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Overexpression of Atg4.1 Promote Parental Macronucleus Programmed
Degradation in Tetrahymena thermophila
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(‘Key Laboratory of Chemical Biology and Molecular Engineering of Ministry of Education, Institute of Biotechnology,
Shanxi University, Taiyuan 030006, China; *College of Life Sciences, Shanxi University, Taiyuan 030006, China)

Abstract Nuclear autophagy plays an important role in the evolution of eukaryotes. However, the
molecular mechanism of the autophagy is not fully understood in different organisms. The programmed nuclear
death (PND) of the parental macronucleus during the sexual reproduction of Tetrahymena thermophila is a
novel selective autophagy. In this study, autophagy-related gene Tt47G4.1 (TTHERM 00526270) encoding
677 amino acids was identified from 7. thermophila. TtATG4.1 was not expressed during vegetative growth
and starvation, but specifically expressed during conjugation stage. The expression level of TtATG4.1 was the

highest during anlagen period with parental macronucleus degradation. M771-HA-Atg4.1 mutants were created
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by homologous recombination. Immunostaining showed that HA-Atg4.1 localized in the cytoplasm during early

stage of sexual reproduction, and localized in the parental macronucleus in later conjugation stage. When Atg4.1

was overexpressed, the volume of parental macronucleus failed to condense normally and became larger. The

acidification of parent macronuclei was not affected in overexpressing TtATG4.] paired cells. However, the

degradation rate of parental macronucleus was faster in overexpressing Tt47G4.1 cells at 12 h for sexual reproduction

stage. The results indicated that the autophagy-related protein Atg4.1 was involved in the regulation of parental

macronucleus programmed degradation during the stage of sexual reproduction of 7. thermophila.
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Table 1 Primers used to amplify target sequences

EIEZE2S SIIFEFI(5'—3)

Primer name Primer (5'—3')

OE-ATG4.1-F: GGA TCC ATG TCT TAG TCT AAA GAAATT GAT TAT TT
OE-ATG4.1-R: GGC GCG CCT CAA ATA CAATTC TGA TTT TAT AAT AAG TT
MTTI1-F: GCTACG TGATTC ACG ATT TAT GCA ATG

MTTI1-R: CGAAAC TGA TTT TAT GCA ATT ATG AAT TAC

RT-ATG4.1-F: TCT GAA GAT GGA AGA CGT GTT TCT ACT

RT-ATG4.1-R: GAT GGG ATA TCAACC TTAAGA TCT ATT G

17§-F: GAT CCT GCC AGT TACATATGC TTG

17S8-R: GCC CAA CAATTA GCT CGG TTA TCC

FRILR R S NBEVIAL Ao BamH I: GGA TCC; Ascl: GGC GCG CC.

Bases with underlines indicate restriction endonuclease sites. BamH I: GGA TCC; Asc I. GGC GCG CC.
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A: R [F 4 Fh Atgd E I 12 5 B L 4T, TtAtgd. 1(T. thermophila, TTHERM_00526270), TtAtga 2(T. thermophila, TTHERM_00622880), TtAtg4.3(T.
thermophila, TTHERM 00622890), TtAtg4.4(T. thermophila, TTHERM 00011020), HsAtg4B(Homo sapiens, NP_037457.3), ScAtg4 (Saccharomyces
cerevisiae, CAA93375.1); J2'5 1 AtgdHE 3G ML 5 B: UM H 3y B 32 D5 241 2508 /22 (http://tfigd ihb.ac.on) 1 BE IR ATGA. 15235 B, L: AR AN,
S3: YUIK3 hffd; C2. C4. C6. C8. CIORICI2: #E2. 4. 6. 8. 10F112 hPYE AN, C: SEIN 52058 B HTATGA A RN WL K. L
A4 S3: DLIR3 hafi; C2. C4. C6. C8. CLORICI24rHIuH&2. 4. 6. 8+ 10F112 hi4 .

A: alignment of amino acid sequences of various Atg4 using Clustal W. TtAtg4.1 (T. thermophila, TTHERM 00526270), TtAtg4.2 (I. thermophila,
TTHERM_00622880), TtAtg4.3 (7. thermophila, TTHERM_00622890), TtAtg4.4 (T. thermophila, TTHERM_00011020), HsAtg4B (Homo sapiens,
NP 037457.3), ScAtg4 (Saccharomyces cerevisiae, CAA93375.1). Asterisks indicated the Atg4 catalytic active sites. B: expression pattern of the
ATG4.1 gene from Tetrahymena Functional Genomics Database (http:/tfgd.ihb.ac.cn). L: growing cells; S: starvation cells; C2, C4, C6, C8, C10 and
C12 indicated conjugation 2, 4, 6, 8, 10 and 12 h. C: qRT-PCR analysis of ATG4.1 expression profile. L: growing cells; S3: starvation 3 h cells; C2, C4,
C6, C8, C10 and C12 indicated conjugation 2, 4, 6, 8, 10 and 12 h cells.
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Fig.1 Characterization of TtATG4.1 in 7. thermophila
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A: ATG4. 135 K 5MTT13E [ [7) Y5 8 4R & B, Br #KpXST5-ATGA 1 8 J2 %5 55 10 pXST5-ATG4. 1) Ki; 2: ATG4.1HIPCRF“4); 3: pXS75-
ATG4. 15 R.BamH TH1Asc DIUEFY); M: Trans 2K plus DNA Maker (Trans). C: SE 56 02 BT IS FRIKATG4. 15845 20 ik AN BT A R A ik 4
8 hIEHNATG4. 13 157K
A: diagram of the ATG4.1 construct at the MTT1 locus. B: construction and identification of pXS75-47G4.1. 1: pXS75-ATG4.1 plasmid; 2: PCR
product of fusion gene sequence of A7G4.1; 3: pXS75-ATG4.1 was double digested with BamH 1 and Asc I; M: Trans 2K plus DNA Maker (Trans). C:
expression level of ATG4.1 Expression level was analyzed by qRT-PCR. Total RNA was isolated from conjugating cells after mixing for 8 h.

E2 OE-ATG4.1id 3Rk MUAR R AR R 4 7 E

Fig.2 Construction and identification of Tetrahymena strains overexpressing ATG4.1
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%48 h (Macronuclear anlagen) 110 h (Pair separation) U [l H 4 i FH 1 5] 42 52 5 S 58 A7, — Bl FHHASLR, —Hil HFITCHRE 1 —3t, I H
DAPIRIEAEIDNA, Delta Vision B 15t T BUGMEE, fi kiR nAtgd 1EEFAREE S E . F5R=10 um.
Cells collected at 8 h (Macronuclear anlagen) and 10 h (Pair separation) after mixing cells were fxed and processed for immunofluorescence staining,
with anti-HA primary and FITC-conjugated secondary antibodies. Cells were also stained with DAPI to visualize DNA. Fluorescent images were taken
with DeltaVision deconvolution microscope. Arrow indicates the fluorescence signal location of Atg4.1 protein. Scale bars=10 pm.

El3 HA-Atgd. 17EPURR R B %4 78 K 1Zanlagen P HARY E i

Fig.3 Localization of HA-Atg4.1 during the stage of macronuclear anlagen of sexual reproduction
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A: cells were collected at 8, 10 and 12 h, and stained by DAPI, arrowheads indicated parental macronuclei; B: comparison of parental macronuclear size
of mating WT and mating OE-ATG4.1 cells at 7, 8, 9 and 10 h. Box plot explanation: upper horizontal line of box, 75th percentile; lower horizontal line
of box, 25th percentile; horizontal bar within box, median; upper horizontal bar outside box, 90th percentile; lower horizontal bar outside box, 10th per-
centile. Circles represent outliers. =100 (cell number of pair cells). **P<0.01. C: developmental profile of mating WT and mating OE-ATG4.1 cells.
The Y-axis indicates percentage of different cell development stage, 7>200 (cell number of each sample). Scale bars=10 pm.
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Fig.4 Overexpression of ATG4.1 affects sexual reproduction progress
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LTRZEFehmic PURE R, #i Sk FR R A K% . A7R=10 um.

Conjugating cells at 7, 8, 10 and 12 h were stained with a combination of MDC (upper) and LTR (lower) in WT and OE-A7G4.1 strains. Hoechest was

also used to visualize nuclei. Arrows indicated parental macronuclei. Scale bars=10 um.
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Fig.5 Effects of overexpression of A7G4.1 on autophagic and lysosomal events during PND
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