69 88.92+2.39
G197A 74.03+27.86 75.37+2.97
C198A 76.95+0.53 30.86+19.98
Q241A 95.98+1.45 83.32+2.70
G242A 1.75+£2.83 0.00

R274 0.00 0.00
Y275A 57.204+22.62 59.2243.77
A276G 98.64+0.49 85.65+4.38
L324A 82.11£16.17 74.78+9.75
G325A 5.86£8.61 93.89+2.17

TE: RPBE NPT R 3 RIS
Note: The data in this table are the results of three parallel
repeats.

KA S A LRI AE . A5 R AR
Thermotargetron #AKYE lacZ-60a F lacZ-369a
B R <) B3 53 R 91.76%+7.08% Fil
98.05%+1.67%, M Tel3c/4c-RT 275 5 Hoel &1~
RORA AR ERRGR 2). Hb, G242 #
R274 X 2 N RAJE, £ lacZ-60a F
lacZ-369a i g < IHE g LT e 4k (GR 2,
& 3), £ G242 F1 R274 575 5 N & T-H<IH
B R Ik, G242 H1 R274 T RESE A
Tel3c/4c-RT 15 1 1) B A% 0 S JE PR AR AV 1 o
2.4 G242 1 R274 L3} Tel3c/4c-RT = [d]
AR NEA

R N SEETIE S G242 I R274 RAFSE4
JE T Tel3c/4c-RT INHE, UiHH G242 Fl R274
% 2 ANV SRS Tel3c/4c-RT S5 I BE A
AN 5, i —2 43 G242 Fil R274 X
2 AN S AR Tel3c/4c-RT 23 6] 45 ke B 5200
FATLL Tel3c/4c-RT fY AR ZE#) (SMTL 1D
6me0.1, & 4A Ji7R)f5 B o B5Lal, TR 5 d A
7 T R274A . G242A REE W
Tel3c/4c-RT =473 (Ml 4544, FHAr i & 2 A8 Aif
G S e A AL, AR BOR: AR
G242 5 Q142 1£1E 3.4 A (A s5E4E . 5 P240
IYPIFETE 3.1 A F 3.4 A RS EAER, 4
G242 7% )5, G242 5 Q142 P240 2 [a] iy &
R FIREZE G242 EILMRAZMRW, 1
G242 78 1) =4 g5 b e B T239 55 E241 Z [H]
PR ok 3.5 A 4i%iE] 3.4 A, TiiH T239
5 G242 A 3.2 A A B %5 5 S246 5 G243
S E241 5 N80 .S81 Z [a] 1) & S AE I 5l G242
RILFR SR R (B 4B), BFAER R274 5
D255, L254, D158, S161, A276 il id & "
AMEAER, M R274 RAFJ5, R274 5 D255,
L254. D158, S161. A276 ZI[a|ilesk S kM H.
VERT; [RIREFTRESZ 3 R274 SRR 5 AR 520
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A lacZ-60a
120

100
80

60
40

20

Efficiency (%)

;”

0 WT G242A R274A
pACD-M-lacZ-60a

B JacZ-369a
a c P 120
3 98.05
~ 100
=
= 80
£ 60
2 40
B3
207 Il 175 0.00
i ccmion | M afRTE 0 WrG242A R274A
vutant of G242 utant of R274A pACD-M-lacZ-60a
C, ) b
Wild type lacZ lacZ-60a . T —
lacZ-F 78 kb lacZ-R \5353( EBSIN £,°
5 . |3' 5" GTAGAACCTCTTCEAGT TGGIEGN AACGC Y ATGACGGTGE 3
lacZ-60a::intron a9 mﬂ"ﬂ 4 ¥

lacZ-F lacZ-R
5 .IM:&_‘LL . lacZ-369a
-

lacZ-369a: :if;tron

t
Insertion site

& 3.3 st 3,
\ EBS2/ EEBSIB SEBSS

lacZ-F 37 kb lacZ-R 5t GT:\(%AACC%CTTG@,:TGTG;j;g:‘AUI;;C;éCGGTG%G 3
| e — B52 T IBSI WIS oo
5t 3 5 3 Insertion site N
¢ lacZ-60a D 4 lacz-369a &
WT G242A  R274A O WT  G242A  R274A N
— — 30 — Vv

kb M WBBBBBBBY kb M WB BB B BB B kb

195
co~l

3 RITE Teldc/de BEH B NE FINEERIE  A:lacZ-60a 7 5 FIBERGIE , a: T4 5 b: G242A
AFRY s o R274A 7EM; d: “HEZE ., B: lacZ-369a ¥ ABEIE, a: BFAER; b: G242A
RASHL; ¢ R274A RAER; d: “IHE FE, C: WE PCR KiF, a: W% PCR KR ER; b: lacZ
B AL PN PSR B R ¢ lacZ-60a 1 FiTE V% PCR; d: lacZ-369a fisi1#v% PCR; WT: BfA:
B G242A: G242 74FA; R274A: R274 5878 %1; M: 2k Plus Marker; W: [ ; B: W%
BL21(DE3): BL21(DE3)%s FAXIHE; IBS: W& T4545 4 EBS: 4MNE 7454 F4); Exon: 4ME T
Figure 3 Functional verification of the mutanted Tel3c/4c thermophilic group II intron. A: Blue-white spot
screening for lacZ-60a site. a: Wild type; b: G242A mutant type; c: R274A mutant type; d: “Retrohoming”
efficiency. B: Blue-white spot screening for lacZ-369a site. a: Wild type; b: G242A mutant type; c: R274A
mutant type; d: “Retrohoming” efficiency. C: Colony PCR detection. a: Schematic diagram of colony PCR
detection; b: Recognition sequence diagram of /acZ gene insertion site; c¢: Colony PCR for lacZ-60a site; d:
Colony PCR for lacZ-369a site; WT: Wild type; G242A: G242 mutant type; R274A: R274 mutant type; M:
2k Plus Marker; W: White colony; B: Blue colony; BL21(DE3): BL21(DE3) blank control; IBS: Intron
binding sequence; EBS: Exon binding sequence.
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Cartoon diagram of Teldc-RT

THR-23932
ALA-242

SER;%46'
Spherical diagram of Tel3c/4¢-RT

4 G242 1 R274 BFF4E B 538 A Tel3c/4c-RT == B LR

45k
SER-246
Wild type of G242

#SER-81

G2l o

GLY:243

A

GLN-142
Mutant of G242A

SP-158
J
SER-161TYR-162
I] EE‘@A%N-]@O
4 28

33

?\!-80

ASN-

Mutant of R274A

A: Teldc-RT 3 45 #4) K FER

AR B: G242 JASHIG 4G5 M LLXS 1] ; C: R274 SALHJA = 4EL5H L Xt

Figure 4 3D structure analysis of G242 and R274 wild type and mutant Tel3c/4c-RT. A: Cartoon and
spherical diagram of Tel4c-RT; B: Comparison of 3D structure of G242 before and after mutation; C:
Comparison of 3D structure of R274 before and after mutation.

1E R274 RAS ) =4z ¥y rh R B D277 5 A276.
D278 Z A=A T 2.8 A FUE B E (] 40),

XA S e A5 0 AR RTRERZ I 1 IEP 21
SRR AR K Mg® Z RIS A . I B ETHE
— ARG AR IR GS A R B T R B R ST
GsI-IIC-RT #) = 4Ezs [IZ5 W] A1, PQG J:F I
YADD $£ 74352 1T BN & F 5 IR R 45 A
T Mg™ 25 B A AR 5, T ELZE T 11 78
P F BB Sk v e B AR ST PO, R274 AR
YADD %:%, 45 RYADD ##1b3EF, G242 %8
A T Tel3c/4c-RT SIEYIME A, R274
AR T RYADD JE7 5 Mg 44, 1 Mg™
= N BNEGFREDREATER, Kk, G242
HIR274 EAF 50 T Tel3c/4c-RT ) S5 7 I RE
AR IR K . A T AT Tel3c/4c-RT L

L1 G AR J I L S22 (B S5 44, AT 5 il 2% 28 AR 7R
AR Sl ) VA VR L B 0E— 2 A BT AH 544
3 9tk

BA IEFRIIE Tel3c/4c-RT 28757 Thermotargetron
CHERORE R, SE AR, KA
Thermotargetron I #17 R A-7E AN 6 A2 FE /Y
BEAR(FR 2), Ud B I0000 1 S BE R 57 X Tel3c/4c-
RT W 56 sl e B — g iysg g, Horp G242
M R274 X 2 MR RAZILFRESRIE T
Tel3c/4c-RT MINAE(F 2), NIk, G242 F1 R274
3% 2 AR Tel3c/4c-RT B A% OAEAL 7 A5
[EIEE, FRoATT A R [A]— S AR AR TEAS [T 3B AL 2 1Y
“H B RORAFAE R R 225, 11 : D194A 1 C198A
% 2 ANRAN SAE lacZ-369a i 5 lacZ-60a
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BRI <V B ROR A3 R 14.72%+12.27% F
90.33%+1.07% K% 76.95%+0.53%711 30.86%+19.98%,
JEHJE G325A ARG, TE lacZ-369a i 5 Fl
lacZ-60a i s VA HER 51518 5.86%+8.61%
1 93.89%+2.17%, PIFMZEHIT(E 2). KA
HEM, 51 A b 2 S5 0 D R Pl A B 10 AR
TR R S PE R, B TR U
LIS RSipuR | RNl S sESITTNER Y
O A5 BRI EL AT — S 1 i A A AR 2
SEN T TR REE S D) EISCR AR, B
SERPAE RN 1L BN 5, AEAS RIS
HMOR WA —E N E T (F 2). HIRAIX
Tel3c/4c-RT SN i 79828 5, Tel3c/4c-RT
() B3 SR TG M PT RE S s ek, i T2 3
W T R SRTIREIE M T B st R s, f
2581 Thermotagetron 7E A [A] #8 45 [] I BB,
A2 X B A D A8 R 22 Sl — 2P UK
Ak, 7E75—wt5Erh, ATk M Thermotagetron
FTHEAE S0 =7 2 -8 AL (A B I 21 BT 4T %
RWAAAE—E WM (B 3C-b), MM ERA
5 WS RNA JEAIE AR, (R[] 558 2 7] GE 52
i) IBS/EBS 22 [8] AR H R A1), 13X AT gt 2 5 Al
Thermotagetron TEAN [RIHTHEAL s 2508 B 25 22 55
AR 22—

TEWEHR 1T BUN S ISt # v Tel3c/
4c-RT KFEFEEIRE. Teldc/4c-RT H 4 NIIRE
TN TRV ZE AL AR Xk 7 A S5 A AL B2, IRk,
Xof AN 25 ) 38 2 A8 JiE 7R BRAE b AT RE AN B
M 25 F R D RIS P o FRATT AT BA T I A 7
TR I MANT FREBEAERS N
HQ263410.1) 1Y Jiz ¥ 55 45 ¥4 3042 0 4 1k 6 55,
(C164. G214, D308, D309)!'¢!"1 ik RT
U AL S SR J R TR 5 F R <d
By bEsg e g . HubReS, FRATIE L L IEP
Fe s 5878 Je o 11 BN B - HoAh A5 M I T g

M4/, HARRTETHR A s HAA BE 5] AUEE
DNA 53 (o] REPEN T SE DK G 48 ) S S 7 T
REAS 7 L PR 4145 2 17 A5 2 DNA #4519, [
I, 7E BRI E HELREAE DNA S5 7 551 A DNA
P00 0 T 5 BT R B TR e TR
Ao FHMEHN T RUPN & F A< IH S i AR A A1, TEP
B DI B S 4 E 4R E DNA A,
T B 5L R AR T R Bk, BT R
iR CIFR AT REYE . BN R ZAMFE T, 1T Rl
TFUIHEEAL SRR NS F RNA il A SN,
A, HSIZ RSB CRISPR 25 HoAth L K 45
8 T ELTR R S X R IR AT R G (L 3 2
laglk . LR EEA L HRAREPT, FHk, 68
TEAF M Tel3c/4c-RT HABINRE I RTHE T 20k
O e S G PR, BELIBTIA 7+ RNA 7E DNA
SR SRR, USRS 5] DNA BUEE
P, FER LT iR, A AT RE A H
JRE AR g T H, I, ABRIEAIR
AT R 11 BN 55 1 09 <3 S AL B 7 T
HIFRBE T RAFH SR,

4 i

AR F R EDGE B2, G568 MR
AR FEAR T AR I RERAIE , T 2] 15 A5 0 g 4
11 51 N 45 F Tel3c/4c-RT S 53t B RE Y 56 il 4 ik
BR 7 5, Hirh G242 1 R274 31X 2 M S 28748 52
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