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Dual-localization signals enhance mitochondrial targeted
presentation of engineered proteins
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Abstract: Effective delivery of engineered proteins into mitochondria is of great significance for developing efficient
mitochondrial DNA editing tools and realizing accurate treatment of mitochondrial diseases. Here, the candidate genes,
eGFP and Cas9, were engineered with different mitochondrial localization signal (MLS) sequences introduced at their up-
or/and down-streams. The corresponding expression vectors for the engineered proteins were constructed respectively, and
HEK?293T cells were transfected with these vectors. The fluorescence colocalization and Western blotting assays were used
to analyze the mitochondrial targeting presentation effect of different engineered proteins. The results demonstrated that the

daul-MLS maodification of the eGFP and Cas9 proteins significantly improved the efficiency of mitochondrial targeted
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presentation, compared with the engineered proteins with single MLS added. Hence, it is speculated that dual MLS

strategy can enhance the mitochondrial targeting of engineered proteins, which lays a theoretical foundation for the future

development of efficient mitochondrial DNA editing tools.

Keywords: mitochondrial diseases; mtDNA editing; protein engineering; mitochondrial localization signal,

mitochondrial targeting
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Fig. 1 Engineered eGFP plasmid mapping and enzymatic characterization
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Fig. 2 Results of fluorescence staining and analysis of fluorescence co-localisation
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Fig. 3 Western blot results and grayscale analysis of the eGFP protein
A: ffif] VDAC 1ENZRA N ZSA I eGFP 2 FI7EZIAR N 2 ALY WB Rl 258 B: XF WB 5 Rl TKE/HTR, eGFP 2 HMRKK T
Bdudonly SDEPHMH, P<0.05, *: MILHEUE 2 S W3, **. PAKIE TR R,

X 35 B 25 SR AT K BE 43 BT, HE Prism k4745
B (B 3B). STl S, FRUUM B 4l i
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SESR W] . X IR 1Y eGFP 26 35 2 AR M 11 7 48 b A
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WERAPE DL U AE AR AR b i 6, -l at P X
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FEARTCT5 Y, e El 25 R T SE R . 4 R R .
X RRZLEY Cas9 # I # A ARG ARR T i & i 2
S TFIG(K 5B), A MLS 19 TF{L [ Cas9 fefs
By B 2ok R, JU R Mg i A MLS, B
pLL3.7-UMF-SpCas9-S2MU  #; {& #1 pLL3.7-UMF-
SpCas9-C8MU F A iy L b (4L [ 14 T3 47 (1] 5B) 25
LR, ARSI AR, W MLS REfE 4 &
TREALHE 11 Cas9 2k (A0 1) 7
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Fig. 4 Optimisation of Cas9 plasmid mapping and enzymatic characterisation

A: TREILMGER Cas9 Fik3AA; B: pLL3.7-UMF-SpCas9-3'U ki FIEFIEFYI 4 ELE R ; C: pLL3.7-UMF-SpCas9-S2MU ki &l 3% Atk U]
YELE; D: pLL3.7-UMF-SpCas9-C8MU Jithky [l REFAG YIS 45 0 . A0 (0 5 HE N I 15 45 4571 DD 74

B
Cas9 H_-.-"‘_ [ *% |
15 | *
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© s
CasQ[ i |
VDAC‘ - bl - e — 0 1 - 1 L
9 9 & 9 9 9 &
& PP TS & & F TS
& A O =) & » OO b=
T &P ¥ & Y F
had C,O “;_,‘g’qf 'ad C[O vcb?’ R
S & &
v v

B 5 Cas9 & RAHI S & NG i 45 R R IR B 51
Fig. 5 Western blot results and grayscale analysis of the Cas9 protein.

A: flif] VDAC fERZALIA N SAGI Cas9 25 TEAMM A E ALY WB AZINZE R s B: XF WB ZURMEATIREESMT) , Cas9 SRR FRIBAKT-. %X
HFmA SDETH{H, P<0.05, *: MAEIRZESEHE; . WHSRE R EHE.
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LRI D AH BT J5 T Sk AR A iR T
IR IC. TAER, DIBZE SRS DAdA MO Lk
LB IE Z S 25 (U0 DACBE) i 28 7 14 B i 35k 25 i H
T T SR T R ok e St 0 3 A A L ) G A
A mtDNA i) C-G Bl A RRGHER 40y T-A FilkE
XF, MATITSE L mtDNA 9 s B Fe i 46, Ay g 0 4 pE
AR AR B[R A ] RS 1022.231 RS AR A 2K FLIUIIR IR
R T TR R SR AR G A i 1 42 BRI
Seitoide s T DAAA fiTAE 1) e A7 26 7™ 5 1) i
BN, AMUAELARARN G & TAEBU R 2748 B,
AT HECH R O S BT R R R R
(SNV)PO2H e eI B — N R Sk fA i 37 £ 5o
REA bR ik AR . ST, AMRRET
T T AL (DL eGFP il Cas9 ) il £k ks (A
RS S0, BRI g SR — &
X R E S S (MLS) B IK R 48, B &
HEK293T 45, Zifiz HEFARE AR, sk
FE A4 HTFT Western blot, RZZIFEAL T AR MLS
LB X LRI 1) BRI RE MR . IR T ORI
PAE 5 TR B 0 2o A i 0 ) R B R, el
J& ATP5b-eGFP-COX8A Hl ATP5b-Cas9-SOD2 #4%
AR PSRRI RO . S5 RBIR, HE TR
— MLS #fA&, FHXW MLS(4 ATPSb-eGFP-COX8A
Y ATP5b-Cas9-SOD2 41 4)M) T REALHE H Bl o
Shy BRI SRR [ PR RE S AR R RE T, MR RS
K g T EL A AR AR SR AL T AT 0 EdE

4RI, —FRINFEH G HE AR O T ALk

F1 FELAEEERERH LR

A 35 DR 2 o A AR, G BRI ME VD . ZFN AN
TALEN 0] 7= Az WUGE K 24 A T T BR 2828 mtDNA,
JuHJE TALEN HAR , B8k S0 0F v] 78 A U5 41 i 3 B/
LR PN 22 IE 28 A 2SS 2828 mEDNA RS )
i TS0 ok s 2 2 M4 A7 A 0 1 7 A R PR, 1
I R, AR B, ELUHE 1 T 2020 4E,
DddA Jid 2 4% 5 0 15 T mtDNA A5 e, SEBL
C-G #| T-A Wy, IR T LRk Hmd i g 4 1) 5
BPERE ., 5224 DAdA %R 4R AR A4 BT %
111 DACBE-V11. mito-TALENSs fl DACBE-Ss %5, Jf:
B UE S NS L i v T S B 2 ) e b AR A
Brfudmit, (HIE, X2 DAdA A7k e 2 A7 ™ 5
M ERE RN , ALK P AFAE R S AR5 5 G
T IR E A A S R BT R AR S, A etk
BRI

B AR NE S IR T A e - R
CRISPR/Cas # 4t . # T DddA 1Y Bk 5 g B 2% I
Mito-BEs R4 F Z K FE R H(F 1), R
CRISPR/Cas9 Z4i K gRNA X LA #5058k 1% 28 2k ki 4
1113 T 1 4 AR 120271 i Mito-BE's 28 4t I J
TEEXT mtDNA R Bl S 4 1 i B S e e, Al
SCHLXT mtDNA FREHE C 3] T 5 A 3] G 5%k,
i HEA B g R e 5E v Re )1, Hag SR
B E BRI . SR, DAdA #i74E 1) DACBE 54k ki
T g 2% AR REAS K mtDNA (%) C-G 2EH T-A,
HAB SN REPCR, 08 50 8F e Ak
TR it v BB A% S 0 R AR 2R AR B S e . (R
g #E Ak U R SNV B9 A= i, XoF Il A 17 Y
BEAER T IR PR

Table 1 The comparison of different mitochondrial base editors

LRI AT Y 2 A i df- 1 P ROR Jit 225 3CHk
CRISPR Cas9  Cas9, gRNA Indel Bl 1R 4 LU 7 1 J FEA8 [26,27]
DJCBEs DddA, TALE C-G-T-A Rt TC FF51 4.9%~49% 7 E A i RS [18]
DACBEs(V11)  DddA1l, TALE C-G-T-A HC 15%~30% 7 1 R L AR [22]
DdCBE-Ss Ddd-Ss, TALE C-G-T-A DC 6%~51% 7 1 J FEA8 [23]
Mito-TALED DddA, TadA8e, TALE ~ A-T-G-C A7 253 it K2 40% 7 E A i RS [19]
Mito-BEs TALE, Chymotrypsin,  A.T-G-C af 41k Helmiy K2 40% B R R B AR 0 ARy [28]
Deaminase C-G-T-A

H=A,C, T; D=A,T, G,
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