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Modulation of G-CSF Secretion by Mutations of Non Alpha—Helical Region in N-Terminus
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Hematopoietic cytokines regulate production of blood cells by stimulating proliferation and differ-
entiation of bone marrow cells. Among these hematopoietic cytokines, called hematopoitic growth fac-
tors, glranulocyte-colony stimulating Factor (G-CSF), which regulates growth of neutrophils, is one of
important therapeutic factors because cancer patients suffer with neutropenia which is severe reduc-
tion of neutrophils after chemotherapy. Two groups of recombinant G-CSF have approved and used
for therapeutic purposes and many researches are still on-going to produce recombinant G-CSF by
different techniques. We engineered human G-CSF with Bombyx specific endoplasmic reticulum (ER)
signal sequence, therefore, secretion of human G-CSF protein was improved in Bombyx mori-origined
cell line, Bmb5. The Bombyx ER signal sequence and human G-CSF matured protein region chimera
was further remodeled at the N-terminus of matured G-CSF protein to understand roles of N-termi-
nus on outer cellular secretion and/or production. Three different mutants were generated deleting
three amino acids in non alpha-helical region in N-terminus in order to scan important amino acids
for G-CSF secretion. One of 3 different N-terminal deletion mutants showed dramatically reduction
of secreted amount of G-CSF indicating its important role on secretion. The data suggest that remodel-
ing in non alpha-helical region of N-terminus is also important for recombinant G-CSF production.
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Materials and Methods
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tin, 15 mM Tris-HCl, pH 7.5, 2 mM EDTA, and 0.1% Triton
x-100)Z block< 3}% 11, anti-his ¥ (Cell Signaling, 1:500
dilution)®} peroxidase-labeled goat anti-rabbit IgG (Sigma
A0545, 1:1,000 dilution)& AH&-3te] ECLEZ A G-CSF9] &4
of F-oF Fof Al ALtES Blaekylth 24 =+ Image ana-
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Results and Discussion
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Fig. 1. Schematic diagram of Wild type and each deletion mu-
tant G-CSF. Endoplasmic Reticulum signal sequence of
human-origin G-CSF was replace with that of proph-
enoloxidase activating enzyme (PPAE) from Bombyx mori
(Bombyx ppaeG-CSF). ¢cDNA of Bombyx ppaeG-CSF
was then used as template to generate three amino
acid-deleted mutants, d1, d2, and d3. hER: Human
Endoplasmic reticulum, SS: Signal sequence, bER:
Bombyx Endoplasmic reticulum. Amino acids were
showed with single letter symbols. First alpha-helix be-
gins glutamine, which is in gray color and italicized.
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Fig. 2. Cloning of deletion mutants of ppaeG-CSF. (A) JAd1 primer with deleted codons for three amino acids, GPA, was synthesized
and used for site-directed mutation using GeneArt® Site-Directed Mutagenesis (see Materials and Methods) in order to
make mutant, d1. (B) Mutant d2 and d3 DNAs were directly synthesized by Bioneer (Daejeon, Korea) with Sacl and Agel
site flanked at 5’and 3’ regions, respectively. The synthesized d2 and d3 DNAs were inserted in the same restriction sites
of pIZT/His vector. (C) Mutant DNA agarose gel. Each cloned mutant construct was ran on 1% agarose gel after digestion.
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Fig. 3. ppaeG-CSF and mutant ppaeG-CSF d1, d2, d3-expressing
Bmb5 stable cell lines. Each construct was transfected to
Bombyx mori cell line, Bmb5. Zeocin resistant clones were
selected and designated to Bm5-12, Bm5-D1, Bmb5-D2,
and Bm5-D3.

Bm5-12

(A)
1 2 3 4 MW

97 kD
———-_Fss

B 1 2 3 a4

Fig. 4. Analysis of each recombinant G-CSF. Cell line, Bm5-12,
Bmb5-D1, Bmb5-D2, and Bm5-D3 were grown under the
same condition and one ml of media was collected from
4x10° cells/ml population. Recombinant G-CSF was
pulled down with Nickel bead and analyzed by
SDS-PAGE and western blot. (A) The same amount of
each medium ran on a SDS-PAGE and the gel was coom-
massie-stained to show loading control. Protein bands
are bovine serum albumin in the media. (B) Western blot
analysis for recombinant G-CSF with anti-his antibody.
Lane 1: Bm5-12, 2: Bm5-D1, 3: Bm5-D2, and 4: Bm5-D3.
MW: molecular marker

Journal of Life Science 2011, Vol. 21. No. 12 1781

Hz2Ho2 d17 d29] 4$E wild typeRt} i B4 A4t
AU 5Y3 298 ¢ 5 YATHFig 4). ol BdW
o] 91X|7} BF alpha-helix¢t= F#Hg N-2H 2ol A3}
A %H6,21,25] G-CSF9] At = o At 43S v
g A E w02 proline T A PR 4
FAshe Aoz ¢EA Aok dl EdWel) d2 EAH] B

F 44 prolines 7HA AL YIAT ofF T ¥ = G-CSFE
A FE HofFa gtk o= d3dl| o) AIAE 3 WA pro-
lineo] A4k = EHlol] &S Foha Az En. 2y el g
A Well EAs= G-CSFE #43 APCZ uiA] ol A<
BN = FFS = T ddka A4S F A B4V /e
Filgrastim®] 7 serum Wjol] A3} elastaseo] o3 &3}
of Ws Aoz dA ATH3]. AE el EAsl= G-CSF
o) k& AH g Hastelwt d3 S ol7l T Aol
< FA gkt AEAS F 9lef old W A=

of ®tkal Azghe}. Tk ER signal sequence”}
Al o] o] BF 2ov, Bombix mori 2 PPAES]
ER signal sequence’} B3 02 7155 3t Qla[l6]o2

i Z o oSt x0 2
oo L ft o Mt A

BN

o
oXx,
ol
L
1
i
=)
iy
flo
1o

At 2

References

1. Alberts, B.,, A. Johnson, J. Lewis, M. Raff, K. Roberts, and
P. Walter. 2007. The Molecular Biology of the Cell. Chapter
12. pp. 723-745, Garland Science. New York, NY. USA.

2. Carter, D, R. Keeble, and R. Thorpe. 2004. Human serum
inactivates non-glycosylated but not glycosylated gran-
ulocyte colony stimulating factor by a protease dependent
mechanism: significance of carbohydrates on the glycosy-
lated molecule. Bidlogicals 32, 37-47.

3. Carter, R, M. Whitmore, and R. Thorpe. 2004. The sig-
nificance of carbohydrates on G-CSF: differential sensitivity
of G-CSFs to human neutrophil elastase degradation. /.
Leukoc. Biol. 75, 515-522.

4. Cowling, G. and T. Dexter. 1992. Erythropoietin and mye-



1782

10.

11.

12.

13.

14.

15.

A et s] %] 2011, Vol. 21. No. 12

loid colony stimulating factors. 7rends Biotechnol 10,
349-357.

. Herrmann, F., A. Lindemann, and R. Mertelsmann. 1990.

G-CSF and M-CSF: from molecular biology to clinical
application. Biotherapy 2, 315-324.

. Hill, P., D. Osslund, and D. Eisenberg. 1993. The structure

of granulocyte-colony-stimulating factor and its relationship
to other growth factors. Prac. Natl Acad Sci. USA 90,
5167-5171.

. Hoglund, M. 1998. Glycosylated and non-glycosylated re-

combinant human granulocyte colony-stimulating factor
(rthG-CSF)-what is the difference? Med Oncol. 15, 229-233.

. Hitbel, K., C. Dale, A. Engart, and W. Liles. 2000. Use of

G-CSF for granulocyte transfusion therapy. Cytokines Cell
Mol. Ther. 6, 89-95.

. Kuderer, N., D. Dale, ]. Crawford, L. Cosler, and G. Lyman.

2006. Mortality, morbidity, and cost associated with febrile
neutropenia in adult cancer patients. Carcer 106, 2258-2266.
Lu, S., L. Clogston, O. Narhi, A. Merewether, R. Pearl, and
C. Boone. 1992. Folding and oxidation of recombinant hu-
man granulocyte colony stimulating factor produced in
Escherichia coli. Characterization of the disulfide-reduced
intermediates and cysteine-serine analogs. /. Biol. Chem 267,
8770-8777.

Martin-Christin, F. 2001. Granulocyte colony stimulating fac-
tors: how different are they? How to make a decision?
Anticancer Drugs 12, 185-191.

Nagata, S., M. Tsuchiya, S. Asano, Y. Kaziro, T. Yamazaki,
O. Yamamoto, Y. Hirata, N. Kubota, M. Oheda, and H.
Nomura. 1986. Molecular cloning and expression of cDNA
for human granulocyte colony-stimulating factor. Nafure
319, 415-418.

Nicola, N. and D. Metcalf. 1985. The colony-stimulating fac-
tors and myeloid leukemia. Cancer Surv. 4, 789-815.
Nissen, C. 1994. Glycosylation of recombinant human gran-
ulocyte colony stimulating factor: implications for stability
and potency. Eur. J. Cancer 30A, S12-14.

Oh-eda, M., M. Hasegawa, K. Hattori, H. Kuboniwa, T.
Kojima, T. Orita, K. Tomonou, T. Yamazaki, and N. Ochi.
1990. Granulocyte colony-stimulating factor protects it
against polymerization and denaturation allowing It to

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Retain Its Biological Activity. /. Biol Chem 265, 11432-11435.
Park, ], H. Jang, S. Kang, T. Goo, and K. Chung. 2010.
Expression and production of human granulocyte colony
stimulating factor (G-CSF) in Silkworm cell line. /. Life Sci.
20, 1569-1741.

Price, T. 2002. Granulocyte transfusion in the G-CSF era.
Int J. Hematal. 76, 77-80.

Scrip Report. 2007. Biosimilar, Biogenerics and Follow-on
Biologics. Informa UK Ltd. (http://www.scripintelligence.com/
multimedia/archive/00000/BS1342_117a.pdYf).

Souza, L., T. Boone, J. Gabrilove, P. Lai, K. Zsebo, D.
Murdock, V. Chazin, J. Bruszewski, H. Lu, K. Chen, J.
Barendt, E. Platzer, M. Moore, R. Mertelsmann, and K.
Welte. 1986. Recombinant human granulocyte colony-stim-
ulating factor: effects on normal and leukemic myeloid cells.
Science 232, 61-65.

Spiekermann, K., J. Roesler, A. Emmendoerffer, J. Elsner,
and K. Welte. 1997. Functional features of neutrophils in-
duced by G-CSF and GM-CSF treatment: differential effects
and clinical implications. Leukenia 11, 466-478.

Tamada, T., E. Honjo, Y. Maeda, T. Okamoto, M. Ishibashi,
M. Tokunaga, and R. Kuroki. 2006. Homodimeric cross-over
structure of the human granulocyte colony-stimulating fac-
tor (GCSF) receptor signaling complex. Proc. Natl. Acad Sci,
USA 28, 3135-3140.

Vanz, S., G. Rnard, S. Palma, M. Chies, L. Dalmora, A. Basso,
and S. Santos. 2008. Human granulocyte colony stimulating
factor (hG-CSF): cloning, overexpression, purification and
characterization. Microbial. Cell Factaries 7, 13.

Visani, G. and S. Manfroi. 1995. G-CSF in the biology and
treatment of acute myeloid leukemias. Leuk Lymphoma. 18,
423-428.

Zhang, ]., N. Kalogerakis, L. Behie, and K. latrou. 1992.
Investigation of reduced serum and serum-free media for
the cultivation of insect cells (Bmb) and the production of
baculovirus (BmNPV). Biofechnol. Bioeng: 40, 1165-1172.
Zink, T., A. Ross, K. Liiers, C. Cieslar, R. Rudolph, and A.
Holak. 1994. Structure and dynamics of the human gran-
ulocyte colony-stimulating factor determined by NMR
spectroscopy. Loop mobility in a four-helix-bundle protein.
Biochenustry 33, 8453-8463.



Journal of Life Science 2011, Vol. 21. No. 12
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