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ABSTRACT

Study on the development of improved alginate lyase (alyVI)

Alginate is a gelling polysaccharide found in great abundance as part of the cell

wall and intracellular material in the brown seaweeds. It is composed of three

different types, homopolymeric G blocks, homopolymeric M blocks and

heteropolymeric G/M blocks, which can be degraded through the -elimination byβ

alginate lyases.

Alginate appears to play a key role in the stabilization of biofilms formed by

Pseudomonas aeruginosa and some other pseudomonas, with most Pseudomonas

strains producing large amounts of extracellular alginates. Because of the high

molecular mass and negative charge of bacterial alginate, the polysaccharide is

highly hydrated and viscous. Alginates occupy the majority of the extracellular

polymeric substance (exopolysaccharide; EPS) of mucoid P. aeruginosa and have

been implicated in the development and maintenance of the mechanical stability of

biofilms and prevents antibiotic uptake.

The gene of alyⅥ is encoded for the alginate lyase of marine vacterium Vibrio
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sp.QY101. It was cloned by using PCR, sequenced and then expressed in E. coli.

Through the assay test of alginate lyase, it was confirmed that 52 amino acids of

alyⅥ in N-terminal region behaves as a signal peptide which leads the alyVI

enzyme to outside of the plasma membraine in E. coli. Molecular weight of alyⅥ

was 34 kDa after elimination of the signal peptide.

Several mutants of alyVI (W165A, W165D, W165G, W165R, H171F, H171A,

K174E, K174A, K218E, K218H, K218A, L224V, D226G, D226K, D226A, D226L,

F228A, F228G, F228L, F228D, F228K, Y306F, K308A, K308E, K308H, Y312F

Q314K, Q314H, L224V/D226G, D226A/F228G and L224V/D226G/F228G) were

produced by using site-directed mutagenesis to achieve better activity of alginate

lyase. Mutants were transformed, expressed as glutathione S-transferase (GST)

fusion enzymes in E. coli, purified by using GSH-agarose affinity chromatography,

and tested by thiobarbituric acid (TBA) assay.

It was shown that three residues in alyVI, His-200, Asn-217, and Tyr-306, are

involved in the interaction with alginate. Mutants W165A, W165D, W165G, W165R,

H171F, K218H, K308A, K308E, Y312F, K308H, Q314K and Q314H were found to

be inactive. However, mutants L224V/D226G, F228G and D226A had higher activity

than the wild type. Especially, the activity of L224V/D226G was increased nearly

2-fold. Therefore, improved mutants of alyVI will be valuable for the therapeutic

management of cystic fibrosis patients.
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1 tctaaattac gcttccccat cgaacatgca aaaggatttg catgatcgtt cagagaatca

61 ttactaagcc gtatacgaaa accaacctca ttgactctag ctctagctcc ataactagaa

121 aaattgtatt gagatgtgtt tttgggatcg gtagctcaaa gctctgtcaa caaaatgtaa

181 aaccgctctt tagccaatga aaacctcatg gtttatcgat aaagtttgct caccttttgt

241 attacaaatt atttttatgt tcaactatca acaaccttta aaatacctca aagttgctgc

301 gtttatctct agtggattat tactcgctgg ctgtgaagct aatgctaaaa gcgaacaagc

361 agagcttaaa acatgcacag attgcaattg gaacatcgag caatggaaaa tcacccttcc

421 agttagtggt gacgattact acaacaatgg ccgtagcagc gcagccgagc tcattcccca

481 agaatgtaat ggtaaagagt acttaaccaa cgacactcat cttccttggt tctctcgtga

541 gtctgttaat ggcgaagaac gtctaaaatt caccgttgat cttggtggtc aagtttcaac

601 tacagcaaac acaaaatacg ctcgttcgga acttcgtgaa ttgtataagt tcaataccga

661 aaatcgatgc agcactaaag accaaaactg ggcggtaaca gggacacatg aacttaaagc

721 gacagtgagc gttgatcagt tcccgaataa agacgtgaca ggcagtgacc caaaagtcgt

781 tctcggccaa attcatggta aagacattaa acaagcgcta gtgaaattgc agtgggatgg

841 tgaaaataag ccggtacgtg ttgttctgaa cgattcattt ctaccaggaa acaaaatgtg

901 tagcgactgt cagccattca gtgtcaacct aggagtcgca cctgcaaacc tggattggga

961 ttacacgatt cgcctcgatg agcaaggtat ttacctttca acactcatta atgacgaatt

1021 atcagagcgc ttcttacctt ggggcatcga aacagaagat cgtgatggta acaaggttac

1081 gttgtcaaaa gcatggttaa aggaagagta ctactttaaa gccggtcttt acgcccaaat

1141 aaagccttca agagagtttg ctggtcaagt attctcggtt agcttttcga agatcaatat

1201 tgatcataga tagagtgtca ccccatcagt tgtgtctaaa atcactactg atacttgaaa

1261 acggcgtgtg ggtatctcat ccatacgccg ttttatcact gatacgccca cgacatcgca

1321 actcgctaag ttaaacttgc gttcaaatga cctcgcctaa gcaagg
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Molecular weight (Da) Retention time (min)

788,000 20.062

112,000 22.997

11,800 26.172

342 32.045
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pGEX-4T-1
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Enzyme Concentration (mg/mL) Enzyme
Concentration

(mg/mL)

Wild type 0.162 F228A 0.280

H171A 0.205 F228D 0.477

K174A 0.365 F228G 0.261

K174E 0.284 F228K 0.135

K218A 0.430 F228L 0.285

K218E 0.584 Y306F 0.105

L224V 0.301 L224V/D226G 0.222

D226A 0.275 D226G/F228G 0.279

D226G 0.200 L224V/D226G/F228G 0.562

D226K 0.135

μ
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Michaelis Menten plot– Lineweaver-Burk plot
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Enzyme Km (mg/mL) Kcat Kcat Relative ratio

Wild type 0.448 3.14 7.01 1.00

D226A 0.535 5.97 11.16 1.59

D226G 0.433 3.32 7.67 1.09

D226K 0.396 3.04 7.68 1.10

F228A 0.403 2.88 7.15 1.02

F228D 0.259 0.92 3.57 0.57

F228G 0.453 4.60 10.15 1.45

F228K 0.463 1.84 3.97 0.57

F228L 0.404 0.31 0.78 0.11

L224V/D226G 0.543 7.50 13.81 1.97
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Enzyme Km (mg/mL) Kcat Kcat Relative ratio

Wild type 0.448 3.14 7.01 1.00

H171A 0.491 0.63 1.28 0.18

K174A 0.414 1.68 4.06 0.58

K174E 0.287 0.32 1.11 0.16

K218A 0.374 2.34 6.26 0.89

K218E 0.34 2.68 7.88 1.12
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Enzyme Km (mg/mL) Kcat Kcat Relative ratio

Wild type 0.448 3.14 7.01 1.00

L224V 0.431 3.19 7.40 1.06

D226A/F228G 0.414 2.82 6.81 0.97

L224V/D226G/F228G 0.432 3.1 7.10 1.02
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Enzyme Km (mg/mL) Kcat Kcat Relative ratio

Wild type 0.448 3.140 7.01 1.00

N217D 0.526 3.959 7.50 1.07

Y306F 0.759 1.390 1.83 0.26



-33-



-34-



-35-

Σ Σ

Σ Σ

Σ Σ

Type of sample Mn(Da) Mw(Da) Mz(Da) Mw/Mn

No enzyme 601,901 2,386,985 27,621,329 3.96574

Wild type 349,846 1,281,910 7,093,282 3.66421

L224V/D226G 252,990 877,042 3,030,262 3.46671
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W165A, W165D, W165G,

는 활 이W165R, H171F, K218H, K308A, K308E, Y312F, K308H, Q314K Q314H

전히 없음을 확인하 다 특히 의 을 다른 아미노산으로 꾼. 165 tryptophan mutant

는 든 의 활 이 전히 제거되어 리는 것을 통해 의 아미노산인mutant 165

이 를 분해하기 위한 효 의 중 부위임을 확인할 수 있었다tryptophan alginate .
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논문제

활 개 알긴산 해효 개 에 한 연(alyVI)

Study on the development of improved alginate lyase (alyVI)

본 저 한 저 물에 하여 다 과 같 조건 아래 조 학 가 저 물

할 수 록 허락하고 동 합니다.

다- -

저 물 축 터넷 포함한 정보통신망에 공개 한 저 물 복제1. DB ,

기억 치에 저 전 등 허락함, .

적 하여 필 한 내에 편집과 형식상 경 허락함 다만2. . ,

저 물 내 경 금 함.

포 전 저 물 적 적 한 복제 저 전 등 금 함3. , , .ㆍ

4. 저 물에 한 기간 년 로 하고 기간종료 개월 내에 사 시5 , 3

가 없 경 에는 저 물 기간 계 연 함.

해당 저 물 저 타 에게 양 하거나 출판 허락 하 경 에는 개5. 1

월 내에 학에 통보함.

조 학 는 저 물 허락 후 해당 저 물로 하여 생하는 타 에6.

한 침해에 하여 체 적 책 않 .

학 협정기 에 저 물 제공 터넷 등 정보통신망 한 저 물7.

전 출력 허락함.ㆍ
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