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Effect of KGDI Deletion on Cell Wall Biogenesis in Saccharomyces cerevisiae
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ABSTRACT: KGDI gene was cloned by functional complementation of defects in /1,3-glucan synthase activity of
the previously isolated Saccharomyces cerevisiane mutant LP0353, which displays a number of cell wall defects at restrictive
temperature. We performed the gene disruption experiment to characterize the function of KGDI gene, which encodes
Pketoglutarate dehydrogenase, in cell wall biosynthesis. The disruption of KGD1 showed the decreased growth rate,
the increase of chitin synthases activity, alterations in cell wall composition, and increase of susceptibility to cell wall
inhibitors such as Calcofluor white and Nikkomycin Z. These results suggested that KGDI might be involved in cell
wall biogenesis, especially the biosynthesis of (1,6-glucan and chitin in S. cerevisaie.
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wFo Al Ao FEE AT o}, o
Sl tigk Ee]2Q] Boot AR AR E 7hssiAl sl
FE TZOItH(Vink et al, 2002). Saccharomyces cerevisiae
AEHe 719, WEek-1,6-2538, WEk-1,3-253, 223
mannoprotein® & =] ATH(Latge, 2007). ©]2 s+ A3
Be u)g FAHQ LEAR A7 L FNHOE 4% =
4g weth fme] 9% Aol AEEe] FAue] o
AR BalEE AES) AES TEsE Aue HEid
7] 3§t 54A17] 2 912014 §hEo] Ack(Hohmann ef
al., 2003; Spreghini et al., 2003).

AR Ao B AT AL T 2e) s
Aol 293} BAY FAAS} IE5S 2EhE IR
ARl i A= WYL 9low, oF 1200709] 3
ARgo] BRe| AlEY ol A7H R g F= A
2 AHA JrhLussier ef al, 1997). E22] AEH A3} &
o 2 xgo] 248 722 4R 4 A U=, Rapamycin
of gk ofAl 743k ke TOR(Target Of Rapamycin)
Ao 712} tpeFgh o o) whg-ate] Al A
£ zHsk= MAPK 74=E 5°] UthHohmann ef al, 2003).

9, ek o s ATH ARSI A Saueld]
Gl vEkl 32T 0|20t A AT TS H7)

Ao 2 Wesle Aoz ¢4zl 3k8E2R]l Calcofluor
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white, Congo red, SDS 5l thet 1% F71el 7]9ks
AtH(de Groot et al, 2001; Lussier et al., 1997). ©]&]gt 3}
AHog gRlE EdAMole AFFRPEA|S] &R0l olal 3%
e S Hole 540] Ut S cerevisiae®] AW AT
= oo skl Hgk AR of g} Al xZH e
HlE FRkehe B #F 978 A 2d Aa"o=

M= FRIA el Bi5 = 5 Uthe HolA #4lé]
tido] 3L ATH(Cabib et al., 1988).

2o AYATE T3l ¥)58 2ollA] WER-1,3-
ZFF7 A EAo] A= HE}-1,3-FF7 go|
A3k

S =M WEk-13-277 S ddste] HAg F o] &
A7 #AFHS FRISIATKSong er al, 1992; ©] 5, 1994;
21 5, 1995). TEgk 71554 ZdrAdel] ejA st LP0353 w52
2o AR WER1 3271 Rl Adhs
3]E3l= SOOI/RETIS 2233 tH(Lee et al, 1999). =5
H|5]§ 2EoA] EH0le] 2 ol&Y AR 35
A71A] eFot g1 3257 a0 S8 FHEA e
2 3|15A7)= T o] R34}, GBGI/AYRIZE KGDI 578
39 tH(Ahn et al, 2010; X 5, 1995). GBGI/AYRIS-
NADPH ©]&4 1-acyl dihydroxyacetone phosphate reductase
= phosphatidic acid?} 1A AP} Ao IS W
olU2} (Athenstaedt and Daum, 2000; Zahedi et al., 2006),
Frol AEH A AdE e o= BeAithAhn
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et al,, 2010). ¥ A= KGDIo] A|EH Aol mx]&=
e 28] 8 S $38818=1, KGDI +3A]
) 7F AEY A g4 4 2 okt oAl disk 7+
79 M3lE 2Eshs AS=Z AN Y], KGDIo] 859
A ol Aol S sk

H b4

Mz A U

oF R Hig=A

S. cerevisiae LP0353(MATa ura3-52 lys2-801 sool-1 Bgs )y
FAAke] F20ll, FR08(MATa ura3-52 leu2-3,112 his4-519
adel-1005F5-= 32} 93 Aol AMg-slt. &= vl
S 93 SR Z= YPD(yeast-extract peptone, dextrose)
W& FHAM|R| 2= SD(synthetic dextrose) WA S A8-3}
.01 (Burke ef al, 2000), Setv]=0] 2418 918 g
DH502] %2 Ampicillin®] 3718 LB(Luria broth) W% &
o1gsteirt.

DNA =% 9 0|8 AN

ogete] FAxe, kAT = DNAS 55, Algkas A
o 3 ligation> Sambrook 5<] WHe| wel stk
(Sambrook er al, 1989). E%.¢] A lithium acetate
o) wE} 4305 oM (Tto er al, 1983), 2] Zefn]
T YEplac195, YCplac333# YIplac211e- KGDI 544 2
33} ol ARg-sk3iTt.

o 42
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o M

KGD1 E¢1#H0o|F2| M=t

42 ZE 9I8ked YEplac195 multi-cloning sitel] o]
M=o A= KGDI A4S td2E PCRE T35t
A2 oF 720 bpe} 750 bpe] AH-E pT7Blue-T HEI Hindlll
°} Aafll, BamHIZ}F EcoRl Al$HEAE o]&3ate] AYe &,
Al o719l Yiplac211 WEle] URA3 422 BamHIZ
AalAFEAE o] &-3te] APt o]FA A=F & &
ZPAr =S PCRE SE3ld KGDI 734 U2l 970 pb
Aro] 717 AAEI 1.6kbAES] URA3 427} 4
o] A+ linearized constructs A &3k & F808 w2
PAAE s

-Ad

A -Ad

&29o| M=ot S
%xo-l

qaro| Axet £ {2 H|=& A8l FHEiY
(Choi and Cabib, 1994; Lee ef al., 1999). 2377+ &4 4
e oA Barg el wet 578519l eH (Kang and
Cabib, 1986; Lee ef al,, 1999), 7|8 &4 T20] B4E Choi
9} Cabibe] WHS ©]&-3Fth (Choi and Cabib, 1994). 2.&
HES-2- v =351l o wke-As) 4w vigsigd 229

WAFS-S glass fiber filters(Whatman Inc., Clifton, NJ, USA)Z
AL F, A ABAF7|E SHsIA) WE-13-2F7 &
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AEast 7181 9 o] HIES FFEA Sl 1mge
a4 Tl ofs) gk Al F2F F/3E glucose®}t N-acetyl
glucosamine®] FEE SHISIATE ARESE Tl & &
L bovine serum albuming ¥FOZ Lowry 52| ¥
w2} A #FsAtHLowry ef al, 1951).

A B32 7|8 HaE v) Q= Aol uet
Y3l tH(Lee et al,, 1999; Manners et al., 1973). Zzte] &
o 2HE FF7 T2 orcinol-sulphuric acid e w}
2} =433 (White and Kennedy, 1986), 7181¢] dheke
chitinase *12] F-0l| Tracey(1956)2] HH el <]} Z7g3 Tt

M=e XsHxo chet Z=o

Zymolyase A3 A2 719 W (Ishiguro e al.,
1997y W sle] S35t} A R= 12M sorbitole: F3Fsh
YPD HiA|oll A t7] SREZEA] viFstaL Al E F5sIit
FEI HEEZ AIHS 5 0Dyt 047} H=S Haol] 34
Slal, 10mM Tris-HCI (pH 8.0) $+5-8-Hel =<1 Zymolyase
£ HE 571 2mgmlo] XS H7Fste] 30°CollA] vl
stk 90t Hitt F3 =5 SAgste] Alxe] s o<l
st AlZE 34 AsAle] MIC (minimum inhibitory
concentration; #2443l FE)e] S Kurtz 59 WS
HA S (Kurtz et al., 1994).

g % nE

KGDI RTXe| 53

Ae) Aol 2 A7z LP03532] WlER-13-2F3t 34
o] AokS FEA0R 3BAT]= 85Kb 2719 EE5
F2)3h vl 2ok (R 5, 1995). o] YAFE] G7INLDL B4
g A3}, Yill24wek Yil125wel SFek= 7 7] ORF7F 23]
o] AS BRIGIALL YilI24w= GBGI/AYRISZ NADPH
9]&3] l-acyl dihydroxyacetone phosphate reductaseS 4&
351, phosphatidic acide} 1A A d=} A=) o] ok
(Athenstaedt and Daum 2000; Zahedi et al., 2006). =3t
GBGI/AYRIE- R5.8] AlEH 3t AuEo] Sle Zow
935 tHAhn er al,, 2010). -3, ORF Yil125wE KGDI
A2 arketoglutarate dehydrogenaseS 953} &1L 9o
(Repetto and Tzagoloff 1989), ©]&= tricarboxylic acid (TCA)
cycleol|A]  arketoglutarate= 55 succinyl-CoA2] B3-S =)
Sh= &40|tHArikawa et al, 1999; Repetto and Tzagoloff
1989). KGDI E31H0]= TCA cycle2 F31o] ATPE AAHe
5 71 w2l glycerol, ethanol, lactate 5] F< BAhgde
2 AlgH 7ol Aol 7HAgH}(Smaczynska-de Rooij er
al., 2004). 224}, YPD e-duixellX KGDI =Hel= A
o] 2w sy 2 G Aol7k itk B
vl= QtH(Arikawa et al, 1999; Smaczynska-deRooij et al,
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2004). YPD Pdulr]ellA] Bl KGDI E1%olo] A%
&50] zjol= Aol ARSSE g2 FF w7 e xjol =
At Ao AAXH, 2 A AZ=S KGDI EARO]
= Ao ek 7hAsKE) 2 B9 KGDIo| tist s
AR 2 AEo] =S W & Azlo] F2gh vt
o Zro] MY ATl AU A vhe flot.

AIE W KGDI 72571 wlEk-13-273F §d 2]
Ao oust JEFS n X=X 21122}, KGDI ORFE
high-copy No. Z2}~0]=(YEplac195)9} Low-copy No.
FERH = (Yeplac33)dll 242k =24 si8ivt. Z7te] =e)
2P =S LP0353 450 =Yt Wek-1,3-2F7 $A4
Fao] 48 vwsidch AE Ul FHAF o Adagle]
KGDI 327} =818 EAHo|F LP03532] a4Ede
Z7 el o ol BlEjAE EUdo] Wkth(Table 1).
TS Ml AR B KGDI =9 #F71 ©F
Aol vlal] HA| 2T tiv] wWER-13-2F77k] §hgo] v
O}, LP0353w Rt 7= SR8t KGDI A&
=90l Bl 3E 475 O E WER1 377 I8
o] &4 9 weR-13-2F7e] S ERIsks 7T AFol
27571 s, o] Axl= KGDIo| WlER-13-2F7 34
Bao] Gl HAofstal e HERT

KGDI 78X} Ti7t M= sS4 2ol O|x|l= P&

Al 9 B Al 2 A3E KGDI9] 715 4
3171 {8t Akgdl EAWH )& AZ3IAL Southern BlotS 2
3lel3l thFig. 1). KGDI A<Edole 1 753 A3y
o] glycerol, ethanol, lactate 5°] F4 ©AYo= AFH
A5 7o) 7Hasht YPD hulR| oA 2] A2 Ag
ol met ki v yehue Ao® Bad v Q)
(Arikawa et al., 1999; Smaczynska-deRooij er al, 2004),
B A3 4e A A3t KGDI ERel2] F9-9lE YPDI
Ale] A7l gk 7hAslSith(Fig. 2). o1 g &% 2t
ol Al AREEF 2] 112 Al Zpolol 711E
Zog AAXIG

Table 1. Assay of £1,3-glucan synthase activity and quantitative
analysis of cell wall composition in LP0353 strain

expressing Kgd1
Sglucan Brglucan’
Strain synthase’  total A3 A16 B3 glucan

(%) glucan® glucan’ glucan /total glucan’

Wild type 103.6 (100) 83148 75000 7248 913 (100)
LP0353 272 (263) 29760 19930 9828 67.0 (73.4)
LP0353+YCp 240 (232) 39540 27816 11724 703 (77.0)
LPO353+YEp 248 (239) ND* ND* ND*  ND*

LP0353+YCpKGD1 35.5 (34.5) 37464 30252 7212 80.7(88.4)
LP0353+YEpKGDI1 399 (38.5) ND* ND* ND* ND*

*ND, not determined.

“Enzyme activity was measured in membrane fractions and was expressed
as mg (UDPG)h-mg (protein).

"The units of Aglucan were expressed as mg/mg of cell wall dry-weight.
‘The amount of total Bglucan was determined based on the carbo-
hydrate content of the Zymolyase-insoluble pellet and solubilized superna-
tant before dialysis.

“The amount of 41,3-glucan was the difference in between total carbohy-
drate content and £-1,6-glucan.

‘The amount of f-1,3-glucan in GS-1-36 was taken as 100.

ODGOII

—*—wild type
O~ Akgd1

0o T T T T :
0 5 10 15 20 25

Incubation time (hour)

Fig. 2. Growth curve of Akgdl mutant. Cells were grown in YPD
at 30°C. Cell growth was measured as ODy,, every 3 hours.

A B
Hindlll Hindlll Hindlll
probe
Wild type
KGD1 > Yil ?
125w 1Kb
4Kb
- 450
Hindlll Hindlll Hindlll -— 440
kgd1::URA3
1Kb 1.2
| E—

Fig. 1. Gene disruption of KGDI in S. cerevisiae. (A) A schematic representation of the gene disruption of KGDI. Black arrows stand
for ORFs. The predicted sizes of fragments generated by Hindlll-digestion are depicted. A 4 Kb fragment indicates KGDI
wild type allele while the 5 kb fragment indicates the kgdl.:URA3 allele disrupted by inserted URA3. (B) The disruption of
KGD1I was detected by Southern blot using the indicated probe. wild type (lanel) and Akgdl (lane2)
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A, dl iz 2] Akgdl EAHoFNA wEk-1 32Tt
g o] AL o vl 2 F STl THFig. 3).
KGDI A&EA%0l= oKl sl 719l 34 &4 K 15%,
718l 3 F4 I 53% 222 718 34 84 = 28%
Z7VslT). ol#g Axk= LP03539] WEk-13-257F 34
qao] 84 A9E 3EAT= A8 A3 Ayele tha
2] 7F YA, e Al 2H 4 54 53] 7]6l AR 84
of FF FIL IS HAFT AT tjEo] Alxy
G5 B4 Az Alkali-soluble 2571 73$- oY ¢
o] v]ale] KGDI disruptant®] 739 F 17% 8= AT
(Table 2). Acid-soluble ZF7t, 5, HlEN1,6-2F3] 49+
KGDI1 ZAEEAHoloA oF 15% A= Z71s193, Alkali-/
acid-insoluble ZF7t, 5, WER-1,3-2F371e] A= & 2ol
£ HolX| §k9kth. Mannan®] 73-9- oS #5el] Hlsl] A&
Ho|F=9] ghgo] 17% A& astglo, 716l Z9ole
15% A% 71810 tHTable 2). A|2H @57 #4918 KGDIo)
HER-1 3257k el YIS vXA] ko), HER-1,6-
2573 4ot 2370 g HslE fFEsle s o

o=
T, Al o] wek- 16277 Lut 257 el dF2
=o=M gl Axd Il deghe AAFRIT

ol

KGD1 HAEEAHO[Fo MIZY 3
Z=M Z=AL

KGDI 742t w]ol] o]7h Al 29 9 aaxe] 24 Wshrt
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Fig. 3. Assays of enzymes related to cell wall biogenesis in Akgdi.
The values are presented as relative enzyme activities
normalized to that of wild type. The experiment was
performed three times.

Table 2. Quantitative analysis of cell wall composition in Akgd!

Conc. (mg/g cell wall dry weight)

Strain  Alkali-sol- Acid-sol- Alkali-/Acid- ..
. Mannan Chitin
uble uble insoluble
Wild type 186.13 2.60 26.40 98.30 6.21
Akgdl 155.57 2.99 27.13 82.01 7.13

oft

Table 3. Susceptibility of Akgd! mutants to cell wall damaging

agents
MIC (mg/ml)
Strain
Wild type Akgdl
Calcofluor white 4 20
Nikkomycin Z 4 0.8

Al eHd AaAlel tigk Hdells ojm g YEkS F=A]
sRItaA} Sl Al o] =8 AR WEk13=2Fe &
ooz 7kEsl sk WER-1,3-2F7h0]2%] Zymolyase
off thek A Akgdl EARC)FS}F o o] & Alol&
Holz] dthA vlAA)). o] Az WER-1,3-FF7H
SegollA] & ztol7t YIE EAe)FE] Al AR
A A Ao X FATH(Table 2). thFeE Alx9 4 A
iAol tigh HAAE) FEE ST A3, dkgd] W=
opy el HIsl Calcofluor whiteol] TtHet Wdo] 57kt
Nikkomycin Zol| ti$t 7448 HATHTable 3). Calcofluor
white= 7|]le]] 5o]%| o2 Hglele 52 Az d3hs
Hols tifet ERlol7 IS Hole 2108 HEg]
t}. Calcofluor whiteol] thst WAd<] S7h= Akgdl EAWHO]
FolA 7198 ghgo] Haghe: onlsht Ml 2H W] g
A Aet X8| %t Nikkomycin Z= 719 ¢4
AeAZ qre] 719l 3 a4 1Mo SolHQl Aoz Har
=0 (el-Sherbeini and Clemas 1995), Akgdl EHo]5
©] Nikkomycin Zol| thgt 774 S7h= 719 9 849
2 F7hek dXske A= KGDIo) 71'19] Aol o
o &g AAFSE WhH S5 94 A& B2l L-
688,786} L-733,560 ¥ &= o} 7€l $4d A 29l
Polyoxin Dol that 7+ o & Zfol& HolA]
FATHEZ HAA).

ol el A= KGDIO) TCA cycleS £3lo] ATP 4
bt e 7SR ofue), aR9 A2 g Hd
H, 53] 718l A 40 &4 ¥istE doA A
2 AEZH G Aol g o] WskE fEshe
AABEAL ATt

2

KGDI 737}z vls]g&-250A Al X H3hs Hol=
Saccharomyces cerevisiae LP0353 52| WEl-13-FF3H
I o] G4 3 EAY= AR 2 =AY o
ketoglutarate dehydrogenases ¢&3}sl= KGDI F-51Ak<]
gwol Alxd e A 7S FAE] St At
5 A =BGtk KGDIEAWO = A& 7HAsta,
7€l §4 EAaEe] EAo] Frlslom, Al 4 B2
Shol] MskE BTt B¢k Calcofluor white} Nikkomycin Z
T S AT 3 AsEA e sl 78 $skE VR
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