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Functional analysis of a conserved translation-related factor of unknown function
from microorganisms to humans
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Protein synthesis is a conserved but vulnerable process, and cells require auxiliary factors to overcome translational

stalling. In this study, we investigated conserved TACO1 family proteins in three microorganisms: Bacillus subtilis,

Escherichia coli, and Aspergillus nidulans. In B. subtilis, genetic analyses suggested that the TACO1 family protein Yeel

and the related factor YrbC functionally interact with EF-P, a translation factor that facilitates synthesis of difficult

sequences such as polyproline motifs. In E. coli, loss of yebC or yeeN enhanced the growth defect caused by impaired EF-

P function, and the analysis of suppressor strains suggested a link to ribosome rescue pathways. In A. nidulans, deletion

of the TACOI1 family protein MrrA affected conidiation and mitochondrial physiology. Although the observed phenotypes

differed among the three organisms, they commonly became apparent under conditions where translation or mitochondrial

function was challenged. These findings suggest that TACO1 family proteins have diversified in different organisms while

retaining a conserved role in supporting difficult translation events. This study also provides a basis for future biochemical

and structural analyses of this conserved protein family.

HRBA/M

H N AR, EMIEE O E 72T RIS T
B, VRV —AH mRNA OEBMEHFREZ AR .
T BEEORITCTRYRTT REHE AR T HilEfE
ThDd, ZOMIHIE S ERAY F TR
FENTND, —FH T, BRI LT
T 50T iiﬁb\o Bl X, el T B0
B AT X/ WEANEE T 2 Bl BAEEAR T EEY .
HOHWVIPIAEME R EICL ST, VAR Y —20HET
MEMTLZENMBLNTWD, Z0 X&) 72FERE
WX, X2 oI EAREDOIK TG TR, VARY
— L Dff%2, mRNA D453 m\h FHERPER DO EFE 2
EhplE I L, MlaREIC K& B A KT,
AL, 2o & 5 BRI A2 [k - fRYE S D 72
DI, ZERZTFRABR 25 L T\ %, EF-P 1%
AEIZ W T 1 U gl 51 72 EFRIER LI < Wi
FIOG A BT 2B EMBIR - ThH Y . BEE
) ClX elFSA MHERERIIRL L 7o 5&EI 24 5, £ 72,

ABCF [KFIX ATP D= L F—ZFH L TYU R Y —
LMERT2RFEETHY , TO—EIXER L2 Y
R Y — L OFRRE A E IR 5T 5, #
ZAE YR 1E, FEELE IR CRIRRIE I O AR s 12 B
% ABCF K7 & LTHDLILD, DI, EilER
22 L2 ) AR Y — AR mRNA Z4LE L FHFEE
AR REICR T U A Y — AL AF 2 — A
THIFEETH, L, FiREEICEDL 2R
BEWKEFOHFIZIE, & Oy THERECA B & EI 231
FIZEREIN TRV DOREFEENTND
ARFFETIE, EMI D e M TR REESNRD
— 7T, ZOFEMAHEREN KRB Th o7 TACOIL
family [N 71255 B L7z, TACOL %, & MZBWVT
har KU 79 EDB#ENSRESNZNT-THY
I bz FYU T DNA ICa— RERT7- COX I OFFR
WS35 2 ERHESATWE (BETERD, *
2. ¥ U RAERHW#SENT NS S, TACOl A h=
R 7B & i B RE ORI BB TH H N

W



ARINTWE (BEXR 2), 612, HFREER
Saccharomyces cerevisine @ TACO1 AV 1/ Th
% Dpe29 (22T, COX1 IZFRIE S Av 7= FHRRIE
ERTF T, 2 hay B U 7 EIR O BIAA1% B
(2RI 2 — AR 1 & U CHRET 25 2 & 3
HINTW (BB 3), 25 DML TACO]
family K0S EZAEMO I ha s FY T7HEERICE N
TEELREEZES 2L 2R LT, —FH T,
TACOI family 2@ 5 % 37 B1%, #E. B,
), IR RIF SN TNDIZH D0 b b T,
Z OFRBOGIZ 31T 2 BB A PR R IR A
IR o To, FRICHIRR VLA & LT, TACOL
family [K11%, MENOEZEMI Far R T E
TRIFE SN TV LRERBEHEE - TH DI b b
T O THENE DS RHATH o7, FHRRBHLA
K. BRI ER . BIFREEHKER 10 & 9 BRI
IEDOHFERERFBAEYR CILSBIESNTND Z &%
E<monTngd, — T, RIS OMHECHIR
A BICB ST D MBI Tl oW TIE, AT
EDRFRMENTRLS , MENO I har R 7 £ T
FINTWAHNIEEE SN TS, I har K
U 7 ITA AR AR S sk A MR A AR R L T
%73, TACO1 family K70 X 512, MEMIRE &=
X bay R 7 ORGITRA S 002 FHER ) K7
W3l CTh D, D=, TACOI family K 1i1%, #l
W7o IR FRRR BN 23 2 b 2> R U 7 RIERRIC

HIRFF STV D FTREME 2 7R 975 TR D THBRTR U,

HEEECME CIE, WEEE OIXET VREMAEY Th
DASEE Bacillus subtilis (23T, efp & 5RVVELR
HFE BAEH 2 R385 1 & LC. TACOI family (ZJ&
T 5 yeel #RIEL TV, TORAEHEREL
T, AHFFETIE, TACOI family K1 23FHER S0 &
D REZEAET 2 D0 FIoZ O REMAEY)
EEMAEMORTED K D ITRAFE - 3L TV D
DONEHLNITLHZ 2 L LT,

723, TACOI1 family (K- I3AEWFE Z & 1T FRHY R
725, AR TIL, FFLE TIE Yeel 35 L OBSERK 1
YrbC, KWFE Escherichia coli "ClX YebC/YeeN, s&:1k
Aspergillus nidulans TIE MrrA & U CREHT L7,
ARHEETIE, 2D 2B LT TACOI family [K1-
RO L. MEIL U THAEME TOR 4 & JfFT
T 5,

HREE

ABFFETlX, TACOI family [K¥DOREE | JFAEZRK
AW & BB ORI BT A Z L2 HIEL
Too ET. AMFROHFER L Ie o T-AGEEE B. subtilis
(23T, TACOI family [K-1- Yeel 35 X OVBH#EA 1
YrbC Dt D 7o, FHEE LY T L MR OE
TNEYTH Y | FHEREEIK - O AR I 38
LTW5, HFEBMET, WEEHE HIX, EF-P & ilViE
REERIRER & R TIRF & LT Yeel Z#[FEL TV,
EF-P (X, 7' U gl d 7e ERIEROMER L300
BRSO A R ZRET DR Th D, RBFET
1%, Yeel 5L YrbC 78 EF-P & £ K 9 2 HERERIRY
REFROONER LT D720, BIRFRIENTR
FOFIRR VAR — 2 —% & AT 24T - 72,

Z DRGSR, Yeel/YrbC 1%, HAESUKATH) 22 FHAR S
DIVERZ BA G4 % ATREMENS R & iz, 52, EF-P i
BEDME T L72dRIL T Yeel/YrbC D EEELME2NBEE(L L
el EMb, ZRODRFILEF-P &WAT LT, £z
X5 LT BHFR R SO o0 MEss 72 5 1 % 4 B
LTV EEZ BN, 72d, FRM7 o IO
W, BUE BRI 2k L TV D,

Z OFEFE TRAZ L7z TACOI family [K - & EF-
P L OBRA ., DT EN bIRFE SN TN D
DINERRRET D720 IRICKIGHE E. coli % RN i
W aAT > 72, KRIGE TIL, yebC £721% yeeN DHR
R TITHAEZE RRAN R SN0 —F efp Ba T
EOZHERBHETITBEE AT RBIEARTNBIE T
2o BT, EBLEROMBNT S, TACOI family
KA L VARY—A L AF 2 — KK L ORE A /R X
Nz, VARY —AVb AR a—Lik, BIERMNEF TLE
FomUARY—ALLmRNA ZALE L, MlENO U R
Y — L xR AR REICR T A TH D, K
FEMNTCIE, EMEIIT@EZE L2 Y R Y — A OEIC
B DK 7HE & OBEIRE SiLie, BIE, 2O/
FIZOW TR BRI T 7 E 2 D T b 7
B, Z 2 TIEHBEEE AR EOFEMITIRE 528,
B OFRIT, TACO! family [KFDOREHER T iz &
HEBAEN, FIFERZOHORET TR, EH
%OV R Y — LR & HRRT D Z & AR
Do

S 51T, TACOLI family KHFIIEZEM DI F =
RUTIWCHBRF SN TWDZ LD, BEBAEDIC
B HAERNEEZH ST 5720, KRIRE A
nidulans @ TACO]1 family [K-1Z gty U=, Hi2FEERE



TlX TACOl A /vy 12 Dpe29 A2 b= RUTHH
ROBALEZ BB D D — B 72 BRI 7 & L TRk
HET D2 ENME SN TNDN, ZTOMERTAE
KA OFAE « BRI ED L HITHET 50
VIR K LTV, A, nidulans TXHERHTFR,
PETHY, I har Y THERE~OKFED &
¥, TACOI1 family [K ¥ D/EBHERE 2 H Lo 0 &
EZbNTm, &I T, RWFILTIE A nidulans O
TACOI1 family (K F% MrrA &4 L. O XEHKE
W CTREBIENT 21T 1=, T OFEE, MrrA OKIE
RV SEFERICEENEL D Z LR LI
eol, £, 2 hary RU THEEDIK T 2RE4
HRBEMLBE SN, ZNLOMENS, HEEM
AT IV T TACOL family K 71X, X b= KU 7
FIRR 2 L CHIfR /LRI B 53 2 FTREME 23 /R &
niz,

R

AMFIEOEEE 72 A EIE, TACOI family [K1- D FEHE
. R Th DR - KIGE & . EEME
WCdb D RIRE AR LR L2 d b, Zh
(20, TACOI family [K¥-73, #lEE Tid EF-P & [
U 72 FER R SRS OB Y AR Y — AL A 2 —
e DRRE LT, EBMAEWTIEII Fa s RY
TR KOV A TR~ L LT Z L
MAZTEIZ, T7bb, £EETEEIND R
AT/ 5 H DD, TACO] family K25 FIFREE E I
BRBDDD R CEE L 725 &0 5 308 L7 R
DIRE ST,

RS A IO T, TACOI family [K+DRERE
l&. EF-P 23B5-9 2 BHER IR EERC A1 o0 APt & 5 521 3
2 LT, FEEE TIE Yeel/YrbC 7% EF-P #%RE DK
TRFCEZE L 220 | KEGHE TIE YebC/YeeN D KN
EF-P B$REIK FREDAEBT R 22 HESEZ, Lizhi->
T, AP ACEHIMOBSIIEEICLV R H0
D, JFREAY) TIlX TACO! family K73 EF-P & if
1TLC, FHERINEERL S O BRIZ B 545 & v ) kil
LA R 2 TE T,

KIGE O T, S O ICHIFRIE M O ILBERR I
& DOBEIRR STz, BIFUSIRL. 2B R
BMTHDLIT TR, ER LY AR Y — 2475 mRNA
FITFED 2 & T #HBED U AR Y — A DOTEZES mRNA
DERFENHEZB R T AR H D, ZDTD,
FIZIX Y R Y — A L A% 20— L RN 2 LR

M- TND, RIFETH LA RIE, TACOI
family [KIFDHREZ . B2 2 R RAHBIR & L
TTIEARL, FRIERZ O U R Y — L EEH & B
HOTCEMTA2MLERNH DT EE2REBLTND,

— 7 EEMAEY T H 2 AR E TIE, TACO! family
K MrrA ORI, MREFRTIIRI b=
RUTHRROIKTE LTRNTZ, I har R TIX
MEOFEEBEZFED, MER Y R Y — ATHkT
LMEZIRFFL TV D, 3R Dpe29 233 =
R U T7HRRO— AT L U THRET 5 2 & SBEICH
HEEIRTWEZ LR B E 2D E (BETHR3) . AW
ZE RO NIRRT, T O RE RIRE TR L,
TACO1 family R+ ORERBIK T2 b2 KU 7 HRE
TR DEFBRE VD RAE - SR b
B L EmTRICERND D,

ARFFEHIE P21, TACOI family K+ OFHGER BHE
BEBE R LRI DAL 7 v — 7 b O LR,
2024 ELIFE, B R a3 U7 TACOL 733 MU
RY—AbETHRY 7 a U CESNTER S 2 BHRR 5
FRET D2 LG SN (BB S HIT,
2025 4E\ZVE. B. subtilis @ YebC2. 37245 Yeel 73,
AU 7al EAITOY R Y — LMEWZ RS L, EF-
P 35 XY ABCF ATPase Tdh 5 YfmR % K < Hifdd
fitness ZL#ET D Z ENHEINTZ (BEXERS),
F 7. Streptococcus pyogenes ? YebC 2DV T,
23S IRNA OXRTF N KT AT 2T —EBR X
—FHZ— I AA/ER L. proline-rich motif M%)
KIRFRRICKNETH D Z Ll shiz (B3EX
BR6), D OHAEIL, TACOI family K1 A3FES -
BEEORRRICHKEL T, 7n ) 25T RaRINE
Bl S O ALERIZ BE 0 2 RAE S VBRI - T 5
V) RO e E R ZFFT 5 b D TH B,

FrI, BRI S Ao RRR S S PR B 59 o
BOIRI7-28, MO EEA I ha v KU 7 & T
17 STV D ENE R 72 < ARBFFEIX, TACOL1
family [R5 D X 95 7o /A7 S A7 FHER A Bh S o
—BITH D AHEEE R LIERICERE S D,

S bz, RN GEBNTHRIT, PREN DS
FHRBIC S D7D 555 5, TACOI family K+
I, e RSO X5 AR RIRR IR EERL S %
VR — LGN T 2MHEEEZ DI ENG,
ANTLT 2 ERRIEH R EWT X ) % &Rk
T F ROFRE R ERET 555> — & LTH
MATEHARENND D, ZOMITLYOHEERET



FAEE L TW RN -T2 EBBATH Y | ABFFED F T
1723 TACOL1 family [K]1- 0 JLRER) 72 HEREAREA 23 |
FERAITHFERA 7T R E SN O &L ~D723 1

25 LETRTHFHNRR TH D, REENEEE
Tel OREMIEEZ D28, A%, B 2 H[EFFED
R E LTREIEZWD,

PLbEX v, AREFFRIL, TACO] family K123 FAZHK
A & BESAEY ORI T, BIER UG B
U7ofifa Al R EE 2 R 2 L 2R LT,
R, R - RIGE - RIRE & v D Bp 2 )
S35 2 & ¢, TACOI family [ O FERF FL 1) 70
REALL | FIRRREEREEA~DIRE &V ) @ O
W& RWET 2 N TEI, S%IL. FRTRY
R =D EDENIC, EOXA I T TERTS
D% AL « S I LT 5 2 &
T, TACOI family [K-1-2340 5 FHAR GRS D 75 15
MR B L 720,

BE IR
1. Weraarpachai, W. et al. Mutation in TACOI,
encoding a translational activator of COX I, results

in cytochrome ¢ oxidase deficiency and late-onset

Leigh syndrome. Nature Genetics 41, 833—837, 2009.

2. Richman, T. R. et al. Loss of the RNA-binding
protein TACO1 causes late-onset mitochondrial
dysfunction in mice. Nature Communications 7,
11884, 2016.

3. Hubble, K. A. and Henry, M. F. DPC29 promotes
post-initiation ~ mitochondrial  translation  in
Saccharomyces cerevisiae. Nucleic Acids Research
51, 1260-1276, 2023.

4.  Brischigliaro, M. et al. The human mitochondrial
translation factor TACOI1 alleviates mitoribosome
stalling at polyproline stretches. Nucleic Acids
Research 52, 9710-9725, 2024.

5. Hong, H.-R. et al. YebC2 resolves ribosome stalling
and increases fitness of cells lacking EF-P and the
ABCF ATPase YfmR. PLOS Genetics 21, 1011633,
2025.

6. Ignatov, D. et al. RNA-binding protein YebC

enhances translation of proline-rich amino acid

stretches in bacteria. Nature Communications 16,
6262, 2025.

EAOE

BRI T

1. AT 2 FHER A BB O SRl iR, &
HE. 55 47 [0 0 ARy FAEY PR, 2024 4 11
H 2729 H 1%

2. AREEIZIT 2 BT HLRER S K 1 O ERR & e
fRMT. R RRIR =8, AR, KEHh, T3
15, Vasili Hauryliuk. %5 19 BIH &S A84E)
PSS 2025 4E3 H 17-19 H O ORFEE

3. FHAREI AR O ERAE D O BR D IS AIAEM Y. &
M. HAEZ RS 2025 4FHE KRS, 2025 45 3
H 4-8 H FLIR.

4. VARV —=AFEEPLE WD F ) R — ) LZERT
OFFSIE & WEE R, B, 5 48 B A A
TSRS 2025 4R 12 A 3-5 0 Mk

5. RIREOGAETERICBITSI har U 7 H
RBSE R F-O%E. P)IER, mER—, & A,
A BARBRSEES 2026 RS, 2026 4
38 9-12 H 3Hp.

6. AEWIZIST 2 FHER S PR O LAY 2 AR
PEERFYEOBME. SHE. HARARELYS
2026 FEFE K4S, 2026 43 H 9-12 H AUAR.

IRAL —FEH

. RREICE TSI b=y FUTHERRESER
DOARREZOMYT. F)IEH, @HR—, &H
%, Jafst B AR LR 2025 FEEERE, 2025
£3H5H-8H8 e

2. I bary FUTANMRBEERTF MrA O
Aspergillus nidulans |Z31F 2 EHMER. FIIE
B, mHR—, S, afse. 523 BURIKE S
AW T 7 LA 20254811 A 17-18 H
ZEHN.

3. X bha U T ANEREERF MrA O
Aspergillus nidulans |28 2 A ERR. FIIE
B, HR—, mHEE, A5 5823 RIRE S
THEMTa 77 LA, 20254411 A 17-18 H
A



