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ABSTRAKT:

Cilem pedloZzené bakataké prace byla optimalizace separace rozpustnéthakatagenu
z kometn¢ dostupného hazinho kolagenu a jeho nasledna charakterizace. ¢g@tlabyl
podroben enzymatickému traveni pomoci pepsinu dedrds pieciSttn pomoci filtrace,
centrifugace a dialyzy. Ziskané vzorky byly naskedharakterizovany pomoci inffarvené
spektrometrie, elektroforézy v polyakrylamidovémlugen Hartree-Lowryho metody pro
stanoveni celkového obsahu protein

Vhodny ¢asovy rozsah enzymatického traveni pro ziskaniwyjicich vy€zka, byl ucen
na 60 — 70 hodin ip hmotnostnim porru pepsinu a kolagenu 1:25. NejvysSi azagk
(72.6 %) byl ziskaniptomto pongru a dolé reakce 66 hodin. Dostd&tee filtrace, ktera byla
pro cistotu produktu kkova, byla zaji&na kombinaci filtranich technik s naslednou
centrifugaci. Kvalita produlit z hlediska molekulovych hmotnosti byla charakteréna
pomoci gelové elektroforézy. Rozpustnost a jejitést na pH a koncentraci NaCl v roztoku
byla mgéftena pomoci Hartree — Lowryho metody. Rommezi helikdlnim kolagenem a
denaturovanym kolagenem ve vzorku byléten pomoci infréervené spektroskopie.
Vysledna spektra se vSak nejevila zcetaoliodna. Jako vhodjsi metodu pro zkoumani
struktury kolagenu je mozné pouzit bi&ad metodu cirkularniho dichroismu.

ABSTRACT:

The aim of the presented bachelor thesis was tom@ separation of soluble
atelocollagen out of commercially available bovoadlagen and its characterization. Collagen
went through an enzymatic digestion using pepsia psotease and subsequently purified by
filtration, centrifugation and dialysis. Obtainedngples were characterized using infrared
spectrometry, polyacrylamide gel electrophoresid Hartree-Lowry assay for total protein
determination.

Suitable digestion time range to gain sufficierglgs was decided from 60 — 70 hours at
pepsin/collagen weight ratio 1:25. Highest yiel@.6/%) was obtained at mentioned ratio
after 66 hours of reaction. Sufficient filtratiowhich was decisive for final product purity,
was assured by combination of several filtratiochteques with centrifugation. Quality of
prepared product according to their molecular weighas characterized by gel
electrophoresis. Solubility and its dependencetdrapd NaCl concentration in solution were
measured by Hartree — Lowry assay. Ratio betwekeaheollagen and denaturated collagen
was measured by infrared spectroscopy. Obtainectispyet did not seem fully reliable and
provided only a rough estimate. More accurate m#tdion about structure could be achieved
by using circular dichroism spectroscopy.

KLI COVA SLOVA:
atelokolagen, kolagen, pepsin, enzymatickpesti
KEYWORDS:

atelocollagen, collagen, pepsin, enzymatic digastio



KONECNA, Z. Separace a charakterizace atelokolageBmo: Vysoké deni technické v
Brné, Fakulta chemickd, 2014. 49 s. Vedouci bais&ka prace Ing. Lucy Vojtova, Ph.D.

PROHLASENI:

ProhlaSuji, Ze jsem bakdtkou praci vypracovala samostata Ze vSechny pouzité
literarni zdroje jsem spragna Uplré citovala. Bakalgsk4 prace je z hlediska obsahu
majetkem Fakulty chemické VUT v Bfra miZze byt vyuzita ke koménim &elim jen se
souhlasem vedouciho bakaké prace adgkana FCH VUT.

podpis autora

DECLARATION:

| declare that my bachelor thesis was worked uppeddently and that used references are
quoted correctly and fully. The content of aboventiemed thesis is considered a property of
BUT Faculty of chemistry and can be used for conmmépurposes only with the
supervisor's and dean’s consents.

author’s autograph

PODEKOVANI:

Touto cestou bych rada p#abvala vedouci prace Ing. Lucy Vojtové, Ph.D. Zdedité
rady a odborné vedeni. Rada bych takéckodala Ing. LukasSi Zubalovi za spolupréci
v laboratdi a vS8em kolegm z laborateée za patelské prosedi a pomoc ip praci. Déle bych
chttla podtkovat Ing. Pae Matouskové a kolektivu z laboréitdiochemie za ochotné rady a
poskytnutou moznost &eni u nich v laboratd a Ing. Janu Zidkovi, Ph.D. za pomoti p
zpracovéani grafickych dat. Na z#@vbych chtla podtkovat rodig a vSem patebiim za
podporu.



CONTENT

1 INTRODUCTION ...ttt e et e e e e e et e e e et e e e eaa s e e e rnnaaeeeanneeeees 7
2 THEORETICAL PART Lottt st e e e e et e e et e e e e e e e e e aeeeaans 8
FZ% R O |- To 1T o PP PUPUPRPTR 8
2.1.1Structure of COllAgEN ....ccoo oo 8
2.1.2Mechanical ProPertiES .......ceeuuuuiuiiiiieeeie e e e e nnees 9
2.1.30ccurrence and fUNCLION ...........oooiiiiis ettt e e eeeee s 9
2.1.4Biosynthesis and biOChemMISIIY ..............commmmreeeeerrnniiiiese e e e e e e e e eeeeeeeeenenes 10
2. 1.5 APPHCALION ..t e e a et bbb n———————aaaaaa 10
2.2 ATCIOCOIAGEN ... ———— 11
2.2.1 SEPAratiON PrOCESS ...ceevveverrrrrnnnnnnssimamaaasessssnnnnnaaseeaeaaaaaeereeenrsssnsnnnnnnsesnes 11
2.2.1.1 Animal and tiSSUE ChOICE .........coeeiiiiiiieeeeeeee e 12
2.2.1.2 Preparation of collagen sample..........ccoceoiveiiiiiii 12
2.2.1.3 Protease digeStioN .......coooviiii oot 12
2.2.1.4 PUNTICAUION .....uueiiiiiee et ceeee e e e e e e e 13
2.2.2Methods of characCterization .............ooiiceememne e 15
2.2.2.1 Electrophoretic methods .............ooovviiicemmmmei e 15
2.2.2.2 FTIR - ATR SPECIIOSCOPY . .cvvuniiiitieiieiimmmmee e eetineeeetaeeeeaaeaeaneeeeannns 17
2.2.2.3 Collagen SOIUDIIItY ..........uuueuriiiiie s 17
2.2.2.4 Circular dichroism (CD) SPECLIOSCOPY ......ccevveeevereeiiiiiiriiiannaeeeeeeaeaen 19
3 GOAL OF THE WORK ..ottt s et e e et e e et e e eaaa e e eaa s e s esrmnnnneeees 21
4  EXPERIMENTAL PART ..ottt eeean s 22
4.1 CREMICAIS ...outeiiiiiiie e e e e e e e et et eeeeeneeeereaaeea 22
4.2 Atelocollagen preparation ............ooviiieieieiiiieee e 23
4.2.1Preparation of collagen sample ..........oooveeiieiiiiiiiiiiiie e 25
4.2.2Protease digeStiON.......cciiiiiie et 25
A.2.3PUMFICALION ... ettt e e e e aa e e e e e e e e e e e 25
A T R 111 = 11 0] o PSR 25
4.2.3.2 PrecCipitalion .......ooiiiiiiiiieiiiie et 25
4.2.3.3 Centrifugation ...........oouuuuuuuuiiiie e s 25
4.2.3.4 DIAIYSIS ..ovvtuuiniiiee ettt a e e aaaes 25
4.2.3.5 LYOPNIIZALION ...uuiiiiiieiiiee et eeem e s 26
4.3 Methods of characterization ..............ooiceeeeeriiiiii s 27



5

10

4.3.1PAGE — SDS €eleCtrophnOreSiS......cccooee i 27

4.3.1.1 SOIULIONS .ttt e e e e e e e e e e e e e e e eeeeebnsena e 27
4.3.1.2 Gel Preparation ............coooeeee et 28
*TEMED = N,N’-tetramethylenediamineg ..........ccceccuiiiiiiiiiiiiiiiiiieeeeeeeeee e 28
4.3.1.3 Sample Preparation .......ooooooeiieieeeeeceeemmm e e e 29,
4.3.1.4 ElectrophOresSiS @XECULION ...........ccceeet e e eeeeeeeeeeiiittiinaas e e e e e eeeaaeeees 29
4.3.1.5 Gl STAINING ..vvuiiiiiiiie et e e e e e e e e e e eeeeeeeanennnnanas 30
4.3.2Hartree — LOWrY Method .......cooooeiiiiiiie e 30
4.3.2.1 SOIULIONS ...ttt bbbttt et e e e e e e e e e e e e e e e e 30
4.3.2.2 Collagen concentration in solution determination................cooeeeeneeee 30
4.3.3FTIR — ATR SPECITOMELIY ...couiuiiiiiiiiiii s s oottt e e e e et e e e eeenen e e aeaeees 30
RESULTS AND DISCUSION. ..ottt ciieeeme e e et e et eeaan s eannen e 32
5.1  SePAratiOn PrOCESS .. .ciiiiiieieeeieieeeeeieeeeeene e e e e e e e e e e e eeeeetabbaa e e e e e e e e e aeaaaaaaaaaeas 32
5.1.1Yields of separated ProduUCES ..........ccoiimmmeeii e 32
5.1.2PrOdUCT PUIILY ...ttt e e e e e e e e e e e e et eeesesbennnneeeennee 35
5.2 CharacteriZation ...........ueueieeeiiiiiiiiieeieee it e e e e e 36
5.2.1PAGE-SDS €leCtrOpNOreSiS. ....ccoieei e et 36
5.2.2FTIR-ATR SPECITOMEIIY ...cvuiiiiiii et ceemmme et ee e 37
5.2.3Collagen solubility - Hartree — Lowry method .cecee...evvveiiiiiiiiiiieeeis 40
CONCLUSIONS ...ttt ettt e e e e e e e s et eeeeeaaaesssaannnnnes 42
LIST OF FIGURES. ... ..o e men e e e e e 44
LIST OF TABLES ..o ottt e e e e e e e e srmenneeeaaeeees 45
ABBREVIATION CONTENT ..oeiiii e v e e e e e eaa e e annnd 46
REFERENGCES ... oo ee s e enaa e ees 47



1 INTRODUCTION

Collagen is the most abundant fibrous protein imén as well as in all the mammalian
body. It can be found all over the body, mainlyaasomponent of connective tissue. Its main
function is to keep the tissue compact, mecharitaiigh and flexible.

As a naturally produced material, collagen has vésw antigenicity and good
biodegradability. That is why it is very often used medical application, such as tissue
engineering, cardiovascular surgery, dermatologihopaedics and many others. It is also
widely used in pharmacy, food and cosmetic industry

Atelocollagen is a collagen without terminal peptgtoups. It can be obtained by protease
digestion of collagen molecules and is considecetidve even smaller antigenicity. Using
this soluble form of collagen is better at obsegvits self-arrangement and available to be
easily modified by other natural or synthetic pogm

However, successful separation of atelocollagemisthat simple, as it depends on many
procedural conditions and variable settings as asthn chosen material.



2 THEORETICAL PART

2.1 Collagen

Collagens are the most widely spread fibrous pnstéi mammalian body. It forms about
30 % of whole body protein content. Main role ofedk fibrils is to maintain tissue
compactness and provide mechanical and structtopepties that each tissue demands

2.1.1 Structure of collagen

Collagen is a protein, synthesized of 20 commomwlyuaring amino acids. However, it is
very unique as for its amino acid sequence pattbigh grade of posttranslational
modification and specific intermolecular cross-shk

Collagen occurs at many structural levels (FigurePtimary structure consists of linear
amino acid sequence. Individual acids hold togebyepeptide bonds. These tough, planar
bonds combine amino group of one amino acid witlbaeayl group of another one. Amino
acid composition indicates infrequently high cont@nGly, nearly 33 %. It means that almost
every third amino acid is Gly and refers to repeastructural pattern (Gly-X-Y,) Primary
structure forms a more complex typieahelices or3-plated sheets, as the most stable of all
possible secondary structures. Secondary structares connected to make a three-
dimensional tertiary structure — triple helix. Theructural level is common for all the
collagen types. The collagen triple helix consiststhree left-handed polypeptide chains,
simultaneous and alternating in right-handed semeend theirs common axis. The three
chains are connected by an inter chain hydrogenl.b®artiary structures then form three
dimensional quaternary structure of a multi-unétpin-

Polypeptide chain
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Figure 1: Structural levels of collag&n



2.1.2 Mechanical properties

Collagen fibre shows a characteristic shape of diness-strain curve (Figure 2). The
nonlinear parts are caused by natural form of gellawithout any external force impact. By a
“toe region” it is meant the lower area of a cuivevhich collagen tissue normally works.
The tangent modulus of collagen is placed betwbhenvalues 350 and 1000 MPa, reported
tensile strength is between 50 and 100 MPa. Stabiéipendence of collagen on temperature
and pH value is used by biomaterial scientist asalbbes for digestion and extraction
proces$

|
!!!!

L Failure point

Stress

: Plastic
region region

—_—

Strain

Figure 2: Characteristic stress-strain curve oflegert

2.1.3 Occurrence and function

Currently, there are 28 types of collagen to benébin almost every kind of human or
animal body tissues. Specific distribution of sike®wn 21 types is shown in Table 1. Each
collagen family occurs in characteristic tissueetyppas a specific structure with a triple-helix
domain length and carries out various functions. tet basis, collagen can either form
fibrils, anchored fibrils, fibril surface or memims. The most frequent fibril-forming types
of collagen are type I, 11, Ill, V and XI. Type ¢overing up to 90 % of all body collagen, is
mostly found in bones, tendon, cornea and ligamé&gpe Il forms fibrils in cartilage,
vitreous and notochord. Type Il collagen usualbc@mpanies the type | in the extensive
tissue filaments. Types V and Xl are present inlkalong with types I, Il and Ill. The non-



fibrillar collagens, such as type IV, VI, X andame, are not so plentiful in total, yet in
specific tissue locations they can be prevaient

Table 1: Distribution of different types of collagalong with their-chain compositich

Type a-Chains Distribution

I al, a2 Bone, tendon, ligament, cornea, dermis

Il al Hyaline cartilage

11 ol Skin, vessel wall, distensible tissues

I\ al-06 Basement membrane

\% al-a3 Same as Type |, but smaller contribution

\i al-o3 Dermis, cartilage, placenta, lungs, inter vedebisc
VI ol Dermal-epidermal junctions, cervix, oral mucosa
VI ol, a2 Endothelial cells, Descemet’s membrane

IX al-a3 Cartilage, cornea

X a3 Foetal or juvenile cartilage

Xl al-a3 Cartilage

Xl ol Ligament, tendon, perichondrium

Xl al Epidermis, hair follicle, intestine, liver, lung

XIV al Dermis, tendon, vessel wall, placenta, lung

XV ol Fibroblasts, smooth muscle cells, kidney, parxcrea
XVI ol Fibroblasts, keratinocytes, amnion

XVII al Dermal-epidermal junctions

XVIII al Lung, liver

XIX al Rhabdomyosarcoma

XX ol Embryonic skin, 10terna cartilage, tendon

XXI al Vessel wall

2.1.4 Biosynthesis and biochemistry

Collagens are planned for extracellular matrix tredr biosynthetic process takes place in
the endoplasmic reticulum. Biosynthesis is subsetfyidollowed by transportation trough
the Golgi and secretion from the cell. Whole precekes about 15 minutes (type 1). During
the biosynthetic process collagen reacts with diffe types of enzymes that enable various
reactions.

Collagen fibrils and other forms are highly stalkleuctures with lifetime at least six
months, usually much more. Time of degradation lysdiEfers by a specific collagen type.
However, a controlled degradation of collagen canlésirable, as it is used in wound healing
and tissue engineerihg

2.1.5 Application

All together with gelatine, collagen is most usedtgin of all. Application covers natural
and synthetic leather, various cosmetic and foddstry products and nutrition supplements.
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Another important field of use is medicine (Table Because collagen can be found in all
kind of body tissue, it is often used as biomatddaimplants and tissue engineering

Table 2: Examples of the applications of collaged gelatine products in medicine

Medical area Application

Cardiovascular surgery Vessel replacement, hebréva

Dentistry Periodontal attachment, alveolar ridggraentation
Dermatology Tissue augmentation

Dressings Wound repair, burn treatment, grafttsgatment
Esophageal surgery Augmentation

General surgery Hernia repair, adhesion barriensidstasis, adhesives
Neurosurgery Nerve conduits, nerve repair

Ophthalmology Corneal graft, vitreous replacemesiinal reattachment
Orthopaedics Bone repair, cartilage reconstructigament repair
Otology Tympanic membrane replacement

Urology Ureter replacement, renal repair, urin@gontinence

2.2 Atelocollagen

Atelocollagen is a term for collagen, processed domygymatic digestion. During the
digestion, a telopeptides are removed from theagel triple helix and bonds between each
of the triple helix, forming the collagen moleculendergo a cleavage (Figure 3). By
undergoing this process, the solubility of a fipedduct increased, which is mainly demanded
in biomedical applications.

/" Gal-Gln INative collagen

Telopeptide l[nuﬁ— spiral part)

FProtease
(zal
Gal-Glu Atelocollagen

Figure 3: Atelocollagen molecule

2.2.1 Separation process

Separation process itself not only includes theyeryatic digestion, but also some other
steps that precede or follow it. There are manyabées in each of the step, which differ
according to used source and type of tissue aradl@gen type it contains. Whole separation
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process could be run at different temperaturesallysat 4 °C (in fridge) or at room
temperature.

2.2.1.1 Animal and tissue choice

Preparation starts with extraction of a collagemfrthe tissue. The choice of an animal as
a tissue source usually depends on its availabilitthe region. Mostly used is fisH" 121
bovine™ and pork tissue, to a lesser extent rats or athenals. Type of the tissue, such as
skin, bone and other, is than selected accordirgclagen type needed (Table 1).

2.2.1.2 Preparation of collagen sample

Separation starts with removing the desirable ¢éisam the residue and cutting it into
small pieces to increase the effect of subsequdnmhation steps. Soft tissue is usually cut
with scissors or knife and solid tissue such asbareeds to be broken by a hanfier

Extraction of non-collagenous proteins

Unwanted proteins in a tissue pieces are then rechaging mainly alkaline extraction by
NaOH, usually at concentration of 0.1 M and sanafkeline solution ratio from 1:5 to 1:30
10:1218Time of the extraction ranges from 6 to 48 hourd the alkaline solution is changed
on a regular basis. After removing the supernatsarples are washed in distilled water to
reach the neutral pH®.

Decalcification

If we choose to use bones as a raw material, décaton step needs to be involved to the
separation process. For this purpose, 0.5 M EDTAE@TA-2Na is usually used at
sample/EDTA ratio 1:10. This step is very time aongg and lasts usually around
5 dayg ' 18

Fat remove

Tissue is than defatted using either diethyl &HEd % butyl alcohol with solvent/solution
ratio 1:10° ** % or 1:2¢ or commercial detergefit'®> Time of a fat extraction ranges
between 24 and 48 hours. After that, tissue isragashed with distilled wat&t® 1216

2.2.1.3 Protease digestion

Digestion usually runs in 0.5 M acetic acid andattue of the solution range from 2 t6 4
2. pH is modified in the view of the fact that eashzyme is active in specific pH scale.
Mostly used enzyme is pepsin from porcine stomaahasa. Sample/solution ratio has main
impact on viscosity and usually range from 1:10Lt600% ***® Time of digestion differs
according to pepsin concentration and reaction &satpre and range between 24 and 72
hour$™® ¢ Pepsin /sample ratio usually range from 1:10:10™°,

Pepsin is one of the digestive enzymes found imahistomach and is secreted as
pepsinogen. In acidic environment, pepsinogen imately turns into pepsin (Figure 4).
Pepsin activity is declared to be from 1.5 to 3B%

12



Pepsin
(Porcine Sequence)

Disulfides

%
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Ejgn,m -I“'-Utﬂl:ﬂic PfﬂEpI‘iD!-Efil‘H
Peptide Cleavage
Activation peplide
peptida
Active Site

Figure 4: Pepsin sequence arrangentént

2.2.1.4 Purification

Filtration

After desired time, the mixture is filtrated or téfluged to obtain a clear solution. There
are many types of filtration devices available ahdosing the right type or a combination of
filtration techniques can be decisive for obtainang unpolluted product. Collagen solution
can be filtrated trough filter pagercheesecloth'® % 141> frit, metal filter or various
filtration devices.

Another possibility is to replace the filtrationttvicentrifugatio *** *> Advantage of this
way to obtain the clear solution is its variablétisgs and good speed, in comparison with
classical filtration techniques.

Insoluble residue after filtration could be pro@skagain to increase the yield as desirable.

Precipitation

Reaction is then stopped by increasing the pH kaliak area from pH 7 to 8. For this
purpose sodium hydroxide, tris or phosphate buffesaline can be used. Collagen is then
precipitated by adding NaCl solution to a final centration from 0.7 to 3 M. Precipitated
solution can be left over night to observe its ityl). Precipitate is then collected by
centrifugation. Whole salting out procedure canrbpeated once or two times again to
increase the yield, because even after precipitatiod centrifugation, there is still some
collagen left in the solutidi®.

Centrifugation

Centrifugation is a type of sedimentation, whiclesigentrifugal force to speed up the
process. Different acceleration, time duration gamdperature can be set at commonly used
centrifuge (Table 3)*°.
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Table 3: Variable centrifugation settings used itickes

Article Acceleration [g] Duration [min

6 20 000 40

7 12 500 40

8 15 000 30

9 10 000 20

10 20 000 30

11 22 000 15

12 20 000 60

13 9 000 20; 30

14 20 000 60

15 10 000 15

16 15 000 60
Dialysis

Dialysis is a process, used for removing low mdi@cweight unwanted components from
the polymer solution (Figure 5). After centrifugatj collagen sample is dissolved in 0.5 M
acetic acid and dialysed against 0.05-0.1 M aeatid, distilled water or both, respectively, to

remove salts. Time of dialysis is usually 3 days erore with periodical change of solutfon
16

(a) At start of (b) At equilibrium
dialysis

\\ . /

= Dialysis —
membrane
Solvent

-~ | —concentrated

solution

Figure 5: Principle of dialysi&
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Lyophilization

After dialysis, collagen solution is frozen andpyilized using a freeze dryef. General
scheme of freeze dryer is shown below (Figure 6).

Lyophilization is a dehydration method using a lpressure to dispose of all the water
content in frozen sample. Low pressure allows theemto sublime straight from solid phase
to gas pha$é After lyophilisation, collagen sample is in solity state, ready to be
characterized.

Yvacuum e aCuum

f chamhber
gauge“‘*\@ .’f

. walve to
release vacuum

L

vacuum

cooling a"gauge
cuils\ n

ice ice
condenser condenses
on refrigerator WaCUUMm
walls pump
drain

Figure 6: Scheme of a freeze — dRfer

2.2.2 Methods of characterization
2.2.2.1 Electrophoretic methods

Electrophoresis describes a migration of chargeticges in an electric field. Diverse
components migrate with different speeds and foepagate zones. The electrophoretic
mobility depends on charge, size and shape of thleaule, together with viscosity, pore size,
buffer pH, ionic strength and temperature of thedim®. Electrophoretic migration is
characterized as:

v=ulE
V...migration speed

U ...electrophoretic mobility

E ...electric field strength

Electrophoretic mobility is characterized as:

15
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g...charge of the particle

U

n ...solution viscosity

r ...radius of the particle

From the above mentioned equation is apparentsitmatl particles with higher charge
have higher mobility and large particles with lowsrarge have lower mobility. Effective
electrophoretic mobility is the one we measurerdythe electrophoresis and is usually lower
than theoretical, as it depends on pH and usecehutfifferent particles are successfully
separated only if their effective electrophoretichitities differs enough’ %

Polyacrylamide gel electrophoresis (PAGE) with diddi of sodium dodecyl sulphate
(PAGE-SDS)

Polyacrylamide gel is inert, transparent and meicladly tough and can be prepared by
polymerization of acrylamide monomer (AA) using Kkikethylenebisacrylamide (BIS) as
cross-linking agent, ammonium persulfate (APS) asitiator and N,N,N",N’-
tetramethylenediamine (TEMED) as stabilizing agémt free-radicals. Oxygen has an
inhibitive effect on the polymerization and canrbmoved by ultra-sonification.

Properties of the gel are mainly affected by itsopity and degree of cross-linking,
meaning by ratio between AA and BIS, which usualiynge from 100:1 to 20:1. Total
concentration of AA is usually from 3 to 15 %.

(B)

~P=20 i
L% 550%, | Mixture of
92 5 50« | macro-
e <9 | molecules
Electrophoresis 4
Direction —_— | Y
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Figure 7: Vertical gel electrophoresis schéthe

Conductivity between the electrodes is achievedsigg a buffer solution. Intensity of set
in electric field depends on ratio between usetbga and length of the gel.

Mostly used electrophoresis modification of PAGEamgonic detergent sodium dodecyl
sulphate (SDS) to linearize the proteins and gt a negative charge so all the molecules
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moves with similar direction to anode. Low molecuaight colorants are used to enable the
observation of the moving lin%&2°

2.2.2.2 FTIR - ATR spectroscopy

Infrared spectroscopy is a spectroscopic methodguabsorption of infrared light for
qualitative and semi quantitative characterizatidnchemical substances. This method is
suitable for liquid, solid and even gas samples.FAIR spectrophotometer measures data in
wide spectral range at once. Thanks to Fouriestaamation, time dependence of absorbance
(transmittance) is changed to wavelength dependémceing the actual spectrum.

.--"'fﬂ_
“ater *f
(}Eiatlu
Helical / \
cullagen ; \} =
~ .-l"'ﬂ:-“""‘-:—:::_:./“-{j \ _,)':f

1720 1700 1680 1660 1640 1620 1600 1380

Figure 8: Displayed theoretical collagen FTIR - ASBectrum section peak after
deconvolution with shown contribution of individeaimponents

2.2.2.3 Collagen solubility

There are several ways to determine a concentrafiproteins in solution. These methods
usually differ in their detection limits and can digided in five group®.

Table 4: Detection limits and required sample vadsnfor each of the methods

Determination Sample volume [ml] Detection limit ug.ml™]
Biuret method 1 1000 - 10 000
Bicinchoninic acid method 0.1 200 — 1 000

Hartree — Lowry method 1 100 - 600

Ninhydrin test 1 20-50

UV absorption 1 30 — 300

Bradford method 0.1-0.2 60 — 300

Dry matter 0.5-10 2 000 —-10 000
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Methods based on interaction with copper
Biuret method

Method is based on interaction of copper (ll) iavish peptide bonds forming a violet
coordination complex in alkaline solution. Thishiamue is suitable for sample concentration
from 1 to 10 mg.mt which is 5 times diluted by the reagent to a ficahcentration from 0.2
to 2 mg.mt*. Absorbance maximum is than measured at 558.nm

Bicinchoninic acid assay

This method uses a bicinchoninic acid to deternpnatein content and is based on
alkaline protein reduction of copper (Il) to a cepgl) ion and subsequent chelation of
copper (1) ion by the bicinchoninic acid accompdnigy a red change of colour. This
technique is very sensitive to working conditiosisch as temperature and time of incubation.
Some substances, like ammonium ions, can havegsinterference effect and needs to be
removed’.

Hartree-Lowry method

Currently one of the most cited biochemical methodgeneral. The reagent, first
developed by Oliver H. Lowry in 1940s, has two comgnts. First reagent is the same as for
biuret method and second is Folin-Ciocalteau relagem phenols, a mixture of
phosphotungstic and phosphomolybdic acid. Thisrtegle is based on reaction of the FC
reagent with copper (I) ions, produced by proteaduction of copper (I) ions. Reaction
scheme also involves reduction of the FC reagettosadation of aromatic residues, such as
tryptophan and tyrosine, accompanied by blue catbange. Hartree modified this method to
increase the colour intensity and linearity amondewrange of concentrations and simplify
the method by using three more stable solutionstrétLowry assay is suitable for sample
concentrations from 100 to 6Q@.ml™* %,

Ninhydrin test

In this method, proteins are hydrolyzed to aminmsaby 6 % sulphuric acid at 100 °C.
Amino acids then react with ninhydrin and causeplaurcolour change. Absorbance is
measured at 570 nm. Not all of the amino acidsrimrie to colouring in the same way.
Some proteins with high amount of proline or sulppractically do not react at all and results
are misleading. Using leucine as a standard fabregion leads to satisfactory and usable
results for any other protein except the one meerticabove.

UV absorption determination

Proteins, containing side chains of tyrosine angttphan, absorb light from UV area
from 275 to 280 nm. If the sample is diluted enqugls possible to determine a total protein
concentration from the absorbance value in thistspm are&’.
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Bradford method

This method is based on bonding between Coomassimai blue colorant and protein
molecules in acidic pH. This process is accompahied colour change, proportional to the
protein content in sample. Bradford method is semesto low concentrations. This method is
widely used for its simplicity and low time demamyen thou determination can be affected
by interfering moleculé&,

Determination from a dry matter

In this method, proteins are dried in ovens to rstant weight at 104 or 106 °C. It usually
takes a few hours and after that sample is weighthis is the only absolute method, as it
does not require any calibration or standard. Rrobis high detection limitation and
necessity to remove salts from the solution befoying?®.

2.2.2.4 Circular dichroism (CD) spectroscopy

A CD spectroscopy is method based on absorptioefofand right circularly polarized
light. As the circularly polarized light passesaigh the absorbing medium, its wavelength
and molar absorption coefficient différ

Right and Left Hand ‘
circularly polarised CD signal
light € f‘ )
L §
‘H‘P} Preferential
absorption of
Photon Optically  _. htPH g
Beam Active l? Han
Sample polarisation

Figure 9: Principle of circular dichroisAt

CD spectrum is dependence of the difference of maidaorption coefficients between left
and right circularly polarized light on waveleng@ommonly much more often used quantity
is molar ellipticity p], defined as:

OB
6] = OR

OB ...shorter half-axis of ellipse
OA...longer half-axis of ellipse

CD spectrum can provide information about secondaryvell as tertiary structure and
conformation changes of protein molecule (Fig?40)
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3 GOAL OF THE WORK
Main goal of proposed bachelor thesis is to optaran atelocollagen separation method
for purchased bovine collagen.

Specifically, to find an optimal separation comatis, such as pepsin concentration or
digestion time, with a view to obtain a pure codlagat satisfactory yield. Another important
part is to characterize gained product purity, istatand solubility using suitable methods.

Finally, objectively evaluate measured data ana geasons for potential mistakes and
usability of used methods.
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4 EXPERIMENTAL PART

4.1 Chemicals

All chemicals were used without further purificatior modifications.

Acetic acid (99.8 %, p.a.) was purchased from Laehs. r. 0. (Czech Republic)
Acrylamide (AA, 40 %, p.a.) was purchased from Sagaidrich (Germany)
Ammonium persulphate (APS, 98 %, p.a.) was purchasem Sigma-Aldrich
(Germany)

Bovine collagen (8%) was purchased from VUP Medica. (Czech Republic)
Bromphenol blue (p.a.) was purchased from Sigmai&iid Germany)

Comassie brilliant blue (p.a.) was purchased fracifad (Czech Republic)

Copper sulphate pentahydrate (98 %, p.a.) was psech from Sigma-Aldrich
(Germany)

Ethanol was gained from school stock at FacultyCh&mistry, Brno University of
Technology (Czech Republic)

Folin — Ciocalteau phenol reagent (p.a.) was puwetiafrom Sigma-Aldrich
(Germany)

Glycerol (99 %, p.a.) was purchased from Sigma-8kd(Germany)

Glycine (99 %, p.a.) was purchased from Sigma-Ahd(iGermany)

Hydrochloric acid (35 %, p.a.) was purchased fraaoH-ner s. r. 0. (Czech Republic)
N,N"-methylenebisacrylamide (BIS, p.a.) was puredasfrom Sigma-Aldrich
(Germany)

N,N’-tetramethylenediamine (TEMED, 99 %, p.a.) wasrchased from Sigma-
Aldrich (Germany)

Pepsin from porcine gastric mucosa (p.a.) was @s@th from Sigma-Aldrich
(Germany)

Potassium chloride (99 %, p.a.) was purchased frach-ner s. r. 0. (Czech Republic)
Potassium phosphate (p.a.) was purchased from heich-r. 0. (Czech Republic)
Sodium carbonate (99 %, p.a.) was purchased frazh-bar s. r. 0. (Czech Republic)
Sodium dodecyl sulphate (SDS, 98.5 %, p.a.) washased from Sigma-Aldrich
(Germany)

Sodium hydroxide (98.5 %, p.a.) was purchased froach-ner s.r.o. (Czech
Republic)

Sodium chloride (p.a.) was purchased from Lachsnero. (Czech Republic)
Sodium phosphate (99 %, p.a.) was purchased frah-har s. r. 0. (Czech Republic)
Sodium potassium tartrate tetrahydrate (99 %, paa$ purchased from Sigma-
Aldrich (Germany)

Soluble bovine dermis collagen (0,5%) was purchased KOKEN CO. (Japan)
Ultrapure water (ultrapure water Type | accordingl$O 3696) was prepared on
Millipore purification system (MilliQ Academic, Mipore, France)
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4.2 Atelocollagen preparation

Atellocolagen was separated from commercially adé bovine collagen so the
extraction steps of the process were excluded.

General structure of process was taken over froemalure, yet some modifications were
applied according to measured data during the wbBijure 11 shows model separation
scheme of process ideal development.
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4.2.1 Preparation of collagen sample

Before digestion, every sample was cut into smialtes by scissors and water at desirable
ratio was added. Suspension was homogenized by demmer at position 1. Mixture was
then stirred for 24 hours using magnetic stirrevaious rounds per minute either at room
temperature (25 °C) or in the fridge (4 °C). Usathple/water (w/v) ratio ranged from 1:20 to
1:100 and rounds per minute were either 200 or 4DQhe beginning of the work not
monitored at all.

4.2.2 Protease digestion

After 24 hours of stirring, desirable amount of pi@pvas added to the mixture for variable
time. Used pepsin/collagen (w/w) ratio ranged frbrh0 to 1:100 and duration ranged from
12 to 72 hours.

4.2.3 Purification
4.2.3.1 Filtration

After enzyme digestion, solution was filtrated totain a clear solution. Many types of
filtration were carried out, such as glass frit&,(S3), metal and paper filters at defined pores
or ultrafiltration on membrane filters. Filtratidoy these methods yet proved insufficient and
was replaced by centrifugation or combination ofrensubsequently followed filtration and
centrifugation steps. Centrifugation steps diffened rotates per minute, duration and
temperature. Filtration and centrifugation stepsengarried out at room temperature.

4.2.3.2 Precipitation

Collagen in the filtrate was then precipitated logiag sodium chloride to a various final
concentration. Used concentration ranged from 6.4 M solution. Before precipitation,
enzyme activity was stopped by adding a PBS bustdution with pH 11, modified by
sodium hydroxide, to pH around 8.5. This pH modificn was not used at every sample as
the sodium chloride precipitation came out to biEicgant even without pH modification.

4.2.3.3 Centrifugation

Precipitate was collected using high speed cegeif(High Speed Brushless Centrifuge
MPW-350R, MPW Medical Instruments, Poland) with ¢intemperature and rotates per
minute set as variables. Time of centrifugationgeathfrom 10 to 90 minutes, temperature
from 4 to 20 °C and rotates per minute were ususgtyon maximum according to each rotor
option possibilities (12 000 or 15 000 rounds peérute).

Supernatant was put through precipitation oncewacet again according to amount of
collagen that remained in solution.

4.2.3.4 Dialysis

Sediment, obtained by centrifugation, was collecded dissolved in 0.5 M acetic acid.
Solution was dialysed using dialysis membrane t{Pes-A-Lyzer Maxi 12 000 Dialysis kit,
Sigma-Aldrich, Germany) to remove salts and obfaune collagen solution. Dialysis was
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performed at 4 °C for 72 hours against 0.1 M acatid, water or both followed respectively
with regular change of solution.

4.2.3.5 Lyophilization

After removing undesirable components, solution Wwagen in freezer or in the freeze-

dryer (Alpha 2-4 LSC Freeze-Dryer, Christ, Germasiylf and freeze — dried to obtain dry
product using a lyophilization equipment.

Prepared samples

Table 5: Prepared sample labelling with variablesiications

Temperature Collagen/ Collagen/ Digestion ) ) L Centrifugation
Sample ] ] Filtration | Precipitation
[°C] water (w/v) pepsin (w/w) | time [h] (4°C)
1 1:250
Room . To 4 M NaCl 15 000 rpm,
2 1:500 1:15 72 Frit S2 ) )
(25 °C) solution 3x 10 minutes
3 1:1 000
4 Frit S2
Frit S2 +
5 metal filter
Room 200pum To 2 M NaCl 15 000 rpm,
1:200 1:25 24 ) . )
(25 °C) Frit S2 + solution 3x 20 minutes
5 metal filter
200um
and 25um
7 Frit S2
ctfg
10000 r
8 p
m!
) To 2 M NaCl 15 000 rpm,
4°C 1:600 1:25 72 30 minutes . .
solution 30 minutes
ctfg
15000 r
9 p
m!
30 minutes
10 12
11 28
12 Room 30 ) To 2 M NaCl 15 000 rpm,
1:200 1:25 Frit S2 ) )
13 (25 °C) 33 solution 10 minutes
14 35
15 48
16 Frit S2
ctfg To 2 M NaCl 15 000 rpm,
4°C 1:600 1:10 72 . .
17 10000 rp solution 30 minutes
m!
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30 minutes

ctfg
15000 r
18 :
m,
30 minutes
19 24
Room ) To 2 M NaCl 15 000 rpm,
20 1:200 1:25 29 Frit S2 ) ]
(25 °C) solution 10 minutes
21 32
22 40 Frit S2, S3,
23 48 filter
24 Room 66 aper, ctfi To0.7M 15 000 rpm,
1:200 1:25 pap g ) . P
(25 °C) 15 000 rp | NaCl solution 30 minutes
25 75 m,
90 minutes

4.3 Methods of characterization
4.3.1 PAGE - SDS electrophoresis

Polyacrylamide gel electrophoresis was performed daoality analysis of products
according to their molecular weight composition.t&ed bands were then compared to

specific known bands of a bovine protein standard.

4.3.1.1 Solutions

Solutions were prepared in advance. Only exceptias solution E which was prepared

fresh every time.

Solution A:

30 % mixture of acrylamide and bisacrylamide (837& AA and 0.24 g of BIS dissolved

in 15 ml and after swelling fill up to 30 ml)

Solution B:

1,5 M TRIS-HCI buffer pH 8.8 (5.445 g of TRIS dissed in 30 ml of distilled water, pH
is modified with 6M HCI)

Solution C:

1 M TRIS-HCI buffer pH 6.8 (0.484 g of TRIS disset/in 40 ml of distilled water, pH is
modified with 6 M HCI)

Solution D:

10 % solution of SDS (1 g of SDS dissolved in 10ofdiistilled water)

Solution E:

10 % solution of ammonium persulphate (100 mg ofSAdi#ssolved in 1 ml of distilled

water)
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Solution G:

Mixture of 100 mM TRIS-HCI buffer pH 6.8 — 4% SD20 % glycerol, 0.02 %
bromphenol blue (0.4 g SDS, 0.02 g bromphenol k2ue| of glycerol, 8 ml of 1M TRIS-
HCI buffer pH 6.8)

Solution F:

Electrode buffer: 0.025 M TRIS, 0.192 M glycine &hd% SDS (3.025 g of TRIS, 15 g of
glycine and 1 g of SDS dissolved in 1000 ml ofitdest water)

4.3.1.2 Gel preparation

Electrophoresis was performed at various gel canagons. Resolving gel was used at
concentrations range from 6 % to 10 % accordingdsired molar weight scale sharpness.
Stacking gel was used at concentration range froons3%.

Table 6: Solution content in prepared resolving atatking gel

10 % resolving gel X % resolving gel 5 % stackinge)
Distilled water 2ml xml 1.4 ml
Solution A 1.65 mi xml 0.330 mi
Solution B 1.25 ml 1.25ml -
Solution C - - 0.250 ml
Solution D 0.05 ml 0.05 ml 0.02 ml
Solution E 0.05 ml 0.05 ml 0.02 mi
TEMED* 0.002 ml 0.002 ml 0.002 mi
Total volume 5.002 ml 5.002 ml 2.022 mi

*TEMED = N,N’-tetramethylenediamine
Resolving gel preparation

At first, apparatus for gel electrophoresis (2-Gé&ktra and Blotting Module
Electrophoresis station, Bio-Rad, Czech Republiak assembled. Resolving gel was then
prepared in desired concentration according to &dhl Amount of distilled water and
solution A were calculated as follows:

Xx=6% =0.06

V =50ml

X, =30% =03

Xa = 2+ 165

? 50
_x[V _ 006*50 _
~x, 03

=073

1ml

X, = Xppno [V =% = 073[50-1= 265ml.
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Where x stands for desired gel concentratidnfor final volume, xa for solution A
concentrationxa+n2o for concentration of solution A and water in fimallume,x; for amount
of solution A andk, for amount of water.

At the earliest point, water was mixed with solatid, B, D and TEMED. Mixture was
then degassed in ultrasonic bath for five minuf@sally, solution E was added and mixture
was carefully stirred. Solution was then applietivaen the glassware in the apparatus and
immediately covered with distilled water. Soliddtion of gel usually took about 1 hour.
Afterwards, covering water above the gel was rerddwesuction with filter paper.

Stacking gel preparation

Amount of distilled water and solution A for desirestacking gel concentration was
calculated in the similarly as for resolving gel:

Xx=3% =0.03
V=20ml
X, =30% =03
14+ 033
Xpnog =——— =086
A+H,0 20
_ X[V _ 003*20 _02ml
Xa 03

X, = Xpeno [V =% = 086[2-02=152ml.

Where x stands for desired gel concentratidnfor final volume, xa for solution A
concentrationxa+n2o for concentration of solution A and water in fimalume,x; for amount
of solution A andk, for amount of water.

First, water was mixed with solution A, C, D andMED and degassed in ultrasonic bath
for five minutes. Finally solution E was added avitble mixture was gently stirred. Solution
was applied on solid resolving gel and comb was emsed to form a sample wells in it.
Solidification of stacking gel took approximatel§ Binutes. Afterwards, comb was carefully
removed and gel was ready to use.

4.3.1.3 Sample preparation

Sample concentration for electrophoresis was s8trag.ml* 0.1 M acetic acid. Samples
were mixed with sample buffer at sample/sample dsuff/v) ratio 1:1. Mixture was then
incubated in water bath at 100 °C for 2 minutesedJsample volume at each gel wasiR0

4.3.1.4 Electrophoresis execution

After samples were dosed to the gel wells, eletivogsis source (Power Pac Basic source,
Bio-Rad, Czech Republic) was turned on. Used veltagged from 170 to 250 V and current
ranged from 10 to 30 mA. Electrophoresis usualbkttrom 4 to 6 hours according to the gel
length and thickness. Electrophoresis was stopgeshvihe moving blue line signifying the
sample position was about 3 cm above the gel bottom
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4.3.1.5 Gel staining

After electrophoresis, gel was separated from thgsgapparatus and washed with distilled
water. Washed gel was then incubated in gel cotd@a about 30 minutes until the bends
were clearly visible. Coloured gel was washed istilted water to remove excess colour
from the gel apart from the protein bends.

4.3.2 Hartree — Lowry method

Out of many options, Hartree — Lowry method wassemoto determine collagen solubility
in solution for its simplicity, reactant stabilignd wide use among studied literature.

At first, solutions that are necessary for deteation were prepared.
4.3.2.1 Solutions

Solution A and B can be prepared in advance. Soiufl needs to be prepared fresh every
time. Solution B needs to be stored in fridge, sohs A is stable enough to be stored at a
room temperature.

Solution A:

Sodium potassium tartrate tetrahydrate — 2 g, sodiarbonate — 100 g, 1 M sodium
hydroxide solution — 500 ml, fill up to 1 000 mitvidistilled water

Solution B:

Sodium potassium tartrate tetrahydrate — 2 g, aoppfphate pentahydrate — 1 g, 1 M
sodium hydroxide solution — 10 ml, distilled wate®0 ml

Solution C:
Folin — Ciocalteau reagent/ distilled water atadtil5
4.3.2.2 Collagen concentration in solution determination

To a 1 ml of collagen sample was added 0.9 ml hbit®m A and solution was incubated in
50 °C water bath for 10 minutes. Then, the sofuta@s cooled to a room temperature and
0.1 ml of solution B was added and solution wasulated at the room temperature for
10 minutes. Finally, 3 ml of solution C were addedl final solution was again incubated in
50 °C water bath for another 10 minutes.

Absorbance of calibration line samples and deteateicollagen samples was measured in
1lcm cuvette against blank sample at 650 nm.

4.3.3 FTIR — ATR spectrometry

Infrared spectra of gained products were measuoednvestigate the ratio between
collagen and gelatine amount in the sample by compashape of absorbance peaks
contribution for these two components.

Spectra were measured on Bruker Tensor 27 FTIR rigrewansform infra-red)
spectrophotometer with ATR (attenuated total reibeg attachment with diamond crystal.
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Measurements were carried out in absorbance ma82 stans per minute. Spectrum part of
interest ranged from 1580 to 1720 tn$amples were measured in dry solid state.

Before every sample, it was necessary to measareatkground. After that, small amount
of sample was clamped by a crystal to an underfahe ATR attachment and cover of the
measure chamber was shut. Chamber was left tdiatafor about two minutes and then the

sample was measured.
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5 RESULTS AND DISCUSION

5.1 Separation process
5.1.1 Yields of separated products

At the beginning of the work, yields of preparedllagen samples were mostly
inconsiderable (Figure 12, samples 1-3 and 7-16)emen if there were some decent yields
(Figure 12, samples 4-6), they were either causgednbufficient filtration of insoluble
component or visibly contaminated. It means thanekigh yields are not sufficient if they
are not accompanied by purity and solubility of greduct. On the picture below, there is a
bar chart showing yields of all prepared samples.
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Figure 12: Yields of prepared collagen samples

As mentioned before, at the beginning of the wdetdg were not quite satisfactory, yet
they started to improve after better familiarizatiovith the process and each of it steps.
Decent yields at the end of the work ranged fron¥s4® about 60 % (Figure 12).

Factors which influenced the yield were mainly miéht digestion time, sufficient
precipitation, centrifugation and quantitative aggerg during the manual parts of the process.
Example of yield dependence on time is shown békigure 13).
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Figure 13: Example of a dependence of yield onddige time (experiment 4)

Following graph (Figure 14) also shows reactioretilependence of a product yield. Yield
1 represents amount of collagen that was preoguitbm filtrated solution and collected by
centrifugation. Yield 2 represents collagen thas weecipitated from the supernatant left after
centrifugation of yield 1. Combined yield is simpfgmmarization of these two yields.
Growing character of the total yield on time is aggnt.
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Figure 14: Dependence of collagen yield on reactiore for the first centrifugation (yield 1),
second centrifugation (yield 2) and both yields bora (experiment 6)
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Precipitation by NaCl confirmed sufficient at contration 0.6 M (Figure 15). Used
minimum NaCl concentration was, however, at leagt K to be sure that most of the

collagen is precipitated.
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Figure 15: Dependence of reference collagen salylmin NaCl concentration in solution

Solubility, in dependence on pH, reached maximunpkit= 3 (Figure 16). pH of the
prepared samples was not modified as the commecoiddgen, mixed with water, had

pH = 3.1.
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Figure 16: Dependence of reference collagen salyloin pH (pH was set using sodium
acetate buffer - adding 1 M NaOH to 0.1 M acetidamllagen solution)
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5.1.2 Product purity

Purity of prepared collagen samples was mainlyuericed by quality of filtration and
adequate removing of salts at dialysis.

Required output of filtration step was clear sauatiwith minimum turbidity (insoluble
component, contamination etc.). Maximum observetidity was, as expected, in solution
before filtration (Figure 17). Turbidity decreasedth growing number of filtration steps
included to the process — frit S2 and S3, filtgqgraand centrifugation (Figure 18).

Figure 18: Solution after filtration (Frit S2, SBIlter paper and high speed centrifugation)

Dialysis lasted at least three days with periodid@nge of solution to maximize salt
removing. Nevertheless, salt concentration in sangfter dialysis was not measured. To

35



reassure that there is no salt left in the solutionfuture measurements, silver nitrate
(AgNO:s) could be used to form insoluble silver chloridgCl) and make solution turbid.

5.2 Characterization
5.2.1 PAGE-SDS electrophoresis

Polyacrylamide gel electrophoresis was used folitgtigse analysis of prepared product.
Condition of electrophoresis needed to bet setfiecéve way to enable visualization of
whole range of molecular weights.

?
|
:
3
N i
=

Figure 19: Example of SDS — PAGE electrophoresgetdcted samples

Figure 19 shows gel electrophoresis (without usiithe stacking gel) of bovine protein
standard (line 1), reference material (line 2), gleni6 (lines 4 and 5), sample 17 (lines 6 and
7), sample 19 (lines 8 and 9), sample 20 (linearid11) and collagen prepared from pig skin
(line 14). Picture also shows approximate positiofstriple helix structural levely(,
400 kDa), dimer formatiorp(, B2, 270 kDa) and single chainsl( a2, 130 kDa).

Figure 20 shows gel electrophoresis of bovine mos¢andard (lines 1 and 2), bovine
gelatine (lines 3 and 4), collagen from pig skings 5-8) and source collagen purchased from
VUP (lines 9 and 10). As well as previously, appmate positions of collagen structural
levels along with molar weight are labelled in figu
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Figure 20: SDS — PAGE electrophoresis of varioungas

As apparent (Figure 20), bovine gelatine sampieegli3 and 4) does not form an accurate
band at any molar mass level, but is spread all theedisplayed molar mass range. Prepared
collagen samples (Figure 19, lines 4-11), unlikerence sample (Figure 19, line 1-2), have
visible smudgy background which is probably caubgdgelatine, present in the sample.
Significant amount of gelatine is also noticeallesource collagen material (Figure 20, line
9). This assumption is also obvious from FTIR-ATRestra of source material (4.2.2,
Figure 22).

5.2.2 FTIR-ATR spectrometry

Infra-red spectra were measured to study ratiomvdxst helical collagen and gelatine
(2.2.2.2, Figure 8) in a solid sample. Potentialewvaontent could be also visible (Figure 24).

Reference collagen spectra sequence (Figure 2dyssBmnificant quantity of helical
collagen (1660 cif) in comparison with gelatine contribution (1630 9nio the resultant
peak.
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Figure 21: FTIR - ATR spectrum sequence of Kokdagen - reference material

Figure 22 shows spectra sequence of source matmiklgen. As mentioned before
(4.2.1), substantial amount of gelatine is evid@680 cn).

0,45 -
0,4 1
0,35 A
0,3 A
0,25 -

0,2 -

Absorbance

0,15 -
0,1 |

0,05 -

0 T T T T T T 1

1720 1700 1680 1660 1640 1620 1600 1580
Repetency [cm]

Figure 22: FTIR - ATR spectrum sequence of VURagelh - source material

Figure 23 shows spectra sequence of sample 16 hétital collagen contribution
(1660 cm') almost comparable with reference (Figure 21). Besv, significant amount of
denaturated collagen is obvious (1630%m
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Figure 23: FTIR - ATR spectrum sequence of santple 1

Spectra sequence of sample 19 shows approximatatye scontent of helical and
denaturated collagen (Figure 24).
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0 .
-0,005 -

-0,01 -

'0,015 T T T T T T 1
1720 1700 1680 1660 1640 1620 1600 1580

Repetency [cn]
Figure 24: FTIR - ATR spectrum sequence of sanfple 1

Infra-red spectra of prepared samples seemed helpéul in providing some information
about the sample, however, inconsistent resulte veemetimes obtained as the spectra,
measured on different parts of identical samplgh#l differed.
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5.2.3 Collagen solubility - Hartree — Lowry method

Hartree-Lowry method turned out to be reliable allagen solubility determination, yet
only after optimizing conditions and sample prepara for this technique. Subject of
optimization were mainly dilution, dosage and aaltlon for quantitative measurement.

Albumin standard, as used for calibration in litara, was proved unreliable. As shown in
Figures 25 and 26, the molar absorption coefficarlbumin (0.003) and collagen (0.001)
differs (directive in regression equation). Accoglito that, albumin absorbance was lot
higher than collagen absorbance, so using it aaralard material for calibration would lead
to incorrect data.

1,2 -
X
1 y =0,003x + 0,127 vadl
g R2=0,998 el
2 0,8 - /,X’
© -
o) Phe
S 06 - ,xx
g
— ,x’/
3 04 - -7
2 /,,/
X
0,2 -
O T T T T T T 1
0 50 100 150 200 250 300 35C

Concentration [pg/ml]

Figure 25: Calibration line of bovine serum albumin

Collagen reference material was then set as a atarfdr calibration line (Figure 28).
Calibration dependence proved to be steadily linbat absorbance values were usually
slightly shifted. To reduce deviations, calibratidime was prepared new for every
measurement.
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Figure 26: Calibration line of Koken collagen

Hartree-Lowry method was found useful for measudalipgen solubility dependence on
NaCl concentration in solution (Figure 15) and ¢hgd the solution (Figure 16).
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6 CONCLUSIONS

Presented work was focused on the separation ablgohtelocollagen out of insoluble
tropocollagen using protease digestion and charaaten of gained product quality. Process
turned up to be very time consuming with wide raafyeariables that needed to be taken into
concern. It was also complicated to discover orteofeonditions that would guarantee a
successful result every time. It was more likelytripvarious setting combinations and then
supplement it with results, which can be expected.

Soluble collagen was separated out of commercaai@ylable bovine collagen, declared as
type | collagen. Pepsin was chosen as an enzymgrdébease digestion because of its wide
use among studied literature and good availability.

Preparation of purchased collagen for pepsin digestcluded cutting and homogenizing
the sample with solution. Variables in this stepared sample/water (w/v) ratio and rotates
per minute on magnetic stirrer. Sample/water rat®90 (0.5 % solution) was found out to be
convenient. Rounds per minute were set on 400.

Pepsin digestion of collagen sample was cruciafifia product both quantity and quality.
Pepsin/sample (w/w) ratio and digestion time weteas variables. Pepsin/sample ration was
found out to be sufficient at 1:25. Time of digestwas tougher to determine. Time under 48
hour proved to be insufficient, providing inconsiae yield and lot of insoluble material.
After approximately 80 hours of digestion, solutistarted to turn yellow with emerging
gelatine being prevalent. Optimal time for digestiproviding satisfactory yields (40-60 %),
with most probability lies between those two valuasst likely from 60 to 70 hours.

Filtration of solution after digestion was anotimaportant step of the process. Obtaining a
clear solution was decisive mainly for product puend follow-up solubility. Sufficient was
combination of filtration by S2 and S3 frit, filtggaper and subsequent centrifugation at
15 000 rpm, 20 °C for 90 minutes.

Sufficient precipitation was important for maximmgi the yield. From collagen standard
solubility dependence on NaCl concentration wasidoaut, that in 0.6 M NaCl solution is
almost all the collagen precipitated.

Collecting the precipitate by centrifugation showgxdto be sufficient at 15 000 rpm, 4 °C,
for 30 minutes. Dialysis lasted at least 3 day$ wagular change of solution.

Freezing of the samples was best in the shelf effttheze-drier, where the drying took
place.

Characterization of samples by gel electrophoresiged for qualitative determination of
product molecular weight. Electrophoresis alsoiplytshowed if the gelatine is present in
the sample (blurred background).

Hartree-Lowry method appeared to be good and velstieasy method for collagen
solubility measurement, yet only with suitable lbedtion standard.
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Infra-red spectra of prepared product provided sonfermation about ratio between
helical collagen and gelatine in solid sample. Maceurate content of collagen and gelatine
could be achieved by deconvolution of peaks andsemient integration. Nevertheless,
measured spectra were not fully reliable as thayesimmes slightly differed within one
sample. It also seemed that obtained spectra dedema some other variables and can be
considered only as a rough estimate of actual tstreic For further and more accurate
structural analysis, circular dichroism spectrogcoqpuld be used.

Advantageous appeared to be comparing results otioned characterization methods
with methods that can provide similar informatianitacontributed to credibility of measured

results.
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7 LIST OF FIGURES

Figure 1: Structural levels of collagen

Figure 2: Characteristic stress-strain curve ofageirf

Figure 3: Atelocollagen molecule

Figure 4: Pepsin sequence arrangenient

Figure 5: Principle of dialys?é

Figure 6: Scheme of a freeze — dfjer

Figure 7: Vertical gel electrophoresis sché&me

Figure 8: Displayed theoretical collagen FTIR - AT&bectrum section peak after
deconvolution with shown contribution of individudmponents

Figure 9: Principle of circular dichroisth

Figure 10: Typical CD spectrum of model protein fcomations’

Figure 11: Atelocollagen model separation scheme

Figure 12: Yields of prepared collagen samples

Figure 13: Example of a dependence of yield onglige time (experiment 4)

Figure 14: Dependence of collagen yield on readiioe for the first centrifugation (yield 1),
second centrifugation (yield 2) and both yields bom (experiment 6)

Figure 15: Dependence of reference collagen satyibih NaCl concentration in solution
Figure 16: Dependence of reference collagen saiyloh pH (pH was set using sodium
acetate buffer - adding 1 M NaOH to 0.1 M acetid @ollagen solution)

Figure 17: Solution before filtration

Figure 18: Solution after filtration (Frit S2, SBter paper and high speed centrifugation)
Figure 19: Example of SDS — PAGE electrophoressetécted samples

Figure 20: SDS — PAGE electrophoresis of variousgas

Figure 21: FTIR - ATR spectrum sequence of Kokdiagen - reference material

Figure 22: FTIR - ATR spectrum sequence of VUPag#h - source material

Figure 23: FTIR - ATR spectrum sequence of samfle 1

Figure 24: FTIR - ATR spectrum sequence of samfle 1

Figure 25: Calibration line of bovine serum albumin

Figure 26: Calibration line of Koken collagen
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Table 1: Distribution of different types of collagalong with their-chain compositich
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9 ABBREVIATION CONTENT

AA Acrylamide

APS Ammonium persulphate

BIS N,N"-methylenebisacrylamide
BSA Bovine serum albumin

CD Circular dichroism

Ctfg Centrifugation

EDTA Ethylenediaminetetraacetic acid

EDTA-2Na Ethylenediaminetetraacetic acid disodiuait s

FC Folin-Ciocalteau reagent

FTIR Fourier transformation infrared spectroscopy

FTIR-ATR  Fourier transformation infrared spectrgsgavith attenuated total reflection
Gly Glycine

PAGE Polyacrylamide gel electrophoresis

PAGE-SDS Polyacrylamide gel electrophoresis ingmes of sodium dodecyl sulphate

PBS Phosphate buffered saline

SDS Sodium dodecyl sulphate
TEMED N,N’-tetramethylenediamine

uv Ultraviolet area of light

UV-VIS Ultraviolet and visible area of light

46



10 REFERENCES

[1] STEINBUCHEL, AlexanderBiopolymers for medical and pharmaceutical apgimas
Weinheim: Wiley-VCH, 2005. ISBN 3-527-31154-8.

[2] An introduction to biomaterialsEditor Scott A Guelcher, Jeffrey O Hollinger. Boc
Raton: CRC/Taylor, 2006, 553 p. ISBN 08-493-2282-0.

[3] Observing the Levels of Alignment and Organisatio@ollagen Structures Using Atomic
Force Microscopy by JPK Instruments: Collagen Stm& and FunctiorifThe A to Z of
Nanotechnology [online]. © 2000-2014 [cit. 2014-05-12]. Available from:
http://www.azonano.com/article.aspx?ArticlelID=2267

[4] Biomechanics and Modeling of Skeletal Soft Tissué&xperimental mechanical
characterization of skeletal soft tissued.ech: Open Access Compdowline]. © 2004—
2014 [cit. 2014-05-12]. Available
from: http://www.intechopen.com/books/theoreticathechanics/biomechanics-and-
modeling-of-skeletal-soft-tissues

[5] Technical information: Atelocollagen molecul€OKEN health and wellness research
company  [online]. (©) 2005 [cit. 2014-05-12]. Available  ofm:
http://mwww.kokenmpc.co.jp/english/support/tecnicallagen/

[6] LINGZHAO, Wang et al. Extraction of pepsin-solubt®llagen from grass carp
(Ctenopharyngodon idella) skin using an artifiar@ural network Food Chemistry2008,
volume 111, issue 3, pages 683-686. ISSN 0308-814%:ailable from:
http://www.sciencedirect.com/science/article/pii388814608004901

[7] DASONG, Liu et al. Extraction and characterisatadrpepsin-solubilised collagen from
fins, scales, skins, bones and swim bladders didaid carp (Hypophthalmichthysnobilis).
Food Chemistry2012, volume 133, issue 4, pages 1441-1448. 1638M8-8146. Available
from: http://www.sciencedirect.com/science/artipl#50308814612002191

[8] ZHONG-RUI, Li et al. Isolation and characterizatiof acid soluble collagens and pepsin
soluble collagens from the skin and bone of Spaniakkerel (Scomberomorousniphonius).
Food Hydrocolloids 2013, volume 31, issue 1, pages 103-113. ISSN8-0D6X. Available
from: http://www.sciencedirect.com/science/artiplg50268005X12002147

[9] MASAHIRO, Ogawa et al. Biochemical properties @ik and scale collagens isolated
from the subtropical fish black drum (Pogoniacromiand sheepsheadseabream
(Archosargusprobatocephalugjood Chemistry 2004, volume 88, pages 495-501. ISSN
0308-8146. Available from:
http://www.sciencedirect.com/science/article/pii388814604001402

[10] DUAN, Rui et al. Properties of collagen from skiscale and bone of carp
(Cyprinuscarpio)Food Chemistry2009, volume 112, issue 3, pages 702-706. ISSI-03
8146. Available from: http://www.sciencedirect.cagiénce/article/pii/S0308814608007048

[11] WU, Jimin et al. Extraction and isolation of typdll and V collagens and their SDS-
PAGE analyseslransactions of Tianjin Universit011, volume 17, issue 2, pages 111-117.

a7



ISSN 12209-011-1543-2. Available from:
http://link.springer.com/article/10.1007%2Fs12209-1543-2

[12] SITTHIPONG, Nalinanon et al. Use of pepsin forlagén extraction from the skin of
bigeye snapper (Priacanthustayen&sjod Chemistry2007, volume 104, issue 2, pages 593-
601. ISSN 0308-8146. Available from:
http://www.sciencedirect.com/science/article/pii3d88814606009770

[13] YAN, Zhang et al. Isolation and partial characation of pepsin-soluble collagen from
the skin of grass carp (Ctenopharyngodonidefapd Chemistry2007, volume 103, issue 3,
pages 906-912. ISSN 0308-8146. Available from:
http://www.sciencedirect.com/science/article/pi388814606007679

[14] SINGH, Prabjeet et al. Isolation and charactaosadf collagene xtracted from the skin
of striped catfish (Pangasianodonhypophthalmiiephd Chemistry2011, volume 124, issue
1, pages 97-105. ISSN 0308-8146. Available from:
http://www.sciencedirect.com/science/article/pii388814610006850

[15] HUANG, Yu-Ru et al. Isolation and characterizatbracid and pepsin-solubilized
collagens from the skin of balloon fish (Diodonhmdathus).Food Hydrocolloids 2011,
volume 25, issue 6, pages 1507-1513. ISSN 0268-005ailable from:
http://www.sciencedirect.com/science/article/pi2668005X11000543

[16] MATMAROH, Kanokwan et al. Characteristics of agdluble collagen and pepsin
soluble collagen from scale of spotted golden gt (Parupeneusheptacanthubpod
Chemistry 2011, volume 129, issue 3, pages 1179-1186. IBI519-1186. Available from:
http://www.sciencedirect.com/science/article/pii388814611008028

[17] Technical information: About collageKOKEN health and wellness research company
[online]. © 2005 [cit. 2014-05-12]. Available fro
http://mwww.kokenmpc.co.jp/english/support/tecnicallagen/

[18] NALINANON, Sitthipong et al. Biochemical propersi®f pepsinogen and pepsin from
the stomach of albacore tuna (Thunnusalalurig@d Chemistry2010, volume 121, issue 1,

pages 49-55. ISSN 0308-8146. Available from:
http://www.sciencedirect.com/science/article/pii388814609014009

[19] Sigma-Aldrich.Pepsin: Physical Propertigenline]. © 2014 [cit. 2014-05-12].
Available from: http://lwww.sigmaaldrich.com/lifeisoice/metabolomics/enzyme-
explorer/analytical-enzymes/pepsin.html

[20] KELLNER, Roland.Microcharacterization of Protein®™ ed. Weinheim: Wiley-VCH,
1999. ISBN 527-30084-26.

[21] KAS, Jan, Milan KODEEK a Olga VALENTOVA. Laboratorni techniky biochemié.
vyd. Praha: VSCHT, 2005, 258 s. ISBN 80-708-0586-2.

[22] Lab Concepts DF: Kidney Dialysis LaBhumanbiofieldonline]. (c) 2014 [cit. 2014-05-
12]. Available from: http://ehumanbiofield.wikispegcom/Lab+Concepts+DF

48



[23] Schematic of Laboratory Freeze Dryer with Manifoltb Shell Frozen
Flasks.Lyophilization: Freeze-Drying A Downstream Procgssline]. 6.12.1995 [cit. 2014-
05-12]. Available from: http://www.rpi.edu/dept/aheeng/Biotech-
Environ/DOWNSTREAM/fig5.htm

[24] General BiochemistryOregon State Universitypnline]. (c) 2012 [cit. 2014-05-12].
Available from: http://oregonstate.edu/instruct/6BApring13/stryer7/3/figure_03_07.jpg

[25] Preparation of a Ready-to-use, Stockable and Retded collagenUniversite
Laval [online]. (c) 2005 [cit. 2014-05-12]. Available ofm:
http://theses.ulaval.ca/archimede/fichiers/232003chtml

[26] Circular DichroismNew Mexico State University: College of Arts angkSmes/online].
(c) 2006 [cit. 2014-05-12]. Available
from: http://web.nmsu.edu/~kburke/InstrumentatiddiChtml

[27] Analytical techniques for the evaluation of liqupdotein therapeutic®iotechnology:
Applied  biochemistrjonline]. (c) 2004 [cit. 2014-05-12]. Available ofm:
http://www.babonline.org/bab/040/0067/bab0400061.ht

49



