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ABSTRACT

The common human fungal pathogen, Candida albicans, possesses at least nine genes
encoding secreted aspartic proteinases (SAPs). Saps are widely regarded as virulence
factors, despite historical controversy surrounding their actual roles in the onset and
development of candidosis. While Sap1, Sap2 and Sap3 had been previously studied
at the biochemical level, Sap4 and Sap5 had not been detected, purified or
characterised. To facilitate analysis of the proteins, SAP4 and SAP5 were amplified
by PCR and cloned. The nucleotide changes in SAP4 were silent, and SAP5 contained
one conserved amino acid substitution, compared with the published sequences. The
methylotrophic yeast Pichia pastoris was used as a host for heterologous expression
of SAP4 and SAPS5, and the respective proteins were purified to homogeneity.
Purification of Sap4 involved Mono Q anion exchange chromatography at pH 7.0,
while Sap5 was purified by cation exchange chromatography on Resource S at pH
7.0. C. albicans SAP] was also over-expressed in P. pastoris as a control.
Biochemical analysis of the recombinant proteins revealed that Sap4 and Sap5 were
optimally active at pH 4.5, 1-2 pH units higher than the optima of Sapsl, 2 and 3. At
optimum pH, the specific activities of Sap4 and Sap5 were 239 and 33 pg tyrosine
equivalents/min, respectively. These isoenzymes also retained significant activity at
pH 7.0, which suggested roles in the disease process at host sites of neutral pH. Sap4
and SapS showed decreased specific activity towards denatured globin, and increased
specific activity towards a fluorocasein substrate, when compared with Sapsl-3.
Substrate specificity analyses (performed using a peptide substrate, glucagon, and
MALDI-TOF of the purified peptide fragments), showed that Sap4 and Sap5
hydrolysed the glucagon at the same sites, but the analysis did not reveal a consensus
cleavage sequence. The deduced masses of Sap1, Sap4 and Sap5 were 36,179, 36,995
and 37,256, respectively. However, ES-MS indicated the masses of the recombinant
Sapl and Sap4 were larger than expected, by 2232 and 2041 respectively.
Glycopeptide fragment ion analysis suggested the additional mass was due to attached
sugar residues. Carbohydrate chromatography confirmed the presence of mannose
and N-acetyl glucosamine. The presence of N-acetyl glucosamine species, and the

lack of consensus N-linked glycosylation sites in the Sapl, Sap4 and Sap$5 proteins



suggests a novel pattem of O-linked glycosylation in P. pastoris. The purified
enzymes were subjected to crystallisation trials and some promising crystals were
produced. Previous studies showed that SAP4, 5 and 6 are expressed during serum-

induced germ-tube formation, but this was not confirmed in this study.
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AMINO ACID ABBREVIATIONS & COLOUR

|

Amino acid Abbreviation m

Alanine Ala A

Arginine Arg R [l
|}§paragine Asn N |I

Aspartic acid Asp D
| Asparagine or Aspartic acid Asx B [
| Cysteine Cys C [
|| Glutamine Gln Q |
| Glutamic acid Glu E [
| Glutamine or Glutamic acid Glx Z [
| Glycine Gly G [
| Histidine His H [
| Isoleucine Ile I []
| Leucine Leu I }I
|| Lysine Lys K
| Methionine Met M []

Phenylalanine Phe B

Proline Pro P “

Serine Ser S '
| Threonine Thr T [
| Tryptophan Tmp W [|
| Tyrosine Tyr Y [
I Valine Val \% !I

Grey General non-polar AMLLV
Green General polar S, T,N,Q
Blue Positively charged H,K,R
Red Negatively charged E
Purple Aromatic F,W,Y
Brown “Structure breakers” G,P

Yellow  Cysteine €

Xiil



ABBREVIATIONS

Amp Ampicillin

BCIG 5’-bromo-4-chloro-3-indolyl-y-D-galactopyranoside
BCIP 5’-bromo-4-chloro-3-indolyl phosphate
bp base pair

BSA Bovine serum albumin

CAPS 3-cyclohexylamino-1-propanesulphonic acid
cDNA Complementary DNA

C-terminal  Carboxy-terminal

Da Dalton

DEAE Diethylaminoethyl

DIG Digoxigenin

DMF Dimethylforrnamide

DMSO Dimethyl sulphoxide

DNA Deoxyribonucleic acid

dATP 2’-deoxyadenosine-5’-triphosphate
dCTP 2’-deoxycytidine-5’-triphosphate

dGTP 2’-deoxyguanosine-5’-triphosphate
dTTP 2’-deoxythymidine-5’-triphosphate
dNTP deoxynucleoside triphosphate

DTT Dithiothreitol

EDTA Ethylenediamine tetra-acetic acid
ES-MS Electrospray mass spectrometry

G418 Geneticin — disulphide salt

GalNAc N-acetyl galactosamine

GlcNAc N-acetyl glucosamine

HEPES N-2-hydroxyethylpiperazine-N’-ethanesulphonic acid
h.p.l.c. High pressure liquid chromatography
IPTG Isopropyl-y-D-thiogalactopyranoside

kb kilobase

kDa kiloDalton

MOPS 3-[N-morpholino]Jpropanesulphonic acid
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NBT
mRNA
N-terminal
PCR

PEG

pl

BIRES
PVDF
RNA

SAP

Sap

SDS
SDS-PAGE

TEMED
TFA

Tris
Tween 20
viv

w/v

w/w

Nitro blue tetrazolium

messenger RNA

Amino-terminal

Polymerase chain reaction

Polyethylene glycol

[soelectric point
Piperazine-n,n’-bis(2-ethanesulphonic acid)
Polyvinylidenedifluoride

Ribonucleic acid

SAP gene

Sap protein

Sodium dodecyl sulphate

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis
N,N,N’,N’-tetramethylethylenediamine
Trifluoroacetic acid
Tris(hydroxymethyl)aminomethane
Polyoxyethylene-sorbitan monolaurate
volume/volume

weight/volume

weight/weight
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C. albicans GENETIC CODE

S ECOND P OSITION

C A G
TTT Phe |TCT Ser |TAT Tyr |TGT Cys T
il TTC Phe |TCC Ser |TAC Tyr |TGC Cys C
TTA Leu |[TCA Ser |TAA T TGA * A
; TTG Leu |TCG Ser |TAG * | TGG Trp G
E CTT Leu |[CCT Pro |CAT His |CGT Arg T
Tl c CTC Leu [CCC Pro |CAC His |CGC Arg C
CTA Leu |CCA Pro |CAA GIn |CGA Arg A
p CTG Ser |CCG Pro |CAG GIn |CGG Arg G
0 ATT lle ACT Thr | AAT Asn | AGT Ser T
sl ATC Ile ACC Thr |AAC Asn | AGC Ser C
I ATA Ile ACA Thr |AAA Lys |AGA Arg A
T ATG Met [ACG Thr | AAG Lys |AGG Arg G
I GTT Val |GCT Ala |GAT Asp |GGT Gly T
0| & GTC Val |[GCC Ala |GAC Asp |[GGC Gly C
N GTA Val |GCA Ala |GAA Glu [GGA Gly A
GTG Val |GCG Ala |GAG Glu |GGG Gly G

Codons are as they appear in the coding strand of DNA, reading 5’—3’. Termination

codons are represnted by *.

Note the unusual decoding of CTG as a Serine in

C. albicans, rather than the standard amino acid Leucine.
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