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Facilitate Chromatin Transcription Complex Subunit Pob3 Regulates Sexual

Reproduction 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 The FACT (facilitate chromatin transcription) complex is involved in chromatin remodeling dur-
ing transcription, replication, and DNA repair. FACT contains two subunits: POB3/SSRP1 (structure-specific recog-
nition protein-1) and SPT16 (suppressor of Ty 16). Although the function of the complex has been studied in fungi,
plants, and animals, it's function is not completely clear. Tetrahymena thermophila contains two different nucleus
and changes chromatin structure during sexual development stage. In the study, we found POB3 expressed at a low-
er level in the vegetative growth stage and starvation stage, and highly expressed throughout conjugation stage in 7.

thermophila. HA-Pob3 localized in the parental macronucleus and micronucleus during the growth and starvation
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stage and localized in the new macronuclei and micronuclei during sexual developmental stage. Micronuclear stain-
ning was stronger than macronuclear signal through sexual developmental stage. Truncated HA-Pob3A33 localized
in the cytoplasm in the early sexual reproduction, but occurred in the selected gametic nuclei and new macronuclei
in the late sexual reproduction. Truncated HA-Pob3AS87 localized only in the cytoplasm throughout sexual repro-
duction stage. POB3 knockdown mutants failed to complete gametic mitosis and zygotic mitosis, which aborted

sexual reproduction progress. The results showed that Pob3 regulated nuclear mitosis and was required for normal

sexual reproduction progress in 7. thermophila.
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g L HR AL (B B A R RS ). DNAJK [EISCR 7
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FIE H TIANGENA 7] ; T4 DNAFEF g . Rk
WHIEEE B Thermo A ] ; BRI H LilgA T.4E
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FEA PR AW 58 8o
1.2 FERPUBR HHARRYEE SR LB FNSCED

Mg FA DY R S FRAE 1 ¢ SPP(F 1% A AR 1%
FREE R 0.1%MF BHEI . 0.2% M & FE . 0.003%
EDTA%k £5) 7 15 77 &, 30 °C4E K & 0 $ A K
(2.5%10°~5.0x10°/>/mL), A~ [F] 22 Fi 784 g 4 Y s e &1
Jfi £ 10 mmol/mL Tris-HCI(pH7.4) YL 1#% 18~24 h, i
HET R B 312.0%10°~2.5%10°AN/mL, 79 #4321t 2 (1
Y MR L EL R A R, 30 °CRe B 9%, AT a1k
AN,

1.3 FHa et

DA REFIT N Pob3 £ [ 7 41 75 DY i i Jik [R] 20 4
P& (http://www.ciliate.org) 1 #E1T blastp L XT 4 #7
EHRHEFRT . HARYF Pob3 /7 41 HH NCBI
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MAN#AE
1.4 FLARKIpXS-POB3, pXS-POB3A33. pXS-
POB3A8TRY3E

AW $h P JE e 3 X 4 DN AR , 514 OE-
POB3-F/OE-POB3-R(CH AT 51 W W3 1) ¥ 1
POB3%:[R, PCRY 34 7= #y a0, 35 pGM-Simple-T
B YR AT DHS o, 713K 75
HH IR pGM-T-POB3, I 7. BamH IH1Sgs 173 5%}
R pXST5 M pGM-T-POB3HEAT XU, Ak ik 5
H B B, T4 DNAJERRRER: . S MR K
FF B DHSa, 1% 3R 15 5 4 5 RipXS-POB3. LApGM-
T-POB3NHHR , 5141 OE-POB3A33-F/OE-POB3-RY”
4 POB3A33, ¥ PCRY I =4[ , H5 pGM-Sim-
ple-THMRIESE . EHE = V)AL K B DHS 0,
W IR15 B A FR pGM-T-POB3A33, ¥ . BamH 141l
Sgs 173 5iI%F B ki pXS 75 pGM-T-POB3A33 347 WL fi
I, BSCERA S H G F BE, T4 DNAE R SR, &
FEFE WA R i B DHS o, 77 18 3545 25 28 )5 ki pX S-
POB3A33. LLpGM-T-POB3 Ik, 514 OE-POB3-
F/OE-POB3A87-RY 1 POB3A87, ¥4 PCRY 1 =4y ]
I, 35 pGM-Simple-TEARIESE . ERZ= WAL K
[ AT B DHS0, iii% 5545 8 415Uk pGM-T-POB3A87,
WP o BamH IF1Sgs 153 5%t Jii K pXS75F1 pGM-T-
POB3ASTRUEY] , [FIfCaA 5 H i) v Be, T4 DNAZ
PR . R AR AT IR DHS 0, 97126 3K 73
I i kipXS-POB3A8T .
1.5 FE4HREKIpNeod-POB3F1pPOB3hpNEORIHE

ARG $A DU JEE H B DR 2H S AR , 514 KO-POB3-
5"-F/RIKO-POB3-3"-F/R43 53 1 POB3FE X L
971 bp I F FEFIA R E1 092 bpHI L FF 5, 314
FE15) B 5 pGM-Simple-TiEH2 . W17 WAk
KA % DHSa, 1263845 5 240 )i b pGM-T-POB3-5'
MpGM-T-POB3-3', Xho TR Kpn TH]E| 5 41 5 HipGM-
Simple-T-POB3-3'flpNeo4, H I BRIk & T4
DNAEE 16 *CRl ROEE I AL, I iE 15 2B M
70 [ H R U K pNeo4-POB3-3". Sac 11 Not 1) #|
JFi ki pNeo4-POB3-3"F1 pGM-T-POB3-3", [AlYs H () F
Bt. T4 DNAEFENGER I A K 1 DHSa, 7
PR TR, $EEUR 15 H 4 5 i pNeod-POB3

AR 4 DY 8 de L DR A R AR, 51 RNAG-
POB3-F1/R1F1 RNAi-POB3-F2/R24} 5|1 482 bp

1 H 1 B, B EIS 23 51 5 pGM-Simple-TiE %,
ALK W i B DHS o, i 128 3K 15 55 20 5K pGM-T-
POB3-181pGM-T-POB3-2. H Pst Ifll Sma 11J)%| &
415 K pGM-Simple-T-POB3-1 T #4k , &[]
U5 5 ] T4 DNAERERF 16 °Cid i 3 86 4k K iy
FF T DHS o, 7 16 38 43 BH P 5 [ 41 Jf R 5 52 505 for
pPOB3-1-NEO. fH BamH 11 Pme 14)#| & 4 J5i ki
pGM-T-POB3-2/1pPOB3-1-NEO, & [EI 5 H T4
DNAEFER 16 °Cid BO%E 2 1 746 K AT 3 DHS 0,
7 326 SRS BH 14 v P A M bk, BT 3845 541 TR pPO-
B3hpNEO.

1.6 4HRREE 1L R RLHRAY TFik

FA AL pXS-POB3. pXS-POB3A33H1pXS-
POB3A871# Fl Sac THI Xho 14]%|, 40 50 ki pNeod-
POB31§i FHSac THIKpn TY]#|, 5 4 5 ipPOB3hpNEO
8 Xho THINot THIH . K AL R 73 734, 1
HDNAWKE N 1.0~1.5 pg/ul, Bk H ) H B
o RSB R A GI-1000( T B0B Z AR IR A
PR &) ) A A R AS B B g A DY s g . &0 B2
o 55 Z PR R B 0 G B 2 v P 4 Bk, PCRY
P58, IR1F RAT A bk -

1.7 [EERERAEMIEMMELEE

W8 2.5 1034 A [ 52 T~ Lavdowsky [ & i
(O T W - 2.0 K B K =50:10:1:39) 1, 4 °Ci 7,
[i5] 5 Ji5 1) 440 B ST T B o 22 TR IR B s 3,
50 uLMIPBSEF (3% BSA. 10% L1 ML A110.1%
Tween-20/1 PBS)#} 4 2 ho HAGIE —HT (1:100)7E
4 °CREI & 40/, T F AR I FITCAR L £ i
ZHi(1:2 000) T = EOEHEE 1 he DAPI(1 pg/mL)
FER A 10 minf5 3 . 7E Delta Vision 2 8% (GE
Healthcare) | 50 22011,

F Wi A4 e 0550 5 P i 7 % (monodan-
sylcadaverine, MDC, 0.1 mmol/L)Ff! DNA %%k}
Hoechst33342(10 pg/mL) 37 °Ci#E%0 & 4HiUS min, 48
JENICl,-6H,O(1 mmol/L)4b3 10 min, OB £ B4
5%(Olympus FV1000)81 20,

1.8 SATRFEE PCR

SEHUERNA, 42 °CF 52 min, fitij560 °CHE 'S min,
F LR ZH 5 44 55 °C 30 min, 85 °C 5 min, S EFEIK
4 cDNA. StepOnePlus™ Real-Time PCR Systemi/f47
Real time PCRX M, 17S rRNATEN 2, 5|4 RT-POB3-
F/RT-POB3-R A} 17S-F/17S-RY 14 H k5 FE K AP 2
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Table 1 Primers used in the experiment

ElEEZ s S I(5'—3)

Primer name Primers (5'—3")

OE-POB3-F: GGA TCC ATG AGT GAT AGG TGT TAT AAA GGT GT
OE-POB3-R: GGC GCG CCT CAT TAT TCAAAA TCT TCA TCT TCATCT

OE-POB3A33-F:
OE-POB3A87-R:

GGATCCTCT TTAAAGAAATTCACAAACTCTACTG
GGC GCG CCA TAT GTAATC TTAATA TTT TTA GAT TTA AAG

MTTI-F: GCTACG TGATTC ACG ATT TAT GCAATC

MTTI-R: CGAAACTGATTT TAT GCAATT ATG AAT TAC
KO-POB3-5"-F: GAG CTC GTT TGT ATATTT CGG TGG AAT GCAC
KO-POB3-5"-R: GCG GCC GCT CTG TCAATC AGA ATT CAA TAT AAT CAG
KO-POB3-3"-F: CTC GAG TTA CGAACT AGG AAT TTT ATG TAATC
KO-POB3-3"-R: GGT ACC CTAAAC CTATCATTA CCTATATGAC
JD-KO-POB3-F: GTC TGA TTA TAT TGA ATT CTG ATT GAC
JD-KO-POB3-R: AGT ATT CGG ATA GAATTA ATT ATC

RNAi-POB3-F1: CTG CAG ATA ATG TAT AAATCATCATGC CTG CTG
RNAi-POB3-R1: CCC GGG CAT CCT CAT CAT CAAAAG TGG CTC
RNAi-POB3-F2: GGA TCC ATAATG TAT AAATCATCA TGC CTG CTG
RNAi-POB3-R2: GTT TAAACC ATC CTC ATC ATC AAAAGT GGC TC
qRT-POB3-F: CAT GCC TGC TGG TTT CTAAAG CTC TG
qRT-POB3-R: GAG TAG CAT TAC CAA CTC TAT TAAATT CG

17S-F: GAT CCT GCC AGT TAC ATATGC TTG

17S-R: GCC CAACAATTA GCT CGG TTATCC

TRIZ B AR S . BamH I: GGA TCC; Sgs I: GGC GCG CC; Sac I: GAG CTC; Not I: GCG GCC GC, Xho I: CTC GAG;

Kpn 1. GGT ACC; Pst 1. CTG CAG; Sma I: CCC GGG; Pme 1. GTT TAAAC.
Underlines indicate restriction endonuclease sites. BamH 1. GGA TCC; Sgs I: GGC GCG CC; Sac 1. GAG CTC; Not 1. GCG GCC
GC; Xho 1. CTC GAG; Kpn 1. GGT ACC; Pst 1. CTG CAG; Sma 1. CCC GGG; Pme 1. GTT TAAAC.

FER, [ FEF A 95 °CCTIARYELS min; 95 °CAZ 1415 s,
60 °CiB k30 s, 68 °CILEMH35 s, FEATA0NMEIL; 2744¢
HEAT B .

2 HFR
2.1 FEMMFERFPOBIE AL E RS

T AT FACTE AW Pob3 1 Ui RE, MU
ik £ K A% 35 DR 4H B0 2 (ttp://www.ciliate.org) Al 3
AE JL K 20 B4 P8 (http://tfgd.ihb.ac.cn) % 5E HH FACT
2 G SPT16Y 3% (TTHERM_00283330)F1 POB3
F£ (TTHERM_00049080). SPT163£[K 44 4 140 bp,
BE AW AT, FFIREEIEHES 027 bp, b1 0084
RAIERZ . POB3}EN 4K 1 980 bp, A 7NN E T, IF
B EEAE 1 314 bp, St 437 MR . ANFEYIFK
U5 SPT1641 POB3 % it £ FH F AT FHALIK 58 28 70 KL
JFHZY. M. BB RA SRR Spt16Fl
Pob3 &5 F 40l J A — 8, RAPVUIE RFACTE &1
PN AEAE P R AL (BT AR 1B) . SR 56 58
T PCREW], POB3TEE I It WAL G
ik, AYEAR R AR A , HAESS A 4ETE 6 hakikK

i (EI1C).

Pob3 [{IN-3iij 4 —MMPHZE #4)45(pleckstrin homology
domain), MDA # 4™ 53 Bk (IPHES #4135, C-3iti A R 14
F X o SRS (R PHES A4 38052 F 7B 2 v 2H B A
R, (AR A-E A Z MM EERT. A
P B} A1 06 25 A ) 7 Pob 3 FRIN- i 45 % 1NPH domain,
PH2 45 3k 5 7 AN [R) 0 38 22 [A] K [R] 280 3 2 [R] fr)
Shfy o HAZME U N3 A5 —NPH domain,
[ B C-i i = 5 DNASS & 1) s 1T 7 2 B 1 45 M 3k
HMG(high mobility group) (1D, JUJE H [¥]Pob3
51 (AR A RN T S 45 K (1 Bk 2 I 7R L AT g LA Thie
Ak, ROER IX R A A AT 45 DU R g A% B
MR (1) 45 R REAE AR E S I AR
2.2 HA-Pob3ELEKRIZFN/MZ

N T 43 BT Pob31E I A DY L H A M rh 1 e A, B
Je b i T A A HARR A 1) 5 4H 5 RipXS75-POB3(J&
2A), H KR POB3H 4 )& i & AMTT1E 3+
7, ECP S FErRIE. SR Paik, [FJFHE
ZH RN B2 0 B VR FE R P i 1k, PCRYT 3 %5 g SR A5 Fa
5E 1) 978 0 AR (2B). %% ¢ 6 5E A & I, HA-
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(A) I&l AaPob3 (B) Igl AaSptl6
L Dpons L Dmspus
HstPob3 HstSpt16
DrPob3 — DrSptl6
HsPob3 HsSpt16
[ | [ MmPob3 | [ MmSpt16
X1Pob3 L XISptl6
ImPob3 ImSpt16
————1 P ——1 rispue
PtPob3 PtSpt16
— AfPob3 I AfSptl6
:PsPobS l: PsSpt16
ScPob3 ScSptl6
_: AtPob3 _:Atspt16
SIPob3 SISpt16
GmPob3 L GmSptl6
© (D)
) g 8 437
2°] TtPob3 - PHI I—| PH3 PH4 D1
< 61 . 1 552
kS ] ScPob3 PHI PH2 PH3 PH4 D1
g [ = H o]
.5 4_
8 1 709
2 pspobs o {e [ o
0.>)
in....
E ﬁ o : : DmP0b3| PHI PH3 PH4 |.| D1 D2 |

L S 2h 4h 6h 8h 10h 12h
A: Pob3 IR IEAIHT 352 L AFHI(XP_001655339.1), AaPob3; FifE(CAA48471.1), DmPob3; BEHAG I (EFN83393.1), HstPob3; BELLf(NP_997967.2),
DrPob3; 2 A(NP_003137.1), HsPob3; /NF FL(NP_001129553.1), MmPob3; JE#HJEE(NP_001084164.1), XIPob3; /MK H1(EGR30466.1), ImPob3;
g F5 D i HU(EAR94676.2), TtPob3; i JE H1(CAKS85998.1), PtPob3; # [ #(EED56911.1), AfPob3; Wi ¥ #(0K095219.1), PsPob3; it i fi%
(KZV08773.1), ScPob3; #lF7F(OAP03105.1), AtPob3; Ziii(XP_004232241), SIPob3; K. (XP_014620777.1), GmPob3; B: Spt16[fI /. 1%
AP (XP_001662009.2), AaSpt16; JiE(NP_728686.2), DmSpt16; BEH#Afh B (EFN79862.1), HstSpt16; KELL i (NP_001091053.1), DrSptl6; & A
(NP_009123.1), HsSpt16; 7 K F(NP_291096.2), MmSpt16; M JIKiE(NP_001084166.1), XISpt16; /NI H(EGR30454.1), ImSpt16; W& 4 U i Hy
(EAR97944.2), TtSpt16; H.JE H(CAK88706.1), PtSpt16; # [ #(EED55015.1), AfSpt16; .7 A (OKP04279.1), PsSpt16; HRiF [ £E(CAA96920.1),
ScSpt16; UG TF(OA097562.1), AtSptl6; T Ai(XP_010327152.1), SISpt16; K T(XP_014626356.1), GmSpt16; C: Wg YUK i i POB3 I R IL 1
B IR KAL), YUK S A AL Q2 hy 4hy 6hy 8 h. 10 W12 hFREUERNA, J#4# FHqRT-PCR 4. IR PEXT 2 17S rRNA; D:
AN A A 4 H Pob3 [ 25 R 1 LA

A: the phylogenetic analysis of Pob3. Aedes aegypti (XP_001655339.1), AaPob3; Drosophila melanogaster (CAA48471.1), DmPob3; Har-
pegnathos saltator (EFN83393.1), HstPob3; Danio rerio (NP_997967.2), DrPob3; Homo sapiens (NP_003137.1), HsPob3; Mus musculus
(NP_001129553.1), MmPob3; Xenopus laevis (NP_001084164.1), X1Pob3; Ichthyophthirius multifiliis (EGR30466.1), ImPob3; Tetrahymena
thermophila (EAR94676.2), TtPob3; Paramecium tetraurelia (CAK85998.1), PtPob3; Aspergillus flavus (EED56911.1), AfPob3; Penicil-
lium subrubescens (OK095219.1), PsPob3; Saccharomyces cerevisiae (KZV08773.1), ScPob3; Arabidopsis thaliana (OAP03105.1), AtPob3;
Solanum lycopersicum (XP_004232241), SIPob3; Glycine max (XP_014620777.1), GmPob3; B: the phylogenetic analysis of Sptl6. Aedes
aegypti (XP_001662009.2), AaSptl6; Drosophila melanogaster (NP_728686.2), DmSptl6; Harpegnathos saltator (EFN79862.1), HstSpt16;
Danio rerio (NP_001091053.1), DrSpt16; Homo sapiens (NP_009123.1), HsSpt16; Mus musculus (NP_291096.2), MmSpt16; Xenopus laevis
(NP_001084166.1), XISptl6; Ichthyophthirius multifiliis (EGR30454.1), ImSptl6; Tetrahymena thermophila (EAR97944.2), TtSptl6; Para-
mecium tetraurelia (CAK88706.1), PtSptl6; Aspergillus flavus (EED55015.1), AfSptl6; Penicillium subrubescens (OKP04279.1), PsSptl6;
Saccharomyces cerevisiae (CAA96920.1), ScSptl6; Arabidopsis thaliana (OA097562.1), AtSptl6; Solanum lycopersicum (XP_010327152.1),
SISpt16; Glycine max (XP_014626356.1), GmSpt16; C: expression profiles of the POB3 in Tetrahymena. Total RNA from vegetative growing
stage(L), stravation stage(S), and conjugating cells (2 h, 4 h, 6 h, 8 h, 10 h and 12 h postmixing) were extracted and analyzed using quantita-
tive RT-PCR. The endogenous control is 17S rRNA; D: Comparison of the domains of Pob3 in different model organisms.

El1 FERIURE S Pob3HNE IS BF 4T

Fig.1 Bioinformatic analysis of Pob3 from 7. thermophila
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Pob37E A= K AL 7 067 T KAZFI/INMZ; 7R A 1
A B HT A 8 A T KA RN AT DR oy R M, Hodp
JH T B /INMZ A A 2 VAR R S W A TR
AT INZ, IR T RISEAR RZ el R A1
AETEAR I, KAZ AL R, IMZA R R RS 5
(K12C). Pob3TE i 35 1 BA (1) KA A 5 U BRI AR
FANE IR B AL R, Pob3 1] REANMN 2 5 KA
sk, R 2 5/ NMZ I A s i 4EFr .
2.3 Pob3fIN-imsE Mg AMC-In Mg HES S
EHEN

N T 43 T Pob31E I AU K H A [ 4 e % R
SERLHLA, FRATTE Se e RS I B B % A5 5
JF FINLS(24-33) I N-¥ii 45 14 38 H. 5 H HA bR 25 1) &
H i RipXS75-POB3A33(KI3A). & EERMafE ik, 2
o B 2 TR B R B Tk, SR A A 1Y) 4 M AR (BI3B).
G5 ¢ N 5E AL 7R, HA-Pob3A337E A P A= it B 41
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A: diagram of the HA-POB3 homologous recombination; B: identification of OE-POB3 mutants. The arrowheads indicate positive recombinant frag-
ments (2.48 Kb) and WT fragments (0.75 Kb) , respectively. M: Trans 2 K plus DNA marker; WT: wild type; Lanes 1, 2, 3: Identification of HA-POB3-

CU428 mutants by PCR; C: immunofluorescence localization of the HA-Pob3 in the vegetative growing, starvation and conjugation stage. L: vegetative

stage; S: stravation; C2: early meiosis; C4: meiosis stage; C5: gametic selection; C6: zygotic mitosis stage; C8: anlagen stage; C24: sexual reproduction

telophase. Arrow heads indicate micronuclei; — indicate macronuclei.
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Fig.2 Localization of HA-Pob3 in 1. thermophila
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A: schematic diagram of Pob3 and its truncated mutants; B: identification of OE-POB3A33 mutants. The arrowheads indicate positive recombinant frag-
ments (2.38 Kb) and WT fragments (0.75 Kb), respectively. M: Trans 2K plus DNA marker; WT: wild type; Lanes 1, 2, 3: Identification of different HA-
POB3A33-CU428 mutants by PCR; C: identification of OE-POB3A87 mutants. The arrowheads indicate positive recombinant fragments (2.17 Kb) and
WT fragments (0.75 Kb) , respectively. M: marker; WT: wild type; Lanes 1, 2, 3: Identification of different HA-POB3A87-CU428 by PCR; D: localiza-
tion of the Pob3, Pob3A33, and Pob3A87. The cells collected at 2 h (early meiosis stage: a, b, ¢), 5 h (micronuclear selection stage: d, e, f) and 8 h (late
stage of sexual reproduction: g, h, i). Nuclei were stained with DAPIL.
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Fig.3 Localization of HA-Pob3A33 and HA-Pob3A87
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A: schematic representation of POB3 knockout construction; B: identification of POB3 knockout mutants. The arrowheads indicate positive recombi-
nant fragments (2.3 Kb) and WT fragments (3.3 Kb), respectively. M: Trans 2K plus DNA marker; WT: wild type; Lanes 1, 2, 3: the identificaiton of
different KO-POB3-CU428 mutants by PCR; Lanes 4, 5, 6: the identificaiton of different KO-POB3-CU427 mutants by PCR; C: schematic representa-
tion of POB3 knockdown construction; D: the relative expression level of POB3. WT: wild type; i-POB3: POB3 knockdown; E: Schematic representa-
tion of nuclear development. Mating cells were fixed and stained with DAPI. WT: CU428 nating with CU427, i-POB3: i-POB3-CU428 mating with i-
POB3-CUA427. a, h: early meiosis; b, i: meiosis; ¢, j: zygotic first mitosis; d, k: zygotic second mitosis; e: new macronuclear formation; 1: abnormal mitosis;
f: late stage of sexual reproduction; m: abnormal cells; g: telophase of sexual reproduction; n: single cells. Scale bar 10pm. F: Schematic representation of
nuclear development. Living cells were stained with MDC and Hoechest. WT: CU428 mating with CU427, i-POB3: i-POB3-CU428 mating with i-POB3-
CU427. a, h: early meiosis; b, i: meiosis; c, j: zygotic first mitosis; d, k: zygotic second mitosis; e: new macronuclear formation; 1: abnormal mitosis; f: late
stage of sexual reproduction ; m: abnormal cells; g: telophase of sexual reproduction; n: single cells.

El4 BURPOB3ZNANEARMR R AMEEMNE FRINBLOR
Fig.4 POB3 knockdown affects zygotic mitosis during sexual reproduction of 7. thermophila
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