
CLINICAL AND DIAGNOSTIC LABORATORY IMMUNOLOGY, Sept. 1996, p. 594–596 Vol. 3, No. 5
1071-412X/96/$04.0010
Copyright q 1996, American Society for Microbiology

Identification of Serum and Urine Proteins Responsible for
Enhanced Pigment Production by Group B

Streptococci as Amylases
MANUEL ROSA-FRAILE,1* ANTONIO SAMPEDRO,1 ALFONSO RUIZ-BRAVO,2

SARA SANBONMATSU,1 AND GUILLERMO GIMENEZ-GALLEGO3

Microbiology Service, Virgen de las Nieves Hospital, 18014 Granada,1 Department of Microbiology,
University of Granada, 18071 Granada,2 and Centro de Investigaciones Biologicas, Consejo Superior de

Investigaciones Cientificas, 28006 Madrid,3 Spain

Received 19 March 1996/Accepted 14 May 1996

The serum and urine proteins responsible for enhanced pigment production in Streptococcus agalactiae in
culture media were purified by chromatography and were identified as amylases by comparison of their amino
acid composition with that calculated for proteins with known sequences. Similar pigment-enhancing activity
was displayed by other amylases of nonanimal origin and by maltooligosaccharides.

Streptococcus agalactiae (one of the group B streptococci
[GBS]) is an important cause of infections in newborns and
adults (15). The production of an orange, red, or brick red
pigment is a unique characteristic of hemolytic GBS from
humans and serves as the basis for culture media used to detect
and identify these organisms (5, 11, 12). Starch is essential for
pigment production, because it stabilizes the pigment (9, 18).
Proteose peptone and serum (5) and folate pathway inhibitors
(13) have pigment-enhancing (PE) activity. Because the com-
pounds responsible for the effects of biological fluids in culture
media have seldom been characterized and because this knowl-
edge could help improve culture media (17), we undertook this
study to identify the proteins that account for the PE activity of
serum (14).
(Part of this work was presented at the 94th General Meet-

ing of the American Society for Microbiology, Las Vegas, Nev.,
May 1994 [14].)
PE activity was detected by bioautography (6, 10). The beta-

hemolytic GBS strain used in these experiments was isolated
from a patient and was identified by accepted procedures (15).
The test medium was New Granada Medium (12) depleted of
serum. This medium contained proteose peptone (Difco, De-
troit, Mich.), starch, methotrexate, glucose, and a MOPS (mor-
pholinepropanesulfonic acid)-phosphate buffer. Twelve milli-
liters of medium (at 508C) was poured into 9.5-cm-diameter
petri dishes, mixed with 20 ml of an overnight culture of the test
strain in brain heart infusion broth (Difco), and left to solidify.
In each plate, 7-mm-diameter wells were cut and filled with 40
ml of dilutions of the fluid to be assayed (serum, urine, purified
fractions of these, or amylases) in 0.05 M Tris-HCl (pH 8)–0.2
M NaCl (buffer A). The plates were incubated under anaerobic
conditions (85% N2, 10% H2, 5% CO2) for 18 h at 378C, and
a zone of orange-red GBS microcolonies formed around wells
showing PE activity. A unit of PE activity (PE U) was defined
as the activity present in the well with the highest dilution of
each biological fluid that showed activity. PE specific activity
was defined as the number of PE U per microgram of protein.
For amylases, we also used as PE specific activity the number

of PE U per amylase catalytic activity unit. To locate areas of
activity on slabs from native polyacrylamide gel electrophoresis
(PAGE), gel lanes were placed on plates of inoculated test
medium and incubated. Activity appeared as areas of pig-
mented microcolonies.
Protein concentrations were determined by the bicincho-

ninic acid procedure (Pierce Biochemicals, Rockford, Ill.).
Protein in eluates was monitored by measuring the A280 (Uvi-
cord II; Pharmacia, Uppsala, Sweden). Native PAGE (1) and
sodium dodecyl sulfate-PAGE (SDS-PAGE) (7) in homoge-
neous gels and in linear gradient gels were done in a Mini-
Protean II cell (Bio-Rad Laboratories, Hercules, Calif.). The
gels were stained with Coomassie brilliant blue or with a silver
stain. Molecular weights were estimated by SDS-PAGE (8, 19),
using molecular weight markers from Bio-Rad. Amino acids
were analyzed with a Biochrom 20 analyzer (Pharmacia) after
gas-phase hydrolysis of the protein (2).
Isolation of PE proteins. Human serum and urine were

chosen as starting materials because of their availability and
well-known compositions and because previous experience had
shown urine to have a high PE specific activity.
PE proteins were isolated by sequential chromatography. (i)

In step 1, pooled serum from the regional blood bank (3 liters;
PE activity, 2 PE U/ml; PE specific activity, 0.03 PE U/mg of
protein) was diluted to 1/2 and dialyzed against buffer A. The
dialyzed serum was pumped in batches (100 ml) into a size
exclusion chromatography column (Sephacryl HR-300; Phar-
macia) (5 by 90 cm) and was eluted at a flow rate of 100 ml/h.
A wide peak of activity was detected between 1,500 and 2,400
ml. This delayed elution (after apparently all the proteins were
eluted and after more than a total bed volume was passed)
suggested that the active protein was absorbed in the matrix.
(ii) In step 2, active fractions from step 1 (about 27 liters) were
concentrated to 44 ml by ultrafiltration (protein, 4 g/liter) and
were dialyzed against 0.0125 M Tris-HCl (pH 8)–0.05 M NaCl.
The concentrate was then applied (in two batches) to a Seph-
adex G-75 (Pharmacia) column (2.6 by 90 cm) and was eluted
at a flow rate of 25 ml/h. A lower-ionic-strength buffer was used
with Sephadex to lessen hydrophobic interactions between the
active protein and the matrix. Nonetheless, activity was found
after most of the protein was eluted. Samples of this active
fraction were subjected to SDS-PAGE under reducing condi-
tions, which revealed a characteristic breakdown, suggesting
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the presence of immunoglobulins. (iii) In step 3, the active
fraction from step 2 was passed through a 1-ml protein A-
Sepharose column (Pharmacia), but no activity was retained.
(iv) In step 4, the fraction not retained in step 3 was dialyzed
against 0.01 M Tris-HCl (pH 8.5), applied to a 5-ml column of
a strong anion exchanger (Q Sepharose, HiTrap Q; Pharma-
cia), and eluted (flow rate, 20 ml/h) with 100 ml of a linear
NaCl gradient at a constant pH (final buffer containing 0.3 M
NaCl). Most of the PE activity emerged as three consecutive
peaks at NaCl concentrations from 0 to 0.03 M.
PE proteins were also purified from 10 liters of human

pooled urine (PE activity, 4 PE U/ml; PE specific activity, 40
PE U/mg of protein). Urine was concentrated to 30 ml by
ultrafiltration and purified as described for steps 2 through 4.
Native PAGE of samples from the three main active peaks

from the last step of serum and urine purification showed one
main protein band in each peak, but the bands had different
mobilities. These electropherograms, when evaluated by bio-
autography, showed areas of PE activity at the same position as
the bands of protein. Analyses of reduced and nonreduced
samples by SDS-PAGE showed that all the peaks contained
one protein band with a molecular mass of about 60 kDa.
Ferguson plots (3) for all these active proteins from serum and
urine showed similar retardation coefficients. These results
suggest that the proteins in the active peaks had the same
molecular mass.
On the suspicion that these proteins were isoforms of a

single protein, identification based on analogy of its amino acid
composition with known proteins was attempted using the
Protsearch program (4) and the Swissprot database. The pro-
gram was run at the EMBL-Heidelberg computing facility
(http://www.embl-heidelberg.de/aaa.html). Amylases appeared
as the highest-scoring proteins, and their compositions were
practically identical to that of the protein isolated in our lab-
oratory.
Amylase catalytic activity was measured by using a Synchron

CX 7 clinical autoanalyzer (Beckman Instruments Inc., Palo
Alto, Calif.) and was expressed in international units (1 IU 5
16.67 nkat). The first active peak from the last step of purifi-
cation of PE proteins from urine (ion-exchange chromatogra-
phy) yielded an amylase activity of 60 411 IU/liter (starting
urine, 200 IU/liter) and a PE specific activity of 32,000 PE
U/mg of protein. Gels from native PAGE of this sample were
overlaid with melted 1% soluble starch in 1% agar, left for 3
min at 208C, and stained with 0.25% I2 in 1% KI. The zymo-
grams showed well-defined zones of amylase activity (clear
zones on a purple field) at the same location as bands of
protein and bands of PE activity. These results suggested that
the PE proteins in both serum and urine are isoenzymes of
a-amylase (EC 3.2.1.1.).
It should be noted that the first step in our method of

purification of PE proteins from serum using size exclusion
chromatography was hampered because amylase was absorbed
by the Sephacryl, which acted as an affinity absorbent. More-
over, the ability of cross-linked dextrans to link amylases has
been exploited in the purification of these enzymes (16).
PE activity was also found (Table 1) in a-amylases (Sigma,

St. Louis, Mo.) from human saliva, from porcine pancreas, and
from Bacillus licheniformis (maltopentaose-forming amylase);
in barley b-amylase (EC 3.2.1.2); and in amyloglucosidase (EC
3.2.1.3) from Aspergillus niger and from a Rhizopus sp. Oligo-
saccharides (G3 to G7, at a concentration of 5%) and partial
hydrolysates of 5% soluble starch also showed PE activity,
while isoamylase (EC 3.2.1.68), b-glucosidase (EC 3.2.1.20),
and cyclodextrins did not.
The PE activity of amylases in a glucose- and starch-con-

taining medium suggests that this activity is caused by malto-
oligosaccharides (produced in the hydrolysis of starch), be-
cause oligosaccharides can replace amylase in the medium.
Pigment production in GBS is an active process, and glucose
increases pigment yield (18). How oligosaccharides cause PE
activity is not clear, but as this activity is seen in the presence
of glucose, the mechanism may be different from the increased
metabolism involved in glucose-mediated pigment enhance-
ment (18). These findings suggest a promising approach to the
enhancement of culture media used to detect and identify
GBS.
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a See text for explanations of units.
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