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Extracellular Serine-proteinases Isolated from
Streptomyces alboniger: Partial Characterization and
Effect of Aprotinin on Cellular Structure
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Streptomyces albonigeXTCC 12461 grown in brain heart infusion (BHI) medium produced two
extracellular serine-proteinases, denoted SP | and SP I, which were purified by ammonium sulfate
precipitation and aprotinin-agarose affinity chromatography. SP | was purified 88,9-fold and SP I
66,7- fold, with 33.4% and 10.4% yield, respectively. The optimum pH for the proteinases activity, using
a-N-p-tosykL-arginine-methyl ester (TAME) as substrate, was 9-10 and the optimum temperature was
37°C. The proteolytic activity of SP | and SP Il was inhibited by aprotinin and SP | was partially
inhibited by leupeptin, both serine-proteinase inhibit@s.albonigergrowth in BHI-liquid medium
decreased whenfgg/ml, 10ug/ml of aprotinin was used, being completely inhibited witpdtnl and
40 ug/ml. At the ultrastructural level, aprotinin-treat&d albonigecells showed swelling of the bacte-
rial body and condensation of the genetic material, probably related to the inhibition of its growth.
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Streptomycetes are Gram-positive bacteria withi996). These enzymes are involved in the assimila-
an unusual morphological complexity, including thetion of proteinaceous nitrogen sources, degrada-
sequential production of substrate and aerial mycéen of aerial mycelium and sporulation processes,
lia and spores (Chater & Hopwood 1984). This groups well as in antibiotic production (Ginther 1979,
of bacteria is industrially important because the¥itadokoro et al. 1994, Kang et al. 1995, Kim & Lee
produce several antibiotics, exoenzymes, such 4996).
proteinases, and other secondary metabolites of In the present study, we performed a qualita-
commercial value (Berdy 1984, Peczynska-Czoch &ve analysis in SDS-PAGE-gelatin of proteinases
Mordask 1988, Sanglier et al. 1993). produced bys. albonigerAdditionally, two serine-

Several proteinases have been obtained froproteinases were purified and partially character-
streptomycetes and biochemically characterizeized. The effects of aprotinin, a serine-proteinase
such asStreptomyces pactuserine-proteinase, inhibitor, onS. albonigegrowth and upon the ul-
Streptomyces exfoliatusetallo- and serine-pro- trastructure of this microorganism were also ana-
teinases anfitreptomyces rimosaminopeptidase lyzed.

(Bockle et al. 1995, Kim & Lee 1995, Vitale et al. MATERIALS AND METHODS

Microorganism and growth conditions - S.
albonigerATCC 12461 was maintained on brain
heart infusion (BHI) containing 1.5% (w/v) agar.
Research supported by the Conselho Nacional deiquid cultures were obtained by inoculating 30 ml
Desenvolvimento Cientifico e Tecnololégico (CNPg),BHI medium with a suspension of approximately
Financiadora de Estudos e Projetos (Finep-BID)] 05 spores. This culture was used to inoculate 11 of

Fundacéo Universitaria José Bonifacio (FUJB), Fundacg8i| The microoraganism was grown for 14 davs at
Oswaldo Cruz (Fiocruz), Conselho de Ensino parg oé g g Y

Graduados e Pesquisas (CEPG/UFRJ) and Fundacao eObtention of cellular extract (C) and extra-

Amparo a Pesquisa do Estado do Rio de Janeiro (Faperj).
*Corresponding author. Fax: +55-21-560.8334. E-maif'.nglljlar concentrate (E) The cell-free culture su-

immgbia@microbio.ufrj.br pernatant (E) was obtained by centrifugation at
Received 2 April 1998 10,000 g for 15 min at 4°C and concentrated against
Accepted 11 August 1999 polyethyleneglycol 4,000 for 24 hr at 4°C. E was
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mixed with SDS-PAGE sample buffer (125 mM Triswas defined as the amount of enzyme required to
pH 6.8, 4% SDS, 20% glycerol and 2% bromophengiroduce an increase of 0.001 absorbance at 247 nm
blue) in a proportion of 7:3 (v/v). Cells were washedinit under standard assay conditions.
three times with isotonic buffer saline solution (0.85% Optima pH and temperatutelhe effect of pH
NaCl) and ressuspended in 100 ml of sample buffen enzymatic activity was determined under the
in order to obtain the C. standard assay conditions described above, using
SDS polyacrylamide gels containing co-polythe following buffers: 0.1 M citrate (pH 4.0-5.0), 0.2
merized gelatin Proteinases in C and E were asM sodium phosphate (6.0-8.0), 0.2 M glycine-NaOH
sayed and characterized by electrophoresis in 7.5@0-10.0) and 0.1 M glycine-NaOH (11.0-12.8). The
SDS-PAGE (Laemmli 1970) with 0.1% copolymer-optimum temperature for enzyme activity (28°C,
ized gelatin (Heussen & Dowdle 1980). After run40°C, 50°C and 60°C) was also determined, using
ning, the gels were soaked for 1 hr at 25°C in 2.5%2 M glycine-NaOH, pH 10.0 as buffer.
Triton X-100 solution, and incubated overnight at  Effect of proteolytic inhibitors For inhibition
37°C under two different conditions: 50 mM phosstudies, the enzymes and inhibitotrans
phate buffer, pH 5.5, and 100 mM glycine-NaOHepoxysuccinyl-L-leucylamido- (4-guanidino) butane
buffer, pH 10.0. Proteolytic activity was detectedE-64), ethyleneglycol-bi¢aminoethyl ether) N, N,
by staining gels for 1 hr with 0.1% amido black inN’, N'-tetraacetic acid (EGTA), ethyl-enediamine-
methanol-acetic-acid-water (30:10:60, v/v/v) andetraacetic acid (EDTA), 1.10 phenantroline,
destaining in the same solvent. For enzymatic sghenylmethylsulfonyl! fluoride (PMSF), soybean
cretion studies, aliquots of 30 ml from culture me#rypsin inhibitor (STI)aprotinin, leupeptin, tosyl-L-
dium were daily collected during 14 days, concershenylalanylchloromethylketone (TPCK) and
trated and analyzed in 7.5% SDS-PAGE gelatin upepstatin were pre-incubated for 30 min prior to ad-
ing 50 mM glycine-NaOH buffer, pH 10.0. dition of the substrate (TAME). Assays were run in
Proteinases purification TheS. albonigecell-  triplicate with simultaneous controls.
free culture supernatant was used as the starting Effect of aprotinin on Streptomyces alboniger
material for the purification of extracellular protein-growth- The effect of aprotinin was observed us-
ases. (1) Ammonium sulfate precipitation — The culing solid and liquid media. Briefly, 37 g of BHI was
ture supernatant was brought to 40% saturation witlissolved in 1l of distilled water. In solid media,
ammonium sulfate, followed by centrifugation atagar was added at the concentration of 1.5%. Twenty
10,000 g for 30 min. The precipitated fraction wasnl of culture medium was then poored per plate
dissolved and dialysed against distilled water. Afteand allowed to harden. Different quantities of each
dialysis the fraction was centrifuged at 10,000 g faamount of aprotinin (2fg, 50ug, 100ug and 200
45 min at 4°C. (2) Affinity chromatography — Theugg were added to a 20 spore suspension (about
active fraction obtained from the ammonium sulfatd0°). This mixture was then inoculated on BHI agar
fractionation was applied to an aprotinin-agarosplates and BHI-liquid medium. Aprotinin in BHI-
column (Sigma), pre-equilibrated with 0.01 M Tris-liquid medium was diluted to a final concentration
HCI buffer, pH 5.0, containing 5 mM CaCAfter  of Sug/ml, 10pg/ml, 20pg/ml and 4Qug/ml. The
exhaustive washing in equilibrating buffer, themedia were incubated at 28°C during seven days.
adsorbed proteins were eluted with the same buffer Ultrastructural analysis of aprotinin treated
in a linear gradient of Cag(5 mM-15 mM). Frac- cells- Effects of aprotinin of$. albonigeigrowth
tions of 1 ml were collected and the protein conterdn liquid media were determined by transmission
detected at 280 nm. Protein-containing fractions werdectron microscopy. Cells were fixed for 1 hr at 4°C
pooled and used for further studies. with glutaraldehyde (GA) in 0.1 M sodium cacody-
Protein concentration determinatierProtein late buffer, pH 7.2 and subsequentely for 1 hr at 4°C
concentration was determined using bovine serumith 1% OsQ. The cells were then dehydrated
albumin as standard (Lowry et al. 1951). through an ascending series of acetone and em-
Assay of proteinaseActivity of the extracellu- bedded in Epon. Thin sections were picked up on
lar proteinase was performed at 37°C by measurir8)0 mesh copper grids and stained with uranyl ac-
thetosyl derivative released from-N-p-tosytL-  etate and lead citrate. The material was examined in
arginine-methyl ester (TAME). The assay mixturea Zeiss EM 10B transmission electron microscopy.
(1 ml) consisted: 80gl 0.2 M glycine-NaOH buffer RESULTS
and 10Qul 20mM substrate (TAME). The reaction
was initiated by addition of 1Qd of enzyme solu- SDS-PAGE-gelatin The proteinases in E and
tion and incubated for 30 min. Enzyme activity wa$> extracts were most active at pH 10.0 (Fig. 1A).
determined at 247 nm (Aguiar et al. 1996). Assayroteinases migrating at 200 kDa, 45kDa and 35 kDa
were run in triplicate with simultaneous controlsvere detected in both extracts. The extracellular
(substrate only). One unit of proteolytic activityProteinase profile showed additional bands migrat-
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Fig. 1: SDS-PAGE-gelatin analysis Sfreptomyces alboniggaroteinases. A: cellular (C) and extracellular (E) proteinases.
1: pH 5.5 and 2: pH 10.0; B: E proteinases secretion profile until the 25th day. Molecular weight markers in kDa are
indicated in the left side of the figure.

ing at 66 kDa and 29 kDa while proteinases with 5BAGE - gelatin (Fig. 3). This analysis demonstrated
kDa, 50 kDa and 20 kDa were observed only in cethat SP | and SP Il molecular masses are aproxima-
lular extracts. Secretion studies revealed that dutely 29kDa and 66 kDa, respectively. The remaining
ing the first seven days of culture, only the 200 kD& proteolytic activity was not retained by the affin-
and 66 kDa proteinases were secreted to cultuity column. The purification procedure is summa-
medium (Fig. 1B). After seven days, the 29 kDaized in Table I. The SP | was purified 88.9 fold with
enzyme was also detected. No qualitative differa yield of 33.4% and the SP |l was purified 66.7 fold
ence was observed until the 13th day. Additionakith a yield of 10.4%.
bands migrating at 35 kDa and 45 kDa were found Optima pH and temperaturelhe optimum pH
in the 14th day. This profile was observed until théor SP | and SP Il activities was 9-10, with a markedly
25th day of cultive. reduction in activity at pH values above pH 11.0
Proteinase purification+ Fig. 2 shows the elu- (Fig. 4). The optimum temperature for SP land SP Il
tion profile of S. albonigerextracellular protein- activities was 37°C. At 28°C weak enzymatic activity
ases using an aprotinin-agarose affinity columwas observed with both proteinases. SP | and SP Il
chromatography. Two peaks of serine proteinasegere inactivated when incubated at 60°C (Fig. 5).
(SP I and SP I1) eluted with 8-10 mM CaQtere Effects of proteolytic inhibitorsThe effects of
obtained. Fractions 2-6 (corresponding to SP |) argkveral inhibitors on SP | and SP Il activities are
7-12 (corresponding to SP Il) were collected andhown in Table II. The activity of SP | and SP I
pooled due to protein content and proteolytic acwere significantly inhibited by aprotinin and SP |
tivity. The final enzyme preparations showed singlevas partially inhibited by leupeptin, both serine-
protein and protease bands on SDS-PAGE and SD&oteinase inhibitors.
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Fig. 2: elution profile ofStreptomyces albonigerxtracellular proteinases using aprotinin-agarose
phy () protein concentration and () proteinase activity. Fractions of 1 ml were collected.
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Fig. 3 - A: SDS-PAGE-gelatin (1) and SDS-PAGE (2) analyses of affinity-purBieeptomyces albonigesxtracellular

proteinases SP | (a) and SP Il (b); B: extracellular proteases (1) and proteins (2) not adsorbed in the aprotinin-agarose

column.
TABLE |
Purification ofStreptomyces albonigextracellular proteinases
Fractions dlume Total protein ‘Btal Specific activity Purification ¥ld
(ml) (mg) activity (U) (U mg ptnl) (-fold) (%)

Culture medium 300 320.8 479.6 15 1 100
Ammonium sulfate
precipitation 15 25.74 229.3 8.9 5.9 47.8
Aprotinin-agarose
SPI 1.2 160 133.3 88.9 334
SP I 5 0.5 50 100 66.7 10.4
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TABLE Il

Effect of various proteolytic inhibitors on
80 - /j Streptomyces albonig&P | and SP Il activity
L S measured using TAME as substrate. The results are
the mean of three experiments

[ ¥ 0 Inhibitor Concentration Residual

. /gfi ‘\\\\ activity (%)
e N SPI  SPII
o i\ — — 100 100
o [ PMSF 2 mM 98 99
- . STI 100pg/ml 68 81
Aprotinin 100pg/mi 28 30

0 R A TPCK 100ul 83 70
5 6 7 8 9 10 1l Leupeptin 100 pM 43 88

M E-64 20uM 73 72

EGTA 1 mM 81 72

Fig. 4: effect of pH for SP | and SP Il proteolytic activity

EDTA 1 mM 97 79
(m)SPlandq{) SP Il 1,10 phenantroline 50M 71 73

Pepstatin M 97 90

Proteinase activity [U/ml}]

B

100 -

80 4 /l-\\ 6A). A low electron density in these structures was

/ T also observed after aprotinin treatment. However,

0 | ; / . the major alteration caused by aprotinin was a con-
/ /’\,\\. \ densation of the genetic material (Fig. 6B).

/ v AN DISCUSSION
40 / N\

/ U\ This work describes the purification and some
=/ \\ biochemical properties of two extracellular protein-

A ases isolated fror8. albonigerIn this genus the

N extracellular serine-proteinases are expressed in the
stationary phase and regulate the morphogenesis
process closely linked to mycelial growth (Kim &
Lee 1995). These enzymes were purified using
Temperature (° C) aprotinin affinity chromatography. Studies with in-
Fig 5: effect of temperature for SP I and SP I proteolytidlibitors suggest that both enzymes were serine-
ativity (m ) SP 1 and« ) SP II. proteinases because they were inhibited by

aprotinin. SP | was inhibited by leupeptin and par-

tially inhibited by STI, which are used to trypsin-
Effect of aprotinin on S. alboniger growth - Slike proteinases. Interestingly, the proteinases SP |

albonigercellswere completely inhibited by addi- and SP Il were insensitive to PMSF, as previously
tion of the aprotinin inhibitor to BHI-agar in all con- observed for an extracellular serine-proteinase iso-
centrations used (data not shown). The effect ddted fromStreptomycesp. (Bono et al. 1996). This
addition of aprotinin 0. albonigegrowth in BHI-  finding was consistent with the possibility that they
liquid medium was analyzed at the ultrastructuratould be trypsin-like proteinases since PMSF re-
level. When 4@ug and 2Qug/ml aprotinin was added, acts very slowly with trypsins (Powers & Haper
complete inhibition was achieved during the seveh986). At the present moment all serine-proteinases
days of growth. At concentrations ofil/mland found in Streptomycespp. are chymotrypsin-,
10 pg/ml, of the proteolytic inhibitor a significant trypsin- and subtilisin-like enzymes (Sidhu et al.
decrease in growth was observed. 1994). The optima pH and temperature values de-
Ultrastructural analysis -The concentrations termined for these enzymes are in agreement with

of 5pg/ml and 1Qug/ml were used in ultrastructural previous reports that described neutral to alkaline
analysis and the same effects were observedalues of pH and temperatures ranging from 35°C
Aprotinin treatment 08. albonigecaused a swell- to 75°C for proteinases purified from streptomycetes
ing of the bacterial body. Fig. 6B shows the septurfChandrasekaran & Dhar 1987, Kang et al. 1995,
and the cell envelope thicker than control cells (Fig<im & Lee 1996, Yeoman & Edwards 1997).

m

Proteinase activity [U/mi}
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28 37 40 60



768 Proteinases from Streptomyces alboniger ¢ Andréa Lopes et al.

A B

Fig 6: ultrastructural analysis of aprotinin-treat8tteptomyces albonigerells. A: control cells; B: aprotinin-treated
cells. E: cellular envelope; S: septum; G: genetic material. Arrows indicate the major alterations detgctatdaniger
cells induced by aprotinin. For more details, see results.

WhenS. albonigemwas grown in the presencetion (Berezney 1979). Several studies with eukary-
of aprotinin its growth was partially or completelyotic cells have demonstrated mitogenic effects of
inhibited depending on the inhibitor concentrationproteinases and suppression of cellular prolifera-
Ultrastructural analysis showed a low electron dertion due to proteinases inhibitors (Ku et al. 1981,
sity of the cell wall and of the septum as well as 8/ong et al. 1987, Jensen & O’Leary 1990). The co-
little swelling of the bacterial body consistent withordination of cell cycle progression and cell differ-
the observations of Pellegrini et al. (1992). The imentiation with the initiation of DNA replication is
ages exhibited centrally the genetic material, disundamental, yet poorly understood in procaryotic
playing a more condensed structure. cells. The participation of serine-proteinases in the

Proteolytic enzymes such as serine-proteinas@NA replication ofEscherichia coli, S. aureus, S.
may be important in the regulation of cell prolifera-epidermidisand Bacillus subtilis,has been de-



Mem Inst Oswaldo Cruz, Rio de Janeiro, Vol. 94(6), Nov./Dec. 1999 769

scribed (Irisawa et al. 1993, Kato et al. 1994, Jiang et taining sodium dodecyl! sulfate and copolymerized
al. 1998). Jenal and Fuchs (1998) suggested that substrateAnalytical Biochem 102096-202.

the ubiquitous occurrence of the serine-proteintisawa T, Kato M, Muramatu M 1993. Effects of various
ases in various bacteria is linked to their pivotal —esters oflans4-guanidinomethyl-cycloxanecarboxylic
role in the onset of DNA synthesis by the specific 2Cid trypsin inhibitors, on the growth 8@acillus
degradation of proteins responsible for the nega subilis. Biol Pharm Bull 161211-1215. .

tive control of chromosome replication. With re- enal U, Fuchs T 1998. Na essential protease involved

. i ial cell-cycl MB 17: -
gard to the role played by proteases in DNA syn- gnggf:tena cell-cycle controEMBO J 17:5658

thesis of eukaryotic cells, a number of mechanismggen 1L, O’Leary JJ 1990. DNA synthesis in isolated
have been suggested. In particular one of them in- resting nuclei: Evidence for protease-dependent

dicated that serine-proteinases may be involved in nonreplicative nucleotide incorporatidxp Cell Res

the conversion of chromatin into an acceptable 190:85-90.

DNA polymerase substrate, probably acting upotiang X, Zhang M, Ding Y, Yao J, Chen H, Zhu D,

nuclear proteins involved in DNA folding (Jensen  Muramatu M 1998Escherichia colprlC gene en-

& O’Leary 1990). On the other hand, tig codes a trypsin-like proteinase regulating the cell

albonigerDNA alterations detected after aprotinin ~ cycle.J Biochem 124980-985. _

treatment could be due to antibacterial activity okang SG, Kim IS, Rho YT, Lee KJ 1995. Production

the inhibitor as shown previously (Pellegrini et al. dynamics of extracellular proteases accompanying

1992). mqrphologlcal dlffergntla}tlon oStreptomyces
Our results point to a direct correlation betweer|)<atalb'c’lofl‘r’“ms'vl':3011\/IICrObIOIOgy 1413095-3103.

. S T o M, Irisawa T, Muramatu M 1994. Antibacterial
the action of aprotinin and the inhibition &f effects of esters of guanidino- and amidino-acids

alboniger growth. Additional studies will be re-  gynsin inhibitors.J Enzyme Inhibition 25-37.

quired to elucidate the precise mechanisms behifghn IS, Lee KJ 1995. Physiological roles of leupeptin

this inhibition. and extracellular proteases in mycelium development
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