0) )L S i R
Progress in Biochemistry and Biophysics
' 'j 2026,53(5):1471~1484

www.pibb.ac.cn

SPBC1604.04 B E TR &3 58 2L E i &
B 45 ZEMash 1E82 00

B ATHED FRBMY FBED T b T Y ERAT
(" PEARIRTE R A Rk B, PO g A S VR D SR T SE IR %, P AT 6370095
2 PELEIIVE KA B R4 5 TREAEBE, M7 637009)

WE BM  SPBCI604.04FEH IS —Fp AP E Ay & 0SB 2 5 H: (Schizosaccharomyces pombe) LRARBIRE R,
2 B 1 B0 T AR TR O I R AR R RLAR W E , BN 2 0 R s 1w R . Ak AR
SPBC1604.04 3 R Bt 1) SETH 45 B 1) M AFGE XS 52, #9 SPBC1604.04 3L HERJE (SPBCI604.04A) THRRAGLBIIR | U .
WMshEr . PIRE R . SRR ERTOCE AR, e (25°C) FMmiae (37°C) T, fABOGHR & D
TR RS, ¥R5E SPBC1604.04 L REI XA 22 53 M0 AN B) 1258 . 855 25°C'F, SPBCIG604.04A VARSI & 7t
WIS R, LORARTOER RS, i, EhEA-PERE AR R 37°CEiEMNa T, SPBCI1604.04A FkkLk
PRSI, PO, WIS A -IERE AR MR R MR E R . 18 AWFRIBR T SPBC1604.04 B E
SEBUHER R AR S B S, HARKEAE 1 SPBC1604.04 fEfg 2 SR 22 03 20 b WLSh & 19 - LR AR 1 FR A i it
B, AARS 54 0y 3 h iR g AR BT, IR ASENT SPBC1604.04 FEPH 1R R 554 22 43 54845 Z [ IR R

PR pt TSGR .

KR ZUHEBEEE, difushfick, kiR, SPBCI604.043EH, 227754

FESES Q78, Q343

AURVE R AN “ReR T 7, Ak
WAL ™ ATP, JEfe it 5 AR5 Y 2K
o] " HOBUREAE AL (GLFE I R 8 4 1 PN
U ) IS 5 Z2 A T 7% 5 i 4 R P 5 e
fill *' 0 TEA 22032, EAZ AN M S A0 A%
2 6B 2R RS B DR R, AR R G 0K 1Y DE A O
[LVERE S A A N A e g
membrane transport proteins, MMTPs) 4~S2& ki 1A
JEE LT B RAR S s s, JFaE L X R
[ 12 D) e i sl ] B i SR R A1 e . WLl
RE . BBk AR . ISR L R G R
1T RAEZ RO M B Ty 2Ea fE

TEVREE RIS 12 b, /INER R BRI A Lo
K S-IRH H #i 2 B2 (S-adenosylmethionine, SAM)
AR 1 SLC25A26 fH £k SAM M 4 g Jo i A £ ki
&, SLC25A26 i ik 2x G B UH k- 40 pli A% . 2
WA, O EL 25 e A Wy JE 0 % 0 (K HE B i

(mitochondrial

DOI: 10.3724/j.pibb.2025.0455

CSTR: 32369.14.pibb.20250455

FE NN Calu-1 40T, SebifAy M) re AR 14
FH % ¥ i i VDACI (voltage-dependent anion
channel 1, VDAC1) ZHAKTEE 190 (heat shock
protein 90, HSP90) il 7 )& 4% , #Hl HSP9O 2%
L VDACT Rk e it o A B OBk, Wi
o EUTTE S I8 WIE B VDACT 5 2 Bk o S04 1
FIZ AR AR

VLS A8l e, B Es LS
1& 52 ok TR R Bl 2R A 5 A ) 5 B 5 Gs IR
(mitochondrial calcium uniporter, MCU) 1Sk
R EG 25 FHR L, 5 18 1 I E A SR N Lok
MUK AA-r s T AR BUN BeAR G VEL 3T (2025CDNC15), |
AR TR BRI I E  (2022NSFSC0107), U1 RHE T4
R R T H  (2022NZ250003) AU )1 45 54 8% 32 A R
B R AL R LTI H  (22ZYZFSF0009, 23ZHSF0082) i,
s IR A

Tel: 13890807470, E-mail: starthlh@126.com
Wi B4 2025-10-21, #2232 H 1 2026-03-23




<1472+ EMUEEEYIEER

Prog. Biochem. Biophys. 2026; 53 (5

W PEE S (reactive oxygen species, ROS) 4= i3
fn, I )R &8 % /N GTP fifi RhoA  (Ras homolog
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Fig. 1 The SPBC1604.04 gene location, predicted protein structure and predicted subcellular localization
(a) Location of SPBC1604.04 gene. (b) Predicted protein structure of SPBC1604.04. (c) Predicted subcellular localization of the SPBC1604.04

protein. The position indicated by the arrow represents the localization of the SPBC1604.04 protein. Protein localization data was obtained from

UniProt.
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Table 1 Strains and genotypes used in the experiment

Strain Genotype
PT.286 h-wt
PT.287 h+ wt
PT.3643 h+ wt: Cox4-GFP: LEU2
CF2046 h+ wt: GFP-Atb2: HygR
PT.3850 h+ wt: Pactl-LifeAct-mGFP: LEUI
PT.2006 h+ wt: RlcI-GFP: URA4
YL25 h+ wt: Hht1-RFP: HygR/Cutll-GFP: HygR
YL100 h+ SPBC1604.04A: kanR
YL101 h— SPBC1604.04A: kanR
YL102 h SPBC1604.04A:Cox4-GFP: LEU2
YL103 h SPBC1604.04A: GFP-Atb2: HygR
YL104 h SPBC1604.04A: kanR Pactl-LifeAct-mGFP: LEUI
YL105 h SPBC1604.04A: kanR Ric1-GFP: URA4
YL106 h SPBC1604.04A: kanR Hht1-RFP: HygR/Cutl1-GFP: hygR
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BTN SR A A 40 M 4 43 B L R Az s (]
2d). ZEREW, 25°CF, SPBCI604.04 3£ H Sk
Wk 2 e AP 2R o B A L 3 ST S R AR AR i
JF TEmIEMA R, SPBCI604.04 KR gk 2 55
ST P L A I 53 SR e oA 3 B 0 =, $R
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Fig.2 The effect of SPBC1604.04 gene deletion on mitochondria
(a) Mitochondrial morphology under 25°C and 37°C conditions. (b) Mitochondrial fluorescence intensity under 25°C and 37°C conditions.

(c) Mitochondrial fluorescence intensity of daughter cells under 25°C and 37°C conditions. Higher and lower indicate high and low mitochondrial

fluorescence intensity in daughter cell. (d) Ratio of mitochondrial fluorescence intensity of daughter cells under 25°C and 37°C conditions. Statistical

significance: **P<0.01, ns, not statistically significant.
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Fig. 3 The effect of SPBC1604.04 gene deletion on the actin ring

(a) Time-lapse imaging of actin ring assembly and contraction under 25°C and 37°C conditions. Images were acquired at 2 min intervals, with one

frame captured per time point. (b) Contraction curves of actin rings at 25°C (the dotted line marks the initiation of contraction). (c) Contraction curves

of actin rings at 37°C.(d) Formation durations, contraction durations, and total durations of actin rings under 25°C and 37°C conditions. (e) Initiation

and contraction lengths of actin rings under 25°C and 37°C conditions. (f) Contraction rates of actin rings under 25°C and 37°C conditions. Sample

size: n=20 for each group. Statistical significance: **P<0.01, ns, not statistically significant.
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Fig. 4 The effect of SPBC1604.04 gene deletion on the myosin ring
(a) Time-lapse imaging of myosin ring assembly and contraction under 25°C and 37°C conditions. Images were acquired at 2 min intervals, with one
frame captured per time point. (b) Contraction curves of myosin rings at 25°C (the dotted line marks the initiation of contraction). (c) Contraction
curves of myosin rings at 37°C. (d) Duration of myosin ring formation, contraction,and total time under 25°C and 37°C conditions. (e) Initial and
contracted lengths of myosin rings under 25°C and 37°C conditions. (f) Contraction rate of the myosin ring under 25°C and 37°C conditions.

Statistical significance: *P<0.05, **P<0.01, ns, not statistically significant.
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Abstract  Objective = Mitochondria are not only the central organelles responsible for cellular energy
metabolism but also play essential roles in regulating cell cycle progression and cytoskeletal dynamics. In recent
years, accumulating evidence has demonstrated that mitochondrial homeostasis is closely associated with mitotic
progression and cytokinesis. Schizosaccharomyces pombe serves as a classical and well-established model
organism. Because its cell cycle regulatory mechanisms are highly conserved throughout evolution, its genetic
background is clearly defined, and experimental manipulation is efficient and convenient, it has been extensively
applied in studies of cell growth, division, and reproductive mechanisms. The SPBC1604.04 gene encodes a
previously uncharacterized mitochondrial carrier protein in Schizosaccharomyces pombe. This gene is located on
chromosome II and spans 1 018 base pairs in length. It encodes a protein consisting of 238 amino acids with a
predicted molecular mass of approximately 31.03 ku. Bioinformatic analysis predicts that this protein is
responsible for the transport of thiamine pyrophosphate (TPP) into mitochondria. However, the effects of
SPBC1604.04 gene deletion on mitotic cell dynamics under different temperature conditions have not been fully
elucidated. Methods The SPBCI1604.04 deletion strain of Schizosaccharomyces pombe was used as the
experimental model. Fluorescent protein markers were constructed in the deletion background to label
mitochondria, microtubules, actin, myosin, the nuclear envelope, and chromosomes. Live-cell imaging was
performed using a TCS-SP8 laser scanning confocal microscope under normal temperature conditions (25°C) and
heat stress conditions (37°C ). Time-lapse microscopy was applied to dynamically monitor mitochondrial
morphology and distribution, spindle assembly and elongation, chromosome segregation, as well as the formation
and constriction of the actomyosin ring during cytokinesis. Image] software was used for quantitative
measurements, including microtubule length during mitosis, spindle length at different mitotic stages,
mitochondrial fluorescence intensity as an indicator of mitochondrial content, actomyosin ring length, nuclear
envelope area, and chromosome segregation timing. Statistical analyses were conducted to compare phenotypic
differences between the wild-type and SPBC1604.04 deletion strains at both temperature conditions. Through
these analyses, we systematically investigated the impact of SPBC1604.04 deletion on mitotic cell dynamics in
fission yeast under both normal physiological conditions and temperature stress. Results At 25°C, compared
with wild-type cells, the SPBC1604.04A strain exhibited a pronounced tendency toward mitochondrial
fragmentation, accompanied by abnormal mitochondrial content and a significant reduction in mitochondrial
fluorescence intensity. These observations suggest impaired mitochondrial homeostasis under normal growth
conditions. In addition, the constriction time of actomyosin ring during cytokinesis was markedly prolonged,
indicating that deletion of SPBC1604.04 affects the dynamics of the contractile machinery. However, no obvious
defects were observed in spindle assembly, spindle elongation, or chromosome segregation. Under heat stress at
37°C, mitochondrial morphology in the SPBC1604.04A strain showed a tendency to recover toward a continuous
tubular network structure. Mitochondrial content was restored, fluorescence intensity increased, and the
constriction time of the actomyosin ring returned to levels comparable to those of wild-type cells. These results
indicate that the mitotic defects observed at normal temperature are partially or fully alleviated under heat stress
conditions. Conclusion This study demonstrates that deletion of the SPBCI1604.04 gene leads to abnormal
mitochondrial content in Schizosaccharomyces pombe. The mitochondrial carrier protein SPBC1604.04
participates in regulating actomyosin ring constriction during mitosis but does not appear to be directly involved
in the regulation of spindle dynamics or chromosome segregation. Our findings provide key experimental
evidence for understanding the functional link between the SPBC1604.04 gene, mitochondrial homeostasis, and

mitotic regulation.
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