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中 文 摘 要 ： 氧化酶與脫氫酶在醫學及工業分析等方面應用價值極大，L-

胺基酸氧化 酶利用氧化酶的特性，可用來作為各種 L-胺基

酸之定量分析。L-離胺酸氧化酶(L-lysine oxidase, KOD) 

自土壤分離菌(T. pseudokoningii)之麩皮固體培養基中分離

純化所得，為分泌型的糖蛋白質。本計畫將此酵素的基因選

殖於不同的表現系統中，希望能夠建立一套能夠大量生產，

且易於純化的酵素生產系統。在結構序列比對中，tpKOD 較

其他 LAAO 在 C 端缺失了一段保留性高的α-helix 序列，於

是利用 Site-Finding PCR 與選殖 cDNA 進一步確認序列的完

整性，結果 C端的確缺失一段 70 a.a.長度的序列，也解釋

先前重組蛋白表現不理想的原因。儘管利用各種預測軟體結

果都顯示無訊息胜肽，然而分析蛋白二級結構，tpKOD 蛋白

在 N端一開始就有一個頗長的α-helix，認為此一長α-

helix 應該屬於訊息胜肽，故選擇選殖 G39 起始之序列基

因。在進入保留性高之主要結構架構 1 (V87) 前的序列稱

為 N-extension，為了解 N-extension 序列的重要性，除了

構築全長基因外，再選擇從 G39 開始，約每隔 10 個胺基酸建

構一個重組基因，因此共構築 KO39、KO50、KO60、KO82 與

KO87 於 pET-24d 以及 pPICZ A 載體，另外將完整含有訊息

序列的全長基因選殖於 pPICZB 載體，共構築 13 個重組基

因，分別選殖於原核表現系統(E. coli)以及真核表現系統

(Pichia pastoris)，並進一步分析蛋白表現與活性。結果發

現所有含有完整 C端序列的 pET-24d 構築體皆可在 E. coli

表現，但卻不如 C-trucated KO8 的大量表現，蛋白主要以

inclusion body 存在；zB-preKO 轉殖菌株僅在菌體內有偵測

到蛋白表現訊號，顯示 P. pastoris 無法辨識 tpKOD 可能的

訊息胜肽，無法將 tpKOD 帶往蛋白分泌路徑(secretory 

pathway)，因此無法分泌於菌體外，但也暗示此真核系統表

現 tpKOD 蛋白的可行性，所有以 pPICZ A 為載體之構築體

同樣無法有效表現可溶性蛋白，推測 P. pastoris 的蛋白分

泌路徑系統對 tpKOD 蛋白無法做有效的蛋白摺疊。為分析 C

端序列的重要性，將 C端 helix 15 之後序列移除而構築

24d-KO50/r3、24d-KO81/r3、24d-KO87/r3 以及 aA-

KO50/r3、aA-KO82/r3 轉殖株，發現 24d-KO81/r3 的表現大

量提升，顯示不管 N端或 C端序列似乎都會影響表現量，惟

仍舊是不溶的蛋白。而 aA-KO50/r3 與 aA-KO82/r3 轉殖株不

管是在菌體內或菌體外皆無明顯的可溶性蛋白訊號，取濃縮

培養液分析，可偵測到微弱的活性反應。對於蛋白表現不如

預期的結果，推測除了可能正確的蛋白結構摺疊與轉譯後修

飾的原因外，認為蛋白的毒性可能也是重要因素。 



中文關鍵詞： L-lysine oxidase (KOD)、Site-Finding PCR、訊息胜肽、

蛋白表現、pET-24d、pPICZ A、pPICZB、Pichia pastoris

英 文 摘 要 ：  
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(Pichia pastoris)
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L-lysine oxidase (KOD) Site-Finding PCR pET-24d pPICZaA
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Abstract 

L-Amino acid oxidases (LAAOs) have received attentions as potential 

diagnostic reagents and industrial biocatalysts. L-lysine oxidase (KOD) was a 

secreted glycoprotein purified from filamentous fungi- Trichoderma pseudokoningii 

cultrured in wheat bran-containing solid medium. In this study, we cloned the tpKOD 

gene to prokaryotic and yeast expression systems, expect to establish a great quantity 

expression and easy purification procedure. At first, we confirmed the gene sequence 

integrity by site-finding PCR. Although the results of using various prediction 

programs showed no signal peptide, we analyzed the N-terminal sequence based on 

structural comparison. The beginning of N-terminal of tp -helix that 

was supposed to signal peptide. In order to understand the importance of N-extension 

sequence, starting from the G39, we constructed the recombinant genes at intervals of 

10 amino acids. Except for the presequence-containing gene, we have been cloned the 

G39-, G50-, S60-, L82 and V87-starting sequence to pET-24d and pPICZaA vectors, 

respectively. The presequence-containing gene were also cloned into pPICZB vector. 

Altogether we constructed 13 recombinants. All recombinants with pET-24d vector 

could be expressed by E. coli but presented as inclusion body and not overexpression 

as C-trucated KO8 transformer. zB-preKO recombinants could only express tpKOD 

enzyme in the cytosol. This is revealed that P. pastoris cannot recognize the signal 

peptide of tpKOD but implied the expression practicable of Pichia pastoris system for 

tpKOD. However, all recombinants with pPICZaA vector could not express the 

significant soluble proteins to medium and intracellular successfully. It is suggested 

that the signal peptide of tpKOD may interfere the secretory pathway of Pichia 

pastoris, or the folding system in secretory pathway is not suitable for KOD. To 

analysis the effect of C-terminal sequence, we removed the C-terminal sequence after 

the helix 15 and build the 24d-KO50/r3, 24d-KO81/r3, 24d-KO87/r3, aA-KO50/r3 

and aA-KO82/r3constructs. The 24d-KO81/r3 recombinant was also expressed as 

inclusion body but the expression was enhanced significantly. However, the 

expression of soluble fraction of aA-KO50/r3 and aA-KO82/r3 were not improved 

significantly. Protein is expressed, but it is not the expected activity or size. In 

addition to the effects of folding system and posttranslation modification, suggested 

the protein toxicity may be a important effect. 

 

 

Keywords L-lysine oxidase (KOD), Site-Finding PCR, signal peptide, pET-24d, 

pPICZaA, pPICZB, Pichia pastoris 
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L-

L- L-

hyperlysinemia L-

L- L- 350000 L-

(screen- 

printed electrodes) L-

[1] L-phenyalanine oxidase phenylketonuria (PKU)

phenylalanine L-glutamate 

oxidase L-glutamate

 

L- (L-lysine oxidase, KOD) Trichoderma 

pseudokoningii Ts75-2 (wheat bran)

116,000

58,000 FAD pH

5.0~9.0 L-lysine 100 L-ornithine

L-phenylalanine L-arginine L-tyrosine L-histidine 18.0 : 9.0 : 9.7 : 

7.3 : 4.5 (mouse erythroleukemic cell line) IW201 IW32.4.1

IW32.4.1 ID50 0.2 mU/ml

IW201 0.4 mU/ml [2]  
Trichoderma spp.

mycoparasitism
Trichoderma spp. (biocontrol) [3] tpKOD

Trichoderma spp
 

tpKOD

T. pseudokoningii KOD

T. pseudokoningii

 

 

 

L18 V87 E8 pET-24d pPICZaA

-E. coli BL21(DE3) Pichia pastoris KM71

8 tpKOD

pPICZB Pichia pastoris KM71 Pichia 

pastoris KM71



2 
 

E8

tpKOD

5 24d-KO8

Ni-NTA pPICZaA

tpKOD

tpKOD LAAO C

FAD domain -helix ( 1)

tpKOD C tpKOD C

 

 

 

1.  

(1) Escherichia coli INVaF  

(2) Escherichia coli DH5a  

(3) Escherichia coli BL21  

(4) Escherichia coli TOP10F : F´ (proAB, lacIq, lacZDM15, Tn10 (TetR)) mcrA, 

D(mrr-hsdRMS-mcrBC), f80lacZDM15, DlacX74, deoR, recA1, l-araD139, 

D(ara-leu)7697, galU, galK, rpsL(StrR), endA1, nupG  

(5) Pichia pastoris KM71 : arg4 his4 aox1::ARG4 

 

2.  
(1) pGEM-T cDNA  
(2) pET 24d 3.6 kb KOD  
(3) pPICZaA 3.6 kb KOD a-factor

 
(4) pPICZB 3.3 kb KOD  

 

3. Site-finding PCR[4] 

Guihong Tan Site-finding PCR ( 1) gene 

walking  

(1) Sitefinder extension nonspecific primer(SFinder1)( ) 95°C 

denature 25°C annealing KOD

68°C extension 1  

(2) PCR GSP1 SFP1 primer PCR

95°C denature 55°C annealing 68°C extension

30  

(3) PCR PCR GSP2 SFP2 primer

95°C denature 68°C annealing 68°C extension
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30  

 

4. cDNA  

Trichoderma pseudokoningii Ts75-2

5-7 RNA mini (Qiagen) RNA DNase I 

37 30 DNA Two-step cDNA

PCR 18 65 5

dNTP 1X MMLV Reverse transcriptase buffer

2 units MMLV Reverse transcriptase 42°C 1 PCR

1X PCR reaction buffer 2.5 units Taq 

DNA polymerase 95 3 95  1 55  1 72  

2 35 72 10 PCR

pGEM-T  E. coli INVaF  

 

5.  

-70 DNA

20 ml 30~60 42

heat shock 2 5 0.8 ml LB 

37 30~60 200 ml

37 12~16  

 

6. Pichia pastoris  

(1) (competent cell)  

5 ml YPD 30 0.5 ml

500 ml YPD 30 OD600 = 1.3-1.5 16-18

1500x g 4 5 500 ml 250 ml

20 ml 1 M sorbitol 1 ml 

sorbitol  

(2) (transformation) 

P. pastoris DNA

NsiI  DNA (alcohol oxidase 1)

 DNA DNA 5-10 mg 

(5-10 ml) DNA 80 ml 2 mm 

electroporation cuvette 5 Gene Pulser 1.5 kV 25 

mF 400 1 ml sorbitol

cuvette 1.5 ml 30 1-2

100 mg/ml zeocine YPDS 30

3-5  
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7.  

(1) : 

methionine auxotroph strain E. coli B834 (DE3)

LB broth 37°C

1/100 LB broth O.D600 0.7 IPTG

1mM 3~5  

(2) : 

P. pastoris (methylotrophic yeast)

(repressing carbon source)  

(alcohol oxidase)

(fomaldehyde) (hydrogen peroxide) AOX1

Pichia 30% [5]

(1) S. cerevisiae

(2) (3)

(4)  

EasySelectTM Pichia Expression Kit (Invitrogen Co.)

100 ml BMGY 30 OD600 = 2-6 16-18

1500-3000 x g 5 10 ml BMMY

30 24

0.5% 3-5  

 

8. (Western Blot)  

SDS-PAGE electroblotting

PVDF PVDF 10 (10% 

methanol, 10 mM CAPS-NaOH, pH 11.0) 200~500 mA 1~2

PVDF blocking buffer 5% , 1% BSA TBS-T

1 blocking buffer

1 TBS-T 15 PVDF

blocking buffer 1

TBS-T 15 ECL Western Blotting System

Kodak X-ray film  

 

9. (4-Aminoantipyrine ):  

(1 mM 4-aminoantipyrine, 

5 unit/ml peroxidase, 0.04 phenol) 500nm
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1.  

C Site-Finding PCR

PCR major band 0.3 1.2 Kb band

2a PCR 305 bp

3a-b 3

premature C 70

70 a.a. 2 helix helix 15

LAAO 3c 4

C tpKOD

tpKOD

intron RNA RT-PCR 

( 2b) cDNA tpKOD intron  

 

2.  

tpKOD C primer (KO-Not-r2, 

KO-Xba-r2 ) E8

(E. coli) (Pichia pastoris)

tpKOD N

pET-24d pPICZaA E.coli Pichia pastoris

 6xHis- tag C

pPICZaA a-factor

tpKOD

tpKOD tpKDO

pPICZB Pichia pastoris KM71

Pichia pastoris KM71

Pichia pastoris KM71

2 tpKOD  

pET-24d 24d-preKO

24d-KO8 pPICZaA pPICZB

aA-preKO aA-KO8 zB-preKO pET-24d E.coli 

BL21(DE3) pPICZaA pPICZB E.coli 
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TOP10F P. pastoris KM71

(homologus recombination)

 

 

3. preKO KO8  

(1)  

E8 C

tpKOD

E.coli BL21(DE3) IPTG 3 5

SDS-PAGE Western blot

24d-KO8 ( trucated KO8)

 

4 24d-preKO 24d-KO8 Western blot

24d-preKO 24d-KO8 55kDa 72kDa

( 5) trucated KO8 trucated 

KO8 (overexpression) 

( ) total protein

24d-preKO 24d-KO8 ( )

Ni-NTA agarose (Invitrogen)

flowthrough wash fraction elute fraction 24d-preKO 24d-KO8

( 5a-d) 2 2

(inclusion body) 8M urea 2

fractions ( 5e-f)

 

 

(2)  

aA-preKO aA-KO8 zB-preKO

P. pastoris KM71

3-5 

10 glass bead

aA-preKO aA-KO8 SDS-PAGE Western blot

aA-preKO aA-KO8

tpKDO -factor

tpKOD P. 

pastoris P. pastoris tpKOD
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pPICZB AOX1 -factor

P. pastoris

3-5 

10 glass bead

zB-preKO ( 6)

P. pastoris tpKOD tpKOD

(secretory pathway)

tpKOD

N-trucated tpKOD N

 
 
4. N  

(1) KO39 
tpKOD

PSIPRED Protein Structure Prediction Server
( 7) tpKOD N -helix

LAAO N
crLAAO milkLAAO N 25-35 a.a.

-helix -helix KOD N 40 a.a.
-helix Gly 39  

(2) KO50, KO60 
b1(V87) N-extension(

2) crLAAO
N-extension helical domain Y

O2 H2O2 H2O2

H2O2

H2O2

(apoptotic effect) N-extension
[6][7] Rhodococcus 

opacus LAAO (roLAAO) roLAAO
[8] KOD KOD

crLAAO (N-extension helical domain )
N N

N-extension crLAAO
N-extension 1-2 a-helix a-helix

KOD 60-70a.a. Gly 50  Ser 60
 

(3) KO81, KO87 
Rhodococcus opacus LAAO (roLAAO) N-extension

N-extension
KOD

Val 87 crLAAO
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b1 Glu 
81  

tpKOD primers( ) G39 G50 S60
E81 V87 (E. coli)

(Pichia pastoris) pET-24d
24d-KO39 24d-KO50 24d-KO60 24d-KO81 24d-KO87 pPICZaA

aA-KO39 aA-KO50 aA-KO60
aA-KO82 aA-KO87 ( 4)  

 

5.  
(1)  - 24d-KO39 24d-KO50 24d-KO81 24d-KO87 

4 Western blot 24d-KO87
55kDa 72kDa ( 8) C-trucated KO8

C-trucated KO8
(overexpression)  24d-KO87

(inclusion body) 8M urea 2
fractions KOD

Ni-NTA agarose (Invitrogen)
 ( 8c-d)

24d-KO39 24d-KO50 24d-KO81
inclusion body

 
 

(2) - aA-KO39 aA-KO50 aA-KO60 aA-KO82 aA-KO87 
3-5 

10 SDS-PAGE
Western blot ( 9)

tpKDO -factor
P. pastoris

tpKOD  
 

6. C  
Site-Finding PCR C E8

pET-24d (E. coli) 24d-KO8
E. coli C-trucated KO8 C

tpKOD C
-helix ( 7) C LAAO

2 a-helix ( 6 7) Loop 5
G50 E81 V87  (reverse 

primer :KO-Not-r3) 24d-KO50/r3 24d-KO81/r3  
24d-KO87/r3 aA-KO50/r3 aA-KO82/r3  

 
7. C (r3 primer)  
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4 SDS-PSGE 24d-KO50/r3
24d-KO81/r3 24d-KO87/r3 55kDa 72kDa

( 10) 24d-KO81/r3
( 10a) N C

inclusion body ( 10c) aA-KO50/r3 aA-KO82/r3
( 11)

 

crLAAO crLAAO E. coli
inclusion body P. pastoris

pPICZaA
0.4 mg/L [9] Trichoderma harzianum ETS323 LAAO

tpKOD 99% thLAAO pET-29a E. coli 
BL21 inclusion body urea 

refolding HisTrap
112 mg/L [10] N helix 
2 ( b1 ) C helix 15

LAAO

LAAO H2O2

tpKOD  
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Site-finding PCR primers 

Primer   

SFinder1 
CACGACACGCTACTCAACACACCACCTCGCACAGCGTCCTC

AAGCGGCCGCNNNNNNGCCT 

GSP1 CGCATCGGATCGTTGGTGAAGG 

SFP1 CACGACACGCTACTCAACAC 

GSP2 GAGCTCGTCGAGCTGATCCTGC 

SFP2 ACTCAACACACCACCTCGCACAGC 
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primers 

* restriction site  

 

Primer   

For pET 24d vector 

preKO-Nco-f ATACTATATTTGCAACCATGGACAATGTTGACTTTG 

KO8-Nco-f ATGGACAATGTTGACTCCATGGAATCTGTCCGAACCCGC 

KO39-Nco-f GTGCCCATGGGAATCCCTCCTCCAAACGAAGG 

KO50-Nco-f AGGTCCATGGGCGGCGGCTACTCTCACGAC 

KO60-Nco-f ACACCATGGCGTCTGATCCTCTCTATTCC 

KO81-Nco-f GAGCCATGGAACTGCCGCCTCGAAAGG 

KO87-Nco-f CCATGGTGTGCATTGTAGGCGCTGGTGTTTCC 

KO-Not-r2 TGCCGTAGTACCTCTTGCGGCCGCGATCTTCACCTGGTACTCC 

KO-Not-r3 CAAGGCGGCCGCCATCTTGTATTGTACAGGAACTGG 

For pPICZaA vector 

preKO-Eco-f CCAATACTATATTTGAATTCATGGACAATGTTGACTTTG 

KO8-Eco-f ATGGACAATGTTGACGAATTCGAATCTGTCCGAACCCGC 

KO39-Eco-f GAGGAATTCGGAATCCCTCCTCCAAACGAAGG 

KO50-Eco-f AGGGAATTCGGCGGCGGCTACTCTCACGAC 

KO60-Eco-f GAATTCTCTGATCCTCTCTATTCCAGC 

KO82-Eco-f GAATTCCTGCCGCCTGAAAGGTGTGC 

KO87-Eco-f GAATTCGTGTGCATTGTAGGCGCTGGTG 

KO-Xba-r2 TGCCGTAGTACCTCTTTCTAGATAGATCTTCACCTGGTACTCC 

For pPICZB vector 

BKO--Eco-f GAATTCAATAATGTCTAATGTTGACTTTGCTGAATCTGTCC 
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1. N C N C FAD

C. rhodostoma (crLAAO 1f8r) R. opacus (roLAAO 2jb2) LAAO

monoamine oxidase (huMAO 2c73) maize polyamine oxidase (maPAO 1b37) crLAAO

(SS) FAD
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(a)                                        (b) 

 

 

2. (a) Site-finding PCR DNA 

site-finding PCR (b) RT-PCR RT cDNA PCR (R)

RT RNA PCR negative control (N)  
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(a) 

GAAGCTCCACCACAGCCCCCCAAGGAGGATGAGCTCGTCGAGCTGATCCTGCAGAATCTGGCCCGCCTGCACGCTGAGCATATGACCTACGAGAAGATTAAGGAGGCTTACACGGGCGTA 1500 

 E  A  P  P  Q  P  P  K  E  D  E  L  V  E  L  I  L  Q  N  L  A  R  L  H  A  E  H  M  T  Y  E  K  I  K  E  A  Y  T  G  V 500 

TATCACGCCTATTGCTGGGCTAATGATCCCAATGTCGGTGGCGCTTTCGCCCTCTTCGGTCCCGGCCAGTTCAGCAATCTGTATCCGTACCTGATGCGGCCAGCAGCGGGCGGCAAGTTC 1620 

 Y  H  A  Y  C  W  A  N  D  P  N  V  G  G  A  F  A  L  F  G  P  G  Q  F  S  N  L  Y  P  Y  L  M  R  P  A  A  G  G  K  F 540 

CATATCGTCGGAGAGGCTTTCTAG 1644 

 H  I  V  G  E  A  F  *       547 

 

(b) 

GAAGCTCCACCACAGCCCCCCAAGGAGGATGAGCTCGTCGAGCTGATCCTGCAGAATCTGGCCCGCCTGCACGCTGAGCATATGACCTACGAGAAGATTAAGGAGGCTTACACGGGCGTA 1500 

 E  A  P  P  Q  P  P  K  E  D  E  L  V  E  L  I  L  Q  N  L  A  R  L  H  A  E  H  M  T  Y  E  K  I  K  E  A  Y  T  G  V 500 

TATCACGCCTATTGCTGGGCTAATGATCCCAATGTCGGTGGCGCTTTCGCCCTCTTCGGTCCCGGCCAGTTCAGCAATCTGTATCCGTACCTGATGCGGCCAGCAGCGGGCGGCAAGTTC 1620 

 Y  H  A  Y  C  W  A  N  D  P  N  V  G  G  A  F  A  L  F  G  P  G  Q  F  S  N  L  Y  P  Y  L  M  R  P  A  A  G  G  K  F 540 

CATATCGTCGGAGAGGCATCTAGCGTGCATCACGCCTGGATCATAGGGTCTTTGGAGAGTGCTTACACCGCTGTTTACCAGTTCCTGTACAAGTACAAGATGTGGGATTACTTGAGGCTG 1740 

 H  I  V  G  E  A  S  S  V  H  H  A  W  I  I  G  S  L  E  S  A  Y  T  A  V  Y  Q  F  L  Y  K  Y  K  M  W  D  Y  L  R  L 580 

TTGTTGGAGCGCTGGCAGTATGGTCTCCAGGAGTTAGAGACGGGGAAGCACGGTACGGCTCATTTGCAGTTTATTCTGGGTTCACTTCCCAAGGAGTACCAGGTGAAGATCTAA         1854 

 L  L  E  R  W  Q  Y  G  L  Q  E  L  E  T  G  K  H  G  T  A  H  L  Q  F  I  L  G  S  L  P  K  E  Y  Q  V  K  I  *           618 

AGCGAAAGAGGTACTACGGCATGGAGACGATTTTGGGTAGAGATTCTAGTATTCCAGCAGTTTCATGGAAAGTGTGATGTTTGTTAGTCCCACTT 

 

 

(c) 

 

 

 

3 KOD 3 (a) 3 (b) 3

site-finding PCR gene walking

premature C 70 (c) C

a-helix (a15)  
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(a) 

    

 

(b)                                   (c) 

     

 

4 pET 24d (a) pPICZaA (b) pPICZB (c) (a)lane 1: digested pET 24d 

(vector) lane 2: KO39 lane 3: KO50 lane 4: KO60 lane 5: KO81 lane 6: KO8-r3 lane 7: 

KO87-r3 (b) lane 1 lane 7: digested pPICZaA (vector) lane 2: KO39 lane 3: KO50 lane 4: 

KO60 lane 5: KO82 lane 6: KO87 (c)lane 1: digested pPICZB (vector) lane 2: preKO  
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 (a)                                   (b) 

                 

 

(c)                                   (d) 

           

 

(e)                                   (f) 

       

 

 

5 24d-preKO 24d-KO8  IPTG 4

SDS-PAGE Western blot (a-d) pEt-24d negtive 

control trucated KO8 C  a15 Ni-NTA 

agarose flowthrough wash fraction(20mM imidazole)

elute fraction(250mM imidazole) (e-f) T: total protein

(S) (I) 8M urea  
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6 zB-preKO 4 (medium)

(pellet) SDS-PAGE Western blot P: 

positive control  
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7 tpKOD



20 
 

                (b) 

           
 

(c)                                 (d) 

       

 

 

8 24d-KO 87 IPTG 4 SDS-PAGE

Western blot (a-b) T: total protein

(S) 8M urea (I) (c-d) Ni-NTA 

agarose flowthrough wash fraction(20mM imidazole)

elute fraction(250mM imidazole) inc.: 8M urea  
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medium 

 

(a) pellet 

 

 

(c)  

       
 

9 aA-KO 4 10 (a)

(b) SDS-PAGE Western blot KOD

native protein P: positive control (c) aA-KO60 4 10
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(a)                                      (b) 

     

 

(c) 

 

 

10 24d-KO50/r3, KO81/r3, KO87/r3 IPTG 4

(a-b) total protein (c) S: (supernant) P: 8M 

urea (pellet) C: pET-24d negtive control  
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(a) 

 

 

(b) 

 

 

 

 

11 aA-KO50/r3 (a) aA-KO82/r3 (b) 4 medium:

pellet: P: positive control of Western blot  
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1 Site-finding PCR [4]  
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2 roLAAO(a) crLAAO (b) FAD-binding domain( )

FAD ( stick model ) substrate-binding domain( ) helical 

domain( ) LAAO  N

b1 N-extension crLAAO N-extension helical 

domain Y N-extension

Rhodococcus opacus

roLAAO N-extension  [8]  
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