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Abstract

The biologica formation of inorganic structures, termed biomineras, is a
widespread phenomenon in nature. Biomineraling organisms use organic molecules
to generate species-specific patterns. Diatom biosilica displays a dazzling variety of
species-specific silica patterns that are structured on a nanometer-to- micrometer scale.
Deposited silica occurs in three morphological forms in the wall formation: as
spherical particles, as hexagonal columns, and as microfibrils. Previous studies
demonstrated that HF-extract of cell wall of numerous diatom species can direct the
silica deposition as spherical particles in vitro. Here, we demonstrate HF-extract of
cel wall of Skeletonema costatum can direct silica deposition as another form,

microfibrils.
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|. Introduction

The living world is full of specialized inorganic materias, including shells and
coral made from calcium carbonate, ivory, enamel and bone made from calcium
phosphates, and magnetic sensing devices and radular teeth made from iron oxides *.
Diatoms, sponges and some plant parts are made from silica. Exquisite structures
such as shells, spines, fibers and granules in many protests, diatoms, sponges,
mollusks and higher plants composed by amorphous silica, the simplest siloxane

[(SO2)n] are constructed under mild physiologica conditions 2.

Diatom protoplast is enveloped by a cell wall comprising organic components
and a large amount of silica. The siliceous component is known as “the frustule.”
While cell are not dividing, the frustule consists of two hemicylindrica halves
denoted as “valves’ and a number of incomplete siliceous rings termed girdle bands.
The valves differ in size, the larger one is termed as “ epitheca’, and the smaller oneis
termed as “hypotheca’. The asexual reproduction divides one cell into two, with
each valve of the parent cell becoming an epitheca of the daughter cell . New valve
formation has been studied in detail by a number of researchers utilizing thin sections

and transmission electron microscopy > % * © 7 8

, and observed extensively in
numerous diatom species at the ultrastructural level. A rather complete description

is summarized by Zurzolo and Bowler °.

Drum and Pankratz ** !, Stoermer et a !, Dawson '3, and Pickett-Heaps and

Kowalski * described the early stage of silica deposition as consisting of a feathery
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structure or of gradualy thickening microfibrils. Borowitzka and Volcani ~>, and



Schmid and Schulz ® reported the presence an assemblage of silica spheres during
wall formation. Deposited silica occurs in three morphological forms in the wall
formation of Ditylum brightwell: as homogeneous base layer, as hexagonal columns,
and as microfibrils 1”.  The base layer is continuous thin structure and is the form in
which silicais first deposited in every part of the siliceous wall. The initial thickness
of the thin layer is about 14 nm on the outer tube of the labiate process and about 7
nm on the valve face, the marginal ridge, the valve mantle, and the girdle bands.
The thin layers can increase its thickness by deposition of amorphous silica reaching
about 90 nm on the valve face. Hexagonal columns occur on the outside of the outer
tube of the labiate process. Deposition of amorphous silica increases the height of the
columns and gradually fills the spaces between the columns. Siliceous microfibrils
occur on the outside of the outer tube of the labiate process, on the inside of the valve
face and valve mantle, and on the whole surface of the marginal ridge. Deposition
of amorphous silica gradualy solidifies the microfibrils. No siliceous silica
spherical structure was found in wall formation of D. brightwellii, but the possibility
that siliceous spheres exist in this diatom is not excluded, since the smallest unit of

silica particles can aggregate to form larger partidles, e. g., 1.5 nm and 10 nm *8,

Cell wall formation in diatoms involves two different magor processes: (1) the
synthesis of the organic components of the frustule, and (2) the transport and
polymerization of silicic acid [Si(OH)4%] and deposit as silica (SiO2)ns nHO. The
stages of wall formation include DNA replication, mitosis, and cytokensis; the
appearance of microtubules and the migration of the nucleus; the appearance of silica
deposition vesicles (SDV), the initiation of silica deposition, and formation of the new
valves, the formation of girdle bands; the appearance of organic casing and some
addition of secondary organic materid; and finally, cell separation °* 2°.
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The deposition of new siliceous valves between mitosis and daughter cell
separation requires precise coupling between silicon metabolism and the cell cycle 2.
It has been observed in several species that silica uptake precedes cell division 2.
The strict requirement for silica in frustule formation has led to the evolution of
silica-dependent checkpoints in diatom mitosis. Two arrest points appear universal
in different diatom species, one at the G1/S boundary and another during G2/M
associated with the construction of new valve 2*2* The arest point at G1/S has
been proposed to be the indicative of a silica dependency for DNA synthesis, and this
block serves to determine whether sufficient silica is available to complete frustule
biogenesis > 28,

A common feature of biominerals is their associated macromolecules. Silaffins
together with polyamines bind the silica scaffold extremely tightly and can only be
removed following solubilization of silica with anhydrous hydrogen fluoride (HF).
Siliaffins, which are cationic peptides, isolated from purified cell walls of the diatom
Cylindrotheca fusiformis were shown to generate networks of silica nanospheres
within seconds when added to a solution of silicic acid #’. Silafin-1 cortains a
previousdy undescribed type of protein modification, polyamine. A polyamine
consisting of 6-11 repeats of the N-methyl-propylamine unit covalently attached to
specific lysine residues 2. Cylindrotheca fusiformis contains two major types of
silaffins, denoted silaffin-1A (4kDa) and silaffin-1B (8kDa). Both are proteolytically

derived from the product of asingle gene, SI1.

Kroger et al 28 analyzed the HF-extractable organic cell wall components from a

wide range of diatom species and found thet the cell wall of each diatom contains not

8



only a species-specific set of silica-precipitating proteins (silaffins) but also high
amounts of long-chain polyamines. These polyamines occur in species-specific
variations 2. When these polyamines are added to a silicic acid solution in vitro, a
precipitate forms after a few minutes that is composed of both silica and polyamines.
The precipitate contains 1.25 ng SO, per 1 ng of polyamine. The stoichiometry

suggests a tight interaction between the amino groups and the silanol groups of silica.
Hydrogen bonding interaction has been demonstrated for silica gel/amine hybrids that
are composed of silica and synthetic polyallylamine 2°. Polyamines are known to

accelerate silicic acid polymerization *°.

The positively charged polyamines
interconnect negatively charged polysilicic acid particles by simultaneous electrostatic

interactions on adjacent particles 3%,

Silica appears to be deposited in different forms during valve morphogenesis.
Especialy evident was the precipitation of silica spheres ranging up to 100 nm in

32,33

diameter . Both the silaffins and polyamines can promote silica precipitation in

vitro, generating a network of nanospheres with diameters between 100nm and 1nm,
depending on the molecules used and the pH environment of the solution 2" %,
When polyamines in the mass range of 1000 to 1250 Da are added to silicic acid
solution at pH 5.0, the precipitate forms silica spherical particles. These aggregates
are dominated by spheres of 800 nm — 1 nm in diameter. At the surfaces of the large

spheres, smaller spheres are attached with diameters of only 100 — 200 nm. If

polyamine mass ranges between 600 to 700 Da, the 100 — 200 nm spheres dominate.

HF-extractable material aso contains fractions of high molecular mass, denoted
aspleurdins 3**.  Pleurdin-1 is specifically localized to the terminal girdle band of

the epitheca. It is adso targeted to the girdle band of the hypotheca of a cdll
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undergoing mitotic division process °. Pleuralin-1 is not targeted to the SDV but is
directly secreted into the cleavage furrow 3°. Exocytosis is thought to involve in the

transport of pleudin-1.

Calcium-binding glycoproteins known as frustulins 3’ have been locdized to the
outer coating of diatom cell walls. The frustulins are localized ubiquitously over the

external surface of the cell wall **37

. Because they are not an integral component of
the sliceous cell wall, they are not thought to participate in the silica
biomineralization process. Five different types of frustulins have been described:
a-frustulin  (75-kDa), b-frustulin (105-kDa), g-frustulin (140-kDa), d-frustulin

(200-kDa), and e-frugtulin (35-kDa).

Silaffins, frustulins, and pleuralins are all synthesized as precursor proteins
containing N-terminal signal sequences for co-transcriptional import of proteins into
the endoplasmatic reticulum. Other unidentified sequences are likely to be present
within the silaffin and frustulin precursors that target them from the Golgi apparatus

tothe SDV *°.

As a result of extensive studies, t is now known that biological systems use
(glycol)proteins to establish control over mineral nucleation and growth to synthesize
materials of specific size, structure, shape, and orientation. The proposed

mechanisms of control have been extensively reviewed 3% “°.

Diatom biosilica displays a dazzling variety of species specific silica structures

41, 42

in nanometer scale Previous studies focused on cell wall biogenesis in a

number of diatoms species led to the conclusion that silica appears to deposit in
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different forms during vave morphogenesis. Especially evident was the
participation of silica spheres ranging up to 100 nm in diameter during production of
cell wall %% *, Elucidating mechanisms controlling production of nanostructured
biosilica is a fascinating biochemical issue, and also is of great interest in material

chemistry. So far, the industrial synthesis of silica sphere requires either strongly

30 43 4

alkaline conditions or high temperatures and long incubation times
Biomimetic gpproaches are believed to alow the production of advanced materials at
ambient temperature and with high precision, which are expected to exhibit superior
properties in a wide range of application *°. These biologically produced silica
exhibit a genetically controlled precision of nanoscale architecture that exceeds the
capacities of current-day human engineering. Biotechnological approaches are now
starting to unlock the molecular mechanisms of polysiloxane synthesis under

physiological conditions, offering the prospect of new, environmentally benign routes

to the synthesis and structural control of these important materias % 7.

Here, we demonstrate that the biosilica extracts of diatom, Skeletonema costatum,
can accelerate and control the process of slica formation in an in vitro condition.
However, in biological organisms, additional controls must be exerted during the
formation of silica precipitation. Much remains to be investigated in further research
to understand the mechanisms how biological organisms regulate mineral formation.
The information obtained will not only reveal the secrets of silicon deposition in
organisms, but also assist us in our understanding in the generation of new materials

with specific form and function for indudtria application.
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1. Materialsand M ethods

(A) Materials
The diatom, Skeletonema costarum, is kindly provided by Taiwan Fishery

Rescarch Indtitute.

(B) Methods

(2) Preparation of Silica Shells

When Skeletonema costarum reaches the maximum amount of the growth
curve, each batch is concentrated from 3000L into 5L. Homogenize the diatom
on ice and recover the frustules by centrifugation with 2800 g for 30 min at 4
A batch of frustules is boiled with 1L 26 SDS100mM EDTA solution for 10
min twice to remove the intracellular components which may be attached on the
frustule surface. Wash with acetone to remove the surfactant and any possible
remaining intracellular component, and then wash with H,O extensively.

Frustules are lyophilized, and stored at -20

(2) Extraction of Silica Deposition Associated Components

Weight 10 mg silica shell, and treat silica shell with 10 mL 2M HF/ 4M
NH4F on ice for 4 hours and shake them gently. Certifugate the mixture with
10k r.p.m. for 10 min. Collect the supernatant and use it to the following

experiments immediately.

(3) SDS-Palyacrylaminde Gel Electrophroesis

The electrophoresis is carried out with 12% separating gel and 4% stacking

12



gel. The procedure of the electrophroesis is referred to the discontinuous
buffer system perposed by Laemmli . Silver staining is utilized to detect the

exigence of the protein.

(4) Chromatography
The column is packed with Sephacryl S200 (Pharmacia Biotech). The
column is eluted with 10 mM sodium acetate. Collect each fraction every 10

mL.

(5) Dialysis
The dialysis membrane (Spectra/Por) has the molecular weight cut off
(MWCO) 1000 Da. Didysis is against 10 mM sodium acetate for 24 hours

with two exchanges. The procedures are carried out at 4

(6) Scanning Electron Microscopy and Sample Prepar ation
Mix the biosilica extract with 0.01IM and 0.01mM N&SOs3, pH 3. Keep
the mixture on ice, and vortex it gently. Spin down the mixture and remove the

supernatant.

Alcohol series 20%, 30%, 50%, 75%, 90%, 100%, and 100% are utilized to
remove H,O. Following alcohol series, critical point dehydration (CPD,
Hitachi HCP-2) is carried out. Coat the sample with Au or Pt. Samples are
observed within SEM (Hitachi S470). Moreover, EDX (Horiba EX-300) is

carried out for dement analyss.
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I[11. Results

(A) Extraction of the silica associated components.

Treatment with 2M HF/ 4M NH4F on ice will dissolute silica and
release the associated organic components. These components contain
proteins, with the molecular weights 70.4, 59.4, 56.8, 46.8, 39.3, 31.2, 27.5,
26.0, 25.0, 22.7, 19.1, 18.0, and 16.1 kDa. The SDS-PAGE is shown in
Figure 1. Four proteins with dominant quantity are 56.8, 46.8, 39.3, and 31.2
kDa. Small proteins with the molecular weights less than 30 kDa show less
quantity. Although 4M HF treatment can dissolute the biosilica, this
method will destroy parts of the proteins. Moreover, these organic

components are lost after diayss (Figure 1).

(B) Purification by Chromatography

All fractions of gel filtration do not give any band in SDS-PAGE.

The concentrated fractions still show no result in SDS-PAGE.

(C) Silica Deposition

The dry weight of silica deposition with time sequences 10 min, 30
min, 60 min, 90 min, 120 min, 3 hr, 6 hr is shown in Table 1. The dry
weight of silica deposition increases from 0.08323 g (10 min) to 0.10023 g

(6 hr), however, the system error is 0.011331 g.
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(D) Scanning Electron Microscopy

Mostly, the silica deposition patterns are fibrils and plates. At acidic
condition, pH 3, the fibrils have similar size in diameter with the time
sequences 10 min, 20 min, 30 min, 60 min, 90 min, 120 min, 3 hr, 6 hr, 9 hr,
12 hr, and 24 hr (Figure 2-6). The diameters are summarized in Table 2.
Not al fibrils are formed in random directions. A bundle of fibrils, arrays
of fibrils, and stacks of these arrays exist. Silica deposition has the same
pattern when the deposition time is 48 hr and 72 hr (data of 20 min, 90 min,

120 min, 3 hr, 9 hr, 12 hr, 48 hr, and 72 hr are not shown).

Besides fibril, plates are also observed. Most of the plates show a
smooth surface. However, some show a discontinuous surface. The detail
structures show stacks of thin layers, which have the thickness 47.49 nm (std.
3.07 nm). Each layer is composed with arrays of fibrils and can be
observed clearly (Figure 6). When the pH environment changes from pH 3

to pH 7, the same fibril pattern is aso observed under SEM.

Amazing patterns are also observed. While treating silica shell with
1M HF/ 2M NH4F for 4 hours, and then dialyzed against ddH.O, bilateral
symmetrical, leaf-shape small plates can be formed. They are 2.5 mmin
length and 0.75 mm in width. There are fine structures on these plates

surface (Figure 7).



(E) EDX

The signals of S and Au are overlapping in EDX analysis. Thus,
little of none Si signal can be detected if the samples are coated with Au.
Pt and Si have distinct signal spectra and therefore, strong Si signal can be
detected. Besides Pt, Si, O, and C, EDX shows no other signal existing

(Figure 8).
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V. Discussion

The SDS-PAGE shows that there are lots of proteins within the extract of the
biosilica. These components contain proteins, with the molecular weights 70.4, 59.4,
56.8, 46.8, 39.3, 31.2, 27.5, 26.0, 25.0, 22.7, 19.1, 18.0, and 16.1 kDa. Four proteins
with dominant quantity are 56.8, 46.8, 39.3, and 31.2 kDa. Small proteins with the
molecular weights less than 30 kDa show less quantity. Thesilaffinsin C. fusiformis
have the molecular weight less than 10 kDa, and have long chain polyamine
modification. Each polyamine modification will increases molecular weight of
silaffins by about 1 kDa depending upon the chain length. The differences of
molecular weight spectrum of the associated organic components between two diatom
species, S. costatum and C. fusiformis, may be due to differential polyamine
modification and species differences. However, these proteins in S costatum seem
to be less stable. No protein signal can be detected in gel filtration. All fractiors
concentrated by lyophilization do not have any band in SDS-PAGE. These
components will disappear even under -20  storage. Avoiding loss of proteins, we

carried out the following experiments by utilizing the crude extract.

Dissolution of silica with HF has been used for years. However, HF treatment
is known to cleave O-glycosidic and phosphate ester bonds. And so, O-glycosidic
modifications will be destroyed under this treatment. A mild extracting condition
with HF and NH4F, which NH4F acts as a buffer, will low down the reactions and

prevent to destroy the modifications of proteins.

In C. fusiformis, slaffinr1A has both long chain polyamines and highly
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phosphorylation modification. The zwitterionic structure of native silaffins enables
the formation of supremalocular assemblies. Time-resolved analysis of
morphogenesis of silica deposition in vitro detected a plastic silaffin-silica phase,
which may represent a building material of diatom biosilica. It also shows that the

morphogenesis of slicadepostion may complete fad, in this case, less than 10 min.

The dry weight of silica deposition increases from 0.08323 g (10 min) to 0.10023
g (6 hr), however, the system error is 0.011331 g. Since the system error is 0.011331
g, we conclude that the total amount of silica deposition may be completed within 10
min, and little silica deposition process occurs while deposition time is longer than 10

min. This obsarvation is just congstent with the previous studies.

At pH 3, silica deposition generates fibril patterns. With different deposition
time, these fibrils have similar diameters. It indicates that the fibril formation may
complete within 10 min. Utilizing the crude extract to carry out experiments has a
problem. Dissoluted silica remains in the solution, and may initiate the nucleation of
the silica deposition process. Therefore, it is not easily to observe the early stages of
silica deposition at precise time. At pH 5 and pH 7, silica deposition also generates

the smilar depostion patterns, fibrils.

Polymerization behavior of silica in agueous solution has been proposed. In
aqueous solution, monosilicic acid condenses to form dimeric, trimeric structures, and
then evolve to form particles with size in the nanometer range. When these nuclel
form, pH vaue governs the pattern of further silica deposition. At pH is below 7,
particles will aggregate because of weak electrostatic repulsion. Steric and

electrostatic effects will force further particle additions taking place at the end of the
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elongating chain. And it results a fibril. As fibrils grow, addition can aso take
place on the side of the chains, and a 3-D network is formed with large water-filled
cavities. In contrast, a pH is above 7, electrostatic interaction between charged
particles limit the aggregation process. Therefore, particles increase in size and

decrease in number.

Fibrillar = o°, ®.| Ostwald

agregation {uu", A ripenin

greg | DA ﬁ‘pﬂ?ﬂ P 8]
v \

Gel = i Sol
formation ”ﬁg (10-100 nm)

Solid-Gel formation process.

(Adapted form ChemBioChem 2003, 4, 251-259)

Biosilica extract shows a similar but not the same morphology of silica
deposition. At pH 3, the morphologies of silica deposition mostly are fibrils and
plates. In contrast to the ssmple aqueous solution, biosilica generates compact fibrils,
rather than large water-filled cavities. It indicates that one possible function of these
proteins is to overcome the electrostatic or steric effects. It results accelerating fibril
aggregation process. Rapid fibrillar aggregation will direct compact fibril rather

than a network.

The discontinuous plate may revea the process of plate formation. Several

cross area of the discontinuous plate show a hierarchical organization of the plate
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(Figure 13). This plate is made from stacks of thin plates. Each thin plate has the
thickness 47.79 nm with the standard deviation 3.07 nm. Moreover, thin plates are
composed by one layer of fibril array. These observations indicate that process of
plate formation may be hierarchical. One possible process may be: (1) formation of

fibrils, (2) aggregating fibrils into one layer array; (3) packing these arrays into stacks.

Specia patterns are also observed in our experiments. Figure 14 show objects
with bilateral symmetry. The leaf-shaped pattern has a central filament and other
fine structures. These leaf-shaped patterns are 2.13 mm in length, and 0.99 nm in
width. Also, other pattern with fine structures similar to the leaf-shaped pattern
locates together with the leaf-shaped pattern. They are 1.59 mm in length, and 0.34
mm in width. These objects may be the precursor of the leaf-shaped pattern, but the

underlying mechanism isundear.

EDX shows the element compositions of the samples, which deposit silicafor 10
min and 20 min. The element compositions are N, C, O, Pt, and Si (with little or

none Al signal). These results $ow that the patterns observed are exact silica

deposition.



V. Conclusion

Together with other researches, we may conclude that the organic components in
biosilica extract accelerate the silica deposition process, and direct the pattern
formations. At pH 3, proteinsin biosilica extract may change the microenvironment
and initiate silica deposition. Following fibril formation, fibrils form a layer of fibril
array and then these arrays aggregate to form stacks. Plates are made from stacks of
fibril arrays.  Although in vivo mechanism is unclear, our results provide a possible

way to generate fibril and plate patterns.

We also generate sophisticated |eaf-shaped patterns in vitro. These results may

indicate that self-assembly ability of biosilica extracted proteins will direct pattern

formation in vivo. However, the underlying mechanisms are not known.
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V1. Figuresand Tables
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Figure 1. SDS-PAGE. M: markers. 1. Bioslica extracted by 4M HF at O
for 4 hours. 2: Biosilica extrated by 2M HF/ 4M NH4Fat O for 4
hours. 3. Bioslica extracted as in 2 and then dialyzed against
sodium acetate for 24 hours with two exchanges. Dialysisis carried
out at 4 . These components contain proteins, with the molecular
weights 70.4, 59.4, 56.8, 46.8, 39.3, 31.2, 27.5, 26.0, 25.0, 22.7, 19.1,
18.0, and 16.1 kDa. Four proteins with dominant quantity are 56.8,
46.8, 39.3, and 31.2kDa. Small proteins with the molecular weights

lessthan 30 kDa show less quantity.
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Figure 2. The slica deposition pattern.
HF/ 4M NH4F on ice. The bioslica extract is mixed with 0.01 mM

Nap;SiOs3 at pH 3 for 10 min. The dominant pattern is fibrils with
28.67 nm (S.T.D 8.69 nm).
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Figure 3. The silica deposition pattern. The extraction is carried out by 2M
HF/ 4M NH4F on ice. The biosilica extract is mixed with 0.01 mM
Na,SiO3 at pH 3 for 30 min. The dominant pattern is fibrils with
36.00 nm (S.T.D 10.9 nm). Fibrils are aggregated into a larger one
(Figure 3C and 3D). The outer surface of the bundle of the fibrils
appear s a smooth surface.
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Figure 4. The slica deposition pattern. The extraction is carried out by 2M
HF/ 4M NH4F on ice. The biosilica extract is mixed with 0.01 mM
Na,SiO3 at pH 3 for 60 min. The dominant pattern is fibrils with
26.20 nm (S.T.D 2.90 nm).
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Figure 5. The slica deposition pattern. The extraction is carried out by 2M
HF/ 4M NH4F on ice. The biosilica extract is mixed with 0.01 mM
Na,SiOs at pH 3for 6 hr. The dominant pattern isfibrils with 38.80
nm (ST.D 109 nm). More fibrils are formed along the surface.
Irregular particles can be observed (Figure 5A and 5B).
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Figure 6. The discontinuous plate. The extraction is carried out by 2M HF/
4AM NH4F on ice. The biosilica extract is mixed with 0.01 mM
Na,SiO3 at pH 3 for 24 hr. The discontinuous plate is formed by
thin plates, which have the thickness 47.79 nm (STD 3.07 nm)
(Figure 6B and 6C). Each plate is composed of fibrils.
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Figure 7. The leaf-shaped pattern. The extraction is carried out by 1M HF/
2M NH4F on ice. The bioslica extract is mixed with 0.01 mM
Na,SiOz at pH 7. The leaf-shaped pattern has a bilateral symmetry.
There are fine structures, such as central vein, on the surface.
They are 2.5 mm in length and 0.75 nmm in width.
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Figure 8.

Element composition of the slica deposition determined by EDX.
The sample is treated the same condition as Figure 2. There are
four dominant signals, C, O, Si, and Pt. No other component

signals can be detected. The strong Si signal shows that the sample
is the silica deposition.



Table 1. Thedry weight of the silica deposition fibrils.

The dry weight of silica deposition has no clear tendency to increase or decrease,
snce the system error is 0.01133 g. The total amount of silica deposition may be
completed within 10 min, and little silica deposition process occurs while deposition
timeislonger than 10 min.

Time Dry weight (g)
10 min 0.08323
30 min 0.06387
60 min 0.06007
0 min 0.05835
120 min 0.07753

3hr 0.05720

6 hr 0.10023

Table 2. The size of the silica deposited fibrils

The samples are prepared with 0.01 mM NaSO3, pH 3. The diameter of the fibrils
does not increase significantly. Since the diameter does not increase significantly,
the slica deposited fibrils may be completed with 10 min.

Depostion Time | Diameter (nm) Sandard

Deviation
10 min 28.67 8.69
20 min 30.67 2.79
30min 36.00 10.9
60 min 26.20 2.90
90 min 34.44 7.36
120 min 29.30 3.38
3hr 25.70 4.81
6 hr 38.80 10.9
9hr 30.50 8.42
12 hr 28.29 3.92
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