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Phage-coded lysin is an enzyme that destroys the cell walls of bacteria. Phage lysin could be an
alternative to conventional antibiotic therapy against pathogens that are resistant to multiple antibiotics.
In this study, a novel staphylococcal phage, GH15, was isolated, and the endogenous lytic enzyme
(LysGH15) was expressed and purified. The lysin LysGH15 displayed a broad lytic spectrum; in vitro
treatment killed a number of Staphylococcus aureus strains rapidly and completely, including methicillin-
resistant S. aureus (MRSA). In animal experiments, a single intraperitoneal injection of LysGH15 (50 �g)
administered 1 h after MRSA injections at double the minimum lethal dose was sufficient to protect mice
(P < 0.01). Bacteremia in unprotected mice reached colony counts of about 107 CFU/ml within 3.5 h after
challenge, whereas the mean colony count in lysin-protected mice was less than 104 CFU/ml (and
ultimately became undetectable). These results indicate that LysGH15 can kill S. aureus in vitro and can
protect mice efficiently from bacteremia in vivo. The phage lysin LysGH15 might be an alternative
treatment strategy for infections caused by MRSA.

Staphylococcus aureus is a common and dangerous pathogen
that causes various infectious diseases, including skin ab-
scesses, wound infections, endocarditis, osteomyelitis, pneu-
monia, and toxic shock syndrome (2, 23). Treatment of these
infections has become ever more difficult due to the emergence
of multidrug-resistant strains, especially methicillin-resistant S.
aureus (MRSA) (15, 25, 26, 36, 37). Vancomycin was effective
against MRSA, but certain MRSA strains have already ac-
quired resistance to vancomycin as well (vancomycin-resistant
S. aureus [VRSA]), raising serious concerns within the medical
community (17, 18, 37). Therefore, there is an urgent need for
novel therapeutic agents directed against this formidable
pathogen (2, 9).

The phage lysin is encoded by the bacteriophage genome
and is synthesized at the end of the phage lytic life cycle to lyse
the host cell (30). Lysins belong to the family of mureolytic
enzymes that directly destroy peptidoglycans in the bacterial
cell wall. Previous studies have suggested that lysins from cer-
tain phages were highly efficient in lysing bacteria, especially
when applied exogenously (11, 14, 21, 22, 29, 35). As a poten-
tial antibacterial agent, lysins possess several promising fea-
tures, namely, a distinct mode of action, species or type spec-
ificity, and bactericidal activity independent of the antibiotic
susceptibility pattern (1). Indeed, there is a low probability that
bacteria will develop resistance against lysin (12, 21).

Some Staphylococcus phage lysins have been isolated and
studied, including LysK, ClyS, MV-L, LysWMY, and �H5;

however, only MV-L and ClyS have been studied in in vivo
assays (6, 33). In this study, a novel myovirus phage infecting
S. aureus was isolated. The lysin derived from this phage,
LysGH15, was expressed and refined. The lysin LysGH15
demonstrated a very broad host range and strong lytic ac-
tivity. We evaluated the potential of LysGH15 to rescue
bacteremia and reduce lethality in a murine model of
MRSA infection. Our positive results suggest that lysin
treatment might provide an effective approach to control
MRSA infections in humans and domestic animals.

MATERIALS AND METHODS

Bacterial strains and culture conditions. Details of bacterial strains used in
the study are listed in Table 1. All MRSA strains and most methicillin-susceptible
S. aureus (MSSA) strains were isolated from clinical specimens obtained from
patients at the First Hospital of Jilin University. All the isolated strains were
confirmed as S. aureus by PCR of the 16S rRNA and by the coagulase test.
Identification of MRSA strains was achieved by colony formation on selective
salt agar plates containing 6 mg/ml oxacillin. Strains that yielded colonies on the
plates were tested further for the mecA gene by PCR according to the method of
Zhao et al. (38). All bacterial strains were stored at �80°C and routinely grown
at 37°C. S. aureus strains and Streptococcus were cultured in brain heart infusion
(BHI) broth, while others were cultured in Luria-Bertani (LB) medium.

Phage isolation, purification, and host range. Samples of sewage were col-
lected from the Changchun sewerage system and filtered with cotton wool. The
MRSA strain W3275 was cultured overnight, together with sewage samples, in
BHI broth at 37°C. The culture was centrifuged at 4°C (10,000 � g; 15 min), and
the supernatant was filtered through Millipore filters (0.22-�m pore size). To
detect the presence of phage, spot tests were carried out as described previously
(4). Phage were purified using the double-layer agar plate method (8). After the
cycle was repeated until the plaques were homogeneous, the phage were ampli-
fied and stored at 4°C or at �80°C in glycerol (3:1 [vol/vol]). The host range was
also determined by the spot test method.

Characteristics of phage. The multiplicity of infection (MOI) was defined as
the ratio of virus particles to host cells. W3275 was grown to early log phase and
then adjusted to a cell count of approximately 1 � 107 CFU/ml. Bacterial cells
were infected with phage at different ratios (phage/bacterium ratio, 0.0001, 0.001,
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0.01, 0.1, 1, 10, or 100). After incubation with shaking for 8 h at 37°C, the titers
of these lysates were quantified as PFU per milliliter. As a control, W3275 was
cultured alone, and the phage titer of the culture was determined.

A culture of W3275 grown to mid-exponential phase was harvested and re-
suspended in fresh BHI broth. Phage were added at an MOI of 0.1 and allowed
to adsorb for 15 min at 4°C. The mixture was then centrifuged, and the pellets
were resuspended in 10 ml of BHI. This suspension was incubated at 37°C with
shaking at 200 rpm. Samples were taken at 5-min intervals, immediately diluted,
and then plated for phage titration. As a control, W3275 was cultured alone, and
the phage titer of the culture was determined.

Concentrated GH15 phage preparations were obtained by CsCl density gra-
dient centrifugation following polyethylene glycol 8000 precipitation of BHI
lysates. The protocols used were similar to those described previously (24). A
sample was applied to copper grids, negatively stained with phosphotungstic acid
(PTA) (2% [wt/vol]), and examined by transmission electron microscopy (JEOL
JEM-1200EXII; Japan Electronics and Optics Laboratory, Tokyo, Japan) at an
accelerating voltage of 80 kV.

The phage genome was purified with a virus genome extraction kit (Takara)
and digested with DNase I (20 U/�g), RNase A (5 U/�g), and mung bean
nuclease (20 U/�g) (Takara) at 37°C according to the manufacturer’s instruc-
tions (27). The products of the digested phage nucleic acid were separated by
0.7% agarose gel electrophoresis. The undigested nucleic acid of the phage was
quantified as a control.

Cloning, expression, and purification of phage lysin. The primers lysin-S
(5�-GTTAAAAGTAGTGCCATGTCA-3�; nucleotides [nt] 26943 to 26963) and
lysin-A (5�-TGAAATTGAAGGTGGTTCAGC-3� ; nt 29502 to 29522) were
designed according to the phage K gene sequence published in GenBank (ac-
cession number AY176327). The template contained the full-length endolysin
gene (nt 27072 to 29435). The amplified product was sequenced, and a BLAST
search was performed. Primers lysF (5�-CCGCTCGAGATGGCTAAGACT CA
AGCAGAA-3�) and lysR (5�-CGGGATCCCTATTTGAATACTCCCCAGGC
AA-3�) were designed based on the putative full-length lysGH15 gene. The PCR
product (containing 5� XhoI and 3� BamHI restriction sites) was digested with
XhoI and BamHI and ligated into the pET15b vector. The full expression vector,
pET15b-LysGH15, was transformed into competent Escherichia coli BL21 cells
(Codon Plus). Exponentially growing cultures were induced with IPTG (isopro-
pyl-�-D-thiogalactopyranoside). Bacterial cells were washed with 20 mM phos-
phate-buffered saline (PBS), disrupted with an ultrasonic disintegrator, and
centrifuged at 4°C (10,000 � g; 15 min). The supernatant and pellet were
analyzed by SDS-PAGE using 12% gels. For protein purification, the superna-
tant was dialyzed against PBS, added to Ni-nitrilotriacetic acid (NTA) (nickel
matrix) His-Bind slurry, and eluted according to the manufacturer’s instructions
(Merck-Novagen).

Characteristics of the lysin. The mid-exponential-phase W3275 cells were
harvested (10,000 � g for 15 min at 4°C) and washed with PBS that contained
various concentrations of CaCl2 (0–100 mM). The cell concentration was ad-
justed to an optical density at 600 nm (OD600) of 1.2–1.5. The lytic activity of the
putative lysin toward W3275 was tested at various pH values in 50 mM sodium
acetate (pH 4.0–6.0) or in 20 mM PBS (pH 7.0–9.0) at temperatures ranging
from 25°C to 45°C. Experiments under each condition (media, pH, and temper-
ature combination) were performed in triplicate.

The enzyme unit was defined as the highest dilution that caused a 50%
decrease in absorbance at OD600 after 15 min at 35°C relative to control wells.
One unit of LysGH15 was defined as described previously with modifications
(21).

Antimicrobial activity of the lysin. The phage lysin was tested for its ability to
form a clearing on live staphylococcal lawns. Fifty-three different S. aureus
substrates and other species were tested to determine the host spectrum of the
lysin. Bacterial cells were washed and resuspended in sterile PBS, and the colony
count was determined. The phage lysin was added to the bacterial suspension
(final concentration, 40 �g/ml), and the mixture was incubated for 30 min at
35°C. The colony count was determined again. Enzyme activity in vitro was
expressed as the CFU reduction. As a negative control, the bacterial strains were
treated with elution buffer under the same conditions.

Mouse experiments. Female BALB/c mice weighing 20 to 22 g (8 to 12 weeks
of age) were purchased from the Experimental Animal Center of Jilin University.
Groups of five mice per experiment were injected intraperitoneally (i.p.) with
different inocula of MRSA strain YB57 (7 � 106, 7 � 107, 7 � 108, 7 � 109, and
7 � 1010 CFU/mouse) to determine the minimal dose that produced 100%
mortality over a 7-day follow-up period (the minimal lethal dose [MLD]). The
number of dead mice was recorded daily. Once the MLD had been deter-
mined, 2� MLD was used as the infective inoculum (challenge dose). The

TABLE 1. Test organisms for specificity determinations

Organism Strain Sourcea

S. aureus N38 1
4B 1
J01 1
R6166 1
N4 1
W2 2
N6 1
N3 1
N23 1
N5 1
N25 1
W4727 1
W1 2
W4661 1
J02 1
W3 2
W4 2
W5 2
N1 1
N13 1
N19 1
N30 1
N28 1
N7 1
N26 1
J2 1
CVCC2261 3
ATCC 26003 4
ATCC 25923 4

MRSA R89 1
W3275 1
R81 1
R6012 1
W11 1
R23 1
R5886 1
N10 1
YB57 1
W4552 1
R6491 1
R3784 1
R6246 1
R6994 1
R3659 1
W25 1
R196 1
R75 1
208 1
R238 1
R3790 1
R6186 1
R6040 1
R6199 1

Streptococcus CVCC606 3

B. subtilis EA751 2

S. enteritidis CVCC541 3

K. pneumoniae 43816 2

E. coli ATCC 25922 4

a 1, isolated from the First Hospital of Jilin University; 2, laboratory collection;
3, purchased from China Institute of Veterinary Drug Control; 4, purchased
from the American Type Culture Collection.
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procedure for this experiment was carried out as described previously, with
modifications (3, 20).

To determine the dose dependence of lysin treatment in mice, a single dose of
LysGH15 (0 �g, 5 �g, 10 �g, 50 �g, or 100 �g) was administered i.p. at 1 h after
bacterial challenge. Each dose group contained five mice. As controls, infected
mice were treated with buffer and heat-inactivated LysGH15, and mock-infected
mice were treated with 200 �g of LysGH15. An additional experiment was
performed to determine whether LysGH15 was capable of protecting mice when
injected several hours after challenge. These mice received a single 50-�g injec-
tion of LysGH15 at 1, 2, 3, and 4 h after challenge. The ability of LysGH15 to
protect the bacteremic mouse was further investigated by colony counting. At
intervals, bacterial counts were determined from 10 �l peripheral blood samples
taken from the caudal veins of mice treated with either LysGH15 or buffer.

Statistical analysis. Statistically significant differences in the survival of mice
treated with the lytic enzymes versus vehicle were determined using the Pearson
chi-square test and Fisher’s exact test. A P value of less than 0.05 was accepted
as statistically significant. The SPSS statistical software package version 13.0
(SPSS, Inc., Chicago, IL) was used for all statistical analyses.

RESULTS

Phage purification and host range. Clear plaques were ob-
served wherever phage lysate was spotted onto BHI agar plates
covered with a bacterial lawn of MRSA W3275. This indicated
that there were indeed phage in the lysate. The host range of
all phages was determined, and the phage with the broadest
spectrum was chosen and named GH15. The transparent
plaque of phage GH15 was 2 mm in diameter. Of the 53
remaining S. aureus samples tested, GH15 was lytic against 25
strains (including 15 MRSA strains, ATCC 25923, ATCC
26003, and 8 MSSA strains). However, the phage GH15 could
not lyse other species.

Characteristics of phage. When the MOI was 0.001, the
phage titer was highest, reaching 2.7 � 1010 PFU/ml. On the
other hand, the titer of the control W3275 culture was 0, so
the optimal MOI of phage GH15 was determined to be
0.001. The quantity of GH15 increased quickly in the log
phase, and the time interval between two wave crests was

about 15 to 20 min (Fig. 1). Moreover, the curve showed a
short latency period of about 25 min and a rise period of
80 min.

As shown in Fig. 2, phage GH15 had a contractile tail of
approximately 125 � 2 nm, an isometrically hexagonal head
65 � 3 nm in diameter, and a double-layer baseplate about 60
nm in diameter. The head was separated from the tail sheath
by a collar. The phage nucleic acid could be digested only with
DNase I, which indicated that it was double-stranded DNA.

The sequencing and identification of phage lysin. A frag-
ment of about 1,704 bp was amplified using the primers lysin-S
and lysin-A. The results of BLAST searches in the GenBank
database revealed that the amplified product contained an
entire open reading frame (ORF) (1,488 bp; GenBank acces-
sion no. HMO15284). The sequence of this ORF had 94%
homology with those of the lysin genes of the S. aureus bacte-
riophages K, 812, A5W, and G1. However, the lysin of GH15
did not contain an intron like the lysins of these four phages.

The whole putative GH15 lysin gene (named lysGH15) was
amplified using primers lysF and lysR. Exponentially growing
cultures of E. coli BL21 containing pET15b-LysGH15 were
induced with 1 mM IPTG, followed by incubation for 6 h at
25°C with shaking at 180 rpm. As seen in Fig. 3, SDS-PAGE
revealed that there was a band of approximately 55 kDa, cor-
responding to the predicted size of the phage LysGH15 pro-
tein. This band was absent from uninduced cells. In addition,
LysGH15 was found in the supernatant as a fusion protein. A
homogeneous band also emerged in a sample of purified His-
tagged phage lysin.

FIG. 1. One-step growth curve of phage GH15 in MRSA strain
W3275. GH15 was added at an MOI of 0.1 and allowed to adsorb to
W3275 cells for 15 min at 4°C. The GH15-exposed bacterial cells were
thoroughly washed, transferred into 10 ml fresh BHI medium, and
cultured at 37°C with shaking at 200 rpm. The culture samples were
harvested at regular intervals, and the quantity of phage particles was
measured during the incubation.

FIG. 2. The morphology of phage GH15 as revealed by transmis-
sion electron micrographs of GH15 negatively stained with 2% phos-
photungstic acid. The phage has an isometrically hexagonal head 65 �
3 nm in diameter, a contractile tail of approximately 125 � 2 nm, and
a double-layer baseplate about 60 nm in diameter. The head is always
separated from the tail sheath by a collar. These morphological char-
acteristics confirmed that the phage is a member of the family Myo-
viridae. The bar represents 200 nm.
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Characteristics of the lysin. As shown in Fig. 4A, the great-
est enzymatic activity of LysGH15 was detected at pH 6.0,
while activity was significantly lower at pH 5.0 or pH 7.0. The
activity of lysin was also temperature dependent (Fig. 4B);
bacterial cells were most susceptible to the lysin at 35°C, al-
though considerable lysis was seen at temperatures between
25°C and 40°C. This lysin was very sensitive to high tempera-
tures, however, as incubation at 45°C for 30 min could cause
inactivation. The activity of LysGH15 was not dependent on
the extracellular calcium concentration.

Rapid and specific killing of S. aureus by LysGH15. The
activity unit of LysGH15 was determined using the W3275
strain as the indicator bacterium. Approximately 0.8 �g of
purified LysGH15 corresponded to 1 U of lytic activity against
W3275.

The bactericidal effect of LysGH15 was further investigated
against a number of strains. In addition to killing the host
bacterial strain, LysGH5 was able to lyse many other S. aureus
strains, whether MRSA or MSSA. However, higher suscepti-
bility to the endolysin was observed in MRSA strains, with an
average specific activity of 5.4 � 1.1 compared to 3.9 � 2.8 for
MSSA strains (Fig. 5). No lytic activity against Streptococcus,
Bacillus subtilis, Salmonella enteritidis, Klebsiella pneumoniae,
or E. coli was detected (data not shown).

Elimination of MRSA by LysGH15 in mouse models. Injec-
tion of 7 � 109 and 7 � 1010 CFU/mouse MRSA YB57 (i.p.)
was sufficient to produce bacteremia and a 100% mortality rate
within 3 days. The average MLD of YB57 was determined to
be about 7 � 109 cells.

Experimental controls (not shown) demonstrated that high
bacteremic rates (�5.4 � 105 CFU/ml) were normally attained
in the blood and that the infection was systemic. In fact, CFU
values greater than 5 � 103 were detected in heart, liver,
spleen, and kidney within 50 min after the 2� MLD challenge.
Consequently, the different doses of LysGH15 were adminis-

tered (i.p.) 1 h after the inoculation. A dose-dependent effect
on the state of the animals was visible after 24 h, as shown in
Fig. 6A. All mice recovered and bacteremia was greatly re-
duced when 50 �g of LysGH15 was injected 1 h after bacterial
challenge, as revealed by Fisher’s exact test (P 	 0.01). The
lowest dose of lysin, 10 �g per mouse, was sufficient to protect
two out of five mice tested, while doses below 10 �g did not
improve the survival rate. Similarly, heat-inactivated LysGH15
was ineffective and did not show any protective effect. More-
over, the administration of a single excess dose of LysGH15
(200 �g) did not produce any adverse effects. A life-saving
effect was observed even when 50 �g LysGH15 was adminis-
tered 2 h after infection, with a protective rate of 40%, as seen
in Fig. 6B. The ability of LysGH15 to reduce bacterial counts
in blood was investigated (Fig. 7). The group treated with lysin
1 h after inoculation demonstrated a drop of 2 log units by
2.5 h after lysin treatment. This contrasted with bacterial
counts in untreated mice, which could increase to 107 CFU/ml
and cause death within 2 days.

DISCUSSION

Phage lysin therapy is a possible alternative to antibiotics for
the treatment of bacterial infections. Indeed, it has proven to
be medically superior to antibiotic therapy in many ways (7).
Our results support this notion, as phage lysin was shown to be
highly efficacious against infections caused by inoculation with
antibiotic-resistant S. aureus.

In this study, a novel phage from the family Myoviridae was
isolated and characterized. Most phages that have been iso-
lated belong to the family Siphoviridae or Podoviridae. To our
knowledge, only a few Myoviridae members have been studied,
including phages K and Twort. The phage GH15 demonstrated

FIG. 3. Protein profiles of N-terminal His-6-tagged LysGH15 on a
12% Coomassie brilliant blue (CBB)-stained gel. The lanes were
loaded as follows: lane 1, uninduced E. coli BL21 (Coden Plus) cells
containing a pET15b-LysGH15 construct; lane 2, pET15b-LysGH15-
containing E. coli BL21 (Coden Plus) cells induced with 1 mM IPTG
at 25°C; lane 3, supernatant of the induced E. coli BL21 Coden Plus
cells containing a pET15b-LysGH15 construct after being crushed;
lane 4, the purified LysGH15 fraction eluted from Ni-NTA His-Bind
slurry; lane M, molecular mass marker. The arrow indicates the puri-
fied LysGH15 protein of about 55 kDa.

FIG. 4. Characteristics of LysGH15. Shown is the percent reduc-
tion in the turbidity of a MRSA W3275 suspension after treatment
with 40 �g/ml lysin for 30 min. (A) pH profile of LysGH15 activity.
(B) Temperature profile of lysin activity. The values represent means
and standard deviations (SD) (n 
 3).
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high lytic activity and a broad host range, underscoring its great
potential to treat S. aureus infection.

The product amplified using lysin-S and lysin-A was shorter
than we expected, because the previously cloned lysK has an
intron of about 876 bp (31). No intron was found in lysGH15,
but otherwise, lysGH15 and lysK showed significant homology
(94%). This suggests that the intron of lysGH15 has been lost
or shifted or that lysK has obtained an intron (16).

Analysis of the amino acid sequence revealed that LysGH15
is a modular enzyme with three distinct domains similar to
those of LysK, including an N-terminal CHAP domain with
hydrolytic function, a central amidase domain, and a C-termi-
nal SH3b domain that might be involved in cell wall recogni-
tion (22, 28). However, a truncated derivative of the phage
endolysin LysK, C165, which contained only the CHAP do-
main, was shown to have greater lytic power than the native
protein (19, 32). This suggests that there may be intramolecu-
lar interactions or spatial steric hindrances among domains in
LysK that modulate the lytic activity of the lysin (5, 34). While
LysGH15 fragments were not tested, the complete enzyme
exhibited powerful bactericidal activity against most S. aureus
strains tested.

The activity of a lytic enzyme is closely related to its struc-
ture (34). There were only four amino acid differences between
LysGH15 and LysK (Ile26, Gln113, Asp469, and His485) (31).
However, analysis of the amino acid sequence using DNAStar
demonstrated that LysGH15 had a different tertiary structure.
We found one more �-strand in LysGH15 within the N-termi-
nal CHAP domain due to the change at amino acid 113. In
addition, there were three more turn regions and two more coil
regions in LysGH15 than in LysK due to amino acid differ-

ences at positions 469 and 485. These structural differences
may result in the difference in lytic activities.

The lysin LysGH15 displayed a broad lytic spectrum. How-
ever, LysGH15 had a significantly different bactericidal effect,
depending on resistance to methicillin. A higher susceptibility
to the endolysin was observed against MRSA strains. A larger
variability was also observed against different MSSA strains.
Normally, the C-terminal domain of lysin binds to a specific
substrate (usually a carbohydrate) found in the cell wall of the
host bacterium (10, 13), and the degree of binding is closely
related to the lytic activity (34). It is likely, therefore, that the
binding between LysGH15 and MRSA is stronger and that
there are different binding moieties in the cell walls of MRSA
and MSSA bacteria. Additionally, LysGH15-mediated killing
is highly specific to S. aureus, but not to other species, which is
consistent with recent investigations by others (29, 33). Thus,
LysGH15 has the potential to control infections caused by S.
aureus strains, including MRSA and MSSA, without perturb-
ing the commensal microflora.

A single injection of LysGH15 was sufficient to protect mice
from fatal MRSA infection. When administered 1 and 3 h after
MRSA challenge, 50 �g LysGH15 had protective rates of
100% and 20%, respectively. MV-L and ClyS have also been
studied in in vivo assays (6, 33). In comparison, when 500 U
MV-L (about 50 �g) was used to treat the murine model 1 h
after MRSA challenge, the survival rate reached 60%. The
protective rate for MRSA-infected mice was about 30% when
166 �g ClyS (a chimeric lysin) was administrated 3 h after
inoculation. Therefore, the protective efficacy of LysGH15 may
be higher, at least based on these limited studies. Otherwise,
our data indicated that the survival rates of the treated mice

FIG. 5. Lytic activities of the lysin LysGH15 on various strains of S. aureus. LysGH15 caused specific killing of S. aureus. Log-phase cultures
of different bacteria were exposed to LysGH15 (final concentration, 40 �g/ml) for 30 min. The results are displayed as the number of viable bacteria
after buffer treatment divided by the number of viable bacteria after exposure to LysGH15. (A) MRSA strains. (B) MSSA strains. Averages of
triplicate samples for each assay were used for the calculations. The error bars indicate SD.
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would be increased further by changing to a higher dose of
LysGH15, even if the administration of lysin was delayed much
longer.

The results of these assays demonstrated that the phage lysin
LysGH15 had a wide spectrum of lytic activity and was strongly
protective against lethal S. aureus infection in mice. Most im-

portantly, we found significant therapeutic efficacy against an-
tibiotic-resistant strains. This alternative therapeutic option
will provide a viable tool to control methicillin-resistant S.
aureus infections.
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cavity. Control mice (white squares) were treated with elution buffer
under the same conditions. (B) LysGH15 (50 �g) or buffer was ad-
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