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Fig. 2. Enzyme activities causing cell separation and lysis in parent and packet-forming mutants. A
concentrated suspension of heat-killed packets of SAK-132 (10 cells/ml) was mixed with 10 volumes of culture
supernatants and incubated at 37°C. For the assay of lytic activity, a decrease in the turbidity (660 nm) of the
reaction mixtures was followed, and the results are expressed as a percentage of the zero time value. For the
detection of separation enzyme activity, the morphology of the packets was examined by microscopy. Photo-
graphs show the morphology of packets that were incubated for 93 h with: (a) phosphate buffer (0.05 M, pH
6.5); (b) the supernatant of wild-type strain SAK-101 in the presence of 100 pg of SDS per ml; (c) the
supernatant of packet-forming mutant strain SAK-112; (d) the supernatant of wild-type strain SAK-101.
Because the morphology of the packets incubated with supernatant of SAK-132 was similar to (c), it is not
shown in this figure. Symbols: A, phosphate buffer; O, wild-type strain SAK-101; O and B, packet-forming
mautant strains SAK-112 and SAK-132, respectively; ®, wild-type strain SAK-101 in the presence of 100 ug of

SDS per ml.

arranged packet of strain SAK-112, which pre-
sumably consisted of 32 cells, is shown in Fig.
3B. The regular arrangement of the cells indi-
cates that the packet was formed by successive
division along three definitely oriented planes,
the second being perpendicular to the first and
the third division perpendicular to both the
first and second division planes. However, the
plane of cell division in S. aureus was not al-
ways regular. Sometimes the plane of division
between the daughter cells was perpendicular
to the plane of division between other nascent
pairs in the same packet. This indicates that
the third division plane is sometimes parallel to

the first or second division plane. This is clearly
seen in the dividing cell at the bottom corner of
the packet shown in Fig. 3B (indicated by an
arrow). Another abnormal division plane is
shown in Fig. 3C. In this packet, the planes of
division are not all at right angles.

This may be due to an incorrect setting of
new planes of division or to a slight rotation of
the cells resulting from the presence of residual
separation enzyme. To clarify this question, it
will be useful to isolate new mutants that
form large, regularly arranged packets such
as Micrococcus rubens as described in a pre-
vious paper (13).
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F1c. 3. Scanning electron micrographs of S. aureus. (A) Wild-type strain SAK-101. The irregular cluster
consists of eight cells. (B) Cell packet of mutant strain SAK-112. The arrow indicates a division plane with a
different orientation. (C) Cell packet of strain SAK-132. The bars indicate 1 um.

DISCUSSION

The role of autolytic enzymes in the separa-
tion of cells of chain-forming bacilli and cocci
has been studied by many investigators (5, 6, 9,
11). The results obtained in the present report
indicate that a separation enzyme also plays a
role in the separation and postfissional move-
ment of S. aureus cells. When the separation
enzyme in S. aureus was inhibited by deter-
gents, the postfissional movement of the cells
was inhibited, resulting in the formation of
regular cell packets. Mutants deficient in this
enzyme activity also formed cell packets. It is
unknown whether the activities of the separa-
tion enzyme and lytic enzyme of the cell wall
are due to the same enzyme in S. aureus. Re-
cently Chatterjee et al. (3) reported on a mutant
of S. aureus that is deficient in N-acetylmura-
myl-L-alanine amidase, which is the major lytic
enzyme of the cell wall in S. aureus (8). They
reported that the mutant formed large cell
clumps, but they did not describe the arrange-
ment of cells in the clumps.

Scanning electron microscopy showed that
the planes of division of S. aureus cells were

essentially in three directions at right angles to
each other. It is unknown whether the slight
irregularity in the arrangements of cells in cell
packets of S. aureus was caused by skewing of
the division planes or by a slight postfissional
movement of the cells. However, it is quite
clear from our work that S. aureus cells do not
divide in random planes as thought previously
(4). A possible mechanism for the determina-
tion of the division planes in Micrococus and
Staphylococcus is presented and discussed else-
where (10).
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