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Figure 4. Effects of SR-0379 and FGF2 on full-thickness wound model with flap in diabetic rat model. A) Representative pictures of skin
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doi:10.1371/journal.pone.0092597.g004

stimulate human umbilical vein endothelial cells (HUVEGs)
proliferation and tube formation at a level similar to AG30/5C.
This smaller peptide led to a reduced cost of peptide synthesis. In
the previous reports, the replacement with the D-form amino acid
improved the proteolytic resistance of antimicrobial peptides [18].
For example, the D-amino acid variants of host defense peptide
chicken cathelicidin-2 showed enhanced stability in human serum,
and fully resistant to proteolysis by trypsin and bacterial proteases.
The modifications increase the stability and lower cytotoxicity of
the peptides without altering their antimicrobial potency. We also
confirmed the degradation by the peptide bond cleavages in N-
terminus of SR-0379, and the change from L-lysine to D-lysine
(SR-0379) increased the resistance to serum. Importantly, SR-
0379 displayed broader antibacterial activity than the original
AG30 and SR-0007. The bactericidal action of antimicrobial
peptides such as pexiganan is thought to result from irreversible
membrane-disruptive damage [19] [20] [21]. Especially, from the
mechanisms of antibacterial activity, SR-0379 exhibited the same
MIC against drug-resistant strains, such as aminoglycoside-,
carbapenem- and fluoroquinolone-resistant P. aeruginosa and
MRSA and the multidrug-resistant 4. baumannii. SR-0379 might
be useful to prevent infection by these drug-resistant bacteria.

In vitro experiments with SR-0379 demonstrated the induction
of proliferation, tube formation, migration and contraction. The
closure of cutaneous wounds involves three processes: epitheliza-
tion, connective-tissue deposition and contraction. In particular,
contraction is one of the main factors contributing to epidermal
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wound healing [22]. The fibroblast-collagen matrix contraction
model provides a unique way to study mechanisms. Treatment
with SR-0379 promoted contraction in this model, which
corresponds to wound healing. The stimulatory effect of SR-
0379 on the wound healing process was also confirmed by two in
vivo wound-healing models. Furthermore, SR-0379 was able to
induce angiogenesis and granulation tissue formation in the paper
disc model and collagen production and proliferation in the
incised wound rat model. These results support the potential use of
SR-0379 in the wound-healing process. The ulcer model with
infection is a unique model that is especially close to a clinical
situation. Importantly, SR-0379 treatment resulted in rapid
healing without infection compared to FGF2.

Although the multiple functions of antimicrobial peptides are
well known, the mechanisms are still unclear. For example, LL-37
is often reported in the analysis of FPR2 (formerly known as
FRPL1), the promiscuous Pertussis Toxin (PTX)-sensitive GPCR
and the purinergic receptor P2X7 and in the transactivation of
epidermal growth factor receptor (EGFR) [3]. The activation of
EGFR in epithelial cells, endothelial cells and fibroblasts by LL-37
resulted in activation of the p38 MAPK, ERK1/2 MAPK, NFkB
and PI3 kinase pathways. In contrast, although we also examined
the contribution of P2X7 receptors to the effect of SR-0379, the
specific antagonist of P2X7 (Brilliant Blue G) failed to inhibit the
effects of SR-0379 (data not shown). SR-0379 also weakly
activated EGFR. Interestingly, SR-0379 strongly activated FAK,
while an integrin inhibitor (RGD peptide) blocked the Akt/
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mTOR pathway. Downstream of FAK, SR-0379 also activated
the PI3 kinase-Akt-mTOR pathway. As mTOR is known to
regulate cell growth and survival by integrating nutrient and
hormonal signals [10], an inhibitor, rapamycin, attenuated the
proliferation induced by SR-0379 in human fibroblasts. The
treatment of SR-0379 resulted in increase in cell proliferation of
fibroblast, whereas Akt knockdown attenuated the SR-0379-
induced cell proliferation These results demonstrate the impor-
tance of Akt pathway in the effect of SR-0379.

We have successfully produced SR-0379 as a multifunctional
(angiogenic and pro-fibrotic), potent antibacterial peptide with a
broad spectrum, including aerobes and anaerobes, Gram-positive
and Gram-negative species and drug-resistant and drug-sensitive
bacteria and fungi. These properties occur via the activation of PI3
kinase-Akt-mTOR signaling and are useful in the stimulation of
wound healing under wet conditions. Further modification of SR-
0379 should yield an ideal compound for the treatment of diabetic
ulcers, burns and other incurable ulcers. Currently, we plan to test
SR-0379 in the treatment of patients with MRSA-positive diabetic
and ischemic ulcers.

PLOS ONE | www.plosone.org

Materials and Methods

Analysis of the AG30/5C metabolites using MALDI-TOF/
MS

Rat sera were collected from rats. AG30/5C was incubated in
pooled rat serum at 37°C. Samples were collected before
incubation, after 10 minutes of incubation and after 60 minutes
of incubation and were precipitated by the addition of an
equivalent amount of acetonitrile containing 0.1% trifluoroace-
tate. The samples were centrifuged, and the supernatants were
purified using ZipTip m-C18 (Millipore, MA). Sample solution
was mixed with matrix solution (¢-cyano 4-hydroxy cinnamic
acid). The measurement sample for MALDI (0.4 pL) was applied
on a MALDI target plate and dried, and the sequences of the
AG30/5C metabolites were confirmed by MALDI-TOF/MS
analysis (4700 Proteomics Analyzer, Applied Biosystems, CA).
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Serum stability assay

In vitro stability studies were performed by incubating the
peptide with rat or human serum. Human sera (Pool of donors, 5
men and 5 women) were commercially purchased from KAC
(Kyoto, Japan), which has been permitted only for experiment. We
don’t use the human biological specimens without the documented
informed consent. Rat sera were collected from rats. The peptide
(500 pg/ml) was added to serum (300 pL) and incubated at 37°C.
A part of samples (90 pL) were taken, and the proteins were
precipitated with acetonitrile containing 0.1% trifluoroacetate
(200 pL). The precipitate was separated by centrifugation. The
supernatants were analyzed by high-performance liquid chroma-
tography (HPLG).

Proliferation, tube formation, cell*migration and
contraction assays

HUVECs, NHDFs and NHEKSs were purchased from Kurabo
(Osaka, Japan). The endothelial cells were maintained in
HuMedia EB2 and the fibroblasts were maintained in Medium
106S. Both media were supplemented with 1% fetal bovine serum
(FBS) as described previously [9]. The epidermal keratinocytes
were maintained in HuMedia KB2. Cells were incubated at 37°C
in a humidified atmosphere of 95% air/5% CO, with exchange of
medium every 2 days. HUVEGCs were cultured in 96-well plates at
a density of 10,000 cells/well and incubated for 48 hours at 37°C
with AG30/5C or FGF2 (recombinant human FGF basic, R&D
systems, Inc., Minneapolis, MN). The proliferation of HUVECs,
NHDF's and NHEKSs was analyzed using a WST-1 assay (Dojindo,
Kumamoto, Japan). Tubule formation assay has recently been
developed in which endothelial cells are co-cultured with
fibroblasts. An angiogenesis assay kit (Kurabo, Osaka Japan) was
used according to the manufacturer’s instructions. Various
concentrations of peptides or FGF2 were added to the medium.
After 11 days, the cells were incubated with diluted primary
antibody (mouse anti-human CD31, 1:4,000) for 1 hour at 37°C
and diluted secondary antibody (goat anti-mouse IgG alkaline
phosphatase-conjugated antibody, 1:500) for 1 hour at 37°C;
visualization was achieved with 5-bromo-4-chloro-3-indolyl phos-
phate/nitro blue tetrazolium (BCIP/NBT). The tube-like struc-
tures were measured in terms of total tube length with the software
(Angiogenesis Image Analyzer, Kurabo, Osaka Japan). Cell
migration was evaluated using an Oris cell migration assay kit
(Platypus Technologies, LLC., Madison, WI) according to the
manufacturer’s instructions. Briefly, the assay utilizes cell-seeding
stoppers to restrict cell seeding to the outer annular regions of the
wells. Removal of the stoppers reveals a 2-mm diameter unseeded
region, the migration zone, into which the seeded cells migrate.
The number of cells that migrated into the detection zone was
measured using a plate reader. Cellular collagen gel contraction
assays were performed as previously described [23] [24]. A
solution of collagen and NHDFs (2x10° cells/ml) was added to a
24-well plate at 37°C for 1 hour, and medium supplemented with
DMEM containing 10% FBS was then added. The cells were
cultured for 24 hours. The culture medium was removed, and
DMEM (serum-free) containing SR-0379 or FGF2 was added.
The cell-embedded matrix was released from the culture dish
surface. At each time point, the lattices were digitally photo-
graphed from a fixed distance, and their areas were calculated
using image analysis software. In the proliferation assay of
fibroblast, RGD peptide, Wotmannin, Akt inhibitor IV and
Genistein were obtained from Sigma-Aldrich (St. Louis, MO).
Rapamycin was obtained from Funakoshi Co., Ltd.(Tokyo,
Japan). Akt siRNA I (#6211) and control siRNA I (#6568) were
obtain from Cell Signaling (Boston, MA).
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NHDFs were plated at a density of 5000 cells per well in 96-well
culture plates in the corresponding culture media without
antibiotics one day prior to transfection. Lipofectamine RNAI-
MAX was purchased from Invitrogen. The lipofectamin (2 pL)
was gently added to 100 pL. medium and the mixture was
incubated for 20 minutes at room temperature. The Akt or
Control siRNA was added to the mixture and was incubated for 5
minutes. Transfection complexes were added to each well. NHDFs
were incubated for 24 hours at 37°C in a CO, incubator and then
SR-0379 (10 pg/ml) was added. NHDFs proliferation was
analyzed using a WST-1 assay.

Measurement of MICs against Bacteria and Fungi

Antimicrobial activity of the peptides was evaluated against
Escherichia coli JOM 5491, Pseudomonas aeruginosa JCM 6119,
Staphylococcus  aureus  JCM2874,  Salmonella  Typhimurium
JCM1652, Acinetobacter baumannii JCMG6841, Bacteroides fragilis
JCM11019, Fusobacterium nucleatum JCGM11025, Penicillium glabrum
JCM22534, Fusarium solant JCM11383, Alternaria alternata JCM5800
(RIKEN, A research institution for basic and applied science in
Japan), Micrococcus luteus NBRC13867, Bacillus subtilis NBRC3134,
Propionibacterivm  acnes NBRC107605, Trichophyton mentagrophytes
NBRC6124, Trichophyton  rubrum NBRCO185, Candida  fruset
NBRC1395 (National Institute of Technology and Evaluation,
Tokyo, Japan), Salmonella Enteritidis IID604 (The Institute of
Medical Science, The University of Tokyo, Tokyo, Japan).
Additionally, the clinical isolates (Drug-sensitive/resistant Pseudo-
monas aeruginosa and Staphplococcus aureus, Osaka University Hospital)
and multidrug-resistant Acinetobacter baumannii (ATCC BAA-1605)
were used. The MICs (expressed as pig/ml) of AG30/5C, SR-0007
and SR-0379 were determined by the broth microdilution method
as previously described [8,9]. Serial two-fold dilutions of peptide
were added to 0.1 ml of medium containing each type of bacteria
and fungi at concentrations of 0.4x10% — 5x10* GFU/ml. The
plates were incubated at 37°C with vigorous shaking for 24 or
48 hours. The MICs were determined as the lowest concentrations
of peptide that inhibited visible bacterial growth.

Western blot analysis

Protein extracts (15 pg) were resolved by 10% SDS-PAGE and
were then transferred to nitrocellulose membrane. Western
blotting was performed. Phospho FAK (Tyr397), Akt, phospho
Akt (Ser 473), mTOR, phospho mTOR (Ser2448) and o-Tubulin
antibodies were obtained from Cell Signaling (Boston, MA). FAK
antibody was obtained from Millipore (Billerica, MA). Phospho
FAK (Tyr925) antibody was obtained from Abcam (Cambridge,
MA).

Real-time reverse transcription-polymerase chain
reaction (RT-PCR) analysis and ELISA

Expression of the human IL-8 mRINA was measured using real-
time reverse transcription polymerase chain reaction (RT-PCR).
Total RNA was extracted from the tissue samples using ISOGEN
reagent (NIPPON GENE, Toyama, Japan). Complementary
DNA (cDNA) was synthesized using the Thermo Script RT-
PCR System (Invitrogen, Carlsbad, CA). Relative gene-copy
numbers for IL-8 mRNA and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) were determined by real-time RT-PCR
using TagMan Gene Expression Assays (IL-8: Hs00174103_m1;
GAPDH: 4352934). Absolute gene-copy numbers weére normal-
ized to GAPDH using a standard curve.

The cell free culture supernatants were harvested after
treatment of SR-0379 (1, 3 and 10 pg/ml) at 24, 48 and 72 hours.
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The amount of IL-8 was measured by enzyme-linked immuno-
sorbent assay (ELISA) (R&D Systems, Minneapolis, MN, USA)
according to the manufacturer’s instructions.

Effect of SR-0379 on wound healing in a streptozotocin-
induced diabetic model

This experimental protocol was approved by the committee for
ethics in animal studies of AnGes MG. Male HWY/Slc rats (7
weeks) were given a single intravenous injection of 65 mg/kg
streptozotocin (STZ, Sigma-Aldrich, St. Louis, MO), and whole-
blood glucose was monitored 24 hours later. This strain is hair less
in adult and suitable for wound healing model. The glucose level
criterion for diabetes was set at 300 mg/dl. STZ-induced diabetic
rats were anesthetized. The square flap (1.73 cm x 1.73 cm) was
made in the back of rats. In the center of the flap, the square
wound (1.41 cm x 1.41 cm) with full-thickness defect was made
(area per wound; 2 cm?). In the flap model, skin was cut in three
directions of square wound to partially block the blood flow to
wound. SR-0379 (0.2 mg/ml, 50 pl), FGF2 (0.06 mg/ml, 50 ul)
or saline (control) was administered to each wound (each time
point from day 0 to 28). Dressings (Perme-roll, Nitto Denko,
Japan) were applied to the wounds. We took a picture of wound
with scale every time and calculated the size of scanned image
using  software  (http://hp.vector.cojp/authors/VA004392/
Download.htm#lenara).

Effect of SR-0379 on wound healing in a
cyclophosphamide-induced immunodeficient infection
model

Male HWY/Slc rats (7 weeks) were given a single intravenous
injection of 100 mg/kg cyclophosphamide (CPA, Wako Pure
Chemical Industries, Ltd., Osaka, Japan) and were anesthetized
for the preparation of a full-thickness skin flap 24 hours later.
CPA-treated rats with white blood cell counts lower than 5,000
were used. The bacteria (S. aureus, 1x10° CFU/ml) was applied to
each wound on days 0, 1, 2 and 3. SR-0379 (1 mg/ml, 50 pl),
FGF2 (125 pg/ml, 50 pl) and saline (control, 50 pl) were
administered to the wound at time points on days 0 to 27.
Dressings (Perme-roll, Nitto Denko, Japan) were applied to the
wounds. Healing size was evaluated by photographing the wound
area at a close and fixed distance. The remaining unhealed wound
size was measured from the image.

Evaluation of granulation tissue formation in a paper disc
implantation model

Granulation tissue formation was determined as described
previously [25]. A paper disc containing saline or SR-0379 (1, 10
and 100 pg) was implanted into the subcutaneous tissue on the
backs of 9-week-old Crl:CD(SD) rats under anesthesia. Four or
five rats were used for each experimental condition. The paper
disc was removed on day 8 and the granulation tissue around the
paper disc was weighed after the removal of absorbed fluids with
paper wipe.

Evaluation of collagen production and proliferation in
the incised wound rat model

The dermises of Crl:CD(SD) rats (7 weeks) were incised under
anesthesia. In the back of rats, we cut the skin (30 mm) and
sutured 3 points (Nylon thread, Natsume Seisakusho Co., Ltd.,
Tokyo, Japan). SR-0379 (0.5 and 5 ug per day) was topically
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administered in sutured wound one a day for 5 days, and during
the period the suture was removed at day 3. At day 6, extracted
skin was fixed in one side and pulled in another side. The tension
was monitored until the opening of sutured wound. In this
evaluation, the increase in tension reflects the strength of sutured
wound.

Statistical analysis

All values are expressed as the means + SEM. Analysis of
variance and a subsequent Fisher’s Least Significant Difference
test were used to determine the significance of differences in
multiple comparisons.

Supporting Information

File S1 Supporting figures $1-84. Figure S1, MALDI-TOF
MS analysis. A) Major metabolites of AG30/5C determined by
MALDI-TOF MS. Parent compound (AG30/5C) was incubated
with rat serum iz vito for 10 minutes and 60 minutes. The
metabolites were identified by the comparison with that from pre-
incubation. Figure 82, Effect of SR-0379 on cell proliferation.
Normal Human Epidermal Keratinocytes (NHEKSs) were treated
with SR-0379 (1, 3 and 10 pg/ml). The results were shown as
percent increase compared with control (no treatment). N =3 per
group. *P<C0.05 vs. control. Figure S3, Effect of Akt pathway on
SR-0379-induced cell proliferation. A) Knockdown of Akt
expression by siRNA was confirmed with western blot analysis
anti-Akt antibody and anti-o-tubulin antibody. The sample was
extracted from NHDFs with no treatment (NT), non-target siRINA
(C: control) and Akt siRNA. B) Effects of Akt inhibitor on NHDFs
proliferation stimulated by SR-0379. The cells were preincubated
with Akt inhibitor IV (1 pM) for 1 hour and then were treated
with SR-0379 (1, 3 and 10 pg/ml). N= 3 per group. *P<0.05 vs.
control, *P<0.01 vs. control, ## P<<0.01 vs. SR-0379 (1 pg/ml),
1 P<0.01 vs. SR-0379 (3 pg/ml), I P<0.01 vs. SR-0379
(10 pg/ml). Figure S4, Up-regulation of interleukin-8 (IL-8)
induced by treatment of SR-0379. A) IL-8 mRNA expression
was quantified by real time PCR and shown as a relative
expression compared with that of GAPDH mRNA. NHDFs were
treated with SR-0379 (10 pg/ml) for 24 hours. Effects of
Wortmannin (PI3kinase inhibitor, 100 nM) and Genistein (Tyro-
sine-specific protein kinase inhibitor, 100 nM) on SR-0379-
induced IL-8 mRNA expression. N=3 per group. *P<0.05 vs.
control, *P<0.01 vs. control, ## P<0.01 vs. SR-0379 (no
inhibitor). B) IL-8 levels in culture supernatants form NHDF was
measured by ELISA at 24, 48 and 72 hours after treatment.
NHDFs were treated with SR-0379 (1, 3 and 10 pg/ml) for
72 hours. N=2.

(PDF)

Acknowledgments

We thank Ms. Ryoko Sata and Mr. Shintaro Komaba for their technical
assistance.

Author Contributions

Conceived and designed the experiments: HN KT YK RM. Performed the
experiments: HT HN AT YS T. Kanamori T. Kaga NT. Analyzed the
data: HT AT T. Kanamori. Contributed reagents/materials/analysis tools:
HT AT T. Kaga. Wrote the paper: HT HN.

March 2014 | Volume 9 | Issue 3 | e92597



References

1.

2.

Ganz T, Selsted ME, Szklarek D, Harwig SS, Daher K, et al. (1985) Defensins.
Natural peptide antibiotics of human neutrophils. J Clin Invest 76: 1427-1435.
Wang G, Li X, Wang Z (2009) APD2: the updated antimicrobial peptide
database and its application in peptide design. Nucleic Acids Res. England. pp.
D933-937.

. Vandamme D, Landuyt B, Luyten W, Schoofs L (2012) A comprehensive

summary of LL-37, the factotum human cathelicidin peptide. Cell Immunol
280: 22-35.

. Gordon YJ, Romanowski EG, McDermott AM (2005) A review of antimicrobial

peptides and their therapeutic potential as anti-infective drugs. Curr Eye Res.
England. pp. 505-515.

. Hancock RE, Sahl HG (2006) Antimicrobial and host-defense peptides as new

anti-infective therapeutic strategies. Nat Biotechnol. United States. pp. 1551-
1557.

. Fox MA, Thwaite JE, Ulacto DO, Atkins TP, Atkins HS (2012) Design and

characterization of novel hybrid antimicrobial peptides based on cecropin A,
LL-37 and magainin II. Peptides. United States: Crown 2012. Published by
Elsevier Inc. pp. 197-205.

. Won A, Khan M, Gustin S, Akpawu A, Seebun D, et al. (2011) Investigating the

effects of L~ to D-amino acid substitution and deamidation on the activity and
membrane interactions of antimicrobial peptide anoplin. Biochim Biophys Acta.
Netherlands: 2010 Elsevier B.V. pp. 1592-1600.

. Nishikawa T, Nakagami H, Maeda A, Morishita R, Miyazaki N, et al. (2009)

Development of a novel antimicrobial peptide, AG-30, with angiogenic
properties. J Cell Mol Med. England. pp. 535-546.

. Nakagami H, Nishikawa T, Tamura N, Maeda A, Hibino H, et al. (2012)

Modification of a novel angiogenic peptide, AG30, for the development of novel
therapeutic agents. J Cell Mol Med 16: 1629-1639.

. Squarize CH, Castitho RM, Bugge TH, Gutkind JS (2010) Accelerated wound

healing by mTOR activation in genetically defined mouse models. PLoS One 5:
<10643.

. Ge Y, MacDonald DL, Holroyd KJ, Thornsberry C, Wexler H, et al. (1999) In

vitro antibacterial properties of pexiganan, an analog of magainin. Antimicrob
Agents Chemother 43: 782-788.

. Gottler LM, Ramamoorthy A (2009) Structure, membrane orientation,

mechanism, and function of pexiganan—a highly potent antimicrobial peptide
designed from magainin. Biochim Biophys Acta. Netherlands. pp. 1680-1686.

PLOS ONE | www.plosone.org

_22_

11

20.
21

22,

23.

24.

25.

A Novel Anti-Microbial Peptide in Wound Healing

. Dyson M, Young S, Pendle CL, Webster DI, Lang SM (1988) Comparison of

the effects of moist and dry conditions on dermal repair. J Invest Dermatol 91:
434-439.

. Woo KY, Coutts PM, Sibbald RG (2012) A randomized controlled trial to

evaluate an antimicrobial dressing with silver alginate powder for the
management of chronic wounds exhibiting signs of critical colonization. Adv
Skin Wound Care. United States. pp. 503-508.

. Edwards R, Harding KG (2004) Bacteria and wound healing. Curr Opin Infect

Dis, United States. pp. 91-96.

. Akita S, Akino K, Imaizumi T, Tanaka K, Anraku K, et al. (2006) The quality of

pediatric burn scars is improved by carly administration of basic fibroblast
growth factor. J Burn Care Res. United States. pp. 333-338.

. Wieman TJ, Smiell JM, Su Y (1998) Efficacy and safety of a topical gel

formulation of recombinant human platelet-derived growth factor-BB (beca-
plermin) in patients with chronic neuropathic diabetic ulcers. A phase III
randomized placebo-controlled double-blind study. Diabetes Care 21: 822-827.

. Molhoek EM, van Dijk A, Veldhuizen EJ, Haagsman HP, Bikker FJ (2011)

Improved proteolytic stability of chicken cathelicidin-2 derived peptides by D-
amino acid substitutions and cyclization. Peptides 32: 875-880.

. Boman HG (1995) Peptide antibiotics and their role in innate immunity. Annu

Rev Immunol 13: 61-92.

Hancock RE (1997) Peptide antibiotics. Lancet 349: 418-422,

Jacob L, Zasloff M (1994) Potential therapeutic applications of magainins and
other antimicrobial agents of animal origin. Ciba Found Symp 186: 197-216;
discussion 216-123.

Kao HK, Chen B, Murphy GT, Li Q, Orgill DP, et al. (2011) Peripheral blood
fibrocytes: enhancement of wound healing by cell proliferation, re-epithelializa~
tion, contraction, and angiogenesis. Ann Surg 254: 1066-1074.

Grinnell F (2000) Fibroblast-collagen-matrix contraction: growth-factor signal-
ling and mechanical Joading. Trends Cell Biol. England. pp. 362-365.
Carlson MA, Longaker MT (2004) The fibroblast-populated collagen matrix as
a model of wound healing: a review of the evidence. Wound Repair Regen.
United States. pp. 134-147.

Okumura M, Okuda T, Okamoto T, Nakamura T, Yajima M (1996) Enhanced
angiogenesis and granulation tissue formation by basic fibroblast growth factor
in healing-impaired animals. Arzneimittelforschung 46: 1021-1026.

March 2014 | Volume 9 | Issue 3 | 92597



RV IO N o PN AL = o)

[t et

o

PE 2B RE I BT D

16 B R BLE OD 72 8D D S iR GIE
(BFME, wlBRiEae. L Eavh)

F H Y B kRS
| i R

1/31
_23_



Ek:Y)

SR

MEELEESF DA

eyl

AR

Sl ATEREE

L1 SERO BB OB
L2 EERE

L3 ERERR

2 BLEREROEE
L2010 EHEO B R OBE
2.0 EEAE

2.3 EREER

3. BEOBRE

A EEREORE

. THBRBOFEEROELEN

1. EEOBHNKROBE

2. FERIT A REAORE

3. ARBAREOETE

4. HEBEMEORE
HEBEDOREROIIIEN) T —a >

L BEOZARRK

L RBEORE

L2 AFENUT—a rOBE

L3 AENY T a CORR

2. BUHIO TR

2L RBREORE

L2200 HWENUT—a s OfE

L28 AWENU T a v ORER

2/31

_.24_..



9. ZTEVERAR
9.1 BlBRAE
9.2. WEZH
9.3. HBREHE
9.4. BUBHER

10, FREMEORHE

10. 1. REME ORI
10. 2. FRIEEME OO G BT
10.3.  FFEEME O RE MR

3/31
..25_



Kl
ST REFEARRRERZREZ RN ARHRRERZEEFFNHEE BT RBERED
7= OERRGE (BANL, HBUERE, KEVERHE)

HEY

ESLABRKSERFBEEZ R R & OFAZIER OCAARFICEDE, SR-037950 %K (Al
BIBENRT T R) OBRBREREDD DEFBIEE LT, BAML W, BRIERERED,
RREORER VAR ORZEEMEZERT 2 I EZHNE L.

SR
25 P ERSRARE G LE

FiTEH : SREEVMPIT T f4-323

L AULRE © AR ERSHR A FIRMERS R

BURIERE © AR ERBHRA DI R RIS I
- SEREVEREAE : L ER B BIABRH A

MAREESFOAM

PMRBEREE - T CERRERASE PIRAERE SRS

WERESE - S eEELRRISHE PIERFAER L/

HBRELE | SV EEELERASE TIERAER SILUEE

HBRERE - SV CEERKRSSE HRRRER RERL, RKEVIE, SETE

EhE R
AVERBATA H - 20144E2H 108
RERE T H - 201443 H31H
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6.

SAMCBRE
6. 1. AR

6. 1. 1. EEDHMERUEE
SR-0379 4k (AR, &RFEMET) DA LRETEITD. A&, SR-0379 (BLF, FEHE
EB&d) 0.01% (0. lmg/ml), 0. 1% (Img/mL), 0.3% (3mg/ul) B2Tr1% (10mg/ml) @, 4F&
DEETORBREIEZTFEL TS, £IT, INHBOREDOHARKRICOWT, #
HIpHD & teat &2 L 7z,
AL, BRTERE LT, OREICHEDIRNH S, QFEEIIKIETCTKICERE
SV /-pMi3H03 Qng/ul) Th3, QFHAIEEREKICEE I T TEMPIFENERS
NTWVWBIED, HRINTNS.
INBEBEFEZT, DITOERRICTUFRFEZERL 2.
o FESEEE 2 0.01% (0. Img/mL), 0.1% (Img/ul), 0.3% (3mg/ml), 1% (10mg/mL)
YR AL U A (0.9%) ’
< REA  BIL 720
- DHEAEE : SRERSUKRIE T PU D LAZAND
- pH&FA : 3. 0~6. ORI IC ThRRY

6.1.2. EHPFZE
1) EREE

PTOEMEIZHWTHRIEE{To 7.

OB} B Oy hEE
SR-0379 % KBRS REBRES | Y01011C]
AL R U A FHIAFAY V3H1038
0. Imol/L HaMe FHSAFARY L3M7333
0.0lmol/L HiMs FHIAFAY 1215368
0. Imol/L KEE(LF FU DL | FHIAFRY 1379251
0.0lmol/LAKEELF R UL | FHIAFAS L3P8535

*Peptide Content 82.5%
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2) W
PUFOATFICT, &pHIZBY) SO L E M2 FHih L /z.

(1% 53]
BTy b
R 20204 70205 20206
SR-03793% | 500mg 500mg 500mg
BALFbUT L 450nmg 450mg 450mg
0. Imol/L, 0.01mol/L ¥E& HE bliih-< HE
0. Imo1/L, 0.0lmol/L 7KEE{LF kU L = R B
FEELK T FE b=
2E 50mL 50mL 50mL
pH 3.0 5.0 7.0
(0. 19 8451]
ko b
R 20207 20208 20209
SR-03793% 50mg o(mg 50mg
BT BUT L 450mg 450mg 450mg
0. lmol/L, 0.01lmol/L ¥EEE ik & R
0. Imo1/L, 0.01lmol/L /KEftTt U L T HE &
FEELK B HWE T
£ - 50mL 50mL 50mL
pH 3.0 50 7.0
(0. 01% &A1)
ATy
R 70210 20211 20212
SR-03793% bmg hmg Smg
BFPUTA 450mg 450mg 450mg
0. Imol/L, 0.0lmol/L 5 R B Tk
0. Imol/L, 0.0lmol/L 7KEftF U 7L e R M
FEELK R R FTE=s
8 50mL 50mL 50mL
pH 3.0 50 7.0

¥  SR-0379 13, Peptide Content (%) WX DEEHET 5.

6/31
_28_.



3) BERE

@ PTRIEEEE S U U LTKIAHE N T, MXHEE 0% LU F TRERZEM 2D, SR-0379
% ML E, AR5

@ OO0 SR-0379 % 28 (FROFARICIVRMEZ KD D) FEL., BEKCARIE
TIEREWZ 100l &9 5.
PR =2gX 100/a
a : peptide content (%)

@ @QOEIEZEEMIC 100l VD, BE/KTEREIC 1000l &9 5.

@ QDR ZEIEREIC 10nL EVERD, HFE/KCIEREIC 100nL &9 5.

® TNFE10104~720106:@, Z0107~70109:®), Z0110~Z0112:@DEik% 250l 372

ERBICBRATS. N6 ORBICEET MU UL 450ng ZEAL, BRBHEIR 5.

® &tk 0. lmol/L #5#, 0.01lmol/L ¥&, 0. Imol/L ZKELF MU 4, 0.0lmol/L
KELFT R TLATENENDES, 5, TICpHfARZTo/21%, BRKICTEE
50mL &£9°5%

Q&eFEREH o A/Y > TINVEITANS

4) REWEFME RERN
AEREZ ZTRROFRFICEREL, REEOFHHEIT .

RE R REWIR
5C, DO ERE 60, 10
60°C, 720 XIREE 66, 10H

5) FMETEB R UGB AE
BEEICBWTUTORBREERL=.

ATt 7 E HIEEE ()
LN HEAEH
il - (ERIHEDRIE)
a8 GRER) 95% LA L
BgmE (EHBEDRIE)
BT

O MR - BRICX DR
@ pH: pHA—F —IZ L DHIE
® &&:
- FREHAR DA
FEEHPNAKET 5.
72U, 1%HEENTONTIE, HEHARIRIC TIMEFRIRT 5.
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ujs

- FHERIROFH
%) 24mg (FHXHIEEE 30X AT DM T 2 ReILA LFHIERR) 280, SBIAMKRZ
AT, IEFEIZ 200l &9 5.
- AUBHARIR |
0. 15 MU )V A OB EED, K/ 7TERZMINVERKR 9:1)
- HPLCG# -
WS SRR 2200
715 2 ¢ COSMOSIL Protein-R Packed Column 4. 6X250mm
H— R 5L COSMOSIL Protein-R Guard Column 4. 6 10mm
515 LRE - A0CHHED—FIRE
VTN —F—  5CHED—EIRE
BEM. /50T b
BEMEA: BY 7))L 0B 1ol 127k 10000l &z CTREML 2K
BEMEB: b ZI)VA OB InL )72 = NU)JV 10000l 2 A TR L 729k
BEM ORI  BEM A ROBEE B ORAREZRDX S KEZ TEELEH

9.
EALD BEIE A BEIE B
KR (53) (vol%) (vol%)
0 ~5 95 5
5~ 40 95 — 60 5 — 40
40 ~ 45 95 9

W& : 1.2 mL/min
RS . TR MU KOBIR 4 1)
HEAE :50ul
@ fEBmE
- FBHAR OFRE
AMZABAKRET 5.
2L, IRBENFICOWTEE, FEHAMRIC TIOBRRNT 2.
- AelA R
0. I5bUZNFOBEEEZEOK/ T2 MUIVEER (9: D
- HPLCGet -
BEAE EFRSFFICTERT S
- R EERE N
BoNr/OT T ILLD, BEASRICTRERMEEZHET 2

iy

1

fen
=)

f
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6.1.3. SEMifER
RERZLTOR, FHEZRTER (1) IRY.

BE Lot =mE | BRE HRE PR pH PR R
. pH BE HAR (%) %2 | W& (%)
1% 70204 |3 FIBES - BEBBOW 3. 05 - -
5C 6d s EBHOW 3.12 100 1. 12
10d mEEAON 3.08 99.9 0. 69
60C | 6d O — 3. 14 97. 9 113
10d HEBPOHE 3.13 98. 5 1. 78
70205 5 ELER - ,ﬁﬁam o 5.01 - -
5C 6d OF, 5. 02 100 0. 72
10 géé‘mﬁ 498 098 077
60°C | 6d ﬁ‘ﬁ éﬁzizz 5. 11 99. 8 1. 19
10d SoENOR, b. 08 99.9 1. 26
70206 |7 W - @‘%““EMW 6. 97 - -
5°C 6d EDPEENLEE |5 gh 100 0. 71
10d ‘*ﬁ‘f” SEELEET|TE79)) 99.3 0.71
Rl SHETIRGEET
0.1 |Z0207 |3 MBE - mwm 3. 17 - -
% 5C 6d LRI 3.23 100 0.72
10d EEEROW 3.95 100. 8 2. 03
60°C 6d EEBRPOW 3.23 104. 9 1.51
10d EEEHOR 3. 91 99. 6 1.78
70208 5 P - g?ﬁ%mﬁ’ 5.07 - -
5°C 6d SO 5. 24 100 117
10d [ psEag% 5. 99 99.7 0. 87
60°C | 6d S on 5.34 | 104.4 1.50
10d | a5EacE 549 | 99,5 1.79
70209 |7 W N 6. 96 - -
5C 6d EEESOW, 6.93 100 1. 91
10d SoEIOR, 6. 78 99.5 111
Py WEFHOWR,
R TINNE | e B S B
0.01 | 720210 13 T - EEREOR 3.21 - -
% 5C 6d EEBPOR 3. 30 100 0. 00
10d EEBPOH 3.29 99. 3 0.00 %
60°C 6d EEBHOWE 3.33 97. 8 0.00 %
10d WEBFOW 3. 31 98. 9 0.00 %
70211 5 PG - i E?E;aﬁg 5. 17 - -
5C 6d @ﬁy}\{\_?@ij 5. b6 100 0. 00
10d m{%ﬁwm b. 83 93. 8 0.00 *
Ml A anvER
70212 |7 WAEE - mmmg 6. 85 - -
5°C 6d Eerok, | 6.65 100 0.00 *
10d | oeEie® | 6.61 | 100.0 0.00 *
60°C | 6d ﬁi’ﬁ%ﬁa& 7.28 94 4 5. 48 %
10d BiEsirnns 6. 39 926 9.83 #

X2 5COHREMIIH T HEEX ZIREFRELUTEN

+ BFIOBESN0.01% (0. lng/nl) SEBETHLIEND, MORELLELT,

REEOERDEIIRETERN D TEEZA NS

9/31
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ZORFENS, TR INE.

s DHAS BT 2120V, ERENENYT 2
cWTNOBEEHS, IS ERT B3I HELE) I “HNE” AR
- 1% A OPHTTIE, HSMEEDRD 5N/,

1%8F (£S5, pHs, 5, 1),

0. 1%68A (Ed5, pH, 6, 1),

0.01%%% (E»5, pH3, 5, D),
B HEREE LR 722OMER

INHLDRELD, Zfiﬁ:t']@pmi “pHS. 07 BAFNEELWEEBZ BN, REEEOHE
DR, AFOAAGV, pHid4d ke L.

10/31
_32_



6. 2. BUEEECEERE

6. 2. 1. FEHaD HE R OBEE
AFBOBEN. 01%, 0.1%, 0.3%, 1%BBEITOWTHEIE (0. 5LAF7—)V) 2L, &
EHERZRET B.

6. 2. 2. FEHAE

1) SRR
LUFOEMEZ AW TRIEZTT o /2.

JEE BlLGzEH 0w h&EH
SR-0379 * American Peptide N131003
BT HRUDTL FASATAY V3H1038
0. lmol/L & FHASATAY L3R9080
0. Imol/LAKERALFT DU DL | FHSATAY 0379251

*Peptide Content : 78. 3%

2)
AT DAL HFTERBL 7.

1% 0.3% 0.1% 0.01%
R 10301 20304 20302 20303

SR-03793 5000mg 1500mg 500mg 50mg
BT bUT L 4.5g 4.5g 4. 5g 4.5g
0. lmol/L $EFe WE HE HE e
0. lmol/L 7KEftF B U T L W R R R
FEBLK R i R MR
0 500mL 500mL 500mL 500mL

pH 4.0 4.0 4.0 4.0

¥ SR-0379 1%, Peptide Content (%) Ic L VEEBHET 3.
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3) BlEHE
O FFNEEEE T U D LAKIBRZE AWT, HHHEEE 0% LT TRERZEMZMED, SR-0379
% ) RERIEAL L, S E 5.
@ O® SR-0379 2 T DEHIKT 5.
BN EE=4EmE X100/a
a :peptide content (%)

o 1% 0.3% 0.1% 0.01%
20301 20304 70302 20303
SR-0379 i 9000mg 1500mg 500mg 50mg

@ BIEFPUTL LS QEFED) 2RETS.

@ Q=B LBMEIITAN, KEH2L508 AN, BEERIES.
® 0. Imol/L B X1 0. 1mol/L /KB b U7 AT pl4. 0 ICFRE T 5.
® #4x£B%5000l 95 (JWE 100, BETHEDES).

@ AFAA TV —ES 100l TOFBHEL, BfED 5.

6. 2. 3. SEMHER
B L7 BEIC R D, IRFEENRETH o7z, Fleins OREMEERIEIUTO LS
DTHole. WEMREIZET M 2R MER ), TOMORROFM 2N &R

(1) w7
o B it SR
— i () 0.01% 0.1% 0. 3.% 1%
20303 20302 70304 20301
PR EREH DK EAEY EAEY | EAEY | EARY
DI DI DR D
B TRIFIF I8 TREFIFR | REFRERD | IREFRRRD | IRIFEFR
LS VLS NNEILES ks NGRS
pH 3.0~5.0 4. 05 4.03 4. 15 4. 03
HEmE 2%ELT 0.000 0. 845 0. 592 0. 620
=14 FRBIIH L 91. 4 101. 9 97. 8 100. 2
-1 90~110%
WMEMRE | BFcEMEHE | 0 cfu/ml | 0 cfu/ml | 0 cfu/ml | 0 cfu/ml
102 CFU/ul LATF
WEERK 0 cfu/mL | 0 cfu/wl | O cfu/mL | 0 cfu/mL
10! CFU/mL BT
RetE % BiiEd | BREY | BRiEET | BRIERT

AT RURE, RIRE

12/31
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6.3 ABOBE
BIEOBEITOWTIHIE, FROEEMIMCD W TIZI0E 2% L 7.

6.4. fEZRMEORE
SHITRT &BU, KAROAER “ATV—F 1 TRESEE" &Lk

A—T1— B A BN
i1 JET A% — 310g/m?

B AFHOMEE &R ML ' ANTz iR
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T TSR ORE K AR

7.1

1. 2.

1.3

FE D HE R OBE
Amid, EBREREEEEEC - EERZEMNT AARBAIERS. ©IT, HROSA
BHIZZEICLUT, FRORBERET S,

HT B/ EAI ORE

BT ANABKELC, BEERAEER, ARBRFAOHEERELZ.

B OARKA (D—a ) 3E< BB THE - BEN #8240, BIficEm”
EINTNDE, BFRDOWTHE, HARN—ERERIEENIERILWEOEFLEEYE
Wk, ZOXOHAEABOEAZRAEL 2.

CZORER, T4 TIAPATL—250, 5007 I2BWT, BE - AEMEEINTWE.

(CERR264E4A MR PREEZEH) . IR SCER OEBR O A GERAE 2R ER 3) IORT.

=51 :
s eI R - A& g
FovoTa—rarly | EBREE | @EZE] H2 E. EIRICEAE | 20ul PP
TOTFLO—a % | KFEE | #EEZE] H2 B BEICEA | 20nL7” 537y
T4 TIA FloFRisE Bl EE (FEBELTI0 |17 V-7 X
AT V=250 we) ff&HI R
T4 TIA b R HEE- S passd

27 1—500

AR OREREDEE

T4 TSI ARAT L=, “1E EER0 06nl, AEARIIES, FEid2. dnlxXidsml”

TH5.
BROBELC S0 THARHEZEEZITL, UTOEREERL.

Ak A RO T4 TITARAT L —
IR ATV—=851T ATV—F14TF
e HETIATF v 7R BN T 525
&R 1E 0. 05 mL 0. 06 mL
BEENSHBE LU/ | 10lFEE LT, 200 25084%) (2. 5nL) : 410
FA ] BEEIE 500&LA (5mL) - 83
A—H— KL TR &4t -
i35 AR | PE -

AFV— | PP, PE, AFVART YY"
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KEBBWETATIAMATV— (B &, H: 74 TIFARZITL—)

T4 ftEtkomE
OHEE
FRRDT 4 TIA ATV —OBER MK ZHELE. SREITEOEBY,
RRBOEE (RTL—Z) W, EERELLRBRETRLL. —F, BBBRORE
BANTNBIGEES D, [5AONEXIHEBEOWENLEEEZ 5N, RO
REA TR R (4) ISR T

HHAe R DOEE T4 TIA
n=1 n=2 n=3 AT L) %]
REBEF TOEERE 5 8 7 5
TEERE B EEZEE 63 56 55 65
() *2 SFEEER | 0.05406 | 0.05017 | 0.05208 0. 06307
o 0. 001 0. 007 0. 002 0. 002
BN 0. 00314
0. 04903 0. 04578 0. 05759
0. 0474843
BK 0.05556 | 0.05351 | 0.05558 0. 06904
i 0.00653 | 0.05037 | 0.00980 0. 01145
= 22 D) 5 - & =
HEEOR 3549 | %002 | a1 | Comed)
HIBREE (@)

#1 : AT L=/ ZNVOBERL T, BERERE
2 RE LCHEBERET —F I TREH
%3 :0.00314 (g) ZEAN L e HBEDR/NEZER
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