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Abstract

Epoxide hydrolases (EHs) of fungal origin have the abititgatalyse the enantioselective
hydrolysis of epoxides to their corresponding diols. Hmvewild type fungal EHs are
limited in the substrate range and enantioselectivity, additionald type fungal EH
productivities are relatively low. Recombinant DNA teclugyl has been previously used
to overproduce these enzymes in expression systerhsasile coli and A.niger and P.
pastoris. EH encoding genes fromhodotorula araucariae were cloned and functionally
expressed ir¥. lipolytica, under the control of a growth inducible hp4d promotédre
transformation experiments yielded only two positive muftictransformants, which were
assessed in flask cultures. The selected transformantndenated a 4 fold enhanced EH
activity over the transformant. The transformant was tvaluated in batch and fed batch
fermentations, where the batch fermentations resulted in ~ifB@%ved EH activity from
flask evaluations. In fed batch fermentations, differgracic feed rates were tested. A
specific feed rate of 0.1 g'di’ resulted in the highest EH activity of 1750 mU.mgdw
compared to maximum production levels of 0.3 mU.md diov the wild type R. araucariae
and 52 mU.mg di¥ E. coli. A 2.7-fold increase was observed from shake-flask

fermentation to the fed-batch fermentation.
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Introduction

Epoxide hydrolases (EH’s) are enzymes that catalysetrrs addition of water to
epoxides, resulting in the formation of the correspondiegal diols. EH’s have been
found in a wide variety of organisms, such as pldmsteria, fungi, mammals, insects and
yeasts and are hence regarded to be ubiquitous irer(&aiijers et. al, 1999; Visser et. al.,
2002 and Labuschagne et. al., 2006). Of these, sokibdldsEH) and microsomal EH
(mEH) are the best studied due to their broad substratfisggy and their role in the
detoxification of epoxides derived from xenobiotic or endmges compounds (Oesch,
1973). Stereochemical investigations have concluded thatattrisctive biocatalyst is
responsible for the production of valuable chiral buildingcké (enantiopure epoxides and
corresponding enantiopure vicinal diols), which are usethe preparation of complex
enantiopure bioactive compounds or as end products witbgisal activity (Krieg et. al,

2001, Weijers et. al, 1999; Visser et 2000; Botes et al. 1998).

Highly enantioselctive EHs have been found in bacteriah@r et al. 1996; Ospiran et al.
1997) and fungi (Zhang et al. 1996; Grogan et al61®8®dtes et al. 1998). A screening of
25 different yeast genera for the hydrolysis of Ji@xgoctane resulted in the selection of
Trichosporon, Rhodotorula and Rhodosporidium , which belonging to the bacidiomycetes
genera and that displayed the asymmetric hydrolysiseoéploxide (Boets et al 1998) . The
Rhodotorula araucariae CBS 6031 isolate demonstrated an enantiomeric excess (e.e)
values > 98% and enantiomeric ratid)(B200 (Botes et al. 1998; Yeates et al. 2003). As a
result, EH encoding genes froRinodotorula have been expressedbn coli (Visser et al.

2002) and the dimorphic fungusyarrowia lipolytica (Labuschagne et al. 2004;

Labuschagne et al. 2006). The genes used for this atedys used by Visser et al., (2002)
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In addition to these studies, other novel EHs were clored flifferent fungi, including
Xanthophyllomyces dendrorhous (Visser et al. 1999)Aspergillus niger (Arand et al. 1999)

andRhodotorula glutins (Visser et al. 2002).

Heterologous protein production using yeast as host is wellndented(Russo M et al.,
2005; Ramchuran et al., 2005; Kang et al., 1998. Rec¥nligolytica has been developed
as a suitable expression host for a variety of recombprateins (Nicaud et al., 2002). The
potential capacity of this yeast for heterologous enzymeuptimoh has been demonstrated
in a cyclic fed batch process strategy for the productioncef a-amylase (Chang et al.,
1997). Furthermore, heterologous lipase activity of 8080mL" was achieved in fed
batch fermentations using lipolytica as an expression host and by increasing the number
of copies of theLIP2 gene under the control of tlROX2 promoter (Nicaud et al.2002).
Therefore, it is not surprising that lipolytica is emerging as an efficient host for the
production of heterologous proteins. A wide range of sgkcmarkers, promoters,
secretion signals and stable site directed or random ititegraf either single or multi-

Copy expression cassettes into genome are availakll@gaxpression system.

Labuschagne et al., 2004 and 2007, expressed EH iegcgenes fronR. mucilaginosa
and R paludigenum as single copy insertions int¥. lipolytica and demonstrated
production levels only at flask scale. In this study weesssd both the multi-copy
expression potential of. lipolytica using EH encoding genes fro araucariae and its
hetelogous protein production capability in flask, batcid ded batch fermentations.
Furthemore, fed batch fermentation employing differgeicgic nutrient feed regimes and

evaluation the effect on enzyme production yields was cdeedudo our knowledge this



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

work is first demonstration of multi-copy expressionsbt encoding genes M. lipolytica

and the evaluation of specific glucose feed rates oprtiguction EH

Materials and methods

Strains and plasmids

The expression host. lipolytica Polh was from Madzak et al. (2004) and expression
vector pINA1291 was from Nicaud et. a(2002), theeph gene (epoxide hydrolase gene)
was fromR. araucariae (NCYC 3183).Escherichia coli TB1 (New England Biolabs,
Beverley, MA, USA) was used as the host during plasoodstruction. Restriction
enzymes for DNA cleavage and ligation were from Ferase(¥ilnius, Lithuania) and used
according to manufactures instructions. Oligonucleotidese sgnthesised by Integrated

DNA Technologies (Coralville, IA, USA).

Vectorconstruction

Plasmid pGEM-T:25 (Labuschagne, 2003) was digested BathHI and BInl and the
DNA fragments were separated by electrophoresis anflgad using GFX™ PCR DNA
and Gel Band Purification Kit (Amersham Biosciences, Ammerg UK). The expression
vector (pINA1291) was similarly digested wiBamHI and BInl and dephosphorylated
using Antarctic Phosphatase (New England Biolab’s, BeyeMA, USA). Theeph gene
and pINA1291 were subsequently ligated overnight “&. 4The resulting plasmid was
designated pYL25HmMA (Figure 1) with ti aucariae eph gene under the control of the
growth-phase inducible hybrid hp4d promoter and transdrmtoE. coli TB1 using the
Bio-Rad Gene-Pulser (Hercules, CA USA). Screening ofBHlweli transformants was

conducted by PCR screening using the following gene-épedmers:
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25-fwd (19 mer): 5'-GTG GAT CCA TGA GCG AGC A-3'

25-rev (20 mer): 5'-GAC CTA GGT CAC GAC GAC AG-3

Transformation of. lipolytica Polh

Positive E. coli transformants were selected and cultivated overnight & 8v50ml of
LM (1% yeast extract, 1% tryptone, 0.5% NaCl) medium Rmppnted with 50 pg/ml
kanamycin on an Innova rotary shaker (New Brunswitttison, NJ, USA) at 200rpm.
Large-scale plasmid purification of pYL25HmA was carried osing Qiagen’s Plasmid
MIDI kit. The isolated plasmid DNA (5 pg) was digesteihwNotl to release the ~4 kb
expression cassette, which was separated by agarbseleggophoresis and purified
similar to above. The cassette is bounded byz&tee regions and contains thea3d4
marker which is required in multiple copies to compleméset auxotrophy of the host
(Juretzek et al 2001) and the hp4deph gene -LIP2; fragment to be integrated into the
host genome. Transformation ¥flipolytica Polh was conducted according to Xuan et al
(1988). Colonies appearing on YNBcasa selective pl@¥#sdlucose, 0.4% NI, 0.2%
casamino acids, 0.17% yeast nitrogen base without amine anul without ammonium
sulphate, 0.03% leucine, 1.5% agar) after 7 — 14 days transferred onto fresh plates and

sub-cultured.

Screening and clone selection

The Y. lipolytica transformants were subjected to genomic DNA isolation §viliz
Genomic DNA Purification Kit, Promega, Madison, WI, US#om overnight cultures
grown in YPD (2% peptone, 2% glucose, 1% yeast extratlle genomic DNA (50ng)

was subsequently used as the template for PCR screesiimggain Eppendorf Mastercycler
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Gradient PCR machine (Hamburg, Germany) using 25@hkach primer listed above at
an annealing temperature of 50°C for 1 min. The presehPCR products of the expected
size was taken as confirmation that integration of the aeleexpression cassette had

occurred in the genome ¥f lipolytica Polh.

Positive clones were grown on selective agar plates (inA#byeast nitrogen base; 0.4%
m.v! NH4Cl; 0.03% m.¥ leucine; 2.0% m.v glucose and 1.5% ni‘vagar) for 5 days.
Clones were evaluated for recombinant EH activity bypdierring a single colony into
(100mL) liquid media (1.5% mi{yeast extract; 0.89% ni'vmalt extract and 0.67% m'v
dextrose monohydrate) and cultivating flasks atC2&t 150 RPM (Innova 2300, New
Brunswick Scientific, Edison, NJ) for 5 days. A finalngde was taken and epoxide

hydrolase activity using whole cells were measured.

Culture Maintenance and Inoculum

The selected clone was streaked on selective agar pla7é$ (n.v* yeast nitrogen base;
0.4% m.v' NH,CI; 0.03% m.V leucine; 2.0% m.v glucose and 1.5% m'vagar) and
grown for 5 days, a single colony from this plate wagimated into growth media (1.5%
m.v' yeast extract; 0.89% ni'vmalt extract and 0.67% ni~dextrose monohydrate) pre-
sterilized for 20 min at 12C, and cultured for 24 hours at®8at 150 RPM (Innova 2300,
New Brunswick Scientific, Edison, NJ). Cultures were epyeserved using 25% Vv
sterile glycerol as described by Meza et al. 2004. Thesepreserved cultures were used
as starter inoculate for all experiments by inoculating 1wayanto 700mL of growth
media and cultured for 21 hours at°@8and 150RPM (Innova 2300, New Brunswick

Scientific, Edison, NJ), before transferring to fermenters.
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Evaluation of selected clone in Batch fermentation

All fermentation experiments were conducted in Braun @ I&rmenters (Braun,
Germany). Duplicate fermentations, containing 9.3L of initiedrge fermentation medium
(as stipulated in patent W0O/2007/010403), was inoculated WidmL inoculum at an
optical density (Osonm) Of ~ 20 and a cell concentration of 1.82 X 1#3.39 X10
CFU.mL™. The fermentation temperature was maintained %€ 280.1, aeration at 1 vvm

+ 0.003, impeller speed at 500 - 1000 rpm and pH at®®4 with NHOH (25% m.v)

and HSO, (20% m.mY). Dissolved oxygen was maintained above 25% saturatjon b
varying impeller speed. Analysis of the fermentation ezxhgases were conducted using a
Uras 10E, Hartman and Braun gas analyzer (Braurm&wey). Oxygen utilization (OUR)
and Carbon dioxide evolution (CER) rates were calculatdtheo by MFCS software

(Braun, Germany.

Fed Batch Fermentation

The fed batch fermentation evaluation was conducted oretlige and control parameters
as for the batch fermentations. Four fermentations ¥eete 60% m.il glucose solution
at varying specific feed rates, using a gravimetric feedrober to accurately maintain the
desired feed rates. Sugar feed commenced when idaakglucose concentration dropped
below 5 g.I*. Specific feed rates were calculated from an avedagecell weight total
obtained from batch fermentation data and each fermemtatis fed at different specific
feed rates equating to 0.068, 0.085, 0.1 and 0.12hy-gespectively. Specific feed rate is a

representation of the amount of sugar fed per gradrytell weight per hour (Hellwig et
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al. 2000). The theoretical OUR at a specific feed rate# §.g".h™ was calculated to be
200 mMol.L*.h?, which is the near maximum limit obtainable in conventionalestitank
reactors at production scale. This was used as the basisléction of the highest specific

feed rate and varied at 20, 30 and 40 % increments emaximum.

Sampling and analysis

Fermentations were sampled four hourly and analyaedgtical density at 660 nm using a
Genesys 20 spectrophotometer (Spectronic, NY,USA)y,cdil weight (Jolivalt et al.,
2005), glucose concentration using a Dionex HPLC (GRadd' PA1 column, Dionex,

MA, USA) and epoxide hydrolase enzyme activity.

Determination of Epoxide hydrolase activity

1,2- Epoxyhexane was selected as the substrate dueilabdity and it being considered
as one of the preferred substrates for the selected @lotter et al., 2000). Samples were
assayed for volumetric epoxide hydrolase activity (umolimuta®. mL™) towards 1,2-
epoxyhexane (200mM). 1,2-Epoxyhexane was addedit@laconcentration of 200mM to
500ul cell suspensions (2.5% wet weight.voltlinie potassium phosphate buffer (50mM,
pH 7.5 containing 20% vV glycerol). The reactions were incubated (25°C) on an
eppendorff shaker with gentle shaking. The reactions witiated with the addition of
substrate and allowed to react for 10 minutes; theretesamples were stopped with the
addition of 500ul of ethyl acetate for extraction. Theysles were vortexed for 30 seconds
and centrifuged in a bench top centrifuge (HeraeutuB@Pico, Germany) at 13000 rpm.
The organic fractions were dried over anhydrous magmesulphate and submitted for

quantitative non-chiral 1,2-Epoxyhexane analysis by ges@dtography (GC).
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Non-chiral GC for the quantitative analysis of 1,2-egwe®ane bioconversion was
performed on a Hewlett Packard 5890 series Il gasnwmagraph (GC) equipped with
Flame lonisation Detector (FID) and Agilent 6890 sewde$o sampler injector, using
hydrogen as a carrier gas at a constant column hessupeeat 10psi. The analysis of 1, 2 -
Epoxyhexane was achieved using a non-chiral capillaryc@@mn MDN 5S (Supelco)
30m length x 0.25mm internal diameter x 0.25um film thicknasd 10mM 1- Heptanol
(Sigma-Aldrich) as the internal standard. The injection taMpre was maintained
constant at 250°C, detector temperature at 300°C, guxtion volume at 1.0 pL and split
ratio at 50:1. The oven temperature programme was asviollie initial temperature of
50°C was maintained for 1 minute, increased at a rat®® per minute to 220°C, and
maintained at this temperature for 2.5 minutes. The retetiti@s (Rt) in minutes were as

follows: 1,2-epoxyhexane = 2.8, 1-heptanol = 4.3 a@eh&xanediol = 5.0.

Data analysis and calculations

All fermentation data was subjected to stringent analysisnaodelling. The 2 order
polynomial fit to fed batch dry cell weight totals, plotteciagt time, was significant, with
r> > 0.9, the resultant quadratic equation was used to modehtieell weight up to an age
of 68 h Modelled Dry cell weight Total (g) = Ay® + By + C), werey = age (h). The dry cell
weight and enzyme productivities were calculated aslatgni by Chang et.al. 1998 and
Nori et al. 1983. The specific feed rates were calculasedescribed by Hellwig et al.
2000. Yield co-efficient calculations for dry cell weight da on sugar and oxygen was

conducted as stipulated by Papanikolaou and Aggelis, 2f@id of product on sugar
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(Yps), yield of product on oxygen (¥), yield of biomass on sugar ¢ and yield of

biomass on oxygen (¥) were measured.

Results

Multicopy Transformation Y. lipolytica and evaluation of clones in shake flasks

Due to the low transformation efficiency of thelipolytivca system (Madzak et al. 2004),
only two clones designated YL1 and YL2 were obtaindte $creening of these clones,
based on recombinant EH activity, revealed a significarérdiice in enzyme activity
levels at the end of the five day flask fermentation betwbenclones. The YL1-clone
displayed the highest final EH activity of 6.82 + 1.30 ohmin™.L™ which was
approximately 4-fold higher than the YL2-clone. Therefdine YL1 clone was selected for

further investigations and subsequently designated coh3th25.

Batch Fermentation.

Clone YL25 HmA was then evaluated in batch fermentatiorh vaih initial glucose
concentration of 20% mv A lag phase of ~ 5h was apparent after inoculation aad th
culture grew at a specific growth rate of 0.2338. The highest dry cell weight
concentration achieved during cultivation was 15.8 + 117" gvith the total volumetric
biomass productivity of 0.91 gih™ after 14.6 hours of cultivation (Fig.2). Although the
maximum biomass titre (15.8 ¢} was attained approximately 17.3 hours after
inoculation, the initial glucose was depleted ~2.7 houlgee#&t4.6 hours). At this stage of
the cultivation the growth rate of the organism was appareattinuated in response to
substrate depletion as observed by the change in dry eghtyproductivity (Fig. 2). A

final volumetric cell mass concentration of 14.07'gwas produced during batch
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fermentation. With respect to enzyme activity, a maximum igigokydrolase activity of
13.93 + 0.09 mmol.mifL™ was recorded 17.3 hours after inoculation, relating total
volumetric enzyme activity of 14.12UL This was approximately double the EH
concentration measured in 700ml shake flasks (data nemnghthus indicating increased

biomass titres being proportional to enzyme production yields.

Fed Batch Fermentation

The poor epoxide hydrolase activities observed in the bfgohentation led to the
investigation of a linear glucose feeding strategy on tbeduymtion of epoxide hydrolase
enzyme. The dry cell weight total obtained from the bagchhéntation were plotted and
subjected to % order polynomial analysis, the resultant equation (0.22692.5825x -
4.3775) was used to predict the dry cell weight totals ayegriod of 68 hours. An age of
68 hours was theoretically calculated to be the age athvth& operating volume of the
fermenter would be exceeded at the highest feed rateavidrage dry cell weight obtained
over the entire modelled period was 443.4 g, which equatedfeed rate of 50.3, 62.8,
73.9 and 88.7 gii{as 60% glucose) for the designed specific feed r4t@968, 0.085, 0.1

and 0.12 respectively.

The oxygen utilization trends (Fig. 3a) observed for fied-batch fermentations

demonstrated an increased metabolic activity at increasmifispfeed rates. Figures 3b
and c representing Dry cell weight and EH totals respeygtclearly demonstrate increased
totals for increase specific feed rates. In the feedagyme investigated, an increase in
specific EH activity, dry cell weight and enzyme levels vadosserved in response to

increased specific feed rates (Fig 4a, b and c resplggtivée measured specific feed rates
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were calculated from the average of the measured diryvemghts over the length of the
fermentation and the measured glucose feed rates (Tablhd)measured specific feed
rates were ~ 1.3 fold higher than the designed spdedid rates. This difference could
reflect either inaccuracies in the model predictions, usedetermine feed rates, or
physiological differences between cultivation in batch and-begdh culture. The
relationship between specific feed rate and EH totals (Ejgwés linear (y = 36020—
1561.3; R > 0.8). Similar trends are apparent for specific feed and biomass totals (y =
21330« — 956.16; R> 0.9) and specific EH activity (329&9- 126.63; R > 0.9). The
average yield of biomass on sugasdYor the four fed batch fermentations was 0.57 g.g

! h' £ 0.02, thus indicating that no change ig With changing specific feed rates.

Discussion

Labuschagne et al., 2004 and 2007, cloned EH encgeéings fronR. paludgenum (2004)
andR. mucilaginosa (2007) int¥. lipolytica. The cloning experiments were done soley as
single copy insertions into thé lipolytica genome, additionally the demonstration of the
functional expression of the EH encoding gene¥.ithipolytica was done at flask scale
only. Visser et al., 2002, expressed the same EH ergaeknes fromR. araucariae as
used in this study, iiE. coli, as a single copy insert. The purpose of this studytwas
evaluate the multi-copy expression of EH encoding geoesR araucariae (Visser et al.,
2002), in recombinari. lipolytica, in batch and fed batch fermentation culture as well as a
comparison between the EH production obtained in wijijde R. araucariae and
recombinant. coli. Due to the lack of published information on recombinaptession of
EH encoding genes froM. araucariae in Y. lipolytica, in both single and multi-copy, a

direct comparison in EH production levels could not belaoted.
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The flask assessment of the resultant clones led to tiwdusove selection of a single clone
demonstrating excellent activity toward the substrate 1,2 yigoane, for further

investigation in laboratory scale fermenters.

Growth-associated epoxide hydrolase production in batomefgation was improved

compared to shake-flask cultivation, although the final enzyotigity was still low, partly

due to the short production period. The end of the batchentation was directly related to
depletion of sugar, which was immediately followed byrdase in the product and
biomass incremental productivities (Figure 2). The glueese depleted at ~ 14h, although
the production of EH continued for another 5 hours didl aecline at this stage. The
depletion of glucose would have triggered the early ookd¢he idiophase (Silva et al.,
1998 and Moresi, 1994). The YL25 clone selected foestigation is under the strict
control of the hp4d promoter, Nicaud et al., (2002) suggethat the hp4d promoter is a
growth phase-dependent, with production accelerating aerlry into stationary phase
(idiophase). It was therefore hypothesised if the idiophaas sufficiently delayed by
additional feeding in fed-batch cultivation, growth-assodialEEH production and the

specific EH activity could be drastically increased. Infédtebatch fermentations, the initial
glucose concentration was maintained at the same levet #s batch, to induce an early
idiophase. Figure 3a demonstrates the drastic charige siope of the OUR trend at ~ 13h
which coincided with the depletion of glucose. Glucose eotrations in all fed batch

fermentations after the start of glucose feed was zeroetisisred that the growth of the

fermentation was controlled by the sugar feed rate.
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Previous research on the production of lipase in recanbif lipolytica under the control
of the hp4d promoter demonstrated substantial increasadtivities from shake-flask to
batch to fed batch fermentations of 2000, 11500 and®0EML* respectively (Nicaud et
al., 2000), reflecting an increase in activity of almosir@ers of magnitude. The results
obtained during the present study demonstrated similar ti@h@82, 13.96 and 132.43
U.L™? for shake-flask, batch and fed batch fermentationstieqgus ~ 20 fold increase from
flask to fed batch. However there is currently no avélagientific representation of the

effect of specific feed rates on heterologous protegmession in recombinat lipolytica.

The effect of the specific feed rate on specific EHvégtibiomass formation, and final EH
concentration, represented in Figure 4, demonstratehdyHigear relationship between all
three variables and the specific feed rate. Increasingpibefic feed rate from 0.08 to 0.1
g.g1.H! resulted in an increase of ~ 68% in specific EH activity an75% in total EH
production. As the residual glucose concentration rerdazexo during all fed-batch
fermentations, cultures remained carbon-limited, while theease in biomass production
was directly translated into an increase in growth-agset EH production. Results
indicate that EH production may be increased furthembyeasing the specific feed rates
above maximum of 0.1 g.g'htested. However, the OUR (Figure 3a) at a spefafic
rate of 0.1 g.g.h reaches ~ 200 mMol 1, which represents an upper limit in the scale-up
of the process in a stirred tank reactor, due to limitatsuch as cooling and oxygen
transfer rates (Ozturk, 1996 and Riviere, 1977). Fidlreclearly demonstrates that with
increased glucose feeds there is a related increab&ommass, this increased biomass

requires substantial amounts of cooling to counter thé desgerated during metabolism,
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and therefore if specific feed rates are increased @tagréhan 0.1 g:gh™, the cooling

requirements will not be met within conventional stirred tadctors.

The best EH activity observed during this study was 1750mmgliw’, attained in a fed
batch fermentation fed at a specific feed rate of ~ d@dth™. Visser et al., (2002)
demonstrated an EH activity of 0.3 mU.mg t¥er thw wild typeR. araucariae and 52
mU.mg dw" for the recombinanE. coli, containing the EH encoding genes frdin
araucariae. For the flask evaluation of the multi-copy expressiorthid study, an EH
activity of 590.6 mU.mg di¥ was observed, which was greater than 1 order of itumign
higher that observed by Visser et al. (2002) for rdmoantE. coli bearing the same genes.
This comparison clearly demonstrates the benefits ofjusmlti-copy gene expression in

Y. lipolytica system.
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Table Legends

Table 1. Fed Batch fermentation results for varygpgcific feed rates.

Figure Legends

Figure 1. pYL25HmA, containing thie. auracariae eph gene (EH) under control of the hp4d promoter and
LIP2 terminator (LIP2-t).

Figure 2. The incremental biomass, EH ., productivities and glucose concentratioms of batch

fermentation ofvarrowia lipolytica.

Figure 3. Fed batch fermentation profilds Oxygen utilization ratesB Total Biomass an€ Total EH for

the four test fermentations. Fr——  ~F2-—-; F3w=reee and F4= - -

Figure 4. Effect of specific feed rate dh,Specific EH activity,B total biomass production ar@ total EH

production.
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Fermentation Measured EH Biomass Y s Y po Yys Y vo Specific  Total Total
Specific  Productivity Productivity Activity Enzyme Biomass
Feed Rates
# g.g-h* u.Lth? g.Lh? u.g* u.g* g.g* g.g* u.L? U g
F1 0.081 2.132 1.270 1.145 1.613 0.608 0.879 132.4437.08 782.64
F2 0.084 2.535 1.446 0.877 1.278 0.543 0.769 157.2B24.26  820.27
F2 0.094 2.889 1.568 1.078 1.875 0.565 0.955 178.96389.04 990.15
F4 0.097 3.146 1.791 0.919 1.644 0.560 0.975 194.6910.12 1165.00
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