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25
26  ABSTRACT:
27  Biomineralization is the formation of minerals in the presence of organic molecules, often related
28  with functional and/or structural roles in living organisms. It is a complex process and therefore
29 a simple, in vitro, system is required to understand the effect of isolated molecules on the
30 biomineralization process. In many cases, biomineralization is directed by biopolymers in the
31  extracellular matrix. In order to evaluate the effect of isolated biopolymers on the morphology
32  and structure of calcite in vitro, we have used the vapor diffusion method for the precipitation
33  of calcium carbonate, scanning electron microscopy and micro Raman for the characterization,
34  and ultraviolet-visible (UV/Vis) absorbance for measuring the quantity of a biopolymer in the
35 crystals. In this method, we expose the isolated biopolymers, dissolved in a calcium chloride
36 solution, to gaseous ammonia and carbon dioxide that originate from the decomposition of solid
37 ammonium carbonate. Under the conditions where the solubility product of calcium carbonate
38 is reached, calcium carbonate precipitates and crystals are formed. Calcium carbonate has
39 different polymorphs that differ in their thermodynamic stability: amorphous calcium carbonate,
40 vaterite, aragonite, and calcite. In the absence of biopolymers, under clean conditions, calcium
41  carbonate is mostly present in the calcite form, which is the most thermodynamically stable
42  polymorph of calcium carbonate. This method examines the effect of the biopolymeric additives
43  on the morphology and structure of calcium carbonate crystals. Here, we demonstrate the
44  protocol through the study of an extracellular bacterial protein, TapA, on the formation of
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calcium carbonate crystals. Specifically, we focus on the experimental set up, and
characterization methods, such as optical and electron microscopy as well as Raman
spectroscopy.

INTRODUCTION:

Biomineralization is the formation of minerals in the presence of organic molecules, often related
with functional and/or structural roles in living organisms. Biomineralization may be intracellular,
as in the formation of magnetite inside magnetotactic bacterial, or extracellular, as in the
formation of calcium carbonate in sea urchin spikes?, of hydroxyapatite that is related with
collagen in bones? and of enamel that is associated with amelogenin in teeth®. Biomineralization
is a complex process that depends on many parameters in the living organism. Therefore, in order
to simplify the system under study, it is necessary to evaluate the effect of separate components
on the process. In many cases, biomineralization is induced by the presence of extracellular
biopolymers. The purpose of the method presented here are as follows: (1) To form calcium
carbonate crystals in the presence of isolated biopolymers in vitro, using a vapour diffusion
method. (2) To study the effect of the biopolymers on the morphology and structure of calcium
carbonate.

Three principal methods to precipitate calcium carbonate in vitro in the presence of organic
additives are used>®. The first method, which we will refer to as the solution method, is based on
mixing a soluble salt of calcium (e.g., CaCly) with a soluble salt of carbonate (e.g., sodium
carbonate). The mixing process may be performed in several ways: inside a reactor with three
cells that are separated by porous membranes’. Here, each of the outer cells contains a soluble
salt and the central cell contains a solution with the additive to be tested. Calcium and carbonate
diffuse from the outer to the middle cell, resulting in the precipitation of the less soluble calcium
carbonate when the concentrations of calcium and carbonate exceed their solubility product, Ksp
= [Ca?*][COs?]. An additional mixing method is the double-jet procedure®. In this method, each
soluble salt is injected from a separate syringe to a stirred solution containing the additive, where
calcium carbonate precipitates. Here, the injection and therefore the mixing rate is well
controlled, in contrast with the previous method where mixing is controlled by diffusion.

The second method used to crystallize CaCOs is the Kitano method®. This method is based on the

carbonate/hydrogen carbonate equilibrium (2HCO3™ (aq) + Ca?*(aq) = CaCOs (s) + COz g) + H20 ().
Here, CO; is bubbled into a solution containing CaCOs in a solid form, shifting the equilibrium to
the left and therefore dissolving the calcium carbonate. The undissolved calcium carbonate is
filtered and the desired additives are added to the bicarbonate-rich solution. CO: is then allowed
to evaporate, thereby shifting the reaction to the right, forming calcium carbonate in the
presence of the additives.

The third method of calcium carbonate crystallization, which we will describe here, is the vapor
diffusion method?. In this set-up, the organic additive, dissolved in a solution of calcium chloride,
is placed in a closed chamber near ammonium carbonate in a powder form. When ammonium
carbonate powder decomposes into carbon dioxide and ammonia, they diffuse into the solution
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containing calcium ions (e.g., CaCly), and calcium carbonate is precipitated (see Figure 1 for
illustration). The calcium carbonate crystals can grow by slow precipitation or by fast
precipitation. For the slow precipitation, a solution containing the additive in CaCl; solution is
placed in a desiccator next to the ammonium carbonate powder. In the fast precipitation,
described in length in the protocol, both the additive solution and the ammonium carbonate are
placed closer together in a multi-well plate. The slow precipitation method will produce fewer
nucleation centers and larger crystals, and the fast precipitation will result in more nucleation
centers and smaller crystals.

The methods described above differ in their technical complexity, in the level of control and in
the rate of the precipitation process. The mixing method requires a special set-up® for both the
double jet and the three-cell system. In the mixing method, the presence of other soluble counter
ions (e.g., Na*, CI')® is inevitable, whereas in the Kitano method, calcium and (bi) carbonate are
the only ions in solution and it does not involve the presence of additional counter ions (e.g., Na*,
CI). Furthermore, the mixing method requires relatively large volumes and therefore it is not
suitable for working with expensive biopolymers. The advantage of the double jet is that it is
possible to control the rate of solution injection and that it is a rapid process in comparison to
other methods.

The advantage of the Kitano method and the vapor diffusion method is that the formation of
calcium carbonate is controlled by diffusion of CO; into/out of a CaCl; solution, thus allowing to
probe slower nucleation and precipitation processes'*'2, Furthermore, calcium carbonate
formation by diffusion of CO, may resemble calcification processes in vivo'31°, In this method,
well-defined and separated crystals are formed!®. Last, the effect of single or multiple
biopolymers on calcium carbonate formation can be tested. This enables a systematic study of
the effect of a series of additive concentrations on calcium carbonate formation as well as a study
of mixtures of biopolymers — all performed in a controlled manner. This method is suitable for
use with a large range of concentrations and volumes of additives. The minimal volume used is
approximately 50 pL and therefore this method is advantageous when there is a limited amount
of the available biopolymers. The maximal volume depends on the accessibility of a larger well-
plate, or the desiccator into which the plate or beaker containing CaCl, are to be inserted. The
method described below has been optimized for working in a 96-well plate with a biopolymer
chosen to be the protein TapAY’.

PROTOCOL:

1. Calcium carbonate crystallization

1.1. Control preparation and optimization

1.1.1. Prepare clean glass pieces. Use the same cleaning procedure to clean the glassware.

1.1.1.1. Use a diamond pen to cut pieces of a glass microscope slide so that they fit in a well of a
96-well plate.
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NOTE: 5 mm x 5 mm pieces should largely fit.

1.1.1.2. Place the glass pieces in a beaker with triple distilled water (TDW) so that water covers
the glass slides and sonicate in a bath sonicator for 10 min.

1.1.1.3. Decant the water, add ethanol to cover the glass slides, and sonicate in a bath sonicator
for 10 min.

1.1.1.4. Dry the slides and the glassware with a stream of nitrogen gas and place them in an air
plasma cleaner for 10 min at 130 W.

1.1.2. Optimize the concentration of the CaCl; used in the calcification experiments performed
under the desired experimental conditions to achieve a sample rich with smooth-faceted calcite
crystals (without or at least with a scarce number of vaterite crystals).

1.1.2.1. Fill the wells at the corners of a 96-well plate with ammonium carbonate powder and
seal the plate using aluminum foil; cover the foil with paraffin film. Clean any residual ammonium
carbonate using nitrogen gas.

CAUTION: Ammonium carbonate irritates nose and lungs; use only inside the fume hood.

1.1.2.2. Prepare a stock solution of 0.5 M CaCl,. This stock solution will be used to prepare a
gradient of concentrations of CaCl; solutions in the multi-well plate.

NOTE: A 10 mL stock solution is sufficient for the whole experiment.

1.1.2.3. Place the previously cut and cleaned glass pieces into five different wells. Use the closest
wells to the center.

1.1.2.4. Fill each well bearing a glass piece with 100 uL of CaCl,. Mix TDW and 0.5 M CaCl; (stock)
to achieve an increasing concentration gradient of CaCl, across the different wells. If a different
sized well-plate is used, adjust the concentration of CaCl, to achieve separate calcite crystals
(step 1.1.2.10, and see Discussion section).

NOTE: An increasing CaCl; gradient of 10, 20, 30, 40 ,50 mM concentrations in separate wells is
used in this protocol. To increase the concentration range or the number of concentrations
tested, use additional wells.

1.1.2.5. Puncture the cover of each of the wells containing ammonium carbonate 3x with a
needle.

1.1.2.6. Put back the lid, seal the borders with paraffin film and keep it at 18 °C in an incubator
for 20 h.
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1.1.2.7. After the incubation, open the lid carefully inside a fume hood and remove the crystals
formed at the water/air interface with a loop.

1.1.2.8. Use a tweezer to transfer the glass pieces into a beaker containing double distillated
water (DDW). Remove the samples from the beaker, dry excessive water touching the borders of
the slide with tissue wipers.

1.1.2.9. Place the slides in a covered Petri dish. Use a double-sided tape to fix the glass pieces
onto the bottom of the Petri dish. Place the Petri dish in a desiccator for 24 h.

1.1.2.10. Observe the crystals formed on the glass pieces with a stereoscope (3.5x magnification)
and/or an upright optical microscope (10x—40x magnification). If the control solutions are clean,
rhombohedral crystals (most likely calcite) will be observed with an optical microscope (Figure
2A).

1.1.2.11. If in addition to the rhombohedral crystals, the control contains spherical crystals (most
likely vaterite, Figure 2B), or if scan electron microscope (SEM) images show rhombohedral
crystals with rough rather than smooth faces (Figure 3A,B), repeat the crystallization protocol
making sure that the cleaning step (1.1.1) is performed correctly. Furthermore, make better care
that there is no ammonium carbonate in areas on the plate other than the dedicated wells.
Otherwise, continue to the next step.

1.2. Crystallization in the presence of the additives

1.2.1. To study the effect of the additives on the crystallization of CaCO3, set up a multi-well plate
that contains (in different wells), a control CaCl, solution without the additives, and CaCl,
solutions with the additives. Use the optimal concentration of CaCl; found in section 1.1.2 for the
experiment.

NOTE: The protocol below uses optimal conditions as those reported in a previous study?®.
1.2.2. Repeat step 1.1.2.2.

1.2.3. Place ammonium carbonate powder in the corners of the plate as described in step 1.1.2.1.

1.2.4. In each well where precipitation will occur, place a glass piece that was cut and cleaned as
described in section 1.1.1.

1.2.5. To prepare control wells, pipette 90 uL of TDW into the control wells. Prepare at least one
replicate of each well including the control. If the additive used is in a buffer solution, then pipette

90 pL of buffer instead of TDW water.

1.2.6. Prepare the additive-containing wells. Repeat step 1.2.5 by adding 90 L of the additive
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solution in water. If the additive is in buffer (instead of TDW), pre-adjust the concentration of the
additive with buffer to meet the desired final concentration. Keep a total volume of 90 uL; pipette
first the additive, then the buffer.

NOTE: A final concentration of 10 uM of the protein TapA in 100 mM NaCl, 25 mM Tris pH 8.0
buffer!® is used in this protocol.

1.2.7. Add 10 pL of the 0.5 M CaCl; stock solution (prepared in step 1.2.2) to both the controls
and the additives-containing wells to reach a final concentration of 50 mM CaCl,.

1.2.8. Repeat steps 1.1.2.5-1.1.2.9.

2. Characterization of calcium carbonate crystals

2.1. With a scanning electron microscope, observe the calcium carbonate crystals formed in the
presence of the additives at a higher resolution than that obtained by optical microcopy (see step

1.1.2.10).

2.1.1. Mount the glass pieces containing the crystals on an aluminum stub with double-sided
carbon tape.

2.1.2. Coat with a layer of Au/Pd for 40-50 s.

2.1.3. Acquire the images at 5 kV acceleration voltage.

NOTE: Figure 3A shows a representative SEM image of calcium carbonate crystals formed in a
proper control experiment, while Figure 4 shows representative images of calcium carbonate
crystals formed in the presence of the protein TapA.

2.2. Perform micro Raman spectroscopy to determine the calcium carbonate polymorphs
formed. Micro Raman allows the collection of a Raman spectrum from single crystals rather than
from a whole powder.

2.2.1. Use a 20x objective of the microscope to choose the crystal of interest.

2.2.2. Collect the Raman spectrum in a range of 100-3200 cm™* using a 514 nm argon laser.

NOTE: Figure 5 shows representative spectra of calcite (A) and vaterite (B). For the spectrum of
aragonite, refer to reference?®.

2.3. Quantification of the mass percentage of the additives in the CaCOs3 precipitates

2.3.1. Verify/measure the extinction coefficient (g) of the additive used. The extinction coefficient
of a protein can be given by online servers'®. If the extinction coefficient is unknown, measure
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the absorbance of the additive at different concentrations, plot the absorbance vs. concentration
and calculate the extinction coefficient from the slope of the curve.

2.3.2. Weigh the glass pieces where the crystals formed, preferably use a microbalance.

2.3.3. Scrap the crystals off the glass into 1.2 mL of 0.1 M acetic acid solution, vortex and sonicate
the sample. Store the sample at room temperature for 24 h.

CAUTION: Acetic acid is very hazardous in case of skin or eye contact; handle with caution and
dispose following the regulations.

2.3.4. Weigh the glass slide after scraping off the crystals.

2.3.5. Measure the UV/vis absorbance (A) spectrum of the solution. If the additive is a protein,
measure the absorbance at 280 nm and calculate its concentration (C), using the Beer-Lambert
equation:
A
C=—
el
where | is the optical path inside the cuvette.

2.3.6. Use the concentration (C) found in 2.3.5 and the volume used (V = 1.2 mL) to calculate the
mass (m) of the additives in/on the crystals. If the concentration is in mg/mL, use the equation
C-V=m.

2.3.6.1. If the concentration is in mol/L, then calculate the moles (n) applying C - V = n. Then use
the molecular weight (Mw) to calculate the mass (m) of the additives (m = n - Mw).

2.3.7. Calculate the weight percentage of the additives in/on the crystals using the equation:
m

(Wt% - Amg

carbonate crystals that were scrapped off the glass piece.

. 100), where m is the mass of the additives, and Ams is the mass of the calcium

REPRESENTATIVE RESULTS:

A schematic of the experimental set up is shown in Figure 1. Briefly, the diffusion method is used
in order to form calcium carbonate crystals in 96-well plates and test the effect of biopolymers
on the morphology and structure of the calcium carbonate crystals. In these experiments,
ammonium carbonate is decomposed into ammonia and CO;, which diffuse into calcium
carbonate solutions, resulting in the formation of calcium carbonate crystals (Figure 1 and Figure
2).

The effect of the biopolymers is evaluated by comparison of the calcium carbonate crystals
formed with and without (control) the additives. Prior to the addition of the additives, the
optimized calcium carbonate concentration is chosen and the cleanliness of the solutions and
glassware is tested. Figure 2A shows a representative image of a control experiment, where
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distinct rhombohedral calcium carbonate crystals are formed. These crystals are most likely
calcite (see Figure 5). If the solutions or plastic or glassware have not been properly cleaned then
spherical crystals will form (Figure 2B, marked with red circles), in addition to the rhombohedral
calcite crystals. The spherical crystals are most likely vaterite (see Figure 5). An additional
indication for the use of proper conditions, is the smoothness of the calcite faces in the control
experiment. This can be observed with SEM, as shown in Figure 3. Figure 3A shows a proper
control with smooth calcite faces, whereas Figure 3B shows calcite crystals with faces composed
of steps. The spherical crystals here are vaterite. The control crystals need to be separated and
smooth-faceted so that the effect of the additives on the crystal morphology is clear.

To demonstrate the effect of a biopolymer on the morphology of calcium carbonate, we have
used here the protein TapA. Figure 4 shows the crystals of calcium carbonate formed in the
presence of TapA in the solution. The crystals are distinct from the control crystals. They form a
complex spherical calcium carbonate assembly, composed of multiple calcite microcrystals (see
Raman spectrum in Figure 5). One method to characterize the structure of the crystals is Raman
spectroscopy. Figure 5 shows the typical spectra of calcite (Figure 5A) and vaterite (Figure 5B),
taken from successful (A) and unsuccessful (B) control experiments. Typical absorbance peaks?®
are in the range of 100-400 cm™ (lattice modes), a peak at ~710 cm™ (symmetric bending of the
C0327) and at ~1090 cm™ (symmetric stretching of the CO327). Note the split of the Raman shift at
~1080 cm* that is the most evident characteristic of vaterite?!. Refer to reference?? for a full
spectrum of aragonite. The Raman spectrum of the crystals formed in the presence of TapA is
similar to the spectrum of calcite (Figure 5A). In cases where additional peaks appear which do
not correspond to a single spectrum of a single calcium carbonate polymorph, or a combination
of those, they may be attributed to an excess of calcium chloride that has not been washed
thoroughly in step 1.1.2.8.

In the final section of the protocol, we have measured the percentage (weight/weight) of the
organic content inside or on the calcium carbonate crystals. The crystals were dissolved in acetic
acid and the biopolymer was released into the solution. In cases where the biopolymer has a
characteristic absorbance spectrum, its concentration in the solution can be determined. In the
case of proteins containing aromatic side groups, as in the case study here of TapA, the
absorbance at 280 nm is used. The absorbance spectrum of TapA, measured following dissolution
of the crystals in acid, is shown in Figure 6 (green) together with the spectrum of the control
(acid-dissolved calcium carbonate crystals without the additive; black). Using Beer-Lambert's law
(see step 2.3.5) and using an extinction coefficient of 29,700 M cm™, we have found that the
mass percent of TapA was 1.8% + 0.2%. Measuring the absorbance of the solution following the
crystal dissolution in acid is possible when the biopolymers do not aggregate at low pH. A null
signal of the absorbance of the solution containing the additive is indicative of its aggregation. In
this case, different analysis methods, such as thermal gravitational analysis (TGA) may be used
to estimate the mass of additives present inside/on the crystals.

FIGURE LEGENDS:

Figure 1: Schematic description of the fast vapor diffusion method for the formation of calcium
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carbonate crystals. A calcium-containing soluble salt (e.g., calcium chloride) is placed near an
ammonium carbonate powder. Here we show two wells in a 96-well plate. The plate is then
sealed, and the ammonium carbonate decomposed into ammonia and carbon dioxide that
diffuse into the calcium-containing well, resulting in the precipitation of calcium carbonate
crystals (shown here by the SEM image of a calcite crystal).

Figure 2: Optical microscope images of the calcium carbonate crystals. A clean control contains
mostly calcite, which is characterized by rhombohedral crystals (A). When the control sample
includes spherical crystals (such as those marked by a red circle) (B), repeat the cleaning protocol
as suggested in section 1.1.1.

Figure 3: Scanning electron micrographs of calcium carbonate crystals formed in two control
experiments. (A) An image of a sample that contains mostly rhombohedral crystals (calcite). (B)
A micrograph of a sample with broken calcite facets and spherical crystals that are most probably
vaterite. In this case, control experiments need to be repeated. This figure has been modified
from Azulay et al.'®.

Figure 4: SEM images of calcite crystals formed in the presence of the protein TapA. Scale bars
represent 50 um (A) and 10 um (B), respectively. This figure has been modified from Azulay et
al.1e,

Figure 5: Raman spectra of two polymorphs of calcium carbonate. (A) Calcite. (B) Vaterite.

Figure 6: UV/vis absorbance spectra of TapA (green) and a buffer solution (100 mM NacCl, 25
mM Tris pH 8.0; black). The absorbance was used to calculate the concentration of TapA in the
calcium carbonate crystals, following their dissolution in acid.

DISCUSSION:

The method described here is aimed at forming calcium carbonate crystals in the presence of
organic additives and evaluating the effect of organic biopolymers on the morphology and
structure of calcium carbonate crystals in vitro. The method is based on the comparison of the
crystals formed in the presence of the organic additives to the calcite crystals formed in the
control experiment. We have shown how to use the diffusion method to form the calcium
carbonate crystals, how to characterize their morphology using optical and electron microscopy,
how to characterize their structure using Raman spectroscopy, and how to determine the organic
content (weight/weight percentage) of the crystals.

We described the protocol that we have used to evaluate the effect of a bacterial extracellular
protein, TapA, on the morphology and structure of calcium carbonate, but the protocol can be
expended to any other polymer that is biologically purified or synthesized. In addition to the
effect of a single biopolymer, this method can be used with mixtures of biopolymers in order to
evaluate any mutuality between different polymers in their effect on calcium carbonate
precipitation. We have limited the experimental set-up to a 96-well plate; however, any other
set-up where calcium carbonate solutions are positioned and physically separated from the
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ammonium carbonate source (i.e., the solutions and powder are placed in a sealed vessel), is
possible. Typical vessels used are multi-well plates and a typical concentration range of 10-50
mM is used for an experimental set-up with 96-well plates!?1623 A sealed beaker or a desiccator
can also be used.

This method is easy to use and it is compatible with low concentrations and low volumes of the
biopolymeric additives. Working in a multi-well plate allows the screening of multiple parameters
at the same time in one multi-well plate experiment. This method may be sensitive to the relative
position of the calcium carbonate wells with respect to the position of the ammonium carbonate
powder. Therefore, care needs to be taken to always use wells at the same position in the multi-
well plate and also to check that changing the location of the wells does not affect the results.
Normally, using a large enough distance between the wells where the experiments take place
and the ammonium carbonate powder, ensures that the results are reproducible. In addition, it
is critical to adjust the concentration of CaCl, so that separate crystals are formed in the control
experiment, as described in section 1.1.2. The concentration of the additives should also be
optimized to exceed a minimal concentration below which no effect is observed. Note that the
method is highly sensitive to the concentration of the additives; different additive concentrations
may induce a different effect on the morphology and structure of calcium carbonate crystals?*.

One major limitation of this method is that ammonia and CO, both diffuse into the calcium
chloride test solutions and therefore there is poor control of the pH throughout the experiment.
As a result of the diffusion of ammonia, the pH in solution increases (when ammonia becomes

ammonium), as shown in the equilibrium equations>® ((NH4)2CO3(s) —2NHs(g) + COzg) + H20),

NH3(aq)+ H20() —NHa4¥(aq) + OH (aq), Ca%*(aq) + CO2(aq) +20H (aq) = CaCOs (s)+ H20 (1)) and it favors the
formation of calcium carbonate.

Compared to the additional methods described in the introduction, this method is technically
simple. Due to the slow precipitation process, crystal growth can be followed in real time, using
absorbance or scattering techniques from the transparent multi-well technique. In addition, in
order to follow the kinetics of the crystal growth, one can also probe the crystal morphology and
structure at different time points, rather than after 20 hours, as performed in our study. This
method can be expanded to study the precipitation of other salts of carbonate bearing a small
enough Ksp, such as magnesium, barium and cadmium carbonates.
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ltem 1: The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish) via:
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Item 2: Please select one of the following items:

D Open Access

QThe Author is NOT a United States government employee.

DThe Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JoVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JoVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JoVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum
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rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JoOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JoVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JoVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE's successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.
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Email. liraz.chai@mail.huji.ac.il

04-02-19

Thank you for your letter concerning our manuscript entitled “Calcium carbonate
formation in the presence of biopolymeric additives” (JoVE59638). We are grateful for
the reviewers for their comments and we have now fully addressed all the editorial and
reviewers' comments and queries and the detailed response is attached below.

On behalf of my co-author, David Azulay, | thank you for considering our manuscript for

publication in Jove.

Sincerely,
Liraz Chai

Lirat epus
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Detailed response to the editorial comments:

1. 1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JoVE editor will not copy-edit your
manuscript and any errors in the submitted revision may be present in the published
version.

Response: Done.

2. Please revise lines 31-32 and 55-56 to avoid previously published text.

Response: We have revised lines 31-32, 55-56.

3. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the
editor or a link to the editorial policy that allows re-prints. Please upload this
information as a .doc or .docx file to your Editorial Manager account. The Figure must
be cited appropriately in the Figure Legend, i.e. “This figure has been modified from
[citation].”

Response: The copyright permission is uploaded. Figure legends 3,4 have
been changed accordingly.

4. Please rephrase the Introduction to include a clear statement of the overall goal of
this method.

Response: We have revised the goal statement (lines 63-67).

5. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we",

you", "our" etc.).
Response: Done.

6. Please revise the protocol to contain only action items that direct the reader to do
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases
such as “could be,” “should be,” and “would be” throughout the Protocol. Any text that
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cannot be written in the imperative tense may be added as a “Note.” Please include
all safety procedures and use of hoods, etc. However, notes should be used
sparingly and actions should be described in the imperative tense wherever possible.
Please move the discussion about the protocol to the Discussion.

Response: Done.

7. 1.1.2.1: Please specify the amount of powder ammonium carbonate added

Response: We have changed the text in line 156 (step 1.1.2.1), to
account for our accurate actions. We do note weigh the ammonium
carbonate, but rather fill in the well, as is now instructed.

8. 1.1.2.2: Please list an approximate volume to prepare.

Response: We have added a note to line 162 (step 1.1.2.2), advising the
reader to prepare a 10 mL stock solution.

9. Please number the figures in the sequence in which you refer to them in the
manuscript text.

Response: Done.

10. Discussion: Please discuss critical steps of the protocol.

Response: Critical steps of the protocol have been added in lines 379,
389-394.

11. Please revise the Table of Materials to include the name, company, and catalog
number of all relevant supplies, reagents, equipment and software in separate
columns in an xIs/xIsx file. Please sort the items in alphabetical order according to
the name of material/equipment.

Response: An updated list is now uploaded.
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Detailed response to the reviewers' comments.

Reviewer: 1

The presented manuscript is well written and contains all the necessary information to perform the
described experiment.

Response: We thank the reviewer for the positive feedback.

Reviewer: 2

In this, paper Azulay et.al present their results on biomineralization of calcium carbonate in the
presence of biopolymers. The motivation of this research is quite interesting and the subject itself is
very relevant to biomineralization. Overall, this work is very original and in my opinion, the results
presented in this study are significant for understanding CaCO3 biomineralization. | can only come up
with a few arguments that | think the authors should correct this well-written article:

1) The authors should briefly give a note on the thermodynamic stability of each crystalline form of
CaCOg3 this is a key point the crystallization of calcium carbonate.

2) Another comment that the authors should give kinetics details on the bio mineralization of calcium
carbonate.

3) Figure 5- Raman peaks should be assigned to vibrational modes of CaCO3.

In conclusion, | recommend the publication of this paper after the authors' response to the comments
raised in this report.

Response: we thank the reviewer for the positive feedback, and our answers
are outlined below.

1. We have included a reference to the thermodynamic stability of the
different polymorphs of calcium carbonate in the original text (lines 43-
45).

2. We thank the reviewer for this comment. Although a kinetic study is out
of the scope of this protocol, we have now included this suggestion in
the discussion (lines 403-406).

3. We thank the reviewer for this note, and we have now assigned the
peaks on the Raman spectrum in Figure 5.
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