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Mcm8 and Mcm9 form a dimeric complex
in Xenopus laevis egg extract that is not essential
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Hexameric complexes of the six related Mcm2-7 proteins form the core of the replicative helicase. Two other proteins,
Mcm8 and Mcm9, with significant homology to Mcm2-7 were first shown to play distinct roles during DNA replication
in Xenopus laevis egg extract. Recent work has revealed that Mcm8 and 9 form a complex that plays a role during
homologous recombination in human, chicken and mouse cells. We have therefore re-examined the behavior of the
Xenopus homologs of these proteins. We show that Mcm8 and Mcm9 form a dimeric complex in Xenopus egg extract.
They both associate with chromatin at later stages of DNA replication, and this association is stimulated by DNA damage,
suggesting that their function is analogous to the one described in higher eukaryotes. In contrast to previous reports,
we do not find Mcm9 essential for loading of Mcm2-7 complex onto chromatin during origin licensing nor detect its
interaction with Cdt1 origin licensing factor. Altogether, we conclude that the role Mcm8 and Mcm?9 play in Xenopus egg
extract is not different from recent findings in higher eukaryotes, consistent with an evolutionary conservation of their

function.

Introduction

Every dividing cell must duplicate its genome before cell divi-
sion. Failure to replicate the whole genome perfectly can lead to
cell death or genomic instabilities. The MCM (minichromosome
maintenance) proteins play a central role in DNA replication.
Mcm?2-7 hexamers form the core of the replication machinery
(the replisome) during S-phase, while the regulated loading of
Mcm2-7 onto DNA during G, phase of the cell cycle defines the
location of replication origins."” Two additional members of this
family have been identified: Mcm8 and Mcm9, which, unlike
the other MCM proteins, are present only in higher eukaryotes
due to their evolutionary loss in some fungi and some animals.®?
Both proteins were reported to play a role during DNA repli-
cation, but there is controversy as to their function in different
organisms.

Human Mcm8 was suggested to be involved in the assem-
bly of pre-replicative complexes (pre-RC; origin licensing),"*
while Xenopus laevis Mcm8 was shown to play a role during the
elongation stage of DNA replication.”” There are also contra-
dicting reports about the interaction of Mcm8 with Mcm2-7
complexes and Cdc6.#”'*" In Drosophila Mcm8 appears to act

16,17

during meiotic recombination,'®" although its depletion was also
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shown to reduce the number of replication forks during DNA
replication.’®

Xenopus laevis Mcm9 has also been proposed to play an essen-
tial function in loading Mcm2-7 onto origins of replication,
through its interaction with the licensing factor Cdtl.”” However,
in mice, Mcm9 was shown to be dispensable for origin licensing
but important for germ-line stem-cell maintenance, proliferation
and genome stability.” Moreover, the process of origin licensing
has been previously reconstituted with purified proteins without
the addition of Mcm9.4

Interestingly, a comparative genomics analysis showed that
Mecm8 and Mcm9 paralogs are typically either both present or
both absent in genomes, with the exception of Drosophila, which
contains only Mcm8."? This suggested that the two proteins may
have associated functions, and indeed, two recent reports pro-
vided elegant evidence for existence of Mcm8/Mcm9 complexes
in human, chicken and mouse cells.?** The reported complex
was shown to function during homologous recombination and
to play an essential role in generation of germ cells in mice? and
resistance to DNA damaging agents in chicken cell lines.?

As these recent findings are in conflict with original investiga-
tions of Mcm8 and Mcm9 functions in Xenopus laevis egg extract
system, we decided to re-examine the role of Mcm9 and Mcm8

Cell Cycle 1225

Do not distribute.

I0Science.

©2013 Landes B



X
A marker <& &
[kD]
185 - - =
115 = _ _ — Mcm9
80— _| _ — Mcm8
65— _ —
50— _ _
30— _ -
25— - =
15— - - -
rabbit  anti-Mcm9 anti-Mcm9 anti-Mcm8
Pl serum rabbit sheep ab sheep ab
serum
B NN A N
L L. L L.
AN S AN S
’\'Z’OQJQ’QO‘&;‘(@%Q"\O(@ ’\'Z’OGQ’QO‘&;@%&O&
FEERNTR QY For® QN

123456

Mcm9(sh)
Mcm9(rb)
Mcm8
Mcm4

Mcm7

Cdt1
7 8 9101112

flow through

immunoprecipitation

@
2

flow

through

S o,
CAN
(@)

®
Z
%
o
X2
< <
(@] o
3 3
I A

%

Q éé\
O
Cdt1

geminin

Mcm9(sh)

Mcm9(rb)

il
<
o)
3
o

1226

Cell Cycle

Figure 1. Mcm8 and Mcm9 form a complex in egg extract. (A) Western
blot of 0.5 .l of Xenopus interphase and metaphase arrested extracts
with preimmune and Mcm9-specific rabbit serum or sheep affinity
purified antibodies anainst Mcm8 and Mcm9. (B) Mcm8 and Mcm9 were
immunoprecipitated from egg extract using rabbit (rb) and sheep (sh)
antibodies. Commercial sheep IgG and rabbit pre-immune serum (PI)
were used as control. Input (extract), depleted input (flow through) and
immunoprecipitation samples were analyzed by western blotting with
indicated antibodies. (C) Cdt1 was immunoprecipitated from interphase
egg extract. Immunoprecipitated samples were analyzed as in (B).

during DNA replication in this system. We aimed to establish
whether they evolved a unique function in this early embryonic
system. We generated a new set of antibodies against X/Mcm8
and X/Mcm9, and here we show that Mcm8 and Mcm9 form a
stable dimeric complex in Xenopus egg extract. They both asso-
ciate with chromatin at later stages of S-phase and depletion of
Mecm9, which co-depletes Mcm8, does not significantly affect the
loading of Mcm2-7 complexes and does not block DNA replica-
tion but slows down its progression. Finally, both proteins bind
chromatin at higher levels in response to DNA damage, consis-
tent with a conserved function in higher eukaryotes associated
with recombination.

Results

Xenopus Mcm8 and Mcm9 interact with each other. We have
raised an antibody against X/Mcm8 and two antibodies against
X/Mcm9 (one in rabbit and one in sheep) to confirm our find-
ings with two independent antibodies. All antibodies specifi-
cally recognized recombinant proteins purified from E. coli (not
shown) and proteins of the expected size in Xenopus egg extract
(Fig.1A). Using these antibodies we investigated if Mcm8 and
Mecm9 interact with each other. Both Mcm9 antibodies effi-
ciently immunoprecipitated Mcm9 and co-immunoprecipitated
Mcm8 (Fig. 1B, lanes 10 and 12). Similarly, the Mcm8 antibody
efficiently immunoprecipitated Mcm8 and co-immunoprecipi-
tated Mcm9 (Fig. 1B, lane 9).

The sheep Mcm9 antibody was able to deplete all Mcm9
and Mcm8 from the extract (Fig. 1B, lane 4), while extracts in
which Mcm8 was entirely depleted retained a fraction of Mcm9
(~30-50%). This suggests that in the Xenopus egg extract all of
Mcm8 forms a complex with Mcm9, while a proportion of Mcm9
is either monomeric or present in another complex. Alternatively,
all Mecm8 and Mcm9 interact with each other and the Mcm8
antibody used for immunoprecipitation disrupts the complex
leaving a proportion of Mcm9 behind.

We have also re-examined the previously reported interac-
tion of Mcm9 with Cdtl.” We were unable to substantially co-
immunoprecipitate Cdtl with either Mcm9 or Mcm8 (Fig. 1B)
or Mcm8 and Mcm9 with Cdtl (Fig. 1C). As a positive control
we showed that geminin, a known interacting partner of Cdtl,*
could be immunoprecipitated with Cdtl. We therefore conclude
that while Mcm8 and 9 interact with one another, they do not
strongly interact with Cdtl. Neither of the proteins interacted
with Mcm2—7 subunits in our experiments (Fig. 1B and C).
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Mcm8 and Mcm9 form a dimer. To estab-
lish the stoichiometry of the Mcm8/Mcm9 com-
plex, interphase egg extract was separated by gel
fileration (Fig. 2A) or glycerol gradient sedimen-
tation (Fig. 2B), and fractions were examined
by western blotting. Mcm8 co-fractionated with
Mcm9 with both separation methods, while
Cdtl was clearly separated from Mcm8 and 9
by glycerol gradient sedimentation. Similarly,
Mecm?2-7 subunits formed distinct complex.

The native molecular weight of proteins
and protein complexes can be calculated using
their Stokes radius (derived from gel filtra-
tion) and sedimentation coefficient (derived
from glycerol gradients) using the equation of
Siegel and Monty** (Fig. 2C). We calculated the
native molecular weight of Mcm8 in Xenopus
egg extract as 186 kD. As all of the Xenopus
Mcm8 present in the extract interacts with
Mcm9, this is likely to represent the mass of the
Mcm8/Mcm9 complex. Since the molecular
weight of monomeric Mcm8 is 92.5 kD and
of monomeric Mcm9 is 126.6 kD, they have
a combined mass of 219.1 kD, suggesting that
the Mcm8/9 complex exists as a heterodimer in
egg extract. In the same experiments, Mcm2-7
subunits formed a hexamer as expected, while
the pre-RC proteins Cdtl and Cdc6 behaved
approximately as monomers. We cannot,
however, exclude the possibility that a larger
Mcm8/9 complex exists and is not stable when
fractionated using the methods above.

Mcm8 and Mcm9 bind to chromatin at
later stages of DNA replication. Mcm9 has
been shown previously to bind to chromatin
during origin licensing in parallel to Cdtl and
interact with chromatin throughout S-phase.”
Mcm8, on the other hand, was shown to inter-
act with chromatin after initiation of DNA syn-
thesis and accumulate on chromatin during the
course of the S-phase and G,."” These results
are not consistent with the data presented here
that Mcm8/Mcm9 form a dimeric complex. We
therefore re-examined the timing of chromatin
binding of Mcm8 and 9 with respect to other
replication factors. Figure 3A shows the typical
profile of DNA synthesis in egg extract, with
an initial lag period of ~20 min, during which
time origins are licensed, and template DNA is
assembled into an interphase nucleus. S-phase
lasts for ~-30 min and then extracts enter G,.
As shown in Figure 3B, Mcm8 and Mcm9
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Figure 2. Mcm8 and Mcm9 form a dimer. (A) Interphase extract was separated through
Superose 6 gel filtration column and fractions analyzed by western blotting with the
indicated antibodies. Molecular mass and Stokes radius of marker proteins used for column
calibration are indicated above the blots. (B) Interphase extract was separated by 20-40%
glycerol gradient centrifugation and fractions analyzed by western blotting with the indi-
cated antibodies. Molecular mass and sedimentation coefficients of marker proteins used
to calibrate the gradient are indicated above the blots. (C) Stokes radiuses and sedimenta-
tion coefficients of indicated proteins were used to calculate the molecular sizes of native
complexes.

both associate with chromatin in late S and G,, binding most
strongly after the peak of replication fork proteins on chromatin
and after most of the DNA synthesis has been completed. The
observed chromatin binding is in agreement with the data shown

www.landesbioscience.com

previously for Mcm8, but not Mcm9, and is consistent with them
being constitutively present as a heterodimer.

Mcm9 is dispensable for origin licensing. As a partner of
Cdtl, Mcm9 was proposed to act as a loading factor for the core
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Figure 3. Mcm8 and Mcm9 bind chromatin at the late stages of DNA
replication. Sperm nuclei were incubated at 10 ng DNA/ul in interphase
egg extract. (A) Extract was supplemented with o-[*?P]dATP. At the
indicated times DNA synthesis was assessed by TCA precipitation and
scintillation counting. (B) Chromatin was isolated from 10 pl aliquots at
the indicted times and immunoblotted alongside 0.5 .l of egg extract
with the indicated antibodies. Chromatin isolation of a sample without
addition of sperm DNA was performed as a control for chromatin speci-
ficity of the assay.

of the replicative helicase (Mcm2-7 complex) before the onset of
S-phase.” As we failed to detect a robust Mcm9/Cdtl complex
formation and no significant association of Mcm9 with chroma-
tin during the licensing period, we examined whether we can
reproduce this essential replication phenotype. We immunode-
pleted Mcm9 from Xenopus egg extract using the antibodies
raised in rabbit. Two rounds of immunodepletion were sufficient
to remove > 99% Mcm), as estimated using both Mcm9 antibod-
ies (Fig. 4A). This efficient removal of Mcm9 also co-depleted
Mcm8 down to < 2% but failed to significantly co-deplete Cdtl
or geminin (Fig. 4A).

We next assessed the replication potential of extract depleted
of the Mem8/Mcm9 complex in comparison to extract depleted
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with non-immune antibodies. Figure 4B shows mean effi-
ciency of DNA replication in three independently depleted sets
of extracts. All three extracts were depleted to less than 1% of
Mecm9 remaining, and DNA synthesis was judged by the level of
incorporation of radioactive dATP into newly synthetized DNA.
Mcm9-depleted extracts progressed slightly slower through
S-phase; on average, the replication rate (between 30 and 120
min) of Mcm9-depleted extract was 38% = 10.8 (SEM) lower
than control extract depleted with non-immune antibodies.
Mcm9-depleted extracts were, however, able to replicate con-
siderable amounts of DNA; the average percentage of replicated
DNA at 180 min in Mcm9-depleted extract equals 78% =+ 8.3
(SEM) of DNA replicated in control-depleted extract. We were
unable to restore the replication rate defect of Mcm9-depleted
extract by addition of recombinant Mcm9 or Mcm8/9, due to
difficulty with expression of recombinant Mcm8/9.

Five to ten times more Mcm2-7 complexes are loaded onto
chromatin than are required for efficient DNA replication under
normal circumstances. The excess Mcm2-7 complexes provide
additional dormant origins that can be activated if neighboring
replication forks irreversibly stall.®*” This means that the abil-
ity of Mcm9-depleted extract to replicate DNA efficiently does
not prove that they licensed a similar number of origins. We
therefore examined the level of chromatin loaded Mcm2—-7 com-
plexes in Mcm9-depleted extract. The process of immunodeple-
tion causes nuclear assembly to occur more slowly, and because
nuclear assembly turns off the licensing period by reactivating
geminin,”®*° this extends the period of time when Mcm2-7 are
loaded onto DNA (Fig. 4C, control extract). However, the rate
and extent of Mcm2-7 loading onto DNA (as revealed by Mcm7
and Mcm5 subunits, Fig. 4C) was essentially the same in con-
trol-depleted and Mcm9-depleted extracts. At the same time, we
observed reduced levels of replisome components Cdc45 and Psf2
bound to chromatin in Mcm9-depleted extract. This suggests
fewer assembled active forks or reduced stability of replicative
helicase, in agreement with a slower replication phenotype. We
confirmed these data using the second (sheep) Mcm9 antibody
(not shown). We conclude, therefore, that the defect in DNA
replication observed is not due to reduced Mcm2-7 loading.

More Mcm9 and McmS8 interact with chromatin after DNA
damage. We next considered the possibility that the reduced
rate of DNA replication seen in Mcm9-depleted extract might
be due to the Mcm8/9 dimer being involved in resolving DNA
damage or fork stalling that occurs during S-phase. If this is the
case, it might be anticipated that Mcm8 and 9 recruitment to
chromatin may increase when DNA damage or fork stalling is
induced during S-phase. We therefore challenged extracts at the
start of S-phase (at 30 min after sperm addition) with a spec-
trum of inhibitors: aphidicolin, an inhibitor of family B poly-
merases; camptothecin, a topoisomerase I inhibitor; mitomycin
C, an inter-strand crosslinker; etoposide, a topoisomerase 11
inhibitor; and EcoRI, which causes double-strand DNA breaks.
As seen in Figure 5A all these inhibitors considerably reduced
the total amount of DNA that had been replicated 60 min
later. In parallel, we isolated chromatin and analyzed levels of
chromatin-bound proteins by western blotting. By the time of

Volume 12 Issue 8

©2013 Landes Bioscience. Do not distribute.



chromatin isolation (90 min from sperm addition) most
sperm DNA is replicated in untreated control sample
(Fig. 3A), and so replication fork proteins are no lon-
ger detectable on chromatin (Fig. 5B). Treatment with
DNA damaging agents, especially aphidicolin, led to
accumulation of Cdc45, PCNA and Psf2 on chroma-
tin, while induction of DNA double-strand breaks by
EcoRI led to accumulation of the phosphorylated form
of histone H2AX. Interestingly, Mcm9 and Mcm8
bound chromatin at a higher level after treatment with
all of the inhibitors used (Fig. 5C). These data are in
agreement with the reported sensitivity of cells lacking
Mcm9 and/or Mcm8 to a variety of DNA damaging
agents and replication inhibitors and their involvement

in homologous recombination?"*?

and suggest that the
function of the Mem8/Mcm9 complex is also conserved

through the evolution.
Discussion

Recent genomic analysis suggested that Mcm8 and
Mecm9 have associated functions due to their joint pres-
ence or absence in eukaryotic genomes.”? However,
the reported functions of Mcm8 and Mcm9 in various
model systems were divergent, including the functions
of Mem8 and Mcm?9 in the Xenopus egg extract system.
Finally, recent work in mouse, chicken and human cell
lines elegantly showed the existence of an Mcm8/Mcm9
complex and its essential role in homologous recombi-
nation.?"*? These reports, however, did not address the
emerging discrepancy with Xenopus laevis system.”>"
We have therefore set out to ask if Xenopus system
evolved divergent and separate functions for these two
proteins, or whether Mcm8/Mcm9 indeed functions as
a complex in the extract.

We have shown that all of Mcm8 interacts in a stable
complex with Mcm9 in interphase extract, suggesting
their common function as predicted.”” Using a combi-
nation of gel filtration and glycerol gradient sedimen-
tation, we obtained an estimated molecular weight of
186 kD for this complex, close to the combined molecu-
lar weights of both proteins (219 kD). We could not
detect the previously reported interaction between
Mcm9 and Cdtl,” though a proportion of Xenopus
Mecm9 may not be engaged in the Mcm8/Mcm9 com-
plex and thus has a potential to interact with other fac-
tors. Alternatively, it is possible that the Mcm9/Cdtl
interaction is stabilized under specific conditions not
reproduced in our experiments.

Interestingly, it was reported recently that
Trypanosoma brucei Mcm8 interacts with 76Mcm-BP
protein. 76Mcm-BP also interacts with Mcm4-7 and
is required for repression of gene expression of sub-
telomeric variant surface glycoprotein (VSG) and
genes transcribed by RNA polymerase 1.>' In our
experiments, however, Mcm8 and Mcm9 do not
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Figure 4. Mcm9 is required for efficient DNA replication but not Mcm2-7 loading.
Egg extract prior to depletion was diluted and the indicated percentage of original
extract volume analyzed by western blotting with the indicated antibodies along-
side samples of control and Mcm9-depleted extracts. (B) Control-depleted and
Mcm9-depleted extract were supplemented with sperm nuclei at 7.5 ng

DNA/pl and a-[*?P]dATP. At the indicated times, aliquots were taken, and DNA
synthesis assessed by TCA precipitation and scintillation counting. The mean value
with the standard error of the mean (SEM) are plotted in three sets of indepen-
dently depleted mock and Mcm9-depleted extracts normalized to the maximum
DNA synthesis observed in each control-depleted extract. (C) Control-depleted
and Mcm9-depleted extracts were supplemented with sperm nuclei at 7.5 ng
DNA/ul. Chromatin was isolated at the indicated times and immunoblotted with
the indicated antibodies. A representative of three performed experiment is
presented.
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Figure 5. Mcm8 and Mcm9 bind chromatin at higher level after DNA damage. Sperm nuclei were incubated at 10 ng DNA/pl in interphase egg extract,
and after 30 min, aliquots were supplemented with the indicated DNA damaging agents. (A) Extract was also supplemented with a-[*2P]JdATP at 30
min, and the total DNA synthesized at 90 min was determined. (B) Chromatin was isolated at 90 min after sperm DNA addition and immunoblotted
with the indicated antibodies. (C) The intensity of the Mcm8, Mcm9 and ATR bands were quantified in immunoblots from three independent experi-
ments, normalized to the quantity of histone loaded and the mean fold of increased chromatin binding of indicated proteins was determined for all
tested DNA replication inhibitors. Standard error of the mean is also presented.

co-immunoprecipitate Mcm-BP (data not shown), suggesting
that unlike Trypanosoma they do not form a stable complex with
Mcm-BP in Xenopus egg extract.

Consistent with our data that Mcm9 does not interact with
Cdtl, we could not detect any significant defect in loading of
Mcm2-7 complexes onto chromatin in Mcm9 depleted extract
despite depleting Mcm9 to undetectable level of less than 1%
remaining protein. The discrepancy with previously published
data may arise from difference in the antibodies used, although
both studies used antibodies raised against the C-terminal
end of Mcm9.” Instead, the data presented here more closely
matches the previously published phenotype of depletion of
Mecm8,” which results in less efficient DNA replication. The
most likely reason for the observed defect in DNA replication
efficiency is the accumulation of replication stress due to lack of
Mcm8/Mcm9.

The previously reported replication defect in Mcm8-depleted
extract could be rescued with recombinant Mcm8." Taking into
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account our data showing potential excess of Mcm9 which is not
co-depleted with Mcm3, it seems likely that Mcm9 remaining in
the Mcm8-depleted is sufficient to restore complete replication
after addition of recombinant McmS8.

Our data also agrees with the non-essential roles of Mcm8 and
Mcm9 in other model systems: Mcm8~'~ and Mcm9~"~ mice are
viable, but somatic cells obtained from these mice and mcm8<°
and mem9% DT40 chicken cells exhibit growth defects, genetic
instability and higher levels of DNA damage.?**

Cells lacking Mcm8 or Mcm9 were shown to be defective
in responding to DNA damage and sensitive to DNA damag-
ing agents.?"** We also detect higher level of Mcm8 and Mcm9
bound to chromatin after exposure to DNA damage, suggest-
ing an analogous function of these proteins in Xenopus extract.
While this manuscript was under revision, another study was
published reporting the sensitivity of Mcm8 and/or Mcm9
knockdown cells to cisplatin.*? The same study also showed
accumulation of Mcm8 and Mcm? in the vicinity of inter-strand
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crosslinks in Xenopus egg extract, supporting a role for these pro-
teins in DNA damage repair.®

Nishimura et al.* suggested that the Mcm8/Mcm9 com-
plex acts a hexameric helicase based on its gel filtration profile
in DT40 whole-cell extract. The calculated molecular size of
Mcem8/Mcm9 complex in Xenopus egg extract suggests the exis-
tence of a dimeric complex rather than hexamer. It is possible,
however, that once chromatin bound, the dimers combine to
form hexamers. Additionally, we cannot exclude the possibility
that a hexameric Xenopus Mcm8/Mcm9 complex is less stable
during gel filtration and glycerol gradient sedimentation than its
chicken homolog, even in conditions gentle enough to preserve
the Mcm2-7 hexamer. Mcm8 was previously shown to display
helicase activity in vitro,” but it remains to be tested whether
Mcm8/Mcm9 complexes also possess such an activity, or if
Mcm?9 functions as a loader for an Mcm8 helicase.

Altogether, our data show that in contrast to previous evi-
dence from the Xenopus egg extract system, Mcm8/Mcm9 forms
a heterodimeric complex that is recruited to chromatin during
DNA replication, possibly to deal with various types of DNA
damage. This is consistent with recent data in mice, chicken and
human cells and suggests that Mcm8 and 9 have a conserved
function throughout evolution.

Materials and Methods

Xenopus egg extract. Metaphase-arrested Xenopus laevis egg
extracts were prepared and replication reactions assembled
with demembranated Xenopus sperm at 10-15 ng DNA/ul as
previously described.® DNA synthesis was assessed in extract
supplemented with a-[**P]dATP (PerkinElmer) by TCA pre-
cipitation as described.” Immunodepletion of interphase extract
with Mcm9 rabbit antibody was performed in analogous way to
1.,% per-
forming two rounds of depletion using 60% v:v beads. Because

Mcm3 immunoprecipitation described in Chong et a

of the extract dilution this causes, sperm nuclei were incubated in
immunodepleted extract at 7.5 ng DNA/pl. Chromatin isolation
was performed in ANIB/100 buffer as described.”

Antibodies and reagents. Antibodies against X/Mcm9 were
raised in rabbit and in sheep by immunization with a HIS6-
tagged recombinant peptide of 843-1143 aa of Xenopus lae-
vis Mcm9 expressed and purified from Rosetta 2(DE3)pLysS
E. coli strain (Novagen) under native conditions according
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(Novagen) and purified under denaturing conditions (Qiagen).
Both sheep antibodies were further affinity purified and used
at 1:1,000 concentration for western blotting. Cdc45 and Psf2
antibodies were previously described.? PCNA PC10 antibody
was from Sigma, and Cdtl and geminin antibodies were previ-
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with 0.1% triton X-100 and again twice with the buffer alone.
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