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Chapter 1. Introduction

Enzymology plays crucial roles in the biotechnology industry. One of the widely-used enzymes is lipase.
Based on the classification of bacterial lipolytic enzymes, family 1.3 lipase is a member of the Gram-negative
bacterial true lipases (Arpigny and Jaeger, 1999). This lipase family is distinguished from other families by the
amino acid sequence and the secretion mechanism. Lipases of family 1.3 are secreted via the type I secretion
system (T1SS). PML is a member of this lipase family (Amada et al, 2000). PML consists of two domains.
The N-domain contains all the catalytic triad required for lipase activity, as shown by site-directed mutagenesis
study of PML (Kwon et al, 2000). The C-domain contains a secretion signal near the C-terminus, and several
repeats of a GGxGxDxux sequence motif, which form a f§ -roll structure in the presence of Ca2* ions (Fig. 1B).
PML has twelve repeats, in which five and seven repeats are separated by a 70-amino acid insertion. The
repeats do not function as a secretion signal, but affect the secretion level of the protein to a significant extent

(Kwon et al, 2002).
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Fig. 1(A). Outline of the primary structure of PML and (B). The § -roll structure.
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Chapter 2. Importance of a repetitive nine-residue sequence motif for intracellular stability and functional
structure of PML

Previous study (Kwon et al, 2002) showed that the GGxGxDxux repeats are required for PML stability against
intracellular proteolytic degradation and overall protein structure integrity. The study used deletion mutants of
PML, in which the number of the repeats were varied. It was found that PML mutant containing five repeats
(PML5) had similar enzymatic activity and only a slightly lower secretion efficiency compared with the
full-length protein (containing 12 repeats). Further deletion of the repeats reduced the enzymatic acitivy and
secretion level of the protein. It was proposed that the repeats function only when it folds into a S -roll motif,
and therefore the p -roll motif folds intracellularly. However, the study on the deletion mutants itself was not
sufficient to support the proposal and it was necessary to construct a protein with the same repeat number but
unable to form a B -roll structure. Two aspartate residues within the second and third repetitive sequences of
PML5 were mutated to alanine. The secretion level, intracellular accumulation level, and stability of the
resultant mutant protein (A387/A396-PML5) were greatly reduced as compared to those of PML5. In addition,
this mutant protein was inactive and did not bind Ca2" ion, supporting the mechanism of intracellular S -roll

folding.

Chapter 3. Extracellular overproduction and preliminary crystallographic analysis of PML

So far, no structure of family 1.3 lipase is available, and therefore various questions regarding its structure and
function are still unanswered. Attempts to crystallize PML that was purified from inclusion bodies have been
unsuccessful. Therefore we purified PML from the culture supernatant of E. coli cells carrying two plasmids,
one for PML and another one for a heterologous T1SS (Kwon et al, 2002 ; Kawai et al, 1998). By using this

protein, PML was crystallized and its crystal diffracted X-ray to 1.7 angstrom resolution.

Chapter 4. Extracellular secretion of Escherichia coli alkaline phosphatase with a C-terminal tag by type I
secretion system: purification and biochemical characterization

In order to exploit the C-domain of PML for the extracellular production of heterologous protein, the £. coli
alkaline phosphatase (AP) was fused to a C-terminal region of PML (PMLC) and examined for secretion using
the £. coli cells carrying the heterologous T1SS. The fusion protein was efficiently secreted to the extracellular
medium, while AP was not secreted at all, indicating that the secretion of AP is promoted by a secretion signal of
PML. The repetitive sequences were not so important for secretion of the fusion protein, because the secretion
level of the fusion protein containing the entire repeats (~10 mg/l culture) was only <2-fold higher than that of
the fusion protein without repeats. The fusion protein purified from the culture supernatant existed as a

homodimer, like AP, and was indistinguishable from AP in enzymatic properties and stability.

Chapter 5. General discussion and conclusion

The roles of the repetitive sequences in the folding and secretion level of PML and the significance of
extracellular production of PML for crystallization have been described. Furthermore, the usefulness of the
C-domain of PML for extracellular production of Z. coli alkaline phosphatase has been presented. In general,
PMLC has a chaperone-like function, which is required for efficient protein secretion by T1SS. By studying the
structure-function relationship and secretion properties of PML, a more general understanding on protein
secretion mechanism by T1SS has been achieved. Future remarks include the challenge in structural
determination of PML and the protein subunits of the T1SS. By doing this, we may gain a thorough
understanding on “how do proteins pass the T1SS channel”. In the end, we may come closer to construct a

generalized, simple, highly-specific protein secretion machinery in the well-studied E£. coli for secretory
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production of heterologous proteins, altogether should make a significant contribution to the further

development of biotechnology.
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KimXix, 77 IV —13 VU R—FED—FTh b Pseudomonassp. MIS38 ¥kHK U /X—F (PML) D&, HEHE.
JERIZOWTHEH LSO THY . BLFIRT L 912, i, A5 3E, BLOREN ORI TWD, % (F
W) it PML Efho 7 7 X U —13 U/ S—ERER I RS A7 ALV ERIMI W SN D ZE N RAA o (fil
BRAAY) & C RALUMPOLBIZ E, IV TR ETIE LR BEEZEKRT LI LML TND
GGXGXDXUX DO# 0 & LESE C RAAL 22 Z L2, T ETPML W TiThbn TE FEDEFIZ o
WL, ABFZED HZ R TWD, 8T, Liti v ik LESNICAE R ZEA L, PML OREFRIENE, e,
SUWNEIR EWCRIETTHELN T2 L1280, B r—/UEOR AL PML OIEMERE T ¢4 < BIRNIZBITS
HEIE L EMECH BN ~DODWITHBD TEETHH ZEEHLMI LTS, FoETI, TR ZREENH LTS
W77 I Y —L3 U —CofEREL B E LT, PML OGS LZRFT2Z &Ik, 17—V 3
VART 4 EEMEAR LICEAE ARV TH REAERIIE OV, BRSNS PML 2R L CAVWS
L B TRBE DRGSR N AR A ST 5 Z E WA TH DL Z L 2P LN LTWD, FBUETIE, KIBHH
KT NAHVPERAT 7 &2 —F (BAP) @ C Kl PML @ C Kifi KA A > (LipC) %ZE#ELIz@aZ 78

(BAP-LipC) 25, I B3I AT AD—FETH D Lip VAT LA HMA L= KIBEOBEEIMIDIREL SMEND T &
ERONILTWD, £z, WSz BAP-LipC #FEH L # DAL FREERE A T2 Z L 128 Y . BAP-LipC
13X BAP AR WERME L ZEMEEZ A T2 2 2O LTWD, ZORRIL, TS AT L2 BEEAE O
REEADWL AT 2L LTRIATEDL ZEARBLTWS, HBHE (BRI TiX, AFETE LN RICHE S X
PML O 7 4 —NVT 4 ¥ 7 HREOTTERBMEIC DWW THB T 2 L L b, BAEOH T REEIN W AT KM%
OABEMEIZ OV TREL TV 5,

U EDXSIZ, RimsUx 7 7 2V —1.3 U N—BOMEE L HEEICBE L TH-RMAZ AW LR TEREN, £
oo R SCIARER OPFEXENFIHZ XD ECHIRMAAZ 525D Tho, Ko TR & L Clifiid
LDHDERBDD,
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