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Proper initiation of chromosomal DNA replication

requires the S1d3-S1d7 complex in budding yeast
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Eukaryotic chromosome has to be duplicated once and only once per cell cycle for
maintaining the genetic information from one generation to the next. Chromosomal
DNA replication initiates from replication origins. In budding yeast, replication
origins are defined by specific DNA sequence motifs, which are called autonomously
replicating sequence (ARS), and protein complexes. The stepwise assembly of the
initiator proteins on the origins provides multiple points of control to ensure efficiency
and fidelity of DNA replication. However, the mechanisms of protein assembly and
origin activation remain elusive. The studies about Dpb11 and Sld proteins in budding
yeast also provide the key to unravel problems in replication field. Dpb11 in budding
yeast 1s an essential protein for the initiation of DNA replication. It was originally
identified as a DNA polymerase-interacting factor. A series of the genes that named
SLD were isolated as genes whose mutations are synthetically lethal with dpb11-1, the
temperature sensitive mutation of DPB11. SLD1-6 genes encode S1d1-6 proteins,
respectively. S1d1 (Dpb3) is one of the subunits of DNA polymerase . Sld4 is identical
to Cdc45, essential for the initiation and progression of DNA replication. S1d6, also
known as Rad53, is required for replication checkpoint. S1d2, SId3, and Sld5 were
unknown factors. These factors are essential for the initiation of DNA replication, and
precise functions of individual factors in DNA replication had been elucidated. Another
sld screening using dpb11-24 mutation identified the mutation in unknown gene, and
it was named SLD7 (Synthetic Lethality with Dpb11-24 7). It encodes 29 KDa protein,
which consists of 257 amino acids. However, this protein does not share any homology
with other proteins in higher eukaryotes even in fission yeast. In addition, no
functional motifs in this protein have been found so far. In this study, I examined the
role of S1d7 protein in DNA replication.

The SLD7-deleted mutant (sld74) was reported to be inviable in genome-wide
study. In this work, however, the SLD7 gene is appeared not to be essential for cell
growth, but rather required for efficient chromosomal DNA replication because sld74
mutant cells are viable and shows long S-phase in comparison with WT cells in flow
cytometry analysis. From crude extract, the S1d7 protein is co-precipitated with the 80
kDa protein. According to the peptide-sequence determined by mass spectrometry, this
protein is identical to the S1d3 protein. Furthermore, purified S1d7 and Sld3 proteins
form a complex, indicating that the SId7 protein directly binds to the S1d3 protein.
This complex formation requires the N-terminal portion of S1d3 protein.

Almost all the S1d3 protein forms a complex with S1d7 protein throughout the cell
cycle. It is conceivable that although S1d3 protein alone can function with reduced
activity, S1d7 protein enhances the activity of S1d3 protein. As expected, SLD3 gene on
multi-copy plasmid suppresses the phenotypes of sld74 mutant cells, but not other
SLD genes. Additionally, multi-copy SLD7 gene suppresses the phenotypes of s1d3-6
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mutant that has a defect in the binding of S1d3 protein to S1d7 protein. Moreover,
simultaneous over-expression of SLD3 and SLD7 genes in WT cells leads to severe
growth defect of the cells than the over-expression of SLD3 gene alone. These results
suggest that the Sld7 protein enhances the activity of Sld3 protein probably through
their complex formation. Previous study showed that the increased dosage of CDC45
gene suppresses the phenotypes of s1d3-4, -5, -7, and -8 mutants, but not s1d3-6. In this
study, over-expression of SLD7 gene from galactose-induced promoter suppresses the
phenotype of s1d3-6 mutant as well as SLD7 gene on multi-copy plasmid. On the other
hand, over-expression of SLD7 gene aggravates the cell growth of other sld3 mutants,
even at semi-permissive temperature of these mutants. Since the binding domains for
Cdc45 and S1d7 proteins in S1d3 protein overlap, these aggravations seem to be caused
by the competition of the S1d7 and Cdc45 proteins for binding to the S1d3 protein.

The S1d3 protein associates with early-firing origins at Gl-phase. Chromatin
immunoprecipitation (ChIP) assay revealed that the S1d7 protein, like the S1d3 protein,
associates with replication origins at Gl-phase, then gradually dissociates from the
origins, and this protein does not move with replication forks. In the absence of S1d7
protein, Sld3 protein still associates with the origins. Thus, it is supposed that the
association of S1d3 protein with replication origins mostly independent from the S1d7
protein, and the S1d7 protein regulates the function of S1d3 protein other than
S1d3-binding to replication origins. Since the S1d3 protein binds to all the components
of the Cdc45-MCM-GING (CMG) complex, and S1d7 protein enhances the activity of the
S1d3 protein, it is conceivable that loss of the Sl1d7 protein affects the chromatin
association of the components of the CMG complex. The CMG complex is thought as an
active helicase at replication forks and their components are known to associate first
with replication origins and more with moving replication forks. In ChIP assay, Mcm?7
protein, a subunit of MCM complex, associates with the origins at G1l-phase and early
S-phase and then with neighboring region of the origins both in the presence and
absence of S1d7 protein. However, its association signals with neighboring regions but
not with origins in the absence of SId7 protein are significantly reduced in comparison
with in the presence of S1d7 protein. These results suggest that S1d7 protein helps the
efficient moving of Mem7 protein, a subunit of MCM complex, with replication forks,
but not its association with the origins.

Previously, genome-wide study showed that S1d7-GFP protein localizes to nuclei
and spindle poles, and mutation in SLD7 gene results in aberrant mitochondria
morphology. These results imply a role of the S1d7 protein other than DNA replication
in nucleus. In this study, sld74 mutant cells are shown sensitive to nocodazole and
thiabendazole, inhibitors for polymerization of microtubules, and multi-copy SLD3
gene does not restore these sensitivities to wild-type level. These results imply that
the loss of S1d7 protein leads to the defect in some other processes rather than DNA

replication, such as cell division, and further suggest that S1d7 protein does not work
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with S1d3 protein at all times for these functions.

In conclusion, the S1d7 protein plays roles in several cellular events, and
especially for efficient chromosomal DNA replication, it forms a complex with S1d3
protein, associates with replication origins, and then facilitates the dissociation of

replication machinery from origins.
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EEEMIBIT23REAKDINADEENT, MRAHZELC. SH—ELFTEZS, onE
TOMELPSERRABRFICE, BEBABSECES L -ERNEBMEAEAN S, (deds ¥ >
NIVBEZEOEREBNEN DN LEZBETEDLIIDOCAD., ZHITHEZDINAEOERM
BIDENDZENASHI R TWE.Z LT . EEHERKRZHBEL TS Y >Ny EIZ.
BERARERO LOBREBMRAOBRERET A2 LT, BEZEAEEKEDINAOER %
MATWD, BRARMZAWR, COBRHUMBHBE T 20 TEBOSRZHOIMICTZ &
ZHHICHEZED., HFEBBOHFEREOY ONXNTZERET SIAT A, SIS >Ny BELES
FERRL. BREBMBELHBAEROBESI 2 NWIEIENEBOMREZHBL TEZ
CEXRMRTHAL .

Dpbll # 2 X BEIXI DNA EREER EHEERAL ., BB HKAEAORTFTH S, HMETHER
dpbl] ZRRICEIOICH LW RALTRZEAL., TORBEHEBEARRIIREDLIOIRERTR
BETFOHEE. WODOLIERBEFEEBRFAZ Y- WTFbe, 2L T, sid L4
ToNe—EOBERFEENRDN O TWVWE, SIdAY >N BiZ. DNABEELBEET S &
MTPREINDZN, ZFO—DOTHDSIATYNIEO DNA ERIZET SHEITES <R
Thok, TIT, AMRTE T OBEDHAICIODMAL. SId7 O KRB TIZ DNA % 5L 1]
DEENEL, MEBHEEEMETLTWB I ENS, SIA7 7 2N 7 BN E B O H#H

WEERKRBZL TV ENETHRIN/Z, RICEBMBMEBKRNS SId7 4 >/
BEFAUBRITLOERTFZRBEL BESFNSINNSIB YNNIV ETHBIEEZRNWEL
2o SIA3 Z NI ERY EAC I Z2EEFEEZ2Z2), BREBEMBEEAOHRERE TS
BELDEREHZHS TR ZENTTIRAGNATWVWS, 5, HPIARERY NI %
RAWT, SWd7Z N8RS NI BCEEZESL., EAKEERT A EZ2HEN
O, £, BEY—NAMT7 Uy RERED, BACHERERZHESNICLE. 208
GHEGHREMOEZBEC TERIN, MBRATIIFZETXTO SIS ¥ > /S B Sid
TINIVBEDEBEREELTEEL TV, ., UERENLRERZEENS D, SId7 %
SN BESIB I NI EOHMEEREZRHSNMNILE., Thbb. TNFTHOLERZ, *
NENDYNIVEOBBEETHBIT DL ENTER, /2. TORSRIIT S1d7 4 18
JENHETHIECED SIBOBEREZEZETFTVWBZEERLTWE, £/2—F T, Sld
VN TBOBREENRED /43 EREFECBVNTHRBEERERECORTZ2b/25T 2
E2RWE LU, SIS NIV BEDSIAT H N EBORHSEHAA Cdeds ¥ /X7 B D
HEMME—HERDZENS, SIATH N7 EWXSIA3 F X7 BAD Cded5 ¥ > /%%
BHOHAZHHEL TWDIOTRERWNAEEZBIES, 7OXF U REBILEREICELD
BHAKREREZOFIESE TOEMNLEBERREATOEHZAE L2255, EHBHRE
BADHESE SIA7T NV EOREBTTHHEEELITRVDHOD, FTERTIEIZF O
ENFELSETL T, Zd, EHEAREEOR RN LIZEMEBENRBERD 5
fidL DNA LZ2BETHIRBICREVNELTVERIEE®RT S, ZOFEED—-D&EL T,
Cdedo FONVHIRX X2 RERBOKRHOTRENB TN S, 2, SId7 & 278N
SIA3Z NI B ECACAS Y NI BEOHEEHEFL TR EVI LREBOETFINEXFT S
H5DTH 5,

Wi
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AR IELHOBBHEOF R TZRWLZL, SId3-SId7 5 >R EESEKDOS T
WERZHASHIIL, INIXTORHEABZHEAOD THEEBET IV EZRRL TRLEZRATH
MW THD, ZOHMENEoNT LD, BHHEBZHBEOS, FERBICETIHEETES
WEOBMMERELSDOLHFEINS, ULOBHBHTHFRARMTADOEAMREHHITEL
EREODEHEZRMIITEEEREE R THH L. ‘
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