(4) Fae—F—Try b7 OB ORBE OB

B THD dewl A dfgs ATEERDORBAGFAAND-0, TaE—F—T vy A
TOFEERATHILIIU, bbb, HTI/M—RAFET T DFGS 3B $57
FAIN(YC2D)ERFE LTz dewl A digs ABAERL T DI LI LTz, ZOREETH TR
—AEH G TR 5L, ZOEMETIE DFGS [IFHEHL QDN 0%, F L=
—RAEH SIS RIRABEREL , BB THLIOFEMTIE DFGS IZRB LW
Thb,

B IO EVERL T 5728, £7 55FCY % pYC2D TR EERHL 7=, 55FCY IZIRFFS
FUTUNS pRS424Y 27 AU T-am=—% 5—FAA 2 & To RS #lIC#E/E L 7-(Toyn
et al., 2000), ZDrr—% LAtk 56FCF LIE 5, 56FCF Ofifazx Uo7 h—2%&&te
CSM-URA 55H17C 30°CIZIV T 48 FFfEIEE &L , T/ h—RH DI N a— A e g
Tp CSM-URA EHUIZEEFEL | 30°CC 48 FRRIREE LT=, 77— A THER L2 HikaIX
an=—%B LT, Z N a— A TEELCMRITan=—%2 B L72d > 7 (Fig.
4-4B), ZORERIZIAMEIZ, dewl A dfgh ATX Dfghp BEBL QNHELEDHIFFETX
HZEERL TS, Dewlp & Dfgbp DMl 52 KBL THHMIAIT IM VLB M—/L1F
ETTHEE TERD -T2, WIZZD Dewlp & Dfghp ZHE1BIH /- MIlADO R 25
LA, HTI =A% E T CSM-URA I CTHREEL-%R I Va—R& 5T
CSM-URA i T L, BEMICY U TY T U TAF LU T N — Rtk 2 CAHE
REFRDE, I a—ATHER 16 FEHEZORFRICEFE R TREL, 25 FFfH
BRI T R THERR LT, F2 T, Za—X 2B L TH 156 BERI#% OB Z3EL
SFHARDBZEIZLTZ, ZHHOMAE, e —F—NEH LS /Mig, bbbl
TI N — R o BE TR SNV BRI BT 0 O il B BE L BAE 5 ORI
BaR Uz, 0 Tt O FEHBE TRE T DL, e — S & vvhF 7Lz
BRI, 7 e — 2 —NEE LS NI LB ISR EL R TV e(Fig. 4-4), Zh

I FACS % F\ /= forward light scatter ThiEsRX 17z, Forward light scatter [ZHHAa
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DREZERT, TOT—F— vy 7 OMIIT, 7 oT—F—NEELSN-HE
RADH 2 %D forward light scatter ZHF-> TV e, MAREE I KBRS DMAUIAIKE
BRBIERFBITVA(Vai et al., 1991)D T, ZORERIL, dewl A digh A WA EERR
IIRBLICMBRBEL R > CNDIEEREL TS, T rE—F— vy 7 Ol
BOXFUEBRGETIIN AT VRTUANCRETHE, MREESES B E
STeDITxL, T —Z— 3 EE LS TIXHEHE O BV E T8\ 7 )
NDGoT-(Fig. 4-4), ZOFERIT, Tt —2— vy N7 OB TIL, MAEEEN T
BT DITHFFUBEIL , X F U BBBELIZZLERL TNV,
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Growth on plate Differential interference contrast Fluorescence FACS analvsis

pLU

135 -

O 1sa X6 M0 40 Sho
Farod Sodhr

Fig. 4-4. Promoter shut—off cells show phenotypes of a defective cell wall.

Cells of the double disruptant of dewlA and dfg5A harboring plasmid (GAL”::DFG5)
(56FCF) were incubated at 30 °C for 48 hours in CSM-URA containing galactose. An
aliquot of the sample (0.2 ml) was used to inoculate bml CSM-URA containing
galactose (A) or glucose (B) and the new cultures were incubated at 30 °C for 48 hours
on plates (left panels) or for 15 hours in liquid culture (other panels). Growth on plates,
differential interference contrast microscopy, fluorescence microscopy, and analysis of

forward light scatter with FACS are shown.
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FIT.XF U DEELY Ram OMREFHEL TWARKIEY OREHT 7 1ERam et al.,
199N LV R LT, X TF L OERIII NI OEEEZRETHIETRD -, 7=
2L, ZOGRREMETIE N-THF AT Na I BT B F AALENTLEI 29,
INayIb N-T B F AT NaY I KRITHILIITER, TaE—F—Tyy
AT ORI T, 73 IV ITMEDRAK B E2IED 5.7120.51%TH>720
WXL T — 2 — B EE L LR T, 7 a3 IR AKIEERED 2.76
+0.36% Th o7, ZOFRRITTRE—F =T vy AT OB T F & BN X T
TEEHBIIRLTWS, FFUITHEEBEICRENHL L X HEMEINLTND
(Shimizu et al., 1994; Ram et al., 1998; Popolo et al., 2001)Z &35, ZOFE Fid 7 1
TS =Yy M7 OMBEA KRB LML R > TWAZEERL TS, Dewlp
& Dfghp DSHEARBED A A RIZBI 5L TV B LW R FEDIR R E SHITRFET A2,
GPI-CWP DD Téh D Cwplp (Shimoi et al, 1995)DRAREE~DT L IV 7 HFH~
2o Cwplp IZBF AR 7 0B —Z —ZIEMALLICHIRE, dowl TREERR. digd FRIERRD
H3E BB TIIREESNRD S TDICK L, e —2—py M7 OO
B CIIH SNz (Fig. 4-5), ZOFERI%, GPI-CWP DOMfREE~DT A1V 7 H3
dewl A dig5 ATIFRBLTWAZEERL TS, Bl EOT BT —F T vy AT DH
FADFEHTG, Dewlp & Dfgbp DSHREEDAE B FKIZEE 5L COAZ LML ERR -
7o
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L) — 8 s «—Cwplp

Fig. 4-5. Western analysis showing that Cwplp is secreted into the culture
supernatant in the double disruptant of dewliA and digbA.

Lane 1, wild—type cells (YPH499); lanes 2 and 3, dfzé4 (52F); lanes 4 and 5, dewliA
(51C), all incubated in YPAD. Lanes 6-9, disruptant of dewlA and dfgbA harboring
plasmid (GAL?::DFG5) (56FCF). Cells were first incubated in YPAGal, aliquots of
these cultures were used to inoculate duplicate YPAGal (lanes 6 and 7) and YPAD
(lanes 8 and 9) cultures and the new cultures were incubated at 30 °C for 15 hours.
Lanes were loaded with 10 pl culture supernatant, the gel was electrotransferred to a
membrane, and the membrane was stained with an antiserum against Cwplp. MW

values (kDa) of standards are indicated at the left.
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(5) Dewlp-HA DAA{L2EAGfRAT

RIZ Dewlp D N R¥gZ HA O 3 BI#DIRL O h—T724HFA$5ZL T, Dewlp
HHEALFERNCRENT 3 AL E LT, £ DCWI-HA %8177 AR pRS416H ZERL
L. dewl FESERRIZE AL 59SHY %7572, pRS416H X dewl BREBR OV A E) T —¥
B LEME TELOT, MELRFL CVDEEE XL, C KIROBHTND,
Dewlp IIEIZRTET D GPL 7o H—BE U RIGTHHEEZOLND, EZ T, T
Dewlp-HA D FEZEFH 7=, 59SHY OEET7 S5 7o a #RBL, DO EEM
endoglycosidase H AV Mid N-glycanase CALIEEL /-1 . HA IZXT T BHLEEZ{F T
T ARY ENT LT (Fig. 4-6A), BETZ T 7 a2 HA LT 5 80kDa D/ R AR HHE
1. endoglycosidase H &5\ & N-glycanase THLIRL72#134y FE &S 55kDa (272
ST 280, BRICREL, N BEHAFF NN LR o7, ZORERIL, Dewlp 23
12 ADOFEE LD N FESEE AL 2oL E— BT 5, £/, Dewlp DXL /7 HEHE
SDFBE LD FEEIL 49.5kDa THY, Dewlp (IZHDEI - AV A=V EE
FoZ b, Dewlp 13 N HESHS 1T TId< O B8 o2& 2 Hi7-, RIT, Dewlp
BIREE DI EAEAL TWDD 7Tz, 59SHY DOFEE 43 % Triton X-100 H5%
N PLPLC /3y 77— 37°CC 2 RTLEEL 0L, EISLLEA HA HiikCY
= RZ M LT-(Fig. 4-6B), ZD#E R, Dewlp-HA 133977 —A T incubate L7-&
ZNIILEE T T ISR HE 223, detergent TdhD TritonX-100 DIFETE F Cid LIEICH
TLTz, ZOFRERIL. Dewlp BIEIZFEL TWABIEEBAREIRL TS, —F IM
NaCl = 0.2M Na,CO, DTFFE T Tix Dewlp IXIEBD AT HENIZZEMD,
Dewlp~HA 1IEICEEWHEEBEMER THEL TWD DT TN I R bhrol,
PI-PLC THAE T 5L, Dewlp-HA DT 7 F A id EBICREINZZEND,
Dewlp-HA (% GPl 7oA —BIE L RO B THHIENRINTZ, ZNHDFRERMN D,
Dewlp 13 N FESAMTANIL TRV, B2 GPL 7o 7 —%BU THAL TOAIENRRE
oo LU AG | HRREEIZH D 8D Dewlp-HA WSAAT 728 REL TR N2,
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TNHDFERIE Gaslp HHELILTEY, Gaslp & N FEHAFE S LT GPI 7o —FljE
B R THDHH, FIIREEIZ D R HEN TV A (De Sampaio et al., 1999),

A N EndoH  Negly C  Membrane Cell wall

80-
51-
1 2
Lane 1 2 3
B None TritonX 100 PI-PLC

P S P S P S

Lané

Fig. 4-6. Dewlp—HA is an N-glycosylated, GPI-anchored membrane protein.

(A) The membrane pellet of dewiA harboring pRS416 containing DCWI1-HA (59SHY)
was treated with Endoglycosidase H or N-glycanase (both Takara Shuzo). The pellet
was then subjected to western analysis using anti-HA. Lane 1: Fraction not treated
with Endoglycosidase H or N-glycanase, lane 2: Fraction treated with Endoglycosidase
H, lane 3: Fraction treated with N-glycanase. MW values (kDa) of standards are
indicated at the left. (B) The membrane fraction of dewiA harboring pRS416 containing

DCWI-HA (59SHY) was treated without Triton X-100 or PI-PLC (lanes 1 and 2), with
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Triton X-100 (lanes 3 and 4) or with PI-PLC at 37 °C for 2 hours (lanes 5 and 6),
centrifuged at 10,000 g for 20 min and fractionated into the precipitate (lanes 1, 3, and
5) and the supernatant (lanes 2, 4, and 6). The precipitate and the supernatant were
subjected to western analysis using an antibody against HA. MW values (kDa) of
standards are indicated at the left. (C) The membrane pellet and laminarinase—treated
cell wall fraction of dewlA harboring pRS416 containing DCWI1-HA (59SHY) was
analyzed by western analysis using an antibody against HA. Lane 1: the membrane

pellet, lane 2: the cell wall fraction. Each lane contains approximately 5x10° cells.
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(6) Dewlp-HA O JREEMEDIRHT

RIZ Dewlp-HA DMREN D fB1EE HA LR TR T2, DCWI-HA % E{pBat'—
T TAIRTHD pRS416H 5> 5ISHY D HIFF X CIEMRBERDDSM
o7, TDOZELITRAGL, DCWI DFEBDBITLAFNEWEEBE XN, £Z T,
DCWI-HA & le~ NV Fat —FFAINEFED 60MHY #BIEL1-L2A, HLITIT
DN BIEZR IR E T HDIF 5 RIS Th-7-(Fig. 4-7), Recombinant 1,3~
TNHFT—ETH5 Quantazyme & FVDEHNITILANITHRL o722 805,
Dewlp D FERBIEITMIGEE TIIRHMIAE THDHLE 2 iz, Dewlp-HA DE:
ISR B Sy TFRICBREINTZ, ZD/F— 1% GFP L@ L= MifueE sz /<
B THBZEIN T A(Ye et al., 2000; Ram et al., 1998), #DEVIZHIE 7L
PEHENTZZEDN D /NNAKIZE—EDEVBRTEL TWAHIENRBINT, 72721,
ZiUE Dewlp-HA 2383 EL QD 72912 Dewlp-HA O FR A/ NEAEIZHEE L T
WADDH LAV, Dewlp-HA 23 GPL 72— B 5 L RO ThHI L, HIFREELY
bERIRICZ<mtEN5Z e, Z<DIFFEN GPl 7o —BIZ 7B D3/l fa i
(Roemer and Bussey, 1995; Popolo and Vai, 1999)%>#H2£%(Shimoi et al., 1995; van
der Vaart et al., 1995)/IZFFETHEHEL CHAILEADETEXSLE, Dewlp i3/l
JARICEIZRIEL TCNBEB LA,
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Fig. 4-7. Dewlp—HA is localized on the cell surface,

The cells of dewlA harboring pRS426 containing DCWI1-HA (60MHY) were incubated
to an ODy, of approximately 1.0 in 5 ml CSM-URA at 30 °C. The cells were observed
under a microscope (NIKON Eclipse 600, 100-fold objective) by immunofluorescence
using the antibody against HA (panels 1), DAPI staining (panels 2) or by differential

interference contrast (panels 3).
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4 EE

difgs FEERIRISEE R O SRR O R DM L, RICRKEBRHHE|MESIL T
A(Mosch and Fink, 1997), LA>L72435, Dewlp (YkI046¢p)& Dfgbp D IEREZ2 & BN
NWETOD>TWD 0Tz, TVETEHOMAREENF5< 70T B BEDPRAEINT
BT DCWI & DFGS BEIESNTIRD>T=DIE, TRHR 2O EbHK
BEINRWERBELRRBINHRWZH ThoT2 B2 LD, RE TR, ZhH0E
BFDEYOBELHALNCT 5720 ETRIEFHFEE Az, ZO/KER, @
BT DOREEIIEIETHY, dewl TREEVRE dewl A dzs ARRITMIRBER RIBLIZK
R RTIENHON LR 0T, FIZRERFOT N—T digbBEEEHR T Cwplp 23
EMBBL., EMBREED~ BN EE I NI DR B EN R EE R THI
£ Mannose/Glucose FEEA3 W 2 &% RH L T Y(Tomishige et al., 2003)., dizohkiE
HROMIABEDNRIEL CWHIEE TR THT —FEH T, ZIHLDIENE, Dewlp
K O Dfgbp (IMRBE DA S RICRAE T 5LE 2 bivlz, £7- Dewlp-HA DA(LER
IRFRHTDD, Dewlp 13 N BESHASFE A LTz GPL 7o b — Rl L R, iR R B I
RETHEEZ BT,

HIBRBED B R ORIIIIRDADDRT T 8T, Thhbb, () -1,3-7 7
YOEFRK, (D) B-1,6-FAEEL B-1,3-7 VI D55, (i) B -1,3-7 VA D
SRR D& (iv) B -1,3-7 VA DRIEOIEE TR ImZ @ L IF T B -1,6-7
NI B R E IR E DR <= —D cross linking, TH5, L)L Dewlp &
Dfghp 23, (iv) 277 DD TdhD GPI-CWP B EAE BRI LEERE BRI S 5
FOSZEE G L TWAERELT, LINLRRE, EEZNODBIRFEY OBERBEREIL
BADDNTIZAR > TR, dewl A digh AVX gas] TEEML(Ram et al., 1998)LV D>
DHEBHENDHD, FHUL, FF U BEDOEMTHY, Cwplp ZEEFHIFIZHWT DL
THY, ISKREILMAATERE TH D, GASIHET, GPl 7o I —BIZ ™ aa—RL,
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HIRRBED A G RICBE 5L T3, Gaslp IZ7 VA /NI TUAT2T7—ETHY, B
“L3- TN Fao FHTHRL, LS CEB TR A MO B -1,3-7 Vv H
DIFBETARIBZ B -1,3-7 N A FEE TEBIED(Mouyna et al., 2000), ZAUTAT
Y7 ENFEE 35, 2O EHZ, Dewlp & Dfghp b, Gaslp DEHZAT 7 ()D5(iv)
D AHFREERE R 0 T O BB RIS L COB RIS E WV, LU, dew! FREERRD
KRBFIDNL DN, gas] FEEHRDOLD LRI > TNBEZAND D, dewl WHERRIT
AT T —EERZETHI IV aT7a— LRIV ANRZHEIZE BICELRV DR,
gasl TREEMRIZ VAT —EMETHOV I NV a7 — LRIV A MNIERZETHD
(Ram et al., 1998), $-> T, Dewlp & Ot Dfgbp &, Gaslp (XHIAREEDERERD B DA
TG L TWHEE 2 LD,

DCWI & DFG5 DRFERZ ITBEE ST AL TRY large family ZHEFE L TV
%(Coutinho et al., 1999), LML, ZNHDBIET DI LI LT SN =D DIXZ
NETIIRL ELTHIREREDEL FLL TRARBEINIZHDOLRN, ZILHLDERR
FDH5, M7 bt Schizosaccharomyces pombe ® QIP6I3 & O74556, Neurospora
crassa D Q9C2]1, Candida albicans > Orf6.1293p & Orf6.7480p D=1 — K4 5T
PEWMIIE. N Rime C RImlZBUKMEEIRA R DT em b, GPL T —BE L R I T2E
# z 5L, Dewlp R0 Dfghp LU/ HEREA DT LN HEEREN D, Dewlp & Dfghp LA
BEODASHRBOX—0F ThoEZB2LN, MIRBEDOEGRKIZHKITS Dewlp &
Dfgbp D& E|IZFH~IUE, EHEOMIREEA S I LB TEHERAT YT DN
HINIIRY EEIZIET R RPHVE MDD IR R DR T2 B EH | DB
FEDFREIZIR D MR I ND,
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5 BN

FEREERMIRRESY L VBT GPL TU1—2 0L TERSIL, FEED
B-1,6-7 NI ANEBTHIEREEN TS, ZOEBEFEIRB RS THIHEE
L. Bacillus circulans @ «~1,6-mannanase #3—R3 3B ELEFERERY —DH5HEE

DEILFET ) LT —FN—=ZNBRFELTEZA, YKLO46c & DFG5 RS
2o ZNHDOBBTILEWIFERTHY, GPL 7o I —F L R B\ o i 2 1
ST, YKLO46c & DFGE DEMBERIIAEF FIRE ThH o705, A ykiod6c 13HH
R BEVSARRE IR A R L L MIBRBE IR /2o T2 Z e h , ZOBEE 03
BEDE GG L TWAIENTRBENT, £ T, YKLO46c % DCWI (Defective
Cell Wal)&fnd L7z, Adewl Adfgs (ZEFEThHoT2lEn b, MEETEY DOHHE
FEELTEY, MEOHEIEOT=DIZIT Db O eI ETHEEE LN,
W5 DB FES D KB U T, MR RERY, MlaBEoxTF & &
W70, EEMfaBEY U E ThD Cwplp ZEEHIZ /3L T2, Dewlp (ZTER
— 7 Z T EA U THRHTLIZEZ A, Dewlp 13 N $ESHERF -7 GPl 7o —RlfgEs
NIETHY ., MR IE % & CEE 2 IZRIEL TV e, ZRHLDFRERMNS, Dewlp &
Dfgbp 12 GPI 7> ) —BUE L L -7 THY | MIRABED B H DEEIZLE ThHTE
DRI,
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BOE RBKZMHE R dowl RN digh B RRO RIS LIEYT

1 #

[l

RTE T, Dewlp & Dfghp IZEHORRNEEBERHTIA T TERNIE, ThbDF
NIBEITHPRBED AR RRIZBI S L CQAZE, Dewlp IX N fE A HESH A FF -7 GPL T
A —RIEL R THVMRRBICRIET HIEEALNI LT, ElotD%, TAY
Haa T KREDI N—"T"3, Candida albicans Tt Dfgbp ASHERRRE L AR BE 17
FELTEY, 7 AVD pH ~DBEISIZHBERT L% HAE L TV 5(Spreghini et al.,
2003), LML, TNHDZ R EHHIBRBEA RO E DAT 7B L THEhiE
RO TR oTc, ZHUE, RIE T rE—4—T vy M7 OMgEFE->TERY,
DFG5 DERBENME L THD L CHBENERIC/RAR A E TR A 3F
TeleDIZEZEZ b, BE, ZOMBBIZ T 0T —2— vy M 7RO ED T
=—ATIEDZ 7K 20 R UL BB TR L 72 o7, £ZC, Dewlp & Dfghp 23HAE
BEDAEBKDEDRATyFIZEEL TWAENEIVHAMICT D720, JVERMT
Dewlp 85U Nd Dfgbp DHERENN R DN DR RIRDEUS LA ATz, ZD IO Rk
G T D7, DCWI RN DFG5 DIRERSZEMERKERGE LT, ZORER, HhE
REZ LT D 3 FEITRBEAINBEL)IERKERE TE/-, AETIL. 20
IBERZME dewl RN digh BERBRORBANZ OV CGELEENT LI RIS OWTEE
ERAR

r::{;

2 EBRFIL

(1) BERE DR, B& &M
i A L7ZBEREORRIL Table 5-1 1R T LRV THD, BERFD SR SLMEIIRIED ik
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W77,

Table 5-1. Strains used in this chapter

Strain Relevant genotype Source
56FCF  Adcwl::HIS3 Adfg5::HIS3 pYC2-DFG5 This study
DC61 Adcewl::HIS3 Adfg5::HIS3 pRS405-dcwi-3 This study
DC62 Adcwl::HIS3 Adfg5::HIS3 pRS405-dewl1-7 This study
DC63 Adcewl::HIS3 Adfg5::HIS3 pRS405-DCW1 This study
DF64 Adcewl::HIS3 Adfg5::HIS3 pRS405-dfg5-13 This study
DF65 Adewl::HIS3 Adfg5::HIS3 pRS405-dfg5-17 This study
DF66 Adewl::HIS3 Adfg5::HIS3 pRS405-dfg5-29 This study
DF67 Adewl::HIS3 Adfg5::HIS3 pRS405-DF G5 This study
DC68 pRS416Y (DCW1) in DC61 This study
DF69 pRS416Y (DCW1) in DF66 This study
DC70 SPC42-GFP in DC61 Adams and Kilmartin., 1999

All strains have a YPH499 (MATa ura3 lys2 ade2 trpl his3 leu2) background (Sikorski

and Hieter, 1989).

(2) MR A D FIFH
BE#R (Lieberman, 2004)D H1E&2 /D LUEx TiTo7-, BFAEMRE YPAD THiIEEL:

%, 12 BRI LL_EANT T ODg,=0.3 £THEZE L | hydroxyurea # /M2 THAEIRE 0.15M

12U, 30°C T 2 BFIRE S &R L P LT- 2K /K TEEVY, YPAD TH O 30°CTEEX
FRFHREREE L,

(3) PCR mutagenesis &7 7 AIRDHEHE

DCWI1 L DFG5 DEAF1Z random mutation % Gene Morph PCR mutagenesis kit
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(Stratagene)z AV NTE ALYz, BamHl CTHIEIL7= DCWISH D NE DFG5% 774~ —
BamDCW1-1 & BamDCW1-2 %5\ d BamDFG5-1 & BamDFG5-2 (Table 5-2)%1{#
T mutagenic PCR CHIEL . BamH] THITL C BamHI THIKrL7-pRS415 {27 A4
— a7 (pRS415-dewl or dgh), ZD T FAINE KABHE CTHIMEL . Wizard
Midiprep THEBRIL , 56FCF (dewl A dfgsb A pYC2-DFGONTE A LTz, /)L a— A
i BT, 25°CTiEan=—%Fa 50 37CTIEan=—&ER L 20 - bk a # K
L. 5-FOA 5l ECi&HKL T, & 56FCF 24 F AlReiCL T\ pYC2-DFG5 % i
BSH T, IBIRLTZBRNO T I AIN ML . RIGE THEROL OBRL | BamHl T
Wrl T BamHI TYIRET L7z pRS405 (25145 — 3 LT (pRS405-dewl or dfzbd), ZDT
FAIN% 56FCFIZ# AL, 5-FOA Tk L7z, SPB DAL CT&5(Donaldson and
Kilmartin., 1996)SPC42-GFP X Kilmartin {250 B 72880 %) CdhAH(Adams and

Kilmartin., 1999),
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Table 5-2. Primers used in this chapter

Name Nucleotide sequence (5°-3°)

BamDCW1-1 CCCGGATCCTTGAACTTAAGATGATCTGGT
BamDCW1-2 CCCGGATCCCTTTTCTAGAGTCGTTCAAA
BamDFGS5-1 CCCGGATCCATGCGAAAGATGGTTGGATAA
BamDFGS5-2 CCCGGATCCGGCTACCCGTAATCAAGTT
DCWI1Probe-1 TGGTGGTGGTTTGAGGTGGCA
DCWI1Probe-2 GAGCCAGCCAACAGCAAACCT
DFGS5Probe-1 GATTGCGGCGAGGTTGGGCAG

DFGS5Probe-2 GATTGCGGCGAGGTTGGGCAG

CLN2-1 GCTGAACCAAGACCCCGTATG
CLN2-2 GAAATTAAAGATGAGGCACTG
ACTI1-1 AGGTTGCTGCTTTGGTTATT
ACT1-2 TTAGAAACACTTGTGGTGAA
(4) FACS fi##r

HIfR% YPAD 5#1C 5-10X 10°/ml £ T 25°CIZR W THEFESH, 37°CC 3 Refilk:
FEL72, 1 X 10" B ORI % 358 % 1ml @ 0.2M Tris=HCI (pH 7.5) THEV . 70%
x4 /—)v, 0.2M Tris=HCI (pH 7.5) CEE L7, 1ml @ 0.2M Tris-HCI (pH 7.5) Tl
VY, Iml @ 0.25mg/ml @ RNase A (Wako)a&Z» 0.2M Tris—HC1 (pH 7.5)IZ LB % 5%
EL.50°CT 1 B RSS20 11 @ 50mg/ml Proteinase K (Wako)&iEH, 50°CT
1 B &4, 10,000g T 2 A fEE DL, 1ml @ 16 4 g/ml @ propidium iodide 25
e 0.2M Tris—HCI (pH 7.5) CRREL . EIBIZIVWVTHFE T 30 oIS, BE

AEEL . 7ua—HP A ~AR)—(Coulter, EPICS ELITE) C£E#T L 7-(Howlett et al., 1999),
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(5) MEfa DYufa L B SR EI

HEf%& YPAD “C 5-10X10°%/ml £T 25°CTHEE L=, 37°CT 3 BEfijsg&L . 4,
6—diamino—2-phenylindoke (DAPD?>, Z/L a7 11— )LiRU A M Pringle et al., 1989), =
—H 774 (Benedetti et al., 1994) CYta L7z, I GEHAYL AT, F1F
22—V v AT )7 a—F LA (Chemicon International)% 200 430 1 DFIR CT—
WHRE L THW-, B ESEEI 221X CCD # A7 (ORCA-ER, &) DM EL 7= Nikon

Eclipse ES800 Z AV NTITV, EH{EALEE T AQUA LITE (Hamamatsu)z AV NTIT-7-,

(6) EHRHAE

Mifaz LEEOLBICHEEL, EHEL ., BERAEL, R KICBEL, 5ml ©
100mMTris~HCl (pH 9.5)/100ml NaCl/5mM MgCl, /12, 33 u1 @ nitro blue
tetrazolium (50mg/ml, Promega)& 16.5 u 1 @ 5-bromo—4-chloro—3-indoryl-phosphate
(50mg/ml, Promega)Z/NXIE A LL7z, 500 u1 DIFHKE A LY, 5ml DK B
(0.05M Tris-HCI, pH 9.5) L7z, ZOWR & MInfEHK L1 1 TRE THRKEE T8

£21_7=(Cabib and Duran, 1975),

(7) ) —F R
BIZE DO FIEIZHEV, CLN2-1 & CLN2-2 #7514~ —&LLC PCR THifgL .

Xhol-Hindlll THIWTL 7z 0.86kb DT f1 %7 01 —7 EL TR,
(8) MEFHAEHT

EDHEEDBREL WETROSEAFFoTER/IT T2 T HE (Welch 1 7€)

11077,
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3 R

(1)37°CTEB R AR DCWI X DFG5 BB DEUS

25°CTl% Dewlp & Dfghp DHRENIEF 7243 37°C Tl RIS N S K BkE
BT D70 BRDOEET: dewl LREEINIZ digh, HDHWIIEIEENT- dewl EF
ROBETz dgb R OB BRKDEBSS LRI T2, THWEER T HT20 ., DCWIHDH N
DFG5 D% Bexf L& {5 T % mutagenic PCR TYERK L7z, PCR CHEIE L7zl i & 77 A
INIZHAL, DT TAINZ dewl 4 digb ATEAL , 50 au=—%187- ZoOFHnb,
ZNa— A BT 25 CTIIERICEFT TN TCTIFEF LV an=—% 5 {#
A2 (Fig. 5-1A, B), ZNWHDOEEED DCWI BN DFG5 DERF|E — T T AL
72EZA 3 ENG 6 D RERDALTED, O T N TRTIUBEBRIZR>TH
2o RoOMoT-E E% Site-directed mutagenesis (Z&VITTDEFERIDERFIZOED
TOEALIR, EOERGIRERZEOHIELL LS eh o2 ehb, ZhHD
ERIIHE-DERTIIR TR TCOERNEDS o TH I EDOSLIBEIEITE
bzl BERZMHOHEIMEVORBAELETZHL TWAIEIRBENTZ, i
SO SEDERRDIG ., dewl-3% dig5-29DT L V& T2 BAR(DC61 & DF66)7S,
TR B \Z L DT DR 1L N b BARETS 72728 . LI DT ISz, 2B DZE Bk
3, BAERD DCWI 8 AT HEEMEND Lo R LT=(Fig. 5-2A, B), DC61 &
DF66 IX&HIZ, IM Ve h—/L % & Te YPAD 85112 37°CTan=—%F LIz, Z0D
Zehh, DC61 & DF66 (IABAIBEIC KB A DHHT-DIZ ST CTIIAEBE AR THHIL
DRIz, DC61 & DF66 1% 37°CTC 3 BEEEE LI-% 25°CIc ¢ E B ONEhEE
B4EL 7= (Fig. 5-10),
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Table 5-3. Estimated amino acid substitutions of Dew1p or Dfg5p in the alleles of dew/ and dfgs

Allele Estimated amino acid substitutions

dfgs-13 T2441, T358S, G452R

dfg5-17 L111, M152V, Q154L, N273K, G276S, A414V
dfg5-29 S33R, L1011, N138K, P333S, G4158S, G451C
dewl-3 R17T, V2351, G367D

dewl-7 A68V, T267M, T3641
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A 25°C B 37°C

Time (h)

DC63-37

DC61-37/25 o
Dcalh

| \\-\_

0 5 10 15 20 25

Log(CFU/ml)
(2]

Time (h)

Fig. 5-1. DCWI and DFG5 point mutants display temperature—sensitive growth.

(A, B) Cells were grown to saturation in 5 ml YPAD. An aliquot of the culture (0.2 ml)
was used to inoculate 5 ml YPAD and the new culture was incubated at 25°C (A) or
37°C (B). Closed diamond; wild—type, open squares, DF64; closed squares, DF65;
closed triangles, DF66; closed circles, DC61; open circles, DC62. Growth was scored
with biophotorecorder (Advantec Toyo).

(C) Growth of DC63 and DC61 cells under different temperature regimes. Growth is
expressed as the number of colony forming units (CFUs) per ml. All cells were initially
incubated at 25°C to ODg,,=0.5. DC63-37, DC63 (wild-type) cells incubated at 37°C;
DC61-37, DC61 cells incubated at 37°C; DC61-37/25, DC61 cells incubated at 37°C

for 3 hours and then transferred to 25°C.
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A B

YPH499 YPH499
DC63 DCe63
DF67 DF67
DC61 DCe1
DF66 DF66
DC68 DC68
DF69 DF69

C
YPH499
DC63
DF&7
DC61
DF66
DC68
DF69

Fig. 5-2. Temperature sensitivity of DC61 and DF66 is rescued by osmotic support.

(A, B, C) Mid-log phase cells were diluted to ODg,=0.5 and 5 pl of this suspension and
three subsequent 10-fold serial dilutions were spotted onto YPAD agar (A, B) or
YPAD agar containing 1 M sorbitol (C) (left to right). Growth was scored after 2 days

at (A) 25°C or (B, C) 37°C.
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(2)37°CTH;#E LT DC61 J& U} DF66 DI BEDIRHT

BAMBEBE T HDOITEY R AR D D20, ZROLOMARDEEH R % colony
forming unit/ml CHEIE L7z, DC61 1L 37°CIZL T 3 BERE IR AEEREMERF L1228,
5 REfEIRICITRRICFEIR L= (Fig. 5-1C), DF66 L7 AEFTROHEBE LT, 37°C
T 3 FEEERELIZREAD ZRODOMAIXETFREMERLARMS, Dewlp HAWIZE
Dfghp DIREDHEN R IBETEDEILEE X, O MG% DB OB ERICH
Wz, ZORERICEVNTIE, 37°CTHEER L 72 DC61 & DF66 1% 25°C T &ELZH D LD
HEDOHHMAAAMENALIZ(p<0.05)Z5 73> 7=(Fig. 5-3A,B), ZORE R T IZEAE DX
H—DIEThoTz, 25°CTREEL DC61 OMAEIZIBTIX, RIS 3D a4
FaDEFED I 20%535 80% Th-o7=DIZxtL, 37°CTHE L7~ DC61 OMfIZE
WTE FEAE DI O E R RSO EED 20%LL T Th-o72 (Fig. 5-3C),
B AERRDCEINTIV T, 25 CTHEERL TH 3TCTHEL TH RIS AR Ot
A BT E DL T, DF66 DRl LIRAEO L P Em 2R Lz, Zhbd
DFERDG, Dewlp HDHVMT Digbp DEEFIEMENFEEL/HIRA T, FOHBUIIE
EIEW, FEORENRRE 2> TWNBIEN b7,
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Fig. 5-3. DC61 and DF66 cells arrest growth with small buds when incubated at 37°C.
The cells were grown to a density of ODg,=0.5 to 1.0 in YPAD medium at 25°C and
incubated at 37°C for 3 h. (A) Morphology of DC63, DC61, DF66 and DF67 incubated
at 25°C or 37°C for 3 h. (B) Ratio of cells with buds to total cells. (C) Distribution of
bud area, expressed as a percent of mother cell area, for DC63 and DC61 cells

incubated at 25°C and 37°C for 3h.

(3)DC61 DM E DR

CNETORRD D, DC61 & 3T°CTHE T DL, MIRAFIME L THZ 03RS
Niz, TZTIDI L% FACS BT &> THERR 22812 L T2, S. cerevisiae DHHRaJE
BT O I ITETLZ D> TD, Gl HDKbLYIZ, MR —EDOKREXTE
oL FOFRRBIED, FOFREDHBUCE N TIE, FORITITRITEL, 7
NI R0 F U BRI ERE R — I CEIA £ 5 (Farkas et al., 1974), S #i
(278D L, DNA OBRNEZDEREHIZ, FRRELLRDITEN THRIED HD bk
B3 AUIZ725(Cabib et al., 1982; De Nobel et al., 1991), #RAMALD KX R0
DIZE 353D 1127258, S B KD, SPB A3 /3BEL , MBI DTSRRI RSN
(Byers et al., 1975), SRAALD REZRHHIRRAOIZIE 3 53D 2 127258, B UNHIRREE
AT IR ARG A B I EIA D L1272 %, FACS fEHTICL DL, 3T°CTHE 2%
L7z DC61 Tl 25°C‘C“i%%b7‘i%@i‘9%x IN @ DNA & BE&FroTofifan 77z
S TNDIEN DA o T=(Fig. 5-4C), DC63 TiX, 37CTHEL-MAEL 25°CTHREL
7.4l T DNA 2 RBOEISIZEITRBO LN -7, ZOFERD D, DC61 1 37CT
&I HE, MaE A DNA OERO%E (520D o7,
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A DC63 C DC61

.TT 1824 .1 " a4

B DC63 D DC61

Fig. 5—4. DNA content of DC63 and DC61.

DC63 and DC61 cells were grown to a density of ODgg,=0.5 to 1.0 in YPAD medium at

25°C and the cells were incubated at 37°C for 3 h. The cells were fixed, stained with

propidium iodide, and subjected to FACS analysis. (A) DC63, 25°C (B) DC63, 37°C

(C)DC61, 25°C (D)DC61, 37°C.
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RIZ DC61 DHRE I DUV TIOFELSHRIT L7, 25°CTHEZE L= DC61 Tl
Z< DI THE A bud-neck (ZIEFEL T, ST CTEELZLO TIE, &Ik
bud-neck >HEEL TV \=(Fig. 5-5A), i L= 48B4 > DC61 DEIEIL, 25C
T 35.8%72 57228, 37°C Tl 9.8%72 1772~ 7=(Fig. 5-5B), ZD#ERIL, 3T°CTHEHEL
7z DC61 Ti, AR DRFEEE DB TERRI N TORWZEZ R L TWVD, £Z T, SPB
DIERLAR 57 D ONE-DTEHD Sped2p (Donaldson and Kilmartin., 1996)iZ GFP & 5L
7z GFP-Spc42p % DC61 ([T EERHR L 7-#R(DCT0) 2 8 ZZ L T SPB DIRREZFH 5T
LELT7, GFP-Spcd2pDR v s — 22725 TWAL DI, 25°CTHE L - DCT0 Ti
44.6% T >T=DIZXL, 37°CTHEE L 72 DC70 TiE 11.6%Zi@E 727> - 7= (Fig. 5-5C),
ZNDHDOFERIT 37°CTHEE L 72 DCT0 Tl SPB O 4 BED BT CRESRE #AME (L TV
BHIEEAMEITRL TS, IBIT, 3T°CTRE L= DC61 Ti, 77F L/ F 5k
LTHY, MaDiBEr kit T z(Fig. 5-5D),
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Fig. 5-5. DC61 cells are arrested prior to SPB separation and show actin
delocalization when incubated at 37°C.

DC61 and DC70 cells expressing SPC42-GFP cells were grown to a density of
OD4g=0.5 to 1.0 in YPAD medium at 25°C and incubated at 37°C for 3 h. (A) Nuclear
morphology of DC61 cells incubated at 25°C or 37°C as shown by DAPI staining. (B)
Microtubule morphologies of DC61 cells incubated at 25°C or 37°C visualized by
staining with anti-tubulin antibody. (C) SPB separation in DC70 cells incubated at
25°C or 37°C. DAPI and tubulin or Spc42p were visualized at different excitation

wavelengths. (D) Actin staining of DC61 cells incubated at 25°C or 37°C.

(4) DC61 DIEDHIFIEE DFRHT

3TCTHAELIZ DC61 MBEFELRHIARELFF O LN O DT | FITHBITHFF
Y DRIERFANI, FTF U ERERIICRE TN a7 — VRT A Mo TEREAL
7oA, BAEKS 25C TR L. DC61 TIXFEDORITIZFT LR EINZ T
(Fig. 5-6A, B), LML, 37°CTHE L= DC61 Tl /NSRIFED s/ T B
Tz, ZNHDFERN S, 3TCTHEEFE L DC61 TiE, FEORE., BT T
WERBLTCWAIEDBHALIN ol ZOZEEILICHEID DT | B IR H
CIAODLITWDT NV HIMRRT 7 2 —BiEWDO FifE%z 31°CTH#E L DC61 THA
Rz LZ A WO DOMBRAD/NSIRIEIZT VAR AT 74— B OIEENS RSN
7=(Fig. 5-6C), ZNHDHKE RN G, 3TCTHE L DC61 1R pMilgkEZ R > T
HIEDRIINT,
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DC63 DCé1

DCe63 DCé1

Alkaline Alkaline
DIC Phosphatase DIC Phosphatase

¥

25°C

37°Cc

10um

Fig. 5-6. Small buds of DC61 incubated at 37°C have aberrant cell walls.

(A, B) Chitin localization after Calcofluor staining. (A) DC63 and DC61 cells were
incubated at 25°C to a density of ODg,=0.5 to 1.0 in YPAD medium, cells were
incubated at 37°C for 3h, stained with Calcofluor white (CF) and observed under a
fluorescence microscope. Arrows indicate the localization of chitin in DC61 cells
incubated at 37°C. DIC, differential interference contrast. (B) The same view of DC61
incubated at 37°C with different magnification. (C) DC63 and DC61 were prepared as
above, alkaline phosphatase substrate was added, and was observed under the
microscope. Arrows indicate the localization of alkaline phosphatase activity in DC61

cells incubated at 37°C.
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(5) DCWI1 R T} DFG5 mRNA 041 B #1 & OHEFEH K RO

CHETORRIL, DCWIE DFGoD KA B OEITICHEER KR 2RO LA7R
LT3, 22T, ZHHDEMLEF D mRNA DL ~L 3 il B SR TEN I B b5 %
FA~T=, DCWI1 @ mRNA 1% G1 #1iZ, DFG5 ® mRNA X S iz — 27 33% - 7=(Fig.
5-TB), ZNHDFERIT, DCWI & DFG5 ® mRNA L~UL 3 B HN ST CRRgRS
N TCWAZEEBHREIZRL TS, IRIZ DCWI & DFGE DL~V SRR U T
HiSH WD E T, MRREED A RIS L TV D BIs T3, HESICKE
LTHBSN TWDIERHDILTWD, Fil 2 X, IR EICLER BB I
HETERAIZ(Zhao et al., 1998), BREEARL ZNDOBG#E R NEH DA ZFEVIZEbH5E
GFILEE BT I T D(Werner-Washburne et al., 1996)Z LB3EHSN TS, £ZT
INOLOBIEBETFORBEFTHNTLZA, ACTI LIZEAERILEIINZ, DCWI & DFG5 1
ST TE I R B R B T DL AL EAe o7 (Fig. 5-5C), ACTI ITRHEEREHIC
ZLBBTHIERHLN TV B(Ludwig et al., 1982), Dewlp & Dfghp 233EDTAZIC
B 53 BLVOREREFFE T HILIEN, TNLDFRERNS, DCWI & DFGS 1358048
FEHIORRICBE 5T 551515,
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Fig. 5-7. Cell cycle- and growth phase-dependent regulation of DCW/{ and DFG5
mRNAs.

(A), (B). Cell cycle—dependent regulation of DCWI and DFG5 mRNAs. Wild—type cells
were released from hydroxyurea—induced S arrest, incubated in YPAD and samples
were taken at the times indicated.

(A) Budding index. Only the percentage of cells with small buds is shown.

(B) Northern analysis. RNA was prepared and used for Northern analysis of DCW/
(upper panel), DFG5 (middle panel) and CLNZ (lower panel).

(C) Growth phase—dependent regulation of DCW7 and DFG5 mRNAs. Wild—type cells
were grown to ODg,=0.4, 0.7, 1.0, 2.0, 3.6 and 5.8 in YPAD at 30°C. RNA was
prepared and used for Northern analysis of DCWI (upper panel), DFG5 (middle panel)

and ACT! (lower panel).
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4 BE

Dewlp & Dfgbp D3HERRBED AR FIZEI 53 5LV ZLITATEDRE R HRIILT
WS, BRENCINLDZ L T ERE DAT vy BB L TOBDNIBA LTI
D3olz, T TARE T, FEFFIBRE CIIEBTBRRRER dewl -3, digs-29%%& v
THEAT ATV ZHHDOBRB EITIRD3HDORBA L R TR ALNNILE, T78b
b, (/NSRRI TOHFEE L ((DDNA OERIDE, SPB 3 BED T TOMARE M D%
1k, (i) MISBEDRE 2RI TF L DEMET NV HIERRAT 74 —E DR, THD,
ZHDFERIZ. Dewlp & Digbp I3 E FOMBREED AR RRICE 575282 RLT
W5, 7o, HIRRBESRICE S5 3 281 G HI R OV S #i, BT < E
FTHILEHBFONTWDA, DCWI & DFG5? mRNA v«*‘;%%ﬂ%h GL #1. SHiiZ
V%D | B LI WLV RERBEL L, ZORBIAFEL T
B MIBRREIZ T N H o RoXF o DXL RIE IR EEL DR ORI TWDHE
MERRERD THHIEND, FEOMBEE A B RITHIKEADELEFAEEL T
BHEEZ DD, AR THLNIILIAERN S, DCWI & DFGE 32 N6DBInF D
IHDSIZDOTHLHEEZ LD,

AR TR e —S Y%y M7 Ofifd L AR TR UZIRE RS MR RO

W

FADFEREIZIZV K O RRD B DT, TrE—F— vy M7 OHIFETIE, Mia
DN REIL 2o Tz, —FH RERRE MR REER T, DSWFER/NSNEE
TREZIED TV, OB, ST-ODLERRIZEBITS. Dewlp $HDUVE Dfghp
DEERIEWE DR OFEDENCTHATED, 7o —F— vy A 7O/ T,
Dfgbp DAL, FNa— RIS L DFGS DRENMEIET D720 T,

Dfghp DB HRIZDIMRIFT HEZZOIND, — 7 IRERZMERKTIL, BEEE
% EiF5&, Dewlp 5V Dighp DEERTEMITIRRICKDNLEEZLND, ZDT

ER BB A B CIVARICR BN RONHBAIZEE 60D, Tt
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—F— Yy M7 ORISR E RS A RROMIAL TIXZOMIZHEVWRHY, 7
RE—Z— vy b AT ORBAILIREERER OFE TAE TERV RERZ M
EEBOMINIEE TES, 2L, aE—4— vy b7 OMARIZE VT
Dfgbp DEERIEMEIZP oKD LBERN S DD HRIEANZITERITERIZRDDITKT
U IR ERS A RROMALTIE Dewlp 50T Dighp DEEFRTE ML SIS
DD FAEENCEERIEEIT DT DIUIEDLTD THHEE 2 LD,

DCWI1E DFG5® mRNA O —271% G, S $ilZdh -7z, G1-S BATICEE 5958 1/5
F-1% SCB (Swidp #& 17 cell cycle box)dAV ME MCB (Ml cell cycle box)% ORF @
EFRIZER TS (yer et al., 2001), G1-S BATA XU hOHIZIE, ZEORE ., HifaEE
DEAK. DNA OFERIZ2E 733 5(0gas et al., 1991; Igual et al., 1996; Madden et al.,
1997; Horak et al., 2002), G1-S H{IZHEI LB FDOEDELT FKSI 238V,
FKS113€® LiZ SCB & MCB element Z#F-2, FKSI @ mRNA 3 G1 #lice’—2%
F#5. Fkslp [IFDOHIPREEIZAE AU 5L TV D Mazur et al., 1995), DCWIH %
7= 2 D SCB element & 2 {810 MCB element %, DFG5% 1 fH? SCB element %%
@ ORF O _EFiiZFEF> (Table 5-4), ZHILHDH#ERIL, Dewlp & Dfghp H¥72, G1-S #i
BATANU N CHLFOMBEED A GRICEAE T5ZLERBLTND, dewl & digh
DR FE R M BARIT - R AR+ 2805, Dewlp & Dfghp 13- % B % £ -
TNWBEEZLNDH, BB DIEV S, Dewlp i3 GL HICOFED KR DT
\Z. Dfgbp 13D HLBEREIILSTHOLDOREICEETHEEZ DN,
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Table 5-4. SCB and MCB elements upstream of DCWI and DFG5

Gene Position _Sequence  Orientation Element Consensus
DCw1 -313 TACGAAA reverse SCB CACGAAA
DCwW1l -126 TACGAAA forward SCB  CACGAAA
DCwl -704  ACGCGT forward MCB ACGCGN
DCcwi -7119  ACGCGA forward MCB ACGCGN
DFG5 230 CCCGAAA forward SCB __CACGAAA

The consensus sequence of SCB element is 5’-CACGAAA, 5-NACGAAA or

5’-CNCGAAA (Ogas et al., 1991). N indicates any nucleotide.

gAROIT, MIRBED SRR M HELRE ST DHLNF 2 VI RA L MERIBL T
VW5(Suzuki et al., 2004), ZOF = I RAL NI, HIREBED AR OEITEERL ., H
RABE S RO K BITIGZEL T, DNA RO SPB D4y BEDRT TRl B #2145 1175,
ZDF =y RAMIMIBEED B -1,3-T N1 G RlER = —R 4% FKSI (Douglas
et al., 199DICERD DD ksI°HR TR RSNz, thsI°BHROMBE I DOIF LI dewl®
REBQIELITRY, dow!” b FTHIREET = v 7 RA L N &> Tl BB #1242 1k
L CWDZED RIS LD, MRRJEEIDIZNNTE | dewl“BRIX fhsIPBREV DD R I
Rl AL TD, T, MIIROERE, FOXIE~DFF L DER, /PSOFTO
HEFH I 1k (Garcia-Rodriguez et al., 2000), T5, Dewlp IXEIZHIFRIEIZ, 5 HIIZ
MBREEIZ RFEL TV EMD, Dewlp & Dfghp 13 Fkslp ERIUIDICHIlRRE THIAD
BERR iy DRI 535 E 25D, Dewlp & Dighp 13327V 7 D7V 1t —E
RERY—=DDHLHIENE FTLE RSV HIBABERL 77 O FAEEIZBE 5L T\ 5070
bLIVE, L LIRD3h, Dewlp & Dfgbp O IEMEREESRIEEEIT T LD > T
W, BTCTHEE L dewl"BdHDWNL digs BROMRRBELFELSFHRD LT, £ DB
FIEEL AL 2D EBbis,
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5 FEH

Dewlp MUY Dfgbp DOAMAREEAE SR B DHREA KV FERIICARIT 5728 PCR
TIVE B DCWICEREFZBANL, TTAINICHEIRANTE ., Adewl A dz5 (2T
HEnHh | QRERS AR DC61 ZHBELT-, DC61 % 3TCTHE L, 1FLA
EDOMRIIRAAED 20% LA T O¥rEB L2720 VNS IR ZEDOIRE THEFEZ (L9
TV, ZORERIL, 3TCTHELZDC61 TITAEAHMEILL TWAZLETRIEBL
TV el=, DNA EBEFT-L2A, 3T°CTHEE L= DC61 TiX, In DNA 2 Ff-7-
MR DEIE D3R LT ehd, SPBITSTREL TNl o7z, E7-, #Hifa4 DAPL Byl
T2l A BEEChotz, ZOZENE, 3T°CTHE#E LT DC61 1X DNA &%, SPB
SEEORTCHRBHZEEL TWAEEZ LN, TRHLO/NSREORBIITFF
VUHERRL . FIXEMEE RIS D, FOMMEBER R E TR0 CNDEEE X LN,
F7-. DCWI mRNA (X G1 #iiZ, DFG5 mRNA % S #i2, E/-M#E &b e EEmE S ic
Z<EELTEY, FOBRCEERRHICRITILEE DN, ZNHDFERNDS,
Dewlp & Dfgbp 1, HFOMIBBED A G RICEHEREE AR HOILIRENT,
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¥ CHHFIRE R MfEE Y L XV Th D LB b, SEDImRNA DFEBIIE R
BRI CHML, ZAUCATRE L CHIFIEED Sedlp EEGIM L T e, SEDI %
AR L Ch, TEOBTEHOMAUTIIRIR A R D o723, EF BRI OMRITE
REERIRZ I o7z, TN OFERIL, Sedlp NEEEEHMICK T HEERE
EHIfEE S X BDOVOE D TH Y | EFHEERINTIT D EMEER T4 St
PHICHETHDLHZ LERLTND,

3 HMRaEEAESERICBE ST 5 DOVl (YKLO46c) & DFG5 DFRITE & 4T (3)
FELBEREREESY R EIX GPL T o h—F 0B LTERMRESL,
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FABED B-1,6-T N A BT HZ ERMLNTWS, ZOEEE EERBRIG
T D ERE L., Bacillus circulans ® o -1, 6-mannanase % = — KN4 5&EF
ERERT —DOHLBOBEBTEYT ) LT —FX—ANLRBLIZEZ A,
DFG5 & YKLO46c SRH STz, T O DBEBEFIXEWICHFRTHY , GPI 7
B — 8 R BIHER eEE E F o TN, DFGS & YRLO46c O BEIRAREERRIT
HBRIRETH 212D, A ykl046c (IHIBRBERFREER IR M AR L, HIREREA 55
KRoTWeZ enb, ZOERFPMIBBEDOAGRKIZES L TW\WDZ &R
MxTz, W T, VKLO46c % DCWI (Defective Cell Wall) &4 L7z, Adewl
Adfgs 13BEETH 122 &b, MERTFEMOBIEIIEEL TR, Miao
WD OIZIID R E bV EDIIRNETH DL LEZ O, W OEBKRTE
W RIB LTI T, MIRIIRES ALY, MIEEDXF L FENP LR
D, EEKEES X ETH D Cwplp ZEEHIC /W LTz, Dewlp IZ= B h—
TE T ML TR LIz & Z A, Dewlp (X N BESH A - 72 GPT 7> i — Bl &
YRIETHY, MRRBELZEUCEESICRHEL TV, ZabDRBRNG,
Dewlp & Dfgbp 1% GPT 7> W —RUE X L X B TH Y | HIFEREDEE DA B RIS

VETHDZ BRI NT,

4 BERZME dow]l ERROLREG LR (4)

Dewlp K ONDfgbp DHERRBEA-GRUZ A3 2 88E 4 & 0 BRI AEIT 35 72 (PCR
TTUEDIZ DOV CEREZEANL, 7T A NICHARAATZR, Adewl Adfgh
(TR U CIR BB AT RAR DCOL Z B L 72, DC61 % 3TCTHRERT D L\
EEAEDORIRIT RO 20% LT OBTERE L RFZ 722V VNS 2 ZEOIRRE THE
JEA LD T e, ZORERIE, 31°CTHRE L2 DC61 ITMfaEH T L A b & i
TLTWAIZEERELTWD, DM EEBEZFH-LZ A, STCTHEE L

DC61 TiX. 1n DNA % FF-o7-HMAEDOEIE A LT 7=H, Spindle pole body
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(SPB)IZ7BE L T\W o Te, F£72, #MiE% DAPI B L& 2 A, B TH-
T2 TDOTZ DD, 3TCTHEZE L7z DC61 1L DNA A E D%, SPB 4yBED AT CHIAE
FEZELELTWDEEZ N, TNDLD/NSRFORBITIIF T U REMR
U, BB AR LT 220 b, FOMBRBERRE IR TVDH EEZ LN,
E72. DOWI mRNA 1% G1 #lZ. DFG5 mRNA X S #ilc, E7- & b Easmaiic
ZEBLTEY, FOBRICEERRHICRERTLIEEx LN, ThbD
FERD D, Dewlp & Dfgbp 1%, FOMIBBEDOAGRICEERERNLF O L3R
iz,

5 #Em

BETRHISfREE SR Cd D Rarobacter protease 1 ALVER CHINREE 7 V71 0> b ek
3% 260kDa & 100kDa D Z /N7 BaAER LT, 7 I ) BRELH | 2 fBAT L T2 /E R
260kDa D & > /327 G DELFNIL Sedlp DERF| & —F L, 100kDa D F 737 B OEL
FliX Tirlp/Srplp OEFI & —Fk L7z, TIRL/SRPI &G T I3 HE R R RAICHE
L. Tirlp/Srplp IXB-1,6-7 VA IIHEAELTNDE EEZ LN L0,
Tirlp/Srplp IIFRFEIGRGRNLHMARESY L RV BETHD EEX BN, —F.
SEDI BAnFITERERERAICL K EE L, Sedlp ITMBBENS B-1,3-T VT —
PIZL VI TELZZ &0 0, Sedlp IXEFERIOFEE 2 fakE S L R ET
HHEEZDNT, ETo, Sedlp (FEFEHNII T DIEMEEER AT HMHMHEICEE
LTz,

Bacillus circulans ® a~1, 6-mannanase % 32— R 3@ EFLFERT —%
BOBMEBTE LTEERY ) AT —Z_X—ANb R Lz DOVl & DFG5 1220\ T
FHLAN, ZO/R. ZNOLOBEFIZEWVICHRATH Y . MABET S
CEIFETH o, Adewl IJVEMREEFRICKT L CESZMETH Y, Addewl Adfgs b
MRREENRTI o e RBAZ R L2 b, 2D OBEBFITMIBEDAS
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RICBE L TR EEX BN, DOV T v —T 5 7 &ML CHT LT &
Z 5, Dewlp IXN B8 & F o 72 GPI 7 o W —RUfE 7 L 7B TH Y | EE ST
RAFREIZJRTE L Tz, Dewlp & O¥ Dfgbp DHERZEEA B RRIC 1T 5 REME R R BT
DWW 2728, BERKZWED dewl BRREER LTz L 2 A, 3TCTHE
L7z dewl® BRIZEE 7o MIRRBE 2 FF o 12/ 72 ZE DURAE T DNA B D%, SPB 47 B
ORICHIEMZEELTEY, MRRETF = v 7 RA v ML Y HiaE Y% E
IEL7EEZ bz, FE, DCWI mRNA X G1 #iZ, DFG5 mRNA X S Bz, £7=
ME & bIBIEEMICLEBLTRY . FOMRICEERBEHICEHRL TV

o 2D &5, Dewlp XX Dfghp 1IFOMIIBED LG RUCER R EKE 2 HF
ZEBBHLNE R ST,

AEFFEIC LY, BEREREE Y L O E DGR FMFIE L T AT I 7L 5
ERON, Hi#ile GPL 7o A —BUR S L /X 7B Té% Dewlp & Dighp H33 D AlifERED A4
BRRICBE S5 THZERHALNER T, 5% BERMIIRRES L IR EMITIG
UCEALTHAEBZNREEIZAOLNCT B0 | #5558 -4 RAOBE R fnRE 2
NRIENE DLy LM AR UMBRREDHEEZTERL TV D20, £72 Dewlp K&
O Dfghp DHIRRBEDTRRICI T HEEIZHALINCT D70 REEBRELHAWT
Dewlp & O Dfgbp @ H L, EDLIREERIEMZEF DN, dewl A digh ATRIERR
DHIARBEE /712 Z DB R EVER S H 2 L EITHREEE 53128 DX READ D72
EHRFHRDIENVETHHEEZDIND,
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RIFREATICHTZD | HARETEH | HHE L D EL - R KRR AR AN
BLETF R R Kk A= F RSB R L R ET

ARFFIIMSIATEIE NBEER ARV BEELFIFRER ., FHEE
LR OEEFIPFEER, TREELOEBEED TITON LD THIET,
F2 %L DIERBIFRE | BRI, (LRRFERFBEEE ., A BE L RERESFRE
EEHEE. BHF IR, FREBEEELHES. & TIRE L, ERXERAERH
HB., R+, AREERASE, REAGROZ KM, 7-{SADERICER
IRHEBNE R OB A TRE E LT, ZOIRFOELETS

Fio, COMRERTDIZ LD, REKRFRERBEFEGREHAR R, L
RO L RO HARRPEY R FHER., (LEERE L, 2O, KFER
R RFBERR, ERT OIKESADESAMTKRIEBIIELDB S LW IZEEL
Zo TTICEESR L BT ES,

A% 16 529 B &
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