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ABSTRACT

for rranstocmation s Propiopibacterioon sp. pPR7ZOS shigtle vocten was cypeid

Al e g v

merited, sl s 1 convias af tie divenons plasiind of Propiondibactern acidipropeonier E2TE (pROOT ).
Plasinid pOCEN and the iveromyein resistance gene thve By ALY Kb Bamndll-EcoRE DNA fragment encoding
i Lovene of Pediococons aeiditaciios PXCG302 was cuf from plasoiicd pGHIEE aned fietier sedcloned
pRETOS. Trensiormeion and expression of the el 1 gene of pediveoccd in NAD <idependent LD Propson:

bacteriv frendeareiclin var, sheimemE LAGIGHZ T was comfivmed. The absolure Loy LI enzvine aeiivin
wery fomel 1o Be 12307 100 4279 1040 for Propiombocteringn transformants coll free ovieaci Taenre Propion
ibaciorinn fransforinanis svere furiber inocilased i skipmied ndik wheee errdfing wos derected after A8
witht cne of the prominent trausiormants. Aicr (44 o adl transtarmians cocidated shrimecd vl o conpered
wo parenmal bacterial stram. Maximmm Seoof toctie acid produced I Propieniciorong rinstormants ws
.70 s lacic actd after 90 b Frrther proof for the expression of NAD -dependens 10 8 DT ireseis i

preonsformed Wi L gene was confirmed by palvacrvianude gel elecrrophoresis,

Revwards: gene cloning, gene expression, tdh L gene. pediococeus, propionibacteriun,

INTRODUCTION
The use of recombinant microbial strinn
the mdustry is dlmost prohibited. however o re-
Lixation of the use of such geneticallv moditied
strains by <ome laboratories 15 tken place.
This can be accomplished by cloning sysiems

which are composed ol aceeptable marker
genes which would allow the detection of

sransformants, To he compleely acceptable. o
“lond grade” vector should ideally be entirely
composed of DNA from the target oreanism,
or closely related non-pathogenic strains. and
possess o readily selectable marker gene such
as nisin (Froseth & MeKav, 19910 Sonilar ef-
forts m that respect were reported by Biev er af.
IO Cotter e al. 120030 ay well as Xia ¢
alo 20050 Kuapapan gnd Murooka 2001
constructed o shurtle vector that included re-
wions ol plusmid pRGOE of Propionibacreritmm
acipropionier U acidipropioniod E2 14 (Re-
ferger & Glave, 19907 and pUCTS containing
the cri of Evehiericlic coli (E, eolD). The above
vector was used suceasstully for the transfor-
mation of Propionibacteriim even the vector
still nciuding the /ree B as a selectable marker.
Latter gene hinders the use of pPK705 us o

"tood arade” vector, Thies, if s necessary Toes-
clude the pUCTS of Lo cofe under the replac
ment of fivg B with per A gene of P thoeni 414
tFayve ef af L 20000 s o marker gene betore os-
ing the pPK705 as “food grade” vector.

The anm of the present worko s o sdy o
possible expression o the Peddion o cie e iediion
rer Ll Bogene i the NAD -mdependent Lo+
LD Propionibacterivnm frevdenveichii var
shevmeonr P prewdenieichil var shermano
LAGIOA24T. The next step s 10 madily
pPKE 10 be a "food grade” transiormation
vector m lactic acid bacteria for applied aspevts.

MATERIALS and METHODS

Bacterial strains and plasmids

Vector pPK705 was provided in £ coifd
DHS3a as a gift from Dr. Murooka, Departiment
ol Biotechnology. Graduate Schoot ol kngi-
neering. Osaka Urniversity, Yamada-Oka. Suita.
Osaku 3630871, Jupan. £, coli TO1 harboring
pGIDIS0 lactate dehydrogenase gene tdh L
gene) of Pediococens acidilacrier DG was
obtamed trom Dr. Ferain, Laboratoire de Giéne-
tigue Moléeulare, Unité de Génétique, Univer-
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site Catholique de Louvain, 1348 Louvain-li-
Netve. Belgiume £.oeoli DHSa twild tvpe s was

T from D Hesham El-Saved Mostafa, Nu-
Aee Aed Research Departiment, Instutute of Genetie
lnvimeering and Biotechnoiogy, Mubarak Ciy tor
Scientiic Research, Alexandria, Egypl P, frewden-
rivchit var. shermenin LAGLOA2AT was pro-
vided by BCOM™. Wetenschapsstraat 8. e
Jdola Scence, B-1000 Brusscis, Belgium.

Media and growth conditions

A menuoned £ coli strams were culu-
sated at A7°C m Lurta Bertu Medium (Re-
hbercer & Glatz, 19903 containing the appropri-
ale annbiotic. P frewdenriechii e shermanii
LAGIO424T was grown at 30°C in tomato juice
mediuvm (ATCC). P frevderniiechii var, sher-
merit EAGTOA2AT ransfonmants were grown

at A0°C i tomalo jnee nredium continmg
250ue hyaromyen B /ml.

[solation of plasmid DNA

Plasmid DN was solated using alkaline
Ivsis method clore, er af. 2001, Atter the bucte-
flt was o grown i the appropriate broth me-
Jdivm, cells were collected by centrifugation
Fas0O0 Xg for 10 min at 4°C. washed with 200
ui ol soluton T (25% sucrose -50 mM Tris -
HOL pHE ) and resuspended in 250wl of solu-
aon 1 253% sucrose =30 mM Tins - HCL 50
mM NaCT und S M EDTAL pH 8) contiinmg

g of Ivsozyme [uctivity ~ 20000 IWAng of

cop albumin, Amershaime Biosciences 1 Vou-
bagmenis Avepue 160 Glylada, Greeeed] per
il Ater 30 i of meubation ar 37°C. cells
were dvsed by adding 36G0ul of solution N1 0.2
N NaOH and 19 sodium dodecyl sulphatey and
left on we for 2 10 5 nun, seiution 1V 400
continmng 3 M sodium acerate (pH 4.8 was
added, und the mixiure was left once for 3 min
followed by centrifugation at 138000Xg for 13
min at 4°C. The supernatants were transferred
o acw eppendort twbes, where 200w of solu-
aon V {phenol: chloreform: so-amyl atcohol
catio 121004 O 1% hvdroxvguinoline  and
026 femercaprocthnolY were added and mixed
well, Centrifugation at {38000 Xg for 2 (o 3
i at 47C was carried out. The upper aquatc
lver was transferred to resh eppendort wibes,
Later step of extraction was repeated to ensure
the removal ef protein residues, One ml of solu-
ton VI containing tsopropanel (99 %) was
acded, The eppendort tubes were placed on dry
iees ethanol bath ar -70°C for 16 min and firally
were centrifuged at 138000 Xg for 10 min at
AC. The plasmid DNA was disselved in 30 pl

of selution VIE 10 mM Tris-HCH (pH 8.0h and
P mM EDTA (pH 8.0)].

Agarose gef electrophoresis

Agarose gel clectrophoresis was carried
out according to (Sambrook, er af., 198Y). Aga-
sose (Amersham Biosciences) 1.3% was dis-
solved i TBE buffer ((LOOEOM Tris, 0.089M
Bore ucid and 0.002M EDTA dissolved in |
liter distilled water). The slurry was boiled until
the ngarose dissolved totally, The solation was
coojed 10 307C und ethidium bromide (from a
stock solution of 10 me/mlb in distlled water,
stored ar 4°C in a hght-proot bottle, Amersham
Biosciences) wis added to a fimal concentration
of 0.5 gedml The warm agarose sofution wus
potred into the seuled tray after the comb way
clamped near one end of the tray. After the gel
was conmpletely hardened at room temperature.
the comb was removed carefully and the gel
was mounied i the electrophorests tank. The
electrophoresis buffer was added to cover the
gl Samples were mixed with loading buffer
(0.253% hromophenol blue and 4% sucrosey and
leaded o the wells of the submerged gel be-
side the FfoeoRD -~ Hindll digested & DNA
marker  (Amersham  Biosciences.  Sweden).
Electrophoresis wus man at 75 volts unul the
hromophena] Blue dve reaches 1 cim belore the
cnd of the ray.
Plasmid DNA purification

Purfication was performed usmg NAP-3
column tAmersham Pharmacia Biotechy by
remaoving the upper cap of the column and the
preservative (Kathon™) was poured, whercas.,
Kathon™ is provided by manufacturer to pre-
serve the column gel from spoifage. After re-
meving the bottom column cap. preservative
residues wre removed by suceessive passage of
soluton VI (0LIM sodium phosphate bufter.
pH 7.5} through the column for 3 times.

Measurement of plasmid DNA

According o Sambrook, ¢f af. (1989). the
plasmid DNA - concentration was - calcuduted
trom the following equation: DNA concentra-
non (ug/uh)= (O 50 4 x B xS0 71000, where
B 1 the dilution inversion Lactor,

Digestion, dephosphorylation and
ligation of recombhinant plasmids

Digestion, dephosphorylation and ligation
were cartied out according to Johnson and Kai-
ser (1993}, For digestion, the following ingredi-
eats were transferred into an eppendort tbe in
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the foltowing orders plasmid  solugon (0).2-
| Ope plasmid 72000 of solution VID. 2nt of the
appropriate 10X digestion buffer (Promega.
LU'SA and one unit of sach appropriate restric-
ton enzyvime (Promega, USA) was added. The
whes were mixed by tapping after which incu-
Pation st 37°C wax carried for 2 he The reac-
tion wis trerminated by incabation v a4 water
huth ar 65°C Tor 10 mun.

For dephosphorviigion. the following in-
credients e the tollovane order were added eli-
rectly (o the digested plasmid: T0ul of call intes-
tmal alkaline phosphatase butler (10X 001U
of calf intestmal alkaline phosphatase (CIAP)
and the solume wis made to 100 p with nucle-
ase-lree-water {Amersham Biosciences, Swe-
den) followed by incubation at 37°C {or 30min.
Another 0.010 of CTAP were added to the reac-
ton mixware {otlowed by incubation or addi-
tional 30 min at 37°C To stop the reaction, 2p
of 0.3M of EDTA (BDIL UK, pH 8.0) were
added and the tubes were heated 1na water bath
for 20 minutes at 05°C. The calf mtestinal alka-
line phosphatase was removed by phenol: chlo-
rolorm extraction for protem removal. as men-
toned i piasnud isolanon section. followed by
isupropanol treatment (o precipitute DNA.

For ligation. the following ingredients were
added i an eppendorf tabe: O.lpg plasmid,
001 7pg DNA msert. 1 unit of T. DNA ligase
(USB. USAYL LOul of Ty DNA Digase (10X
butfer and DNase-free-water (Promega. USA)
1o o final volume of 10ul. Ligation reaction was
performed ar47C tor overmight.

Bucterial transformation

Transformatien of competent cells was car-
ricd out-as mentioned below (Perball, 1989
Frozen bacteral pellet was resuspended  in
100p] of ice-cold T0UMM mugnesim chloride.
The mixtuee was kept on ice for 15min fotlowed
by centrifugation at 10300 Xg for 5 min at 4°C.
The supernatant was poured off and cell pellet
wits placed on ice. The pellet was resuspended
very gently in 10 pl ol ice-cold 50 mM caleiwm
chloride. The mixture was placed on 1ce where
the overmight cells were ready to be trans-
formed. Ten ng iin 0.5- 10uh) of plasmid DNA
were transferred to 100ul of competent cells and
the wbe was swirled very gently just to mix and
left on ice for 30min. The competent cells were
heat-shocked by placing the tbe in a warm bath
at 42°C for 1.5min. One mi of the appropriate
broth was added to the cells folfowed by ncuba-
tion at the appropriate temperawre for 18hr to

cure transformants that were detected by plating
dilutions ol the broth on the appropriute agar
medium containing the appropriate bacterial wy-
ubiotic.
Total protein determination
Total protein was measured spectropho-
tometrically at 280 nm and calculated from
the tollowing equation according to Vassauit
{1983
Total protem (mg/miy = ( HIxA ., 100Y 885

LIDH activity
Bucteral cells were collected by centiifu-

saton at 1380000 Xg for 10hmmn at 4°C and the
pellet was washed twice with 0.01M of potas-
sium sodium phosphate bufter (pH 7.0) amJix& :
centrifuged at 41050 Xg for 20 min at-4°C. The
peller was ground for 20 min in o mortar using
alass beads (0. Tmmy and resuspended in 0.3 ml
of (.01 M potassiam sodiom phosphate bufter
(pH 7.01. The nuxtare was centrsfuged  at
1IRO00 Xe for | hr at 4°C. The pellet was dis-
carded and the NAD -dependent and independ-
ent LDH activiey in the crude extract waus
maeasured according 1o Vassault, (19830 and
Molinari and Lara (1960}, respectively. One
unit o NAD -dependent LDH activity was de-
fined ay the amount of enzvine catalyzmg the
oxidation of 1 pmole NADH (Amershan Bie-
sciences. Sweden) per min under the assay
conditions. Enzyvme activity and specttic on-
zynwe activity were caleuduted as follows:
Enzyvme actuvity dU/mly = [(AA op/minuie 1x

I IRTOIXS) A622x 0.0
Spectfic enzyme acuvity (EU/mg protein) = En-

cymic activity / Protein content

Whereas. one unit of NAD'-independent

LDH activity wis defined as the amount of en-
zyme catalyzing the oxidation of 1.0uM ol 2. 6-
dichlorophenolindophenol (Amersham Biosar-
ences. Sweden) per min under the assay condi-
tons. Enzyme activity and specific enzyme ac-
tivity were calculated as follows:
BErzvme activity (EU/ mb = (A A gy 0/ minutei 206
Specific Activity (EU/ mg protweiny = Enzyvime activ-

1Y Assisay,

Lactic acid determination

Overnight cultured broth (0.2mib) was trans-
ferred to an eppendorf tube. The tube was cen-
mfuged at 41050 Xg at 4°C for 5 min. The su-
pernatant was transferred o a cleaned dried
fresh test tube and 0.2 ml of distiled wuter was
added to dilute the supernatant (1:1). Concen-
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trated pure sulphuric acid (AR, BDH) (2.0mb)
were added gentiy. but quickly, to the mixtare.
The mixture was mexed gently Tollowed by add-
me 1O w 2.0 droplets o 1.0% (wiv) goaiacol
(Oxoid. England} dissotved wn ethanol. The
sample s positive if a red ring (o the top of the
test tube was seen immediately after the addition
of guaiacol (Rauscher. er af.. 1972},
Preparation of SDS- PAGE gel

The preparatton of the gel and the electro-
phoresis techmgue was carried oul (Bio RAD
using Protean I cell). Electrophoresis was per-
formed in 2% polyacrylunnde gel as described
by Eaemimdi (19700, Bucterial cell extracts were
mixed with sample loading buffer and loaded
onto 124 polvacrylamide gel along with the
protem marker 10-100KD (Pharmacia Biotech,
Sweden).
Statistical analysis

As described by Snedecor and Cochran
C]936), the staristical analysis was carried oul
according to “student's” - distribution, hence
this distribution has revelutionized the statistics
of sirtll samples. The quantity 715 given by the
eyuation:

x—u
=
=

s/an

That is. ¢ is the deviation of the estimated
mein from that of the populabon, measured
i terms of & yn as the unit, Both x and s are
calcntated from a sample of observations
number (n).

RESULTS AND DISCUSSION

In order to select the most appropriate bac-
tertal hast that will be used tor the transforma-
non stuches concerning ki L gene sequence of
Pediococcus acidilactici DG302 into Propion-
bacterinm, different bacteriad host strains avail-
able in our fuboratory were tested with respect
1o their sensitivity towards hygromycin B (se-
tectable marker, Sigima). Amonyg all the investi-
gated bacterial strams. P frewdenreichii var.
shermanii LAGEYO424T revealed sensitivity to-
wards  hygromyein B, Thus, later  bacterial
strain was used as host in the transformation
studies conceming the application of pPK7035
as a vector containing the hygromyein B resis-
tance gene.

The purified plasmid pGIDIS0 was cut
with BarmHI - EcoRI restriiction enzymes to
give 4 1.2 Kb DNA fragment. This fragment

carries the fdh L gene of Pediococcus acicdilac-
tici DG302 (Frgure 1), Somilarly, the vector
PPK705 wax digested with the ubove restriction
cnzymes Lo give two DNA fragments 2.G675 and
6.225 Kb, Dephosphorylaton of the open 6,225
Kb plasnid wus carried oul. accordingiy self-
recircufarization was prevented durmg Ligation,
The dephosphoryiated pPK705 and the 1.2 Kb
fragment reaction mixtures were mixed and
ligation wus performed as described m omateri-
als and methods. Figare (1) tlustrates o schenme
tor the construction ol the modificd pPR703
{7.425 Kby vector,

As a prool for the construction of modiicd
pPK705 encoding a 1.2ZKb HamHb  LooR]
DNA fragment, digested and ligated products
were subjected to agarose gel electrophoresis.
Figure (21 shows intact and digesied pGID 150
and pPK705. as well as higated DNA produocts.
Accordingly. the molecular size of the modified
plasmid was found to he 7.425 Kb which is the
sum of the i/ b gene fragment (1.2 Khy of
Pediococcus aciditacrier 1DG302 and the 6225
Kb open plasmid resulting from the digestzon of
the plasmid pPK705 with Bamtl - FeoR1

Ligation products were added 1o competent
P, freudenreichiv var. shermanii LAG16424T,
Transformation was carried out on the basts of
the heuat shock as described by Perball (19891
The transformants were subcultured in Luria
Bertani broth withourt the addition of the antibi-
otic and incubation was pertormed wt 3607C for
16 he in dark. This period allows transformunts
to express genes, Growing right transformant
clones were transferred o tomato jumce broth
containing 250 png hygromycin B/ mi i case of
Propionibacterium sp. as described by Kiatpa-
pan, er af (2000). The number of Propionibac-
teriemr transtormants /g plasmid DNA was
found to be 0.9 x 10° CFU/ pg DNA. Accord-
ing o Kiatpapan er of {20000, the ranstormants
of  Propionibacterivm  with  intact  vector
pPK705 revealed a value of 1.0 X 10" CFU/ pg
DNA. Later difference in transformation effi-
ciency may be due to the different basics of
transformation procedures used in each cuse.
Since Kratpapan er af (2000) used the electrical
shock which s more efficient than heat shock
used in the present work.

Table (1) reflects the NAD™ - dependent L
(+) LDH enzyme activities of twenty P. freu-
denreichii var, shermanii LAGI6424T trans-
formants that ranged between 25.67 and 42.79
[UAnl cell free extracts. While, the specific en-
zyme uetivity (Units / mg protein) varied be-
tween |51 und 2.97 1U/mg protein,
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Fig. 1: Scheme for construction of modified pPK705" (7.425Kh) vector. Abbreviations: Hyg B, hygromy-
cin B resistance gene: Rep A, gene coding for Rep A protein: Rep B, gene coding for Rep B protein.
bla, f-lactamase; lac 27, f-galactosidase: ori, collZ1 replication origing MCS, multicloning site
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Fig. 2: Agarose gel electrophoretic pattern of intact pGID150 and pPK705 plasmids as well as their di-
gested and legated products
Lane |, & EcoRl = Hindlll DNA marker; Lane 2, Intnet plasmid pGID150; Lane 3, plasmid pGID150
digested with EcoRl- BamH1; Lane 4, Intaet plasmid pPK70S: Lane 5, plusmid pPKT708 digested with
EcoRl- BamH1: Lane 6. modified pPKT05' (7.425 Kb) plasmid
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Table 1: NAD'- dependent lactate dehydrogenase of Propionibacterinm frevudenreichii var. shermanii
LAG16424T transformed with the modified vector pPK705 enclosing &/ L gene of Pediococcus
acidilactici G302 as well as t-Test caleulations.

Transformat Protein (mg/ml) Activity (U/ml) Specific activity (U/mg}
1G 12.655 25.672 2026
26 11.523 34.230 2970
3G ‘ 22712 34230 1.507
4G i 12,881 34.230 2.657
5G 1 17.062 25.672 1503
6G ‘ 18.644 34,230 1836
7G 11.638 25.672 2206
8G j 15819 34.230 2164
9G | 16,949 34.230 2.020

10G 14915 34.230 2.205
G 20.339 34.230 [.683
12G | 13.446 25.672 1.509
13G 14915 25.672 1.72i
14G 19774 34.230 ! 1.731
150G 20.000 34.230 ! .71
16G 18.757 42 787 f 2281
17G 22,5949 34230 I 1.515
18G 19.435 34.230 [ 1.761
19G 16,045 34230 2.133
G 17.740 ‘ 34.23) { 1.930
The paren 28,249 5 0.000 | 0.000
Crielers o transformants with I 1onodined pPK705.
-Tes
X, X-

Mean 0 1978160

Vartance 0 (.145508

Ohservations 20 20

Puoled Variance 0.072954

dt 3N

L Cale. 2316124058

L Tabu (0.05 Conf. himit)
t Tabu. (0.0} Cont. mit)

2093284625
2.681352451

X = NAD(+)Dependent LDH Bnzyme Activity hefore transformation
X = NAD(+Dependent LIDH Enzvime Activily after ranslormation

The transtormation of P. freudenreichii

var. shermenii LAGL6424T with fdh L gene of

Pediococcus acidilactiol DG302 wus further
confirmed using r-test as a statistical parameter,
All transformants exhibited highty signiticunt
NALD™ -dependent L i(+) LD enzyme activities
than parental Propionibacterican strain used in
the study. This can be abserved from caleulated
tvilue that was found to be 23.161, which is
much greater than tabulated ¢ that revealed val-
ues of 2.093 and 2.861 at 0.05 and (.01 limits

G

of confidence and 19 degrecs of {reedom. The
results describing the NAD -independent LDH
activity indicated no change of that enzyme
system in Propionibacterium wanstormants,
The inclusion of ldh L. gene in Propioni-
bacterium genome resulted in NAD ™ -dependent
L (+} LDH expression and consequently the
production of lactic ucid. Thus, clotting ot mitk
was detected as shown in Table (2). Milk clot-
ting wis detected after 48 hr, where onty one
transformant out of 20 investigated showed
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Table 2: The influence of Propionibacterium freudenreichii var. shermanii LAG16424T trans-
formed with Idh L gene of Pediococeus acidilactict G302 on clotting skimmed milk

Transformat |

Curdling time (hr.)

=
=

73 96 120 |

G T

2G a _ 2

3G | - -

4G - »

5G S p=e

E R
KK XX
LA B

(il ] 3 .

|
1
|

G T

X
X
X

8G E ; =

QG i | =

100G — ~

11G - =

12G - -

XM= X
X | X |x |IX
X | X [ x |X

136G - | -

14G = =

15G i =

166 - | -

17G — -

[5G - -

L] - -

200 - =

E A O O O O A

The parem - | -

G refers e ranstormants with et L modified pPK7035,

cloting of skimmed milk., whereas. all trans-
formants coagulated skimmed mulk after 144hr.
This may be explaimed as the transformant that
could coagulate skimmed milk after 48 hr may
have many copies of the ldh L gene which is
encoded in the modified pPK705 vector. On the
other hand, parental P. freudenreichii var. sher-
marii LAG16424T did not indicate any capacity
to coagulate skimmed milk even after 144hr.

Further proof for the implication of ldh L
gene of Pediococcus acidilactici DG302 into
the whole genome of P. frewdenreichii var.
shermanii LAGI6424T was confirmed by sub-
Jecting the cell free extract of transformed cells
(the new clones) to electrophoretic mobility by
SDS-PAGE technique. Figure (3) shows the
protein pattern of different bacterial clones. As
the L (+) LDH enzyme protein has a molecular
weight of about 140 KDa and it is a wetramer,
each subunit has a molecular weight of about
34.5 KDa (Garmyn. er al. 1995). All bacterial
clones expressing L (+) LDH enzyme activity
showed a protein band that has a molecular
weight of about 34.5 KDa as compared to the
protein marker (Pharmacia Biotech, Sweden) as
shown in lane 1. E. coli DHSa crude extract
(lane 2) did not contain this specific band.

From the present work, it is clear that there
is & possibility of transforming propionibacteria

with a shuttle vector which consists of any in-
digenous plasmid and a selectable marker gene.

KDa
20
é s 3
; e 40
g
S0
1 1 3

Fig. }: SDS-PAGE pattern of lactate dehydro-
genase enzyme of P. frendenreichii var.
shermanii LAG16424T transformed with
Idh L gene of P, acidilactici G302 (lane
1)y E. eofi DHSa (harboring the native
plasmid pPK705; lane 2), and lane 3
represents moleeular weight marker 20 -
50 KDa
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