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ABSTRACT

As requirements for Advanced Therapy Medicinal BobdATMP) production differ from other production
processes (e.g., therapeutic protein producti@t) detachment is often a crucial step for the psscsuccess.
In most cases, cell detachment is done enzymatigsithough many peptidases are established incodiilire

in R&D, e.g., Trypsin as gold standard, many ofrileeem to be unsuitable in ATMP production processe
Therefore, the present study investigated a nowddgeptidase used in food biotechnology for itdiegbpility

in ATMP processes where cell detachment is needidd. Prolyl-specific Peptidase (PsP) is of non-
mammalian origin and considered as safe for humsB. was purified from the supernatant of the fangu
Wolfiporia cocos. The isolation and purification resulted in anyme solution with 0.19 U m§ prolyl-
specific activity. Byin silico analysis it was confirmed that attachment-prongpproteins can be cleaved by
PsP in a similar amount than with Trypsin. Furtiher proteolytic activity was determined for PSP &ngpsin

by using the same enzymatic assay. Detachmentbweith enzymes was compared for cells used in typical
therapeutic production processes namely a mesemdtstam cell line (h(MSC-TERT) as a model for a cell
therapeutic, Vero and MA104 cells used for viratrtipeutic or vaccine production. The cell detachmen
experiments were performed with comparable enzyctieities (1.6 U mLY). hMSC-TERT detachment was
faster with PsP than with Trypsin. For Vero celfis tletachment with PsP was not only faster but ratse
efficient. For MA104 cells the detachment rate VR$P was similar to Trypsin. For all cell typetadament
with PsP showed less influence on cell growth amthbolism compared to standard Trypsin.Thus, tbetle
types used in ATMP, viral therapeutics or vacciredpction can be detached efficiently and gentiyhwisP.
Therefore, PsP shows potential for cell detachimeAT MP and viral/vaccine production processes.

Keywords. Cell Detachment, Prolyl-Specific Peptidase, ATMBypBin, Wolfiporia cocos

1. INTRODUCTION culture plates for R&D or as spherical carriers for
bioreactor processes (Weletial., 2007). A precondition
In many cell cultivation processes adherent growingfor cell attachment is a protein adsorption to the
cells are used. Suitable growth surfaces of thelie are polystyrene. Positively charged medium proteinsdbin
often made of polystyrene. Polystyrene is offeredell via electrostatic interactions to the negativelarged
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polystyrene surface. The cell adherence is formiad v Therefore there is an interest in finding non-maiiena
peptide bonds between medium proteins andalternatives to Trypsin for ATMP production process
extracellular cell surface proteins e.g., integrins In the current study, an endopeptidase from the
(Merten and Flickinger, 2009). fungus Wolfiporia cocos (W. cocos) was investigated
Therefore, a common method for cell detachment isconcerning its suitability for cell detachment &place
proteolytic cleavage via peptidases. In cultivation Trypsin. This endopeptidase cleaves after prolsedues

processes, detachment might be necessary during th@nd was therefore named prolyl-specific endopepéda
seeding train or at the end of the cultivation. Thest (PsP). Endopeptidases used for cell harvest ondliss
prominent peptidase in cell culture for this purpas digestion are mostly serine- or metalloproteasdwirT

mammalian Trypsin isolated from the pancreas. Tryps cleavage patterns are various. Common examples are
(EC 3.4.21.4) is a serine-endopeptidase which eleav dispase (Stenet al., 1989) (EC 3.4.24.3; hydrolyzes the

) ; ¢ ¢ i N-terminal peptide bonds of non-polar AA), neutribph
peptide chains after most basic amino acids (Pplgare|astase (Harlat al., 1981) (EC 3.4.21.37; cleaves at
2005). Despite its widespread use, detachment withthe carboxyside of small hydrophobic AA) or
Trypsin has several disadvantages, especially & th thermolysin (EC 3.4.24.27; hydrolyzes after big
detached cells are used to produce therapeutieGreor hydrophobic AA). Collagenase (EC 3.4.24.8) another
themselves an Advanced Therapy Medicinal Productcell detachment/tissue digestion enzyme (Lasfargunes
(ATMPs). Strong requirements are set to thoseMoore, 1971) shows a cleavage pattern similaredPsP
production processes particularly on the cell detzent ~ (Cleaves between proline and other AA).

step. First, the whole production adheres to trhidayice The cells which should be detached in the curre_nt
of the American Food and Drug Administration (FDA) Study are models for two types of therapeutic
and the European Medicines Agency (EMEA). TheseProduction processes. The two process types mainly
guidelines hold that during production, use of raw differ in the role of the cultivated cells. In tﬁegt
materials from animal origin (as bovine or porcine Process type, cells are used to produce a therapeut
Trypsin is) should be kept to a minimum becausetiic virus. Vero cells were u_sed_ as an exar_nple for_ attier
and safety reasons (FDA, 2007). Second, ATMPs arecells used for therapeutic virus productlc_)n (Wetsal ., _
often produced in dynamic reactor systems and/ts ce 201_2; 2013) vv_here (_:eII detgchment is only crucial
are further processed after detachment. This inflas d.urlng_ the s_eedlng train to achieve enough cellsmas
the cells as shear forces are applied. Shearirlg ely virus infection. MA104 cells are adherent cellsoals

decrease their viability. Therefore the cell detaeht used in vaccine production and were phosen in the
has to be as gentle as possible to achieve highlyler current study as they are very adhesive. Therefore

; : : . MAZ104 cells are a model for cells difficult to deba In
cells. After prolonged incubation times, Trypsinnca . :
imeversibly damage surface proteins of the cells the second process, the cultivated cells presentinil
(Canavaret al., 2005) e.g., membrane receptors and ceIIATNIP product. In the present study, hMSC-TERT, an

adhesion molecules (Wachg al., 2003). Third, the Zq_ﬁ;enioséig Cﬁlljlgg?lrl\évgfl'k?jitgzh?ng]rﬁdiil r?:(l:lggsrar
forces responsible for cell detachment differ betwe P y y

dynamic (e.g., bioreactors) and static systems, (&g ZL E?ﬁafggogzé??é:?;kr;gﬁ g%of;fs to harvestdfis
flasks). In static systems, the enzymatic detachnsen The aim of the work Was’ to compare the proteolytic
promoted by brief tapping. The tapping results irefb . .

but strong shear forces that help to detach this.del ac'uwty of the PsP fronw. cocos to that of th?. bovmg
contrast, tapping is not possible in dynamic system Trypsm. gnder the same experimental cc.)ndllt|.onsstF|r
After enzymatic cleavage, detached cells are simplythe aCt'V_'ty of both enzymes was comparedilico as
flushed out of the reactor. The resulting sheacdsrof ~ Well @s in a proteolytic assay followed by detachtne
the fluid flow are much weaker and more heterogaseo Studies with three different cell lines (hMSC-TERT,
than those resulting from tapping. This decredsesate Vero cells, MA104 cells). The detachment kinetids o
of cell detachment and the subsequent harvest.yield®@ch enzyme was investigated by using the same
Therefore, the enzymatic cleavage of cells grown onProteolytic activities. To estimate a putative rtega
carriers in dynamic systems must be as efficient asihfluence of the enzyme on the cells, the detaatedis
possible. Trypsin, which works quite well in static were recultivated. The growth and metabolic kireté
systems, is too harsh for cell harvest in dynarpatesns.  these cells were compared with unaffected controls.
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2. MATERIALSAND METHODS

2.1. Fungal Strain

The Wolfiporia cocos strain (CBS 279.55) was
obtained from the Dutch “Centraalbureau voor
Schimmelcultures”, Baarn, The Netherlands.

2.2.Production the
Endopetidase

of Proly-Specific

The Prolyl-specific endopeptidase (PsP) was expiess
natively in the supernatant @{. cocos cultures and purified
via ion exchange chromatography. In short, for @rajon
of precultures, 14 mm diameter agar plugs fromehding
mycelial edge were transferred into 100 mL of stadd
nutriton solution (30 gT* glucosex1 KO; 4.5gL*
asparaginex140; 15g ' KH.PO; 0.5gL* MgSO;
3.0gL" yeast extract; 1 mLT trace element solution
containing Cu, Fe, Zn, Mn and EDTA; pH adjusted.)
and homogenized using an Ultra Turrax (IKA, Staufen
Germany). After cultivation for seven days at 243
150 rpm, the cultures were homogenized by Ultraabur
and washed with water four times. Afterwards, 1(the
preculture was inoculated into main culture medidiime
main culture medium consisted of 0.5¢ LMgSO,
1.5 g L' KH,PO, 5.7 g L gluten (Roth), 4 g " Tween®
20 and 1 mL[* trace element solution. The pH was

according to Szwajcer-Degt al. (1992). The reaction
mixture was composed of 100 pL enzyme sample,
890 uL 50 mM citrate phosphate buffer pH 4.0 and
10 pL of an 8 mM methanolic substrate solution.

2.4. Proteolytic Activity Assay

Proteolytic activity was determined fluorimetricall
using FITC-casein (Pierce) as a substrate (Twining,
1984). The reaction mixture was composed of 100 pL
enzyme and 100 pL substrate solution (10 pg'mL
FITC-Casein in TBS pH 7.2). In the assay 1 unit is
defined as change in RFU (485 nm/538 nm, ex/em) of
31 per min at 25°C, pH 7.2.

2.5. Cultivation of hMSC-TERT, Vero and
MA104 cdls

Human mesenchymal stem cells with the reverse
telomerase transcriptase gene (hMSC-TERT) are a bon
marrow derived cell line. hMSC-TERT cells (passage
75-85) were cultivated in T-flasks in Minimal Essah
Medium (MEM), supplemented with 10% fetal calf
serum, 2 mM glutamine and 1% Penicillin/Streptomyci
(obtained from PAA, Velizy-Villacoublay; France).

Vero cells (# CCL-81, ATCC) were isolated from
African green monkey kidneys. The permanent ce# li
used in the current study was kindly provided by Bl

adjusted to 6.0 with NaOH. The main culture was (Langen, Germany). Vero cells (passage 147) were

performed in a 5 L fermenter.

During the main culture, samples were taken daily

grown in T-flasks in VPSFM medium (Invitrogen).
MA 104 cells are a permanent cell line derived

and the PsP activity was determined. According tofrom an African rhesus monkey kidney. MA104 cells

preliminary tests, maximum PsP activities occuroed
the 7th culture day. Therefore, the main cultures wa
stopped at that time. After filtration, the supaam was
frozen overnight and afterwards, concentrated factor
of 20 by using a Vivaflow 200 (Sartorius, Géttingjen
filtration system. The retentate was purified vias¥
Protein  Liquid Chromatography (FPLC). The

purification process was performed with an anion

exchange column (UNO Q1, column-materid(SHs)s,
column-volume 1.3 mL, 20 mg max. protein load, Bio-
Rad) at a flow rate of 1 mL niih The sample was loaded

onto the column with a 50 mM sodium acetate buffer

(passage 78) used in this study were kindly pravide
by MSD (Burgwedel, Germany). Cultivation was
performed in Dulbecco’s Modified Eagle Medium
(DMEM), supplemented with 10% fetal calf serum
and 1% Penicillin/Streptomycin (PAA). The cells
were grown in T-flasks.

For all cells, culture conditions were set to 37°C,
5% CQ and 95% humidity. Cells were seeded with
3,500 to 10,000 cells cih Cells were grown until
80% confluence.

(pH6.0) and eluted with 50 mM sodium acetate 2.6. Detachment Experiments

containing 1 M sodium chloride (pH 6.0). The protei
concentration was determined via UV-detection & 2@
and fractions of 2 mL were automatically collected.

2.3. Prolyl-Specific Activity Assay

Prolyl specific peptidase activity was determined
photometrically at 410 nm and 40°C using Z-glycyl-
L-prolyl-4-nitroanilide (Sigma Aldrich) as a subeste
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For cell detachment experiments, the culture medium
was aspirated and the cells were washed twice RES
without C&/Mg®* (PAA). The enzyme solution
(PSP/EDTA or Trypsin/EDTA [porcine, 0.05/0.02%
ready-to-use solution, PAA]) was added and theeplat
were incubated at 37°C, 5% ¢énd 95% humidity. After
the incubation, the reaction was stopped by adtlinee
volumes of culture medium. Detachment was analyzed
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qualitatively by microscope and quantitatively. For 3.RESULTS

guantitative analysis, the detached cells wererifeged

for 5 min at 300 g and the cells were resuspenadiash 3.1. Suitability of the PsP for Cell Detachment
culture medium. The cell number was determined by a

Neubauer improved counting chamber In general, it was questionable if the PsP is

suitable for a cell detachment approach. In order t
2.7. Determination of the Growth and Ground support this, two points were considered. The first

M etabolism of Detached Cells point is that the optimum activity of this
endopeptidase is naturally at pH 4.0. Conditions fo

After detachment experiments, the cells were seedegte|| detachments are typically at pH around 7 to
(5%10-1x10' cells cmi®) in culture mediumin 24well-  guarantee high survival of the cells. Nonethelgiss,
plates and grown for 5 days. Cell numbers werePsP had enough proteolytic activity at pH 7 to dkta
determined everyday by enzymatic Trypsin-EDTA cells as shown in preliminary experiments.
harvest.  Furthermore, glucose and lactate The second point is that enough peptidase-specific

concentrations were determined and microscopiccleavages sites in the attachment-promoting prstein
analyses were performed. need to be available. When cells are grown in serum

g containing media, mainly the serum proteins are
responsible for the attachment of adherent cellsetb
culture surfaces. Cell adhesion is promoted byibhmnodf
IN(N_..)=In(N ) these proteins to the cell culture plastic. Aftendga the

P —— 1) cell surface integrins bind these molecules (Meaad

Flickinger, 2009). In consequence, for cell detaghim

these molecules have to be mechanically disrupted o

cleaved e.g., by peptidases. Trypsin is used tenalard

enzyme for cell detachment. Trypsin's cleavage site
determined by basic amino acids (Lys, Arg and medif

Glucose consumption rates were calculated afterCYS)- In contrast, PSP is a prolyl-specific pep&la
Using the amino acid sequences of common protains i

Cell growth rate was calculated as followe
Equation (1):

tn+l - tn

i = Cell growth rate inh
N = Cell concentration in cells ¢h
t = Timeinh

Equation 2: bovine serum the percentage of cleavage sitesrdithe
1 Cg,-Ceus Trypsin or for PsP was analyzadsilico (Table 1).
Uorc = N t " ' (2) Based on the availability of cleavages sites withim
p e sequences of attachment-promoting proteins; a cell
Jsc = Specific glucose consumption rate in mg detachment with PsP should be possible.
h™10° cells 3.2.Proteolytic Activity of PsP Compared to
Cc = Glucose in mg Trypsin
Lactate accumulation rates were calculated after For a comparison of PsP with other standard
Equation 3: detachment enzymes, it is required to use comparabl
enzymatic activities in the experiments. For Trppat
_ 1 C,.-C.a 3 least three different definitions of activity unitsave
S (3 been published (TAME, BAEE, USP/NF) which differ in

n+1 1 tn

substrate and experimental setup (Hummel, 1959¢dKez
and Bender, 1965; Linet al., 1969; Schwert and
Takenaka, 1955). Therefore, a peptidase assay with
Trypsin and PsP was performed under the same
experimental conditions. In the current study, faszein-

2.8. Statistical Analysis labeled casein was used as a substrate for agpessin
For all quantitative data, mean and standard dewiat fgogﬁgsga%lygyé;—gc'r\],gr’]iiaggﬁ)s'ezhgiﬁi;%ﬁ::éﬂﬁy as a
were calculated. To compare the mean values, stt-te g psirate (Liret al., 1969). As shown ifable 2 PsP and
(two sample test with known variances) was perfetme Trypsin have, when averaged, the same number of
A p-value under 0.05 was deemed to indicate acleavage sites for casein substrates (p = 0.75}aitig
statistically significant difference. good comparability of this assay.

Oac = Specific lactate accumulation rate in mg1e™®
cells
c. = Lactate in mg
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Using the proteolytic cleavage assay, the puriRsf®
fraction had a proteolytic activity of 1.6 UL The
Trypsin solution had an activity of 100 U ML For the
comparability of the study PsP and Trypsin soldiaith a
proteolytic activity of 1.6 UmL[* were used for all
subsequent cell detachment experiments.

3.3.Céll detachment of Different Adherent Cell
Linesfrom Polystyrene Surfaces

To investigate the detachment properties of PsP, it

was first proven if a cell detachment was generally
possible for all three cell types. Due to the low

enzyme concentrations, a complete detachment at
37°C took 30 min. During this period the detachment
kinetics were measured. None of the three cell gype
showed a decrease in viability after 30 min of
detachment using either PsP or Trypsin (porcine,
PAA).

3.4. hMSC-TERT

For hMSC-TERT, it was observed that cell
detachment using the PsP was faster than detachment
with Trypsin.

Table 1. Comparison of protease cleavage sites in the aagitbsequence of attachment-promoting proteif®inne serum

Cleavage sites [%]

Attachment-promoting UniProtkB Prolyl-specific
proteinsin bovine serum AC numbBer Trypsin endopeptidase
Vitronectin Q3zBS7 Arg7.6

Lys 3.4 Pro7.1
Fibronectin P07589 Arg5.2

Lys 3.2 Pro 7.7
Laminin 019174 Arg6.0

Lys 3.6 Pro7.1
Collagen type | A1/A2 P02453 Arg4.9/5.3 Pro 22.920

/P02465 Lys 3.6/3.0

Arg5.1 Pro 18.8

Collagen type IV Q29442 Lys 2.9

a. http://www.uniprot.org/

Table2. Comparison of protease cleavage sites in the aatith sequence of proteins in casein Hammarstenlyginavas done

with EXPASy-Peptide Cutter.

Number of cleavage sites

Bovine casein component UniProtKB AC nuniber Trypsin Prolyl-specific endopeptidase
o-casein S1 P02662 20.0 17.0

o-casein S2 P02663 30.0 10.0

[-casein P02666 16.0 35.0

K-casein P02668 13.0 20.0

Average 19.8 20.5

Table3. Growth rate, glucose consumption rates and lactaimumulation rates of detached cells after 48h ltieation.

Experiments were performed as described in 2.7

p[hY o [mg*h™*10° cells] Qac [Mg*h™2*108 cells]
hMSC-TERT
detached with PsP 0.031+0.004 0.063+0.003 -0.06040.
Detached with Trypsin 0.028+0.004 0.051+0.004* 59£0.007
Unaffected control 0.033+0.011 0.076+0.008 -0.06020
Vero cells
Detached with PsP 0.022+0.003 0.175+0.013* -0.1606D
Detached with Trypsin 0.020+0.003 0.147+0.019* 4040.009
Unaffected control 0.025+0.004 0.219+0.014 -0.16210
MA104 cells
Detached with PsP 0.016+0.003 0.082+0.004* -0.10830
Detached with Trypsin 0.017+0.003 0.066+0.003* 856£0.004
Unaffected control 0.018+0.004 0.120+0.012 -0.09060

n = 3, * 0.05 (comparison of PsP or Trypsin treatment withtiol)
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Fig. 1. Enzymatic cell detachment with PsP (black symbat&) Trypsin (white symbols). Experiments were panfed as described
in 2.6. After 10 to 30 min incubation, cell detadwhwas analyzed qualitatively and quantitativély.< 0.05

After 10 min enzyme incubation, 55+13% of the cells different from the control (p = 0.13). Cells detadhwith
were detached with PsP, whereas only 19+3% of theTrypsin showed a higher and more significant deseresd
cells were detached with Trypsigi§. 1, left). This was  33+9% (p<0.05).

also observed microscopically. After 20 min of PsP

treatment, only 8+1% of the cells were attachedht® 3.5.Vero Cells

cell Clglture plastic, whereas after Trypsin treaime PsP treatment detached Vero cells faster than Fryps
4F7.J—'1?_ A’. Ogt the cells were still attached to the aref treatment. After 10 min of incubation with PsP, 31%
(Fig. 1, right). of the Vero cells were detached. For Trypsin only

The growth analysis of the detached cells showed

comparable growth rates for cells detached with &= 38i2% of the cgll_s were detached under thg same
Trypsin to that of an unaffected controb(p6, Table 3). experimental conditions. Moreover, detachment wiR

This indicated that hMSC-TERT cells were not Was more efficient. With PsP, 100% of the cellsidde
influenced in their normal grovvth after enzyme detached, whereas for Trypsin, 80% of the cellsewer

treatment. Interestingly, glucose consumption ratese  detached at the maximurfig. 1, left).
decreased for enzyme-treated hMSC-TERJ, of cells Cell growth and basic metabolic rates of the detech
detached with PsP were lower, but not significant Vero cells were similar to that of the control. @u. of
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the enzyme-treated cells showed a slight decrdasts e to-bead transfer, cell encapsulation (Freimatkal.,
3). This decrease was similar for Vero cells detdche 2010). Trypsin is unsuitable for hMSC-TERT
with Trypsin (33+12%) and for those detached wifi’P  detachment out of dynamic systems and for detachmen
(20£7%) (p = 0.2). of further processed cells. Trypsin does not edfidy
detach the cells or keep the cells viable (Saétigl.,
3.6.MA104 Cells 2013). Moreover, Trypsin is often of animal origihich
MA104 cells are strong adherent growing cells when should be avoided in ATMP production. This problem
compared to the other two cells types. This wasvsha ~ can be easily solved by using recombinant trypsin
the detachment kinetics as after 10 min incubatime  variants as applied by many manufactures (e.gpsiny
only 13+5% cells were detacheféig. 1, left hand). After ~ recombinant, Roche; recombinant Trypsin, Invitragen
longer incubation times, MA104 cell detachment ke ~ TrypZean, Sigma-Aldrich; rTrypsin, Novozymes). As
and the efficiency of PsP and Trypsin were similar. consequence, an ideal peptidase for cell detachnesut
Concerning their growth rates, the rates of the to be (a) of non-animal origin/safe, (b) very &ffiet but
detached cells were comparable to that of the atetde  (C) very gentle to the cells.
control (Table 3). The @ of the detached cells were The current study showed that PsP, a novel
lower than the untreated control. Cells detachetl ®sP ~ e€ndopeptidase froriV. cocos, might fulfill all of these
showed a 32+5% decrease ig.gwhile cells treated requirements. The enzyme is of non-animal origid isn

with Trypsin showed a 45+5% decrease. already being used in food biotechnology. Thereibre
can be assumed as safe for humans. The PsP igmffic
4. DISCUSSION but at the same time very gentle to several cgfies

used in ATMP production processes. Compared to

The results showed that PsP could detach serwtal ¢ Trypsin, PsP is advantageous concerning the detaahm
types. Although detachment behavoir differed betwthe ~ Yield and the quality of the detached cells. As eaR
three cell types investigated. For hMSC-TERT cells currently only be isolated native frowl. cocos, it should
detachment with PsP was faster and more efficemnwh D€ encouraged to produce the enzyme recombinaist. Th
compared to porcine Trypsin. Both detachment enzyme would result in higher concentrated enzyme solistion
influenced the basic cell metabolism of hMSC-TERT. @nd also allow a higher purity of the enzyme byngsi
Nonetheless, hMSC-TERT remained rather unaffedted a  2ffinity tags. As it is of high importance to inviegte
PsP detachment than after that of Trypsin detachmen CEll detachment out of dynamic systems, furthediegi
Detachment of Vero cells with PsP was more efficipnt ~ Snould be performed to analyze the potential ofRBE
not more gentle compared to Trypsin. The favoigif "' dynamic ATMP production processes.
PsP for MA104 cell detachment was not as clear as
previously shown for the other two cell types. Bhtaent 5. ACKNOWLEDGEMENT

efficency and cell behavior after detachment wis? Rind hMSC-TERT were kindly provided by M. Kassem

Trypsin was more or Iess_ the same. . _ University of Southern Denmark. The authors woikd |

Cell detachment is a crucial step in each (g thank the Hessen State Ministry of Higher Ediocat
ATMP/vaccine production process. With increasing Research and the Arts for the financial supportiwithe
interest in cell therapeutics and therapeutic vi(as  Hessen initiative for supporting scientific and ecmic

ATMPs), the search for novel peptidases for cell excellence (LOEWE-Program) as well as the Federal
detachment purposes is resumed. As Trypsin has beeginistry of Economics and Technology.

the gold standard for decades in R&D cell detachimen

this is not the case for cell detachment in 6. REFERENCES

clinical/industrial ATMP production processes. This

to do with the fact that requirements differ. Faample Canavan, H.E., X. Cheng, D.J. Graham, B.D. Ratndr a

for hMSC-TERT ATMP production, it is not only D.G. Castner, 2005. Cell sheet detachment affects
important to efficiently detach cells, but alsdke&ep them the extracellular matrix: A surface science study
viable (and undifferentiated). This gets challeggwhen comparing thermal liftoff, enzymatic and
production takes places in dynamic systems (stirme# mechanical methods. J. Biomed. Mater. Res. Part A,
reactors (Cierpkaet al., 2013; Elseberget al., 2012), 75A: 1-13. DOI: 10.1002/jbm.a.30297

fixed bed-systems (Webet al., 2010a; 2010b; 2010c) Cierpka, K., C.L. Elseberg, K. Niss, M. Kassem &hd
and the harvested cells are further processed f®gd- Salziget al., 2013. hMSC Production in Disposable

////A Science Publications 20 AJBB



Katharina Cierpkat al. / American Journal of Biochemistry and Bioteclogyl 10 (1): 14-21, 2014

Bioreactors with Regards to GMP and PAT. Chemie
Ingenieur Technik, 85: 67-75. DOI:
10.1002/cite.201200151

Elseberg, C.L., J. Leber, D. Salzig, C. Wallrapp &h
Kassemet al., 2012. Microcarrier-based expansion
process for hMSCs with high vitality and
undifferentiated characteristics. Int. J. Artif.gan.,
35: 93-107. DOI: 10.5301/ija0.5000077

FDA, 2007. FDA Proposes barring ceratin cattle mialte
from medical products as BSE safeguard.

Freimark, D., P. Pino-Grace, S. Pohl, C. Weber @nd

Bacillus polymyxa, is a powerful fibronectinase and

type IV collagenase. J. Invest. Dermatol., 93: 287-

290. DOI: 10.1111/1523-1747.ep12277593
Szwajcer-Dey, E., J. Rasmussen, M. Meldal and K.

Breddam, 1992. Proline-specific endopeptidases

from microbial sources: Isolation of an enzyme from
a Xanthomonas sp. J. Bacteriol., 174: 2454-2459.

Twining, S.S., 1984. Fluorescein isothiocyanatelath
casein assay for proteolytic enzymes. Analytical
Biochem., 143: 30-34. DOI: 10.1016/0003-
2697(84)90553-0

Wallrapp 2010. Use of encapsulated stem cells towachs, F.P., S. Couillard-Despres, M. Engelhardt, D

overcome the bottleneck of cell availability forllce

therapy approaches. Transfusion Med.

Hemotherapy, 37: 66-73. DOI: 10.1159/000285777
Harlan, J.M., P.D. Killen, L.A. Harker, G.E. Strikand

Wilhelm and S. Ploetet al., 2003. High efficacy of
clonal growth and expansion of adult neural stem
cells. Lab Invest., 83: 949-962. DOI:
10.1097/01.LAB.0000075556.74231.A5

DGW”ght, 1981. Neutrophil-mediated endothelial Weber, C_' S. Pth P.P. Grace' D. Freimark and C.

injury in vitro. J. Clin. Invest.,, 68: 10-10. DOI: Wallrapp et al., 2010a. Expansion of human

10.1172/3CI110390 -~ ] mesenchymal stem cells in a fixed-bed bioreactor
Hummel, B.C.W., 1959. A modified spectrophotometric system-Part A: Inoculation, cultivation, cell hasve

determination ~of ~chymotrypsin, trypsin = and procedures. Int. J. Artifical Organs, 33: 512-525.
thrombin. Canadian J. Biochem. Physiol., 37: 1393-\yaper C. S. Pohl. R. Poertner. P. Pino-Grace 2nd

1399. DOI: 10.1139/059-157 Freimark 2010c. Production process for stem cell-

Kezdy, F.J. and M.L. Bender, 1965. The acyl-enzyme

dimer of chymotrypism. Biochemistry, 4: 104-113.
DOI: 10.1021/bi00877a018

Lasfargues, E. and D. Moore, 1971. A method for the

continuous cultivation of mammary epithelium.
Vitro Cellular Dev. Biol. Plant, 7: 21-25. DOI:
10.1007/BF02619001

Lin, S.Y., W.L. McKeehan, W. Culp and B. Hardesty,
1969. Partial characterization of the enzymatic
properties of the aminoacyl transfer ribonucleiclac
binding enzyme. J. Biol. Chem., 244: 4340-4350.

Merten, O.W. and M.C. Flickinger, 2009. Cell
Detachment. In: Encyclopedia of Industrial
Biotechnology: Bioprocess, Bioseparation and Cell
Technology, John Wiley and Sons, Inc., pp: 1-22.

Polgar, L., 2005. The catalytic triad of serine tgses.
Cell. Mol. Life Sci., 62: 2161-2172. DOI:
10.1007/s00018-005-5160-x

Salzig, D., A. P. Schmiermund, C. Grace, C. Elsgber
and P. Weber, 2013. Enzymatic detachment of
therapeutic mesenchymal stromal cells grown on
glass carriers in a bioreactor. Open Biomed. Eng. J
7:147-158. DOI: 10.2174/1874120701307010147

Schwert, G.W. and Y. Takenaka, 1955. A
spectrophotometric determination of trypsin and
chymotrypsin. Biochim. Biophysica Acta, 16: 570-
575. DOI: 10.1016/0006-3002(55)90280-8

Stenn, K.S., R. Link, G. Moellmann, J. Madri and E.
Kuklinska, 1989. Dispase, a neutral protease from

////A Science Publications 21

based therapeutic implants-expansion of
production cell line and cultivation of encapsutate
cells. Adv. Biochem. Eng. Biotechnol., 123: 143-
162. DOI: 10.1007/10_2009_25

Weber, C., S. Pohl, R. Poertner, P.P. Grace and D.

Freimark et al., 2010b. Expansion of human
mesenchymal stem cells in a fixed-bed bioreactor
system-Part B: Modeling and scale up. Int. J.
Artifical Organs, 33: 782-795.

Weber, C., S. Pohl, R. Portner, C. Wallrapp and M.
Kassem Bt al., 2007. Expansion and harvesting of
hMSC-TERT. Open Biomed. Eng. J., 1: 38-46.

Weiss, K., D. Salzig, M.D. Mihlebach, K. Cichutehkda
R. Portneret al., 2012. Key parameters of measles
virus production for oncolytic virotherapy. Am. J.
Biochem. Biotechnol., 8: 81-98. DOI:
10.3844/ajbbsp.2012.81.98

Weiss, K., D. Salzig, Y. Roder, J. Gerstenberget léin
Muhlebach et al., 2013. Influence of process
conditions on measles virus stability. Am. J.
Biochem.  Biotechnol.,, 9: 243-254. DOl
10.3844/ajbbsp.2013.243.254

AJBB

the



