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Chapter 1
Introduction

The widespread of dioxin-like substances produced through usage of herbicides and coke
ovens have severe impact on the environment. Dioxin-like substance are known to be highly toxic to all
organism. Furthemmore, due to their stability, they reside in the environment for long pericds. The half life
for 2,37 8-tetrachlore-dibenzo-p-dioxin (TCDD) in scil and riverbed sediments was reported to be from 1
to 10 years ", Carbazole, a compound produced from impurities of fossil fuel, share the same plane
structure of dioxin and characterized as a recalcitrant chemical. It was also reported to have substantial
carcinogen effects'” . Recently, bacteria that can grow on carbazole as sole carbon and nitrogen source
have been isolated from the soil, other than carbazole, they also posses the ability to degrade diexin-like

chemicals'™ ™"

Cue to its widespread in the environment in low concentrations, diexins are difficult to be
processed by physical and chemical methods, Bioremediation is a method of utilizing microbacteria
ability to degrade pollutants that reside in the environment. In comparison to physical and chemical
methods, bioremediation provides an economical way to clean the enwvironment from recalcitrant
pollutants while leaving behind small impact on the environment. Bicaugmentation, subset of
bioremediation involves infroducing new bacteria to polluied area to improve the biodegradation of
pollutants. Method like this promotes the isclation of new bacteria with high activity for bicdegrading
recalcitrant pollutants.

Catabolisms of aromatic compounds in aerobic microbes start with introducing hydroxy groups
to the benzene ring. This reaction is conducted by the enzyme called dioxygenase. Degradation
pathways of naphthalene and biphenyl, members of polyeylic aromatic hydrocarbons (PAHs) family, are

very well studied"”

. The pathways starts with the production of cis-1,2-dihydro-1,2-dihydroxynaphthalene
and gis-2 3-dihydro-2,3-dihydroxybiphenyl from naphthalene and biphenyl respectively, This type of
dioxygenation i called angular dioxygenation. The angular dioxygenation also detected in
dibenzo-p-dioxin (DD}, fluorene (FM) and diphenyl ether (DE) degradation pathways''™. Products of
angular dioxygenation are unstable and ring cleavage easily occur producing cathecol dervatives. In the
carbazole pathway, 2 oxygen molecule are added to carbazole through angular dicxygenation to
produce a diol derivative which is later converted to 2'-aminobiphenyl-2 3-diol through spontaneous ring

cleavage™™* (Fig 1-1).

After the addition of hydroxyl groups to aromatic compounds, these compounds were cleaved
in 2 known ways, intradicl and extradiol dioxygenation. Intradicl dioxygenation is catalyzed by intradicl
dioxygenases which typically have non-heme Fe(lll) at their active site, Intradicl dioxygenases cleaves
rings at the C-C bond between the wvicinal hydroxyl groups. This type of cleavage is also known as



artho-cleavage. The latter type of dioxygenation is catalyzed by extradiol dioxygenases which possess
non-heme Fe(ll) at their active site. Extradiol dioxygenases catalyzes ring cleavage at the C-C bond
adjacent to the vicinal hydroxyl groups. This is also known as meta-cleavage™.

Extradiol dioxygenase have been classified into 2 families based on substrate specificity,
monocyclic and bicyclic substrates by Harayama and Rekik'™. Eltis et al. initially classified extradiol
dicxygenase based on phylogenetical analyses, Two families were suggested where type | enzymes
showed conserved consensus and type Il enzymes have low mutual sequence identity'™. Extradiol
dicxygenase have also been classified into 3 classes on the basis of sequence alignments as proposed

by Spence et al'”

. Class | of extradiol dioxygenase comprises of single-domain enzymes such as BphC2
and BphC3 from Rhodococcus globerulus PS8 Class 11 has a two-domain enzyme in which the
C-terminal demain binds Fe(ll) and is catalytically active. An example of class 1] enzyme is BphC from
Pseudomonas strain LB400, Class 11l enzyme has a two-domain enzyme in which the N-terminal
domain contains conserved histidine residues such as MhpE from E.coli. Spence et al. also proposed
the evolutionary relaticnship among the three classes. From the conserved histidine residues observed
from enzymes of the 3 classes, the duplication of class | gene followed by the mutation and loss of
function of M-terminal domain is thought to give class 1. Class 11l could be explained by duplication of

class T gene with mutation and |oss of function of C-terminal domain.

Structures of sewveral extradiol enzymes were determined by X-ray crystallography. Fe{ll)
ligands of BphC from Pseudomonas strain LB400 were determined as 2 histidine residuss and a
glutamate residue (His-148, His-210 and Giu-260) located in the C-terminal domain®, His-12, His-61
and Glu-242 act as Fe(ll} ligands in LigB from Sphingomonas paucimobilis SYK-G, a class [l enzyme.
Also revealed was a unique BaB stucture motif in class [l enzymes. This motif is repeated once in each
C-terminal domain and N-terminal domain. Structure of LigB did net reveal any structural motif. This
example shows that class 1l and class L1l enzymes are structurally different despite the evolutionionary
relationship hypothesis. However, the orientation of the 3 residues which held the Fe(ll) ion are almost
similar to BphC and LigB.

The car genes of Pseudomonas resinovorans CA10 have been studied most extensively
among other carbazole degrading bacteria™. Extradiol dioxygenase of strain CA10 is a class 11l extradiol
enzyme designated CarBaBb coded by carBs and carBb genes. Although most extradiol dioxygenase
are home-multimeric, CarBaBb is made of two proteins like LigAB enzyme. CarBaBb is made of CarBb,
a larger subunit which carries the catalytic site and CarBa, a smaller subunit which function remains
unknown. Although the catalytic site of this enzyme is on the larger subunit, activity was anly detected
when both profeing were expressed. CarBaBb showed strong meta-cleavage activity towards
biphenyl-type substrates but showed weak activity towards catechol-type substrates”™. The carBa and
carBh genes were also found in car genes of Sphingomonas sp. KA1, Significant differences between
Carcase and cangs gene cluster have been shown but the identity of CarBaBbea and CarBaBhby, is
40% (Fig. 1-2). Howevwer, the crystal structure of CarBaBb enzyme has not been determined.

-
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CarC hydrolase follows CarBaBb enzyme in the carbazole degradation pathway from both
strains CA10 and KA1™ It was proposed that this enzyme played an important role in substrate
speceficity for chlorinated aromatic compounds. CarCeap and CarCyay identity is shown to be 57% (Fig.
1-3)". Phylogenetic studies of this hydrolase indicate that it belongs to family of proteins with a/B folds.
Hernaez et al. indicated that hydrolases can be divided into several groups that correspond well
enzymes' preferred substrates'™. From this phylogenetic grouping, most hydrolases involved in the
degradation of monocyclic and bicyclic aromatic compounds are in group | and Il (Fig. 1-4)"* The
substrate specificity of CarC was similar to that hydrolases classified into group |, but CarC has closer
phylogenetic relation with group 111, This shows that CarC hydrolases have intermediate characteristics
and might be classified into a new group other than group |11,

Recently, more bacteria have been isolated from not only scil samples, but from marine
samples as well. Some are reported to have the abiliies to degrade a wide range of recalcitrant
compounds, Studies like there would lead to discoveries of novel pathways and enzymes. However,
without the understanding of mechanism of enzymes related to degradation of recalcitrant pathways, it is
difficult to develop a technology for enhancing biodegradation of xencbiotics. Studies on enzymes
includes characterization, biochemical analysis and structure determination. Hence, in this study we
conducied characterization and biochemical analysis on two enzymes belong to the degradation
pathways of carbazole from Sphingomaonas sp. KA1, The enzymes reported are meta-cleavage enzyme
CarBaBb and hydrolase CarC.
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Bacteria Substrates Enzymes Class
Rhodococcus sp. PG Biphenyl BphCzP& I
Ritodococous sp, RHAY Ethylbenzene EtbC il
Peeudomonas sp. KK3102 Biphenyl BphC i
Burkholderia cepacia LB400 Biphenyl BphC I
Faeudomonas fluorescens (PO Cumene CumC I
Fzeudomonas putida mt-2 Xylene ylE I
Pseudomonas resinovorans CA10 Carbazole CarBaBb 1l
Sphingomonas sp. KA1 Carbazole CarBaBb n
Rhodococous sp, DFAZ Dibenzofuran FinD1D2 m
Sphingomonas paucimobils SYK-6 Protocatechuate LigAB n

Table 1-1. List of bacteria, extradiol dioxygenases,

substrates and their classes



GCarBa_CA10
CarBa_KA1

CarBa CA10
CarBa_KAl

CarBb _CAT10
CarBb_KAl

GarBb_CA10
CarBb_KAl

GarBb_CA10
CarBb_KA1

CarBbh _GA10
CarBb KA1

CarBb_CA10
CarBb_KA1
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DAk ok Akl Gkl ok dokdekk [ ko T B & b= =

IPILFMG-MKE | PYVPY VN INTDP IPSARRCYALAES IRQA | EKRTPDGCRVAVVGAGG
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L SHWLCYPRHGEVSEKFDHMYMDEL VRGNAEKLYAMGNEA | | DOGGNAGVE ILTW I MAAY
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60

60
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120
119

179
179

239
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Mokt Dok okdekk, okl kD T kD sk ok kDL Dk KAk EEE
ASEASSGEKVFYEAMTOWF TG GGMEFHYK 269
TLPGRRAEK 1 YYEPMPOWMTGMGG 1 A1 V— 267

ekl ek sk ek lseklsekl D

" indicates positions which have a single, fully conserved residue

"' indicates that conserved substitutions have been observed

"' indicates that semi-conserved substitutions have been observed

Fig. 1-2. ClustalW alignments between CarBaBbcai and CarBaBbyas
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CarC _CA10
CarC_KA1

CarC_CA10
CarC_KAT

CarC CA10
CarC KA1

CarG_CA10
CarCG_KAl

CarG_CA10
CarG_KAl

MLNKAEQ I SEKSESAYVERFVNAGGVETRYLEAGKGOPY | L |HGGGAGAESEGNWRNY 1P 60

— VL AATAGRSVTVYRGME TYYHEQGSGDVVVLVHGGGAGADSMGNWRGYMP 50
TR ok kIdsk ok ok k% kD sekololololol %k doloksk kK

ILARHYRV | AMDMLGFGKTAKPD-~| EYTQDRR | RHLHDF | KAMNFDGKVS | VGNSMGGA 118
VLADRYRY | AVDMLGFGRTAKPADPEVF SOAARTDHLAGFLDALGLS-NVALVGNSMGGA 109
Dok DshokeoRoR olsoloR kR 0 Dls ok ek kDD D s sekisoRioloR

TGLGYSVLHSELVNALVLMGSAGLVVE IHEDLRP | INYDFTREGMVHLVKALTNDGFKID 178
SALGVAVERPGLVRKLVLMGSAGLVSK | DPALEPVLGYDFTREGM | RLVRALTTDNFQID 169

ot e o T TR I Lt N R R

DAMINSRYTYATDEATRKAYVATMOW | REQGGLFYDPEF | RKVPYPTLVVHGKDDKYVPY 238
DAMIDYRYALSVDPETRRAYSATMOW | RDOGGLYYEDDY | RR 1 TAPTL | VNGKLDKVVYPL 228
B = S R = B T e e R S T R S T =

ETAYKFLDL IDDSWGY | IPHCGHWAM | EHPEDFANATLSFLSRRAD | TRAAA 290

ANAYKFLEL |GPSWGY | MPDCGHWAM | EHPVDFARTTAAF |EAAG———— 274
= N - = - R T e = R T

"' indicates positions which have a single, fully conserved residue

"' indicates that conserved substituticns have been observed

""indicates that semi-conserved substitutions have been observed

Fig. 1-3. ClustalW alignments between CarCcaso and CarCyaq
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Chapter 2

Determination of growth conditions for expression of
2'-aminchiphenyl-2,3-diocl 1,2-dioxygenase {CarBaBb) from Sphingomonas sp. KA1

21 Introduction

Among class |1l extradiol dioxygenases reported, most of them are single-subunit proteins, Still
very few two-subunit extradiol dioxygenases were reported. Two-subunit meta-cleavage enzymes are
considered to be unique as both subunits are needed to be active enzymes. It is also intriguing as how
two-subunit extradiol dioxygenases related in the evolution of the extradiol dioxygenase family.

CarBaBb from Pseudomonas resinovorans CA10 was extensively studied. High yields of
CarBaBbpasn were achieved from Ecoli expression and biochemical and structural studies were
possible. Although CarBaBhby., has amino acid identity to CarBaBbe,,. CarBaBby,, expression levels
were low in £.coff hosts making studies difficult. In this chapter, several experiments were conducted to

determine the optimal expression condition for CarBaBhy., in E coli host,

14



2.2 Materials and Methods

2.21 Media and reagents

Composition and preparation of medium and buffers used in this study are shown in table 2-1.

2.2.2 Chemicals

Chemicals used for buffers used in this study such as nuclease and protease tested
tris{hydroxymethyllaminomethane and sodium chloride are products of Nacalai tesque, inc (Kyoto,
Japan). Glycerel and imidazole are from Kanto Chemical Co., Inc. All chemicals were of analylical or
molecular biclogy grade and of the highest purity available.

2.2.3 Enzymes and Kits

Plasmid High Purity Extraction kit (Roche) was used for plasmid maintanence according to
manufacturer's protocol,

224 Bacterial strains, plasmids

Bacterial strains and plasmids used for this study are shown in table 2-2.

225 Molecular genetic methods

2.2.51 Preparation of plasmid DNA

Plasmids used in this study were pericdically prepared using either E.coli strain DRHSa or
JM108. Plasmids were extracted from £ codf cells using High Purty Extraction kit (Roche). Purity and
concentration of plasmids were inspected using UVivis spectrophotometer (GE Healthcare). Extracted

plasmids were stored in dH;0 or TE buffer at 20 "C until use,

2.2.5.2 Preparation of competent E.coli

Preparation of competent E cofi was performed following method described by Hanahan
(1988), E. colf strain was streaked directly from glyceral stock onto the surface of an ¢b medium plate and
incubated at 37 “C for 16 hr. A colony was inoculated into 5 ml of ¢b medium and grown at 37 "C until
0.D.555 reaches 0.3, Cells were transferred into 200 ml of ¢b medium and shake at 18 "C until 0.0 =5
became 0.48. The culture cell was kept on ice for 5 minutes and centrifuged at 3000 rpm at 4" C for 5 min.

The cell pellet was washed thoroughly with 20 ml of Tfbl solution and kept on ice far 15 min. Next, the

15



washed cell pellet was resuspended with 2 ml of Tibll solution and dispensed into aliquots (100 plin 1.5

mi tubes), The aliquots were snap-freezed in dry ice and stored at -80 “C until use.

2.2.5 3 Transformation of E.coli with plasmid DNA

Plasmid DNA was transformed into chemically competent Ecofi using standard method
(Sambrook et al., 198%9). Plasmid DMNA or ligated preducts were mixed with 100 ul of competent cells and
the tube was kept on ice for 30 minutes. Then the mixture was subjected to heat shock at 42 “C for
exactly 45 seconds and immediately chilled on ice for 2 min. 500 pl of SOC medium were added to the

tube and incubated at 37 "C for at least 30 min. The mixture was spreaded onto 2x¥T plates containing

appropriate antibiotics. The plate was incubated at 37 “C for 18 hr until colonies appear.

16



2xYT medium (per liter)

va medium (per liter)

Bacto-tryptone 16 g
Bacto-yeast extract 104g
MaCl 59
Bacto-agar ({if needed) 158 g
LB broth (per liter)

Bacto-tryptone 16 g
Bacto-yeast extract 1049
MaCl 5g
Bacto-agar (if needed) 15g

Bacto-tryptone 5g
Bacto-yveast extract 2009
MgSQy TH.0 349
Bacto-agar 159
50C medium (per 100 ml)
Bacto-tryptone 29
Bacto-yeast extract 05g
MNaCl 0050
250 mi KCI 1 mi
1M Glucose® 2 mi
0.5 M MgCly* 2 ml

* Added after autoclave

Table 2-1 Media compositions.



Bl

‘splwsejd pue sulens |ELIB}oEY 'Z-Z FqeL

£00Z (e 18 2nou| YNQ LM LIS JO UasSUl [J4003T JO Oy-8 € Ulm (-)XS (1 1duosenigd ' dy LOLMgd

ggegies pajea|dng
£00T "B 12 BIEM| _ _ _ gzgvond
Aluwepue) seuied 'GZoyond wol uesul BS-Iyds oL UM SZevond dy

gHEFIED S81IED 'HagHYD L d Wol)
£00Z |2 18 Blem| _ §zsvond
yasul [Bg-1/es pue JegyyLd wol) Wasul [6g-1yds -0 Yiod yim aLLond ' dy

uaBeaopn Jejoweld /| 'og) 'uibuo zzeHad | ggz-13d
splwse|d
L1y} 'ggnay
QZNUS BIENE| _ ) . _ _ . _ . _ LOLEH ffo2 BlyouBLy0sT
L= 'g-Ax pzTsdl guMiel 'LAoe ‘gyoud 'ypl-Bie 'glyoss Huw-Duow)y pr3dns
usberon {€3Q) ‘wap yebd " ( Bw 9} Egpsy 'fowo ' (£30) 1278 Hoo elyousyos3

[GLNVZoE 'y o) ' gyoud 'gegey) 4ilgvoid-og)
OZNUS BIEYE| BOLNE 100 Brysuayosg

TV Lyied pp3ans (weow) ple MW M) Ldpesy Ly 'gevadE Lypue Lyosd

Lwiad ‘agywiAl - 'y pr3dns woyd
OZNUS BIEYE] ; DSHO oo BlouaLasT
AW A LSy CLypus 'Lyoas 'yoep 'sgln(gfie-wAZzoe Y 'SLINTZo8p0sd ' 4

suless |eliajoeg

S30Ua13jal 10 S30IN0S sonsuajoeIey] | spiwise|d 10 SUlenS




Sal

!xzm_ EammHI

carBb

L\

P
Ll

pUCA525 LacZ L Byl

— carBa

Xhal

Sohl
ColE1or

BamH|

carBb

et

Bgil

carBa

Xba

Sall

pUCAS26 LacZ ____F/__ BamH|
T

carBb

ColE1or

| Bgii

Y T carBa

| xbal

P

Sphl

Fig. 2-1. Plasmid construction of pUCAS525 and pUCAS526.

149



2286 Optimizing growth and expression conditions for ht-CarBaBb

Expressions with double tandem gene insert

Plasmid pUCA525 and pUCAS268 are similar except the later has a pair of genes coding

ht-CarBaBb protein which was inserted tandemly. To assess the expression level of both plasmids, each
plasmid was transformed into £ colf BL21{DE3) and grown in 2xYT medium. Extract of cells were taken

and were analyzed using 15% SDS-PAGE gel.

Optimizing growth and expression condition for CarBaBb

To obtain maximum yield of CarBaBb protein, expression conditions need to be optimized.
Several known factors affecting protein expression such as growth medium, growth temperature, IPTG
induction time, expression host were tested to find the best expression for this protein.

Growth medium

To test the most suitable growth medium for CarBaBb expression, 3 medium LB broth, 2xYT
medium, Buiyon medium were tested. Plasmid pUCAS26 was transformed into E.coli BL21(DE3) and

grown at 37 "C for 12 hours using selected medium containing 100 pg amphicillin. Two ml of cells were
centrifuged and sonificated {Branson Digital Seonifier 250 using 20 mM Tris-HCI pH 7.5 as buffer,
Crushed cells were centrifuged at 15000 rpm, 15 min (Tomy MX-301) to separate insoluble fractions,
Expression levels of each fraction were analyzed using 15% SDS-PAGE gel.

Growth temperature

Optimal growth temperature were tested with 30 "C, 37 "C and 40 "C. Plasmid pUCAS26
transformed E.coli BL21(DE3) were pre-cultured in 5 ml 2xYT medium at 37 "C for 3 hours before

incoulated into 200 mil flasks of 2x¥YT at different temperatures. Cells were grown for 12 hours before
analysis with 15% SDS-FAGE gel,

PTG induction time

IPTG induction timing to produce most proteins were tested by addition of IPTG (final
concentration 1 mh) at different growth stages, O.D.400 0, 0.5 and 1.7. Samples were taken penodically
after application of IPTG and were analyzed by SDS-PAGE.

20



Expression host
Several £.colf strains were used to obtain maximum protein expression. E.coli strains tested
were DHS5a, JM108, HB101 and BLZ21(DE3). Each strain were transformed with pUCAS26 and were

grawn with 2xYT medium. Each strain were sampled to be analyzed with SD5-PAGE,

Erlenmever buffled flasks and Sakaguchi flasks

2 types of flasks were used for growing expression host in this study, the 500 ml Erlenmeyer
buffled flask and 500 ml Sakaguchi Aask . 200 ml 2xYT medium were filled in each flask with appropriate

antibiotic. Erfdenmeyer buffled flasks were shaken in a circular motion while Sakaguchi flasks were

shaken in a reciprocal motion. Flasks were shaken at 37 C.

2.27  Preparation of crude extract samples (small-scale)

Crude extract samples were prepared by sampling 2 ml of bacteria and centrifuged in 2 ml
tubes at 5000 rpm (TOMY MX-301) 4 “C for 10 min. Medium were discarded and cell pellets were
resuspended with 1 ml of ice cooled 20mM Tris-HCI pH 7.5 10% glycerol buffer. Cells were later
sonicated with microtip { 0.5 seconds pulses of 30 seconds at 30% output) with the tube submerged in
ice. Sonicatications were repeated 3 times with 2 min of chilling on ice in between. Sonicated samples
were then centrifuged at 15000 rpm 4 "C for 30 min to separate soluble and insoluble fractions. Soluble

fractions were moved to fresh tubes and insoluble pellets were resuspended with 1 ml of the same
buffer.
228 SD5-PAGE

SDS-PAGE analysis were performed according to Laemmii methed using Bio-Rad Mini
PROTEAM-3 apparatus. Chemicals and compositions of gels used in this study are shown in table 2-3.
LMW kit E standards {Amersham Biosciences) ranging from 14.4 — 87.0 kDa were used as protein
standards. SimplyBlue Safe stain (Invitrogen) was used for staining of gels according to supplied
protocols.

Chemicals:

Acrylamidel/Bisacryamide mixture {19:1) (Bio-Rad Lab.)

10% Ammonium peroxodisulfate (APS)
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4x Tris-HC1/ SDS (pH 6.8); Concentration gel buffer

4x Tris-HC!| / SDS (pH 8.8), Separating gel buffer

N AN N N -Tetramethylenediamine (TEMED)

2% 508 sample buffer

dx Tris-HCI / 503 buffer (pH 6.8) 25 mi
Glycerol 20 ml
sDS 49
2-Mercaptoethanal 2mi
Bromophenal blue 1 mg

Mixture is filled up to 100 mi with DW

10x SDS | electrophoresis buffer

Tris 15:1.g
Glycine 72.04g
SDS 50g

Mixture is fillep up to 500 ml with DWW
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Separation gel

Concentration gel

10% 12% 15%

30% (wiv) Acrylamide/Bisacryamide | 1 g6 ml | 200ml | 250 mi w22l
DW 208ml | 1.75ml | 1.25ml 1.02 mi
4x Tris-Hecl f SDS 125 ml 042 ml
10% APS 17 4 8 ul

| TEMED 3 2

Table 2-3. Composition for SDS-PAGE mini gels.
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23 Results

Expression with double tandem gene inserts

Expression level difference was tested between pUCAS25 camrying 1 copy of carBaBb genes
and pUCAS26 carrying 2 copies of carBaBb genes. Strong bands of approximately 30 kDa appeared.
This band was not observed in the cells harboring pUC119 which served as a negative control. This
relative molecular weight corresponded well to CarBb subunit deduced amino acid sequence of . CarBa
subunit was not observed due to the its small molecular weight and the poor reseclution of 15% glycine
gel at low molecular weight regions.Cells harboring pUCAS26 expressed more CarBaBb protein.
CarBaBb protein expression increased with IPTG induction time length for both plasmids,

Growth temperature

Expression level for growth temperature 30 "C, 37 “C and 40 "C was examined. CarBaBb
was expressed the most when cells were grown at 37 "C. Cells grown at 30 "C showed moderate

expression while 40 ~C showed almost no expression of CarBaBb protein,

PTG induction time

Cells that were induced during exponential growth phase (0.0, 0.5) produce more CarBaBb
with time. The production of CarBaBb was maximum at approximately 16 hours after PTG induction.
Cells that were induced during stationary phase (0.D. 1.7) showed similar expression pattern, increasing
with time, In comparisan, cells grown with 1PTG added during stationary phase produce more CarBaBhb
than.cells induced during exponential phase.

Expression hosts

All strain tested showed no significant difference in expression level for CarBaBb. Among the
hosts tested, strain BL21{DE3) produced the least CarBaBh in the insoluble fraction. This proved that
BL21(DE3) has better compatibility with expressing CarBaBb proteins.

Erlenmeyer buffled flasks and Sakaguchi flasks

Both flasks showed contant increase of CarBaBb proteins with growth time. But, cells grown in
Sakaguchi flasks expressed more proteins. The mass expression of CarBaBb protein is due to the better
aeration from the to-and-fro shaking of Sakaguchi flasks comparing to the conventional rotation shaking
of Efenmeyer buffled flasks.
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