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ABSTRACT

Development of natural resources for cardiovascular disease

improvement from Pinus densiflora

Jayoung Park
Advisor : Prof. Hyeonsook Cheong, Ph.D.
Department of Life Science

Graduate School of Chosun University

Pine trees (Pinus densiflora Sieb. et Zucc) belong to the family Pinaceae and
are widely distributed around the world. In East-Asian countries such as Korea
and China, Japan, various parts of pine trees, including the needles, cones,
cortices, and pollen, are widely consumed as foods or dietary supplements to
promote health and have shown a wide spectrum of biological and
pharmacological actions such as anti-inflammatory, antibacterial, antiviral,
antidepressant, antihyperternsion, and triglyceride decreasing effects. We have
previously reported that the fermented pine needle extract (FPE) from these
plants possesses fibrinolytic activity and antihypertension. Two fibrinolytic
compounds, protocatechuic (PCA) and shikimic acids (SA), were isolated from
the ethyl acetate- and n-butyl alcohol-soluble fractions of FPE, respectively. Fibrin

clots lysis in compounds PCA and SA occurred completely in the pH 2-4 range.
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These compounds strongly suppressed fibrin clots formation, which was
determined by measuring turbidity. The SDS-PAGE pattern demonstrated that
plasmin fibrinolysis was different from that of chemicals PCA and SA. Plasmin
disassembles the Aa and BB chains of fibrin, but chemicals PCA and SA
maintained the Aa, BB, and y fibrin chains after fibrinolysis. Furthermore, we
measured the changes in the quantities of compounds PCA and SA that were
obtained from FPE. While the fermentation progressed, we determined that the
quantity of compound PCA steadily increased, while the quantity of SA did not
demonstrate significant changes. FPE is an excellent resource for chemicals PCA
and SA and can provide inexpensive and sufficient quantities for industrial-scale
extraction. The Angiotensin converting enzyme (ACE) is the key enzyme
catalyzes angiotensin |  (Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-Val-lle) to
angiotensin Il (Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu-Val-lle) in renin-angiotensin
system. Angiotensin | produces aldosterone in combination with angiotensin Il
receptor, which increases blood pressure through absorption of Na'. To
investigate the antihypertensive compounds from Pinus densiflora Sieb. et Zucc
(red pine) needles, water, ethyl acetate - and n-butyl alcohol-soluble fractions
from red pine needles were screened for the inhibitory activity against ACE. The
most potent ACE inhibitory activity was detected in the ethyl acetate
alcohol-soluble fractions (5 mg/mL). After the purification of ACE inhibitor
compounds with column chromatography, antihypertensive activity was determined
by measuring Revers Phase-HPLC. We obtained two active compounds,

abieta-8,11,13-trien-18-oic and 8(17),12,14-Labdatriene-19-oic acids. To measure
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quantitative analysis of antihypertensive activity, we analyzed the quantities of
hippuric acid using RP-HPLC. abieta-8,11,13-trien-18-oic acid (3 mM) and
8(17),12,14-Labdatriene-19-oic acid (3 mM) inhibited production hippuric acid in
N-Hippuryl-His-Leu. Also, abieta-8,11,13-trien-18-oic acid (dehydroabietic acid) and
8(17),12,14-Labdatriene-19-oic acid (commnunic acid) regulated ACE and
angiotensin Il receptor expression in endothelial cells. We determined that
abieta-8,11,13-trien-18-oic and 8(17),12,14-Labdatriene-19-oic acids separated

from the red pine needles are new ACE inhibitors.
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|. Introduction

Pinus densiflora (red pine) is widely distributed around East-Asian countries
including Korea, Japan, China, and southeastern Russia. Although red pine
needles contain growth inhibitory substances and possess allelopathic potential in
herbaceous plants, various parts of red pine are used as foods or dietary
supplements to promote health (Cabon, 2006; Kim et al.,, 2000). Pine needle
extract (PE) was reportedly identified to have biological and pharmacological
activities, including anti-oxidant, anti-inflammatory, anti-bacterial, anti-cholesterol,
gastrointestinal motility control, and fibrinolysis effects (Choi et al., 2007; Jun et
al., 2003; Park et al., 2008a; Park et al., 2008b). In particular, we have
discovered fibrinolysis effect of PE for the first time (Park et al., 2008a; Park et
al., 2008b).

Cardiovascular disease (CVD) is responsible for one-third of global deaths and
is a leading and increasing contributor to the global disease burden (Diane et
al., 2002). Importantly, CVD is eminently preventable. In order to achieve
significant reductions in the avoidable CVD burden, a combination of
population-based and high-risk strategies necessary. These strategies should
target lifestyle-related risk factors such as unhelathy diet, physical inactivity and
tobacco use, as well as the intermdiate mainfestations of these lifestyles;
hypertension, glucose intolerance, and hyperlipidemia. In addition, strategies
aimed at improving management of those already affected by CVD should be an

integral component of a comprehensive approach for the prevention and control of CVD.
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Both coagulation and fibrinolysis are precisely regulated by the fine-tuned
participation of substrates, activators, inhibitors, cofactors and receptors. Blood
clot formation occurs when fibrinogen is converted by thrombin to fibrin, which is
the structural protein that assembles into the fibrin polymer (Cesarman et al.,
2005).

Thrombin itself forms after prothrombin is proteolytically cleaved by Factor Xa.
Fibrin is a major protein component of blood clots. Human fibrinogen is a
plasma glycoprotein that participates in the final phase of blood coagulation. It is
composed of two sets of three polypeptides designated Aa, BB and y with
molecular masses of 66, 52, and 46 kDa, respectively (Mckee et al., 1996;
Williams et al.,, 1998), which combine to a 340-kDa bilaterally symmetrical
glycoprotein consisting of six polypeptides (AaBBy)2 that are held together by 29
disulfide bonds (Henschen et al., 1986).

Fibrinolysis is mediated by plasmin, which is a serine protease that cleaves
the fibrin network.5,6 Plasmin is derived from plasminogen by tissue plasminogen
activator (tPA) or urokinase-type plasminogen activator5,7 in the presence of
fibrin, which accelerates the proteolysis rate (Lord S. T., 2011; Zamolodchikov et
al.,, 2012) (Fig 1).

Over the last decade, potent fibrinolytic components have been discovered
from various sources such as earthworms (Mihara et al., 1990), snake venoms
(Jia et al.,, 2003), insects (Ahn et al., 2003), mushrooms (Lee et al., 2006), and

fermented food products such as Japanese natto (Sumi et al., 1992) and Korean
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chungkook-jang soy sauce (Jeong et al., 2001).

Aspirin, a normally analgesic drug, is among the most well-known synthetic
antithrombotic reagents. The antithrombotic effects of aspirin reflect its ability to
inhibit thromboxane A2 (TXA2) synthesis, which is a potent inducer of platelet
aggregation and vasoconstriction, by inactivating platelet cyclo-oxygenase-1
(COX-1) (Patrono et al., 2005).

Additionally, fibrinogen is reportedly acetylated by aspirin, which alters fibrin
(Bjornsson et al., 1989). Aspirin-mediated fibrinogen acetylation affects the fibrin
network structure by making the network more porous (Antovic et al., 2005;
Fatah et al., 1996; Wililams et al., 1998). A more porous fibrin network has
been associated with facilitated fibrinolysis, which may explain part of aspirin’s
antithrombotic effects (Ajjan et al., 2009; Collet et al., 2006).

Protocatechuic acid (PCA) and shikimic acid (SA) are secondary metabolites
that have been found only in microorganisms and plants through the shikimate
pathway (Herrmann et al., 1995). PCA and SA were simple phenolic compounds
that are widely distributed in nature, and display many useful biological activities.
PCA could protect against epithelial malignancy in different tissues as well as
cardiovascular diseases and may act as a tumor modulator to reduce cancer risk
(Lin et al, 2007; Tanaka et al, 2011). PCA reportedly inhibited
lipopolysaccharide-induced liver damage in rats and protected against
H20O2-induced apoptosis in PC12 cells (Chou et al., 2010; Lin et al.,, 2003). It
was also shown that PCA inhibited tyrosinase activity, melanin formation,

promoted cell proliferation and neural stem cell apoptosis (Shui et al.,, 2006; Shui
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et al,, 2009). SA was an essential compound in plant aromatic amino acids
biosynthesis pathways and was a major precursor for many plant alkaloids
(Hiroki et al., 2009). In plants and microorganisms, SA can lead to the
L-phenylalanine, L-tyrosine and L-tryptophan biosynthesis (Enrich et al., 2008).
SA has a variety of biological activities; it was reportedly a potent competitive
inhibitor of C4 phosphoenolpyruvate carboxylase (Colombo et al., 1998), and also
modulated innate immunity when combined with quercitin (Bertelli et al., 2008).
In addition to SA, the derivatives of SA were used as herbicides in agriculture
and horticulture industry without any negative effect on mammals (Jiang et al.,
1999). Additional useful utility of SA was a synthetic building block for the
production of oseltamivir (Tamiflu).

Hypertension is already a highly prevalent risk factor for CVD throughout the
industrialized world. It is becoming an increasingly common helath problem
worldwide because of increasing longevity and prevalence of contributing factors
such as obesity, physical inactivity and an unhealthy diet (Wada et al., 1985;
Feio et al.,, 1997). The current prevalence in many developing countries,
particularly in urban societies, is already as high as those seen in developed
countries (Tolmacheva et al., 2006; Jayaram et al., 1994).

Hypertension plays a major etiologic role in the development of
cerebrovascular disease, ischemic heart disease, cardiac and renal failure.
Treating hypertension has been associated with about a 40% reduction in the
risk of stroke and about a 15% reduction in the risk of myocardial infarction

(Kinouchi et al., 2000). Although the treatment of hypertension has been shown

— 10 —
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to prevent CVD and to extend and enhance life, hypertension remains
inadequately managed everywhere (Prinz et al., 2002; Vidotti et al., 2004; Yoon
et al., 2000; Bernsterin et al., 1989; Acharya et al., 2003; Ehlers et al., 1989;
Unger, 2002). In addition, hypertension often coexists with other cardiovascular
risk factors, such as tobacco use, diabetes, hyperlipidemia and obesity, which
compound the cardovascular risk attributable to hypertension (Prinz et al., 2002;
Vidotti et al., 2004; Yoon et al., 2000).

The renin angiotensin system (RAS) play a important role in the blood
pressure regulation. Major compounds are angiotensinogen, angiotensin
converting enzyme, angiotensin | and Il, angiotensin Il receptor type | (Fig. 2).
ACE (EC 3.4.15.1) belongs to the zinc protease and is located in the endothelial
cell. ACE function is to cleave his-leu from angiotensin | to form angiotensin Il
ACE has N-terminal and C-terminal and the active sites interact to different
substrates ACE inhibition considered an important treatment of high blood
pressure (Actis-Goretta et al., 2003).

The first orally active inhibitor is captopril, and it was made based on known
inhibitors of another carboxy-peptidase A. Captorpril, ACE inhibitor, competitively
intercept the activity of ACE, thereby decreasing circulation and local
concentraion of angiotensin Il. Decreasing angiotensin Il is reducing aldosterone
and vasopressin (Atlas, 2007). Angiotensin Il is a important effector of
vasoconstriction, cell growth, sodium and water retention. Angiotensin Il appears
to promote endothelial a functional disorde, inflammation, oxidative stress, insulin
resistance, and reduced B-cell hyper-response. The connection between the RAS
and hypertension has led to compelling indications to block the formation or
activity of angiotensin Il through use of ACE inhibitiors and angiotensin receptor
blocker (Ferrario, 2010)

Diterpene resin acids are an important compound to prevent herbivores and

pathogens (Diane et al., 2002). The biological activity of diterpene resin acids,

— 11 —
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such as antimicrobial, antiulcer, and cardiovascular activityes is the most
represented for this class of diterpenoids. Dehydroabietic acid and its derivatives
exhibit antiulcer antiulcer (Wada et al., 1985), antimicrobial (Savluchinske et al.,
1997), anxiolytic (Tolmacheva et al.,, 2006), antiviral (Tagat et al.,, 1994),
antitumor (Prinz et al., 2002), and cytotoxic activities (Kinouchi et al., 2000).

In this study as a continuation of our search for active fibrinolytic and
antihypertension compounds from FPE and needle of red pine, it was found for
that fibrinolysis and antihypertension compounds in FPE and needle of red pine,
respectively. Herein, we report as potential novel fibrinolytic agents and
antihypertension compounds. To study interaction of ACE and ACE inhbitory,
also, construction of the ACE gene was transformed using pET-15b with the

cDNA of the mouse.
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Figure 1. The overview of fibrin clot formation and fibrinolysis.
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Capter 1.
Screening of compounds with biological activity on fibrinolysis from fermented

Pinus densiflora extract

1.1 Introduction

Pinus densiflora (red pine) is widely distributed around East-Asian countries
including Korea, Japan, China, and southeastern Russia. Although red pine
needles contain growth inhibitory substances and possess allelopathic potential in
herbaceous plants, various parts of red pine are used as foods or dietary
supplements to promote health (Caboun et al., 2006; Kim et al., 2000). Pine
needle extract (PE) was reportedly identified to have biological and
pharmacological activities, including anti-oxidant, anti-inflammatory, anti-bacterial,
anti-cholesterol, gastrointestinal motility control, and fibrinolysis effects (Choi et
al.,, 2007; Jung et al., 2003; Park et al., 2008a; Park et al., 2008b).

Both coagulation and fibrinolysis are precisely regulated by the fine-tuned
participation of substrates, activators, inhibitors, cofactors and receptors. Blood
clot formation occurs when fibrinogen is converted by thrombin to fibrin, which is
the structural protein that assembles into the fibrin polymer (Cesarman-Maus et
al., 2005). Thrombin itself forms after prothrombin is proteolytically cleaved by
Factor Xa. Fibrin is a major protein component of blood clots. Human fibrinogen

is a plasma glycoprotein that participates in the final phase of blood coagulation.
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It is composed of two sets of three polypeptides designated Aa, Bf and vy
with molecular masses of 66, 52, and 46 kDa, respectively (Mckee et al., 1996;
Williams 1998), which combine to a 340-kDa bilaterally symmetrical glycoprotein
consisting of six polypeptides (AaBpy)2 that are held together by 29 disulfide
bonds (Henschen et al., 1986).

Fibrinolysis is mediated by plasmin, which is a serine protease that cleaves
the fibrin network.5,6 Plasmin is derived from plasminogen by tissue plasminogen
activator (tPA) or urokinase-type plasminogen activator5,7 in the presence of
fibrin, which accelerates the proteolysis rate (Lord, 2011).

Over the last decade, potent fibrinolytic components have been discovered
from various sources such as earthworms (Mihara et al., 1990), snake venoms
(Jia et al.,, 2003), insects (Ahn et al.,, 2003), mushrooms (Lee et al., 2006), and
fermented food products such as Japanese natto (Sumi et al., 1992) and Korean
chungkook-jang soy sauce (Jeong et al., 2001).

Aspirin, a normally analgesic drug, is among the most well-known synthetic
antithrombotic reagents. The antithrombotic effects of aspirin reflect its ability to
inhibit thromboxane A2 (TXA2) synthesis, which is a potent inducer of platelet
aggregation and vasoconstriction, by inactivating platelet cyclo-oxygenase-1
(COX-1) (Patrono et al., 2005). Additionally, fibrinogen is reportedly acetylated by
aspirin, which alters fibrin (Bjornsson et al., 1989). Aspirin-mediated fibrinogen
acetylation affects the fibrin network structure by making the network more
porous (Antovic et al., 2005; Fatah et al., 1996; Wiliams et al., 1998). A more

porous fibrin network has been associated with facilitated fibrinolysis, which may
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explain part of aspirin’s antithrombotic effects (Ajjan et al., 2009; Collet et al.,
2006). In particular, we have discovered fibrinolysis effect of PE for the first
time.

Protocatechuic acid (PCA) and shikimic acid (SA) are secondary metabolites
that have been found only in microorganisms and plants through the shikimate
pathway (Herrmann et al., 1995). PCA and SA were simple phenolic compounds
that are widely distributed in nature, and display many useful biological activities.
PCA could protect against epithelial malignancy in different tissues as well as
cardiovascular diseases and may act as a tumor modulator to reduce cancer risk
(Lin et al, 2007; Tanake et al, 2011). PCA reportedly inhibited
lipopolysaccharide-induced liver damage in rats and protected against
H2O,-induced apoptosis in PC12 cells (Chou et al., 2010; Lin et al.,, 2003). It
was also shown that PCA inhibited tyrosinase activity, melanin formation,
promoted cell proliferation and neural stem cell apoptosis (Shui et al., 2006; Shui
et al.,, 2009). SA was an essential compound in plant aromatic amino acids
biosynthesis pathways and was a major precursor for many plant alkaloids
(Hiroki et al., 2009). In plants and microorganisms, SA can lead to the
L-phenylalanine, L-tyrosine and L-tryptophan biosynthesis (Enrich et al., 2008).
SA has a variety of biological activities; it was reportedly a potent competitive
inhibitor of C4 phosphoenolpyruvate carboxylase (Colombo et al., 1998), and also
modulated innate immunity when combined with quercitin (Bertelli et al., 2008).
In addition to SA, the derivatives of SA were used as herbicides in agriculture

and horticulture industry without any negative effect on mammals (Jiang et al.,
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1999). Additional useful utility of SA was a synthetic building block for the

production of oseltamivir (Tamiflu).
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1.2 Material and Method

1.2.1 General experimental procedures

UV spectra were recorded in MeOH on a UV-vis spectrophotometer (Optizen,
3220UV). NMR spectra were attained using a Varian Unity-INOVA spectrometer
that was operated at 500 MHz for 1TH NMR and at 125 MHz for 13C NMR with
complete proton decoupling at the Korea Basic Science Institute (KBSI, Gwangju
Center, Korea). The deuterated solvent for NMR analysis (CDCI3) was purchased
from CIL (Cambridge Isotope Laboratory, USA). The MS data were obtained
using a Micro mass QTOF2 (Micro mass, Wythenshawe, UK) mass spectrometer.
Silica gel (Merck, 63 um ~ 200 um particle size) and C-18 silica gel (Merck, 75
um particle size) were used for column chromatography. TLC was obtained using
silica gel 60 F254 and RP-18 F254 plates that were purchased from Merck. To
isolate compounds 1 and 2, HPLC was performed using a Gilson (Middleton,
USA) system with a UV detector and an ODS-H80 column (20 x 150 mm, 4 pm
particle size). To quantify the two compounds, a reversed-phase HPLC with a
pack polymer C18 column (6 um particle size, 4.6 mm, 250 mm) from the YMC
Corporation, and a Shimadzu HPLC system (Tokyo, Japan) consisting of a
LC-20AT pump, CTO-10AS column oven, and an SPD-20A UV detector was
employed. To measure turbidity, an Eon UV spectrophotometer from BioTek

Instruments, Inc. (Winooski, USA) was used.
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Gen 5.2 software was used for the turbidity analysis. Fibrinogen, thrombin,
protocatechuic acid and shikimic acid were purchased from the Sigma Aldrich
Co. (St. Louis, USA). Compounds for the assay were dissolved at a
concentration of 5 mM in distilled water stock solution. The stock solution was
diluted to the desired final concentrations with fibrin and fibrinogen solution just
before use. All of the solvents used for extraction and isolation were of

analytical grade.

1.2.2 Plant material

Fresh red pine needles (Pinus densiflora Sieb. et Zucc.) were picked up from
red pine in the Gokseong province, Jeollanam-Do, Southern Korea. Harvested
red pine needles were cleaned with tap water (cleaned with 5% charcoal) and
dehydrated with the spin-drier. The dehydrated pine needles were crushed and

extracted with the press-juice extractor.
1.2.3 Fermented pine needle extract (FPE) preparation
To recover the supernatant, the pine needle extract (PE) preparation was

allowed to settle at 4 °C for 3 h. FPE were stored at 23+2 °C for years for

fermentation.
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1.2.4 Extraction and Isolation

The dried and powdered fermented pine needle extract (Pinus densiflora Sieb.
et Zucc.) (FPE) (214.6 g) was dissolved in H,O (1.0 L) and then partitioned
(1:1) with n-hexane to give an n-hexane-soluble fraction. The H,O layer was
dried and H,O (500 mL) was then added. The aqueous solution was partitioned
with ethyl acetate (EtOAc) to separate the EtOAc-soluble fraction (20.0 g) from
the H20O-soluble fractions. The EtOAc-soluble fraction (20.0 g) was passed over
a silica gel column and eluted with n-hexane:acetone (6:1 to 0:1) to give nine
fractions (F1-F9). The F6 fraction was loaded onto an HPLC ODS-H 80 column
to yield protocatechuic acid (1) (35 mg) using a mixed solvent of MeOH-H20
(33:67) as an eluent. After isolating the EtOAc layer, the H,O layer was dried,
and H,O (500 mL) was then added. This aqueous solution was partitioned with
n-butyl alcohol (n-BuOH) to separate the n-BuOH-soluble fraction (250 mg) from
the H.O-soluble fractions. The n-BuOH-soluble fraction (250 mg) was passed
over a Sephadex LH-20 column and eluted with MeOH to give three fractions
(F1-F3). The F1 fraction was applied to an HPLC ODS-H 80 column to yield

shikimic acid (90 mg) using a mixed MeCN-H>O (5:95) solvent as an eluent.

1.2.5 Fibrinolysis activity assay in fibrin clots and fibrinogen solution

To measure the fibrinolysis activity of PCA and SA in fibrin clot solution,
fibrinogen (0.45 mg/mL) and thrombin (0.25 U/mL) were incubated at 37 °C for
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2 h. After fibrin clot formation, the fibrin clot solution was incubated with various
concentrations of PCA and SA (0, 0.25, 0.5, and 1 mM) at 37 °C, and the
reaction was stopped after 30 min. To identify how varied pH changes the
fibrinolysis activity of PCA and SA in test tubes, the fibrin clot solution was
incubated with solutions of various pH along with PCA and SA (pH 2-7) at 37
°C, and the reaction was stopped after 30 min. The fibrin clot solution was also
filled in prepared test tubes, which were sealed on one side with parafilm, and
incubated at 37 °C for 2 h. After fibrin clot formation, the fibrin clot solution was
incubated with PCA and SA at various pH levels (pH 2-7) at 37 °C, and the
reaction was stopped after 30 min. To compare the fibrinolysis patterns of fibrin
and fibrinogen solution that was treated with PCA, SA, and aspirin with plasmin,
the fibrin and fibrinogen chain composition was analyzed by 12% SDS-PAGE. To
measure fibrin clot formation after treatment with PCA, SA, and aspirin in
fibrinogen solution, fibrin clotting was initiated in H,O (pH 7 containing 100 mM
CaCl2) at 37°C with final fibrinogen concentrations of 0.45 mg/mL. The fibrinogen
solution was incubated with PCA, SA, aspirin, and thrombin (0.25 U/mL). The
final concentrations of PCA, SA, and aspirin were adjusted to 1 mM, and the
reaction was stopped after 30 min. Fibrin clot and fibrinogen solution turbidity
measurements were modified as previously described.41 Turbidity was monitored
at a wavelength of 350 nm on the Eon multiwall plate reader (Biotek Instruments

Inc.).

1.2.6 Quantitative analysis of protocatechuic and shikimic acids
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Quantitative analysis of PCA in FPE was performed using HPLC with a pack
polymer C18 column (4.6 x 250 mm, 6 pm particle size, Kyoto, Japan). The
mobile phase was MeOH in H;O containing 0.1% formic acid (0-25 min: 30%
MeOH, 25-28 min: 30-100% MeOH, 28-38 min: 100% MeOH, 38-42 min:
30-100% MeOH, 42-45 min: 30% MeOH) at a flow rate of 3.0 mL/min and UV
detection at 205 and 254 nm to obtain PCA (tR = 17.8 min). Quantitative
analysis of SA in FPE was performed using HPLC with a pack polymer C18
column (4.6 x 250 mm, 6 ym particle size, Kyoto, Japan) and a MeCN in H,O
mobile phase containing 0.1% formic acid (0—-13 min: 5% MeCN, 16-20 min:
80% MeCN, 21-25 min: 5%) at a flow rate of 3.0 mL/min and UV detection at
205 and 254 nm, tR = 10.0 min.
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1.3 Results and discussion

1.3.1 Isolation and purificaiton of fibrinolysis compounds

The fermented pine needle extract (FPE) demonstrated strong fibrinolysis
activity.27,28 The FPE with fibrinolysis activity was fractionated with n-hexane,
ethyl acetate- (EtOAc) and n-butyl alcohol (n-BuOH). Among these, the EtOAc,
and n-BuOH-soluble fractions exhibited strong fibrinolysis activity. The
EtOAc-soluble fraction that exhibited strong fibrinolysis activity was further purified
by repeated silica gel column/HPLC, and the n-BuOH soluble fraction was
purified by Sephadex LH-20 column/HPLC (Fig. 1). The chemical structures of
the protocatechuic acid (PCA) from the EtOAc-soluble fraction and the shikimic
acid (SA) from the n-BuOH-soluble fraction of FPE were identified using
spectroscopic data (Fig. 2 and 3).
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Fermented Pine Needle extract (FPE)

Partioned with EtOAc and then BuOH

H20 layer Hexane layer EtOAc layer BuOH layer
8i0-0CC 7 x 30 cm Fluted with LH-20 % 30 cm Eluted with MeOH
n-hexane : acetone (6: 1t00: 1)
| F2 F3
| | | |
HPLC
Lo F3 F6 - F9 ODS-H80 column 20 x 150 mm
UV-detector 205 & 254 nm
MeCN in O
F61 - F69 Shikimic acid
HPLC
ODS-H80 column 20 x 150 mm
UV-detector 205 & 254 nm
MeOH in H:0

Protocatechuic acid

Figure 3. Procedure for islating protocatechuic acid and shikimic acid from
fermented pine needle extract (FPE). The ethyl acetate-soluble fraction exhiting
strong fibrinolysis activity was further purified by repeated silica gel column and
HPLC, and the n-butyl alcohol-soluble fraction was purified with a Sephadex
LH-20 column and HPLC. The structures of protocatechuic acid from the FPE
ethyl acetate-soluble fraction and shikimic acid from the FPE n-buthyl

alcohol-soluble were identifed by 'H NMR and C NMR spectroscopy.
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Figure 4. 'H and C NMR spectra of protocatechuic acid isolated from

fermented pine needle extract. A. '"H NMR spectrum. B. *C NMR spectrum.
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Figure 5. 'H and "C NMR spectra of shikimic acid isolated from fermented pine
needle extract. A. '"H NMR spectrum. B. °C NMR spectrum.
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1.3.2 Fibrinlysis activity of protocatechuic acid and shikimic acid

The fibrinolysis of PCA and SA was determined by measuring turbidity using a
UV spectrophotometer. To measure fibrinolysis activity, chemicals PCA and SA
were added to the fibrin clot solution. When PCA and SA (1 mM) were added
to the fibrin clot solution, the turbidity of fibrin clot solution dramatically
decreased during a 30 min incubation, which clearly indicated that the fibrin clot
was dissolved.41,42 Also, this activity seems to be dependent upon a certain
range of concentrations (0.25 — 1.0 mM) of PCA and SA (Fig. 4). These results
suggest that PCA and SA are active molecules possessing potential fibrinolytic
activity in the FPE.
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Figure 6. Fibinolysis effects of protocatechuic and shikimic acids in finbrin
solution. Fibrin clots were made by adding thrombin to fibrinogen and inubating
for 12 h. After fibrin clot formation, their solutions were incubated with
protocatechuic and shikimic acids (0.25 - 1 mM) for 30 min. The fibrinolysis
activity was determined by measuring turbidity with a UV spectrophotometer.

Distilled water was used as a negative control.
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Because PCA and SA strongly decreased the turbidity of fibrin clot solution,
we further evaluated their fibrinolysis activity with varying pH. To determine the
optimal pH for dissolving fibrin clots, the pH of solution of PCA and SA was
varied from 2 to 7 before the assessment. The fibrin clot solution turbidities were
measured from pH 2 to 7 using a UV spectrophotometer, and the concentrations
of PCA and SA were fixed to 1 mM. Upon adding PCA and SA to the fibrin
clot solution, the turbidity decreased in solutions of pH 2, 3 and 4, while the
turbidity did not change in solutions at pH 5, 6 and 7 (Fig. 5A). The fibrinolysis
effects of PCA and SA in test tubes after 30 min of incubation in fibrin solution
were demonstrated visually. It could be seen that the fibrinolysis by the two
chemicals occurred completely in the pH range of 2-4, while turbid solutions
were clearly observed in the pH range of 5-7 (Fig. 5B). These results suggest
that the activity of PCA and SA is influenced by pH, and the optimal fibrinolysis
activity pH was determined to be in the acidic range 2-4 pH range.“z’43 The rate
of fibrinolysis was also measured using a spectrophotometer at pH 4 with 1 mM
of PCA and SA, respectively. PCA showed the higher rate than SA, which
indicates PCA has a higher activity than SA (Fig. 6). The clear pH dependence
of the activities of both compounds suggested the clue to the active forms of
PCA and SA that display the fibrinolytic activity. The pKa values of PCA and SA
are 4.48 and *>'°, respectively. Thus, both compounds will exist predominantly as
a non-ionized form at pH 4 or lower. It is highly suggestive that it is the

conjugate acid form of PCA and SA that displayed such fibrinolytic activities.
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Figure 7. Changes of fibrinolysis activity by varying the pH of protocatechuic and
shikimic acids in fibrin solution. A. The fibrinolysis activity of chemicals 1 and 2
(1 mM) was measured with UV (at 350 nm) after 30 min incubation. In the pH
2 ~ 4 range, the fibrinolysis mediated by the two chemicals occurred completely

in the fibrin solution. In the pH 5 ~ 7 range, the fibrinolysis activity of the two

chemicals decreased in

protocatechuic and shikimic acids in test tubes after 30 min incubation in fibrin

the fibrin solution.

solution were demonstrated visually.
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Figure 7. Changes of fibrinolysis activity by varying the pH of protocatechuic and

shikimic acids in fibrin solution. (Continue)
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Figure 8. Time dependent change of turbidity of fibrin clots upon addition of
protocatechuic acid and shikimic acid. A. The turbidity of fibrin solution was
monitored in the presence of 1 mM protocatechuic acid for 44 seconds at 2
second intervals. R*= 0.9772. B. Time dependent turbidity change of fibrin
solution in the presence of 1 mM shikimic acid was monitored for 74 seconds at
2 second intervals. R*= 0.9954
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1.3.3 Fibrin and fibrinogen lysis pattern of protocatechuic acid and shikimic acid

It is well known that fibrin and fibrinogen are hydrolyzed by plasmin (Pizzo et
al,, 1973; lzzo et al., 1972). To compare the mode of fibrinolysis of PCA, SA,
aspirin and plasmin, the changes in fibrin and fibrinogen subunit structure have
been analyzed by electrophoretically examining the degraded products (in a
solution that was treated with PCA, SA, and aspirin compared with plasmin).
Under reducing conditions, SDS-PAGE analysis demonstrated Aa, BB, and y
fibrinogen chains. In the case of PCA, SA, and aspirin, the Aa, BB, and vy fibrin
and fibrinogen chains were intact while plasmin digestion demonstrated that the
Aa and B fibrin and fibrinogen chains disappeared while the y chain persisted
(Fig. 7). The results demonstrated in Figure 5 suggest that similar to aspirin,
PCA, SA, and aspirin do not affect polypeptide chains of fibrin and fibrinogen
while plasmin directly digests the Aa and B fibrin and fibrinogen chains (Francis
et al.,, 1980; Pizzo et al., 1973; Izzo et al., 1972). Therefore, it is more likely
that the fibrinolysis by PCA and SA arises from dissolving effect rather than
degradation.

It was suggested that aspirin enhances fibrinolysis by acetylating fibrinogen.
Acetylation of fibrinogen acetylation makes the peptide chain network more
porous, which is more susceptible to fibrinolysis (Antovic et al., 2005; Fatah et
al., 1996; Williams et al., 1998). However, both PCA and SA do not have any
functional group that can modify a polypeptide chain. Subsequently, unlike

aspirin, PCA and SA cannot exert their fibrinolytic activity via the acetylation
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mechanism. The pH dependent activity suggests that the non-ionized forms in
both cases are active agents. Non-ionized forms can afford more hydrophobic
interactions such as a m-m stacking interaction. These binding events are
expected to disrupt stabilizing interactions between polypeptide chains leading to
loosening the fibrin network, and thereby induce a dissolving effect. The
presence of negative charges may hinder the formation of such hydrophobic
interactions. Non-ionized forms of PCA and SA still have polar functional groups
such as a carboxyl group and multiple hydroxyl groups. These polar groups also
may contribute additionally to the binding of these compounds to the fibrin
peptide chain via hydrogen bonding. The contributions from the combination of
hydrophobic interactions and hydrogen bonding to the binding of small molecules
to proteins are well documented in enzyme-substrate binding.* Therefore, both
hydrophobic interaction and hydrogen bonding from the PCA and SA are likely

to disrupt ure of the peptide chain, leading to fibrinolysis.
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Fig. 9. SDS-PAGE fibrinolysis patterns in fibrin and fibrinogen solutions that were
treated with protocatechuic acid, shikimic acid, and aspirin compared with

plasmin. A. Electrophoretic patterns of fibrin on a 12% gel with protocatechuic
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acid, shikimic acid, aspirin, and plasmin (M; marker, lane 1; water, lane 2; PCA,
lane 3; SA, lane 4; aspirin, lane 5; plasmin). B. The electrophoretic patterns of
fibrinogen on a 12% gel with protocatechuic acid, shikimic acid, aspirin, and
plasmin (M; marker, lane 1; water, lane 2; PCA, lane 3; SA, lane 4; aspirin,

lane 5; plasmin).
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1.3.4 Antithrombotic and bleeding time effects of protocatechuic and shikimic

acids in mouse

To test the antithrombolytic activity of protocatechuic and shikimic acids in
vivo, carrageenan-induced mouse tail thrombosis model and collagen plus
epinephrine induced pulmonary thromboembolism model of mice were used.
Carrageenan (1 mg/kg) was dissolved in saline and was an intravenous injection.
The lengths of the infarct region of the mouse tails were measured after 1, 3, 6,
12, 24, and 48 h treatment. Only when injected saline, swelling and reddening
or bluing of tail was seen first and then became auburn. After 48 h, the infarct
regions of the tail were found to significantly increase with time. However,
Aspirin, PCA, and SA were showed that the infarct regions of the tail were
decrease or nearly disappeared after 48 h treatment with 100 mM (Fig. 8). It
could be conclude in Figure 8 that PCA and SA significantly inhibited
carrageenan-induced mouse tail thrombus formation in vivo. It was also
concluded that the remaining time of three chemical in the mouse tail was
increased antithrombosis activity. The representative actual results of each group
at 6 h were showed in Figure 9. The average thrombus length of aspirin, PCA,
and SA was 3.85, 3.03, and 3.60 cm, respectively. The thrombus nearly
disappeared in the tip of mouse tail in aspirin, PCA, and SA. From these
results, it was concluded that three chemicals could significantly inhibit thrombus
formation in carrageenan induced mouse tail thrombus model. To antithrombotic
effect of PCA ans SA in collagen and epinephrine induced acute pulmonary

thromboembolism model, a mixture of collagen
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and epinephrine into the tail vein of mice was intravenous administration. Vehicle
caused death or paralysis in 100% mice within 15 min. Intravenous adminstration
of 100 mM PCA and SA survived 80% mice, but survival rate of 100 mM
aspirin was 50% (Table 1).

In all mice, although small thrombi was seen partly the vicinity of the intracuff
placement, no thrombus was present in the contralateral carotid artery as a
control (Fig. 10A). The occlusive thrombus was observed at the center of the
intracuff region in FeCl; treated groups at 30 min after the combined applicatin
of ligation and cuff placement (Fig. 10B). FeCI3 and aspirin groups were shown
to half region (Fig. 10C). In contrast, no thrombus was seen at PCA and SA
groups (Fig. 10D and E). To study the effect on hemostasis, the tail bleeding
assay was performed. Tail bleeding times of control mice were 515 sec.
However, 100 mM PCA and SA with strong thrombolytic effect produced a mild
nearly disappeared or little increase (1.0 and 1.1 fold, respectively) in bleeding
time than control mice. On the other hand, 100 mM aspirin increased the
bleeding times 3.6 fold over control mice (Fig. 11). In most mouse models of
thrombus formation, thrombus was rapidly generated from within a few seconds.
(Carmeliet 1997, Farrehi 1998, Roesken 1997, Hara 1991, Roque 2000) These
models by means of acute and dramatic injury of endothelium appear not to be
suitable for investigating the course and mechanism of endothelium damage or
injury, since it is too acute to detect the pathophysiological changes of
endothelium after stimuli. This model is likely to be of particular value in

studying the relationship between thrombosis formation and the alteration of
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endothelial cell morphology and function in detail. An endothelial site-specific
disruption induced by the combination of ligation and cuff placement provides a
unique model for spontaneous thrombosis secondary to endothelial cell damages.
Therefore, this model provides insight into the physiological role and importance
of endothelial function in vivo and constitutes a valuable animal model for the
evaluation of new therapeutic strategies for the treatment of thrombogenesis
(Sasaki 2004). Sasaki et al. had confirmed that aspirin inhibited of the thrombus
formation. In this study, new function of PCA and SA was found that could
inhibit carrageenan-induced tail thrombosis. Also, the protective effect of PCA
and SA was observed in the collagen and epinephirine-induced pulmonary
thromboembolism mice model. The antithrombotic effects in FeCI3 induced
carotid arterial thrombus model showed that PCA and SA attenuate thrombosis.
Although the mechanism of antithrombus by PCA and SA is not study in detail,
the data of in vivo thrombosis models might provide significant information for
research.

In conclusion, a strong fibirnolysis chemical, PCA and SA were purified from
fermented pine needle extract and biochemical activity of PCA and SA was
investigated from various view. PCA and SA had ability to dissolve fibrin and
fibrinogen. Unlike fibrinolytic protease, PCA and SA displayed uncommon
cleavage pattern of human fibrin and fibrinogen. The thrombolytic abilities of PCA
and SA in vitro and in vivo with lower hemorrhagic risk make it a promising
candidate in thrombolytic theraphy. Further studies are needed to understand

toxic effects of PCA and SA, mechanism of action at molecular level and to
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optimize its dose, and duration to improve the outcomes in various in vitro and

in vivo models.
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Fig. 10. The effects of protocatechuic and shikimic acids on carrageenan induced
mouse tail thrombus length. The analysis is based on three indepentent
experiments. All mouse were induced thrombosis by carrageenan. Control is
saline treatment. Concentration of aspirin, protocatechuic and shikimic acids is
100 mM.
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Fig. 11. The effect of protocatechuic and shikimic acids on carrageena induced
mouse tail thrombus length (6h after carrageenan injection). Effects of Asprin,
protocatechuic, and shikimic acids on carrageenan-induced thrombus formation in
mice after 6 h. Length of mice tail thrombosis with saline (A), carrageenan (B),
carrageenan and 100 mM Aspirin (100 uL) (C), carrageenan and 100 mM
protocatechuic acid (100 uL) (D), carrageenan and 100 mM shikimic acid
(100uL) (E). Arrows indicate thrombus formation region (wine-colored). Data

represents one of three experiments.
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Table 1. Effect of protocatechuic and shikimic acids on pulmonary

thromboembolism induced by collagen and epinephrine in mice.

No. paralyzed or dead /

Experimental group Protection (%)
No. tested
Vehicle 0 10/10
PCA (100 mM, 2ml treat) 80 2/10
SA (100 mM, 2ml treat) 80 2/10
Aspirin (100 mM, 2ml treat) 50 5/10

Mice were injected with indicated concentrations of aspirin, protocatechuic and
shikimic acids. After 15 minutes. the mixture of collagen and epinephrine was

injected and the number of killed or paralyzed mice was recorded.
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Fig. 12. Antithrombotic effect of aspirin, protocatechuic and shikimic acids in
FeCl,-induced carotid arterial thrombus model. Effects of aspirin, protocatechuic
and shikimic acids on FeCls-induced carotid arterial thrombus formation in rat.
The occlusion of the carotid artery with ferric chloride (B), ferric chloride and
aspirin  (C), ferric chloride and protocatechuic acid (D), ferric chloride and
shikimic acid (E), compared with untreated control (Vehicle) (A). Arrows indicate

thrombus formation region. Data represents one of three experiments.
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Fig. 13. Effect of protocatechuic acid and shikimic acid in bleeding time. Control
(saline), aspirin, protocatechuic and shikimic acids were inhedted in the tail veins
of mice 30 min before the bleeding time and blood volume were recorded. Each

value is expressed as mean + SD of at least three independent experiments.
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With the above results in hand, we performed HPLC analysis to determine the
yield of PCA and SA in the FPEs. The amounts of chemical PCA in the EtOAc-
and SA in the n-BuOH-soluble fraction of the FPEs were calculated from the
HPLC peak area. The amounts of chemicals PCA and SA were 19.1 (x 2.80)
pg/mL and 300.07 pg/mL, respectively, in FPE 0, which is the starting pine
needle extract fermentation. The amount of chemical PCA gradually increased to
278 (£ 0.16), 416 (£ 0.40) and 791 (£ 9.91) pg/mL during 3 years of
fermentation, while the amount of chemical SA did not demonstrate large
changes after PCA year of fermentation (FPE1 418.60 = 1.12; FPE2 371.79 %
2.7, FPE3 372.93 + 6.90 pg/mL) during the same fermentation period (Fig. 8).
The level of acidic metabolites from several microorganisms and algae were
studied under a variety of incubation conditions (Barrero, 1996). In phycomyces,
a noticeable increase in chemical PCA content was observed together with a
decrease in gallic acid.*® All of the phenolic acid levels decreased during the
winemaking process, whereas only gallic acid increased (Borazan et al.,, 2013;
Ginjom et al.,, 2011; lvanova et al.,, 2011). Although a considerable number of
studies on phenolic acids have been performed, there has always been a
challenge due to the complexity and diversity of these compounds.

SA is a precursor for the synthesis of oseltamivir phosphate (Tamiflu), which is
used as an anti-viral for the H5N1 (bird flu) virus strain (Sui, 2008). However,
the availability of SA is limited compared with its tremendous demand (Sui 2008;
Johansson et al., 2005). Therefore, pine needles are an excellent resource to

provide inexpensive and sufficient quantities of compound SA for industrial-scale
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extraction (Sui 2008). While the quantity of SA remained unchanged during the
fermentation processes, the research is underway, and the explanation for the
lack of a change in assay quantity will be published later in a separate

publication.
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Fig. 14. Quantitative analysis of protocatechuic and shikimic acids obtained from
fermented pine needle extracts (FPE). A. Protocatechuic acid quantity changed
from 19.13 (FPE 0) to 27.08 (FPE 1), 41.6 (FPE 2), and 79.07 (FPE 3) pg/mL
as fermentation proceeded. B. Shikimic acid quantity changed from 300.07 (FPE
0) to 418.6 (FPE 1), 371.79 (FPE 2), and 37293 (FPE 3) ug/mL as
fermentation proceeded. The quantity of protocatechuic acid increased steadily,

while the quantity of shikimic acid did not change.

— 51 —
Collection @ chosun



Chater 2.
Screening of compounds with biological activity on angiotensin | converitng

enzyme inhibition from Pinus densiflora

2.1 Introduction

Cardiovascular disease (CVD) is reponsible for one-third of global deaths and
is a leading and increasing contributor to the global disease burden (Diane et
al., 2002). Importantly, CVD is eminently preventable. In order to achieve
significant reductions in the avoidable CVD burden, a combination of
population-based and high-risk strategies necessary. These strategies should
target lifestyle-related risk factors such as unhelathy diet, physical inactivity and
tobacco use, as well as the intermdiate mainfestations of these lifestyles;
hypertension, glucose intolerance, and hyperlipidemia. In addition, strategies
aimed at improving management of those already affected by CVD should be an
integral component of a comprehensive approach for the prevention and control
of CVD.

Hypertension is already a highly prevalent risk factor for CVD throughout the
industrialized world. It is becoming an increasingly common helath problem
worldwide because of increasing longevity and prevalence of contributing factors
such as obesity, physical inactivity and an unhealthy diet (Wada et al., 1985;
Savluchinsake et al, 1997)). The current prevalence in many developing

countries, particularly in urban societies, is already as high as those seen in
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developed countries (Tolmacheva et al., 2006; Tagat et al., 1994). Hypertension
plays a major etiologic role in the development of cerebrovascular disease,
ischemic heart disease, cardiac and renal failure. Treating hypertension has been
associated with about a 40% reduction in the risk of stroke and about a 15%
reduction in the risk of myocardial infarction (Kinouchi et al., 2000). Although the
treatment of hypertension has been shown to prevent CVD and to extend and
enhance life, hypertension remains inadequately managed everywhere (Prinz et
al., 2002; Vidotti et al., 2004; Yoon et al., 2000; Bernsterin et al., 1989; Acharya
et al.,, 2003; Ehlers et al., 1989; Unger 2002). In addition, hypertension often
coexists with other cardiovascular risk factors, such as tobacco use, diabetes,
hyperlipidemia and obesity, which compound the cardovascular risk attributable to
hypertension (Prinz et al., 2002; Vidotti et al., 2004; Yoon et al., 2000).
Diterpene resin acids are an important compound to prevent herbivores and
pathogens (Diane et al.,, 2002). The biological activity of diterpene resin acids,
such as antimicrobial, antiulcer, and cardiovascular activityes is the most
represented for this class of diterpenoids. Dehydroabietic acid and its derivatives
exhibit antiulcer antiulcer (Wada et al., 1985), antimicrobial (Savluchinske et al.,
1997), anxiolytic (Tolmacheva et al., 2006) antiviral (Tagat et al., 1994),

antitumor (Kinouchi et al., 2000), and cytotoxic activities (Prinz et al., 2002).
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2.2 Material and Method

2.2.1 General experimental procedures

UV spectra were recorded in MeOH on a UV-vis spectrophotometer (Optizen,
3220UV). NMR spectra were attained using a Varian Unity-INOVA spectrometer
that was operated at 500 MHz for 1TH NMR and at 125 MHz for 13C NMR with
complete proton decoupling at the Korea Basic Science Institute (KBSI, Gwangju
Center, Korea). The deuterated solvent for NMR analysis (CDCI3) was purchased
from CIL (Cambridge Isotope Laboratory, USA). The MS data were obtained
using a Micro mass QTOF2 (Micro mass, Wythenshawe, UK) mass spectrometer.
Silica gel (Merck, 63 - 200 um particle size) and C-18 silica gel (Merck, 75 um
particle size) were used for column chromatography. TLC was obtained using
silica gel 60 F254 and RP-18 F254 plates that were purchased from Merck. To
isolate compounds 1 and 2, HPLC was performed using a Gilson (Middleton,
USA) system with a UV detector and an ODS-H80 column (20 x 150 mm, 4 pm
particle size). To quantify the two compounds, a reversed-phase HPLC with a
pack polymer C18 column (6 um particle size, 4.6 mm, 250 mm) from the YMC
Corporation, and a Shimadzu HPLC system (Tokyo, Japan) consisting of a
LC-20AT pump, CTO-10AS column oven, and an SPD-20A UV detector was
employed. To measure angiotensin | converting enzyme assay, an Eon UV

spectrophotometer from BioTek Instruments, Inc. (Winooski, USA) was used.
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Software was using Gen 5.2. Hippuric aicd, angiotensin converting enzyme
from rabbit lung, captopril, and N-Hippuryl-His-Leu were purchased from the
Sigma Aldrich Co. (St. Louis, USA). Compounds for the assay were dissolved at
a concentration of 50 mM in borate buffer (pH 8.3) containing 300 mM NaCl.

All of the solvents used for extraction and isolation were of analytical grade.

2.2.2 Plant material

Fresh red pine needles (Pinus densiflora Sieb. et Zucc.) were picked up from
red pine in the Gokseong province, Jeollanam-Do, Southern Korea. Harvested
red pine needles were cleaned with tap water (cleaned with 5% charcoal) and

dehydrated with the spin-drier.

2.2.3 Extraction and fractionation

The dried red pine needles (Pinus densiflora Sieb. et Zucc.) (49 kg) was
exhaustively extracted with 70% metanol. The dried and powdered pine needles
extractwas dissolved in HO (1.0 L) and then partitioned (1:1) with n-hexane to
give an n-hexane-soluble fraction. The H,O layer was dried and HO (500 mL)
was then added. The aqueous solution was partitioned with ethyl acetate
(EtOAc) to separate the EtOAc-soluble fraction (500 g) from the H,O-soluble
fractions. The EtOAc-soluble fraction (500 g) was passed over a silica gel
column and eluted with CH>Cl,:MeOH (30:1 to 0:1) to give ten fractions (F1-F10).
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The F2.7.1 fraction was loaded onto an HPLC Optimapak C18 column to yield
dehydroabietic and commnuic acids using a mixed solvent of MeOH-H,O (80:20)

as an eluent.

2.2.4 Measurement of antihypertensive activity using an Angiotensin converting

enzyme spectrophotometer assay

The spectrophotometric assay for angiotensin converting enzyme (ACE) was
performed with a modified method of Cushman and Cheung (1970). Incubations
for hippuryl-his-leu (HHL) hydrolysis by ACE were carried out for 30 min at 3
7°C. Each 150 uL assay mixture contained the following components at the
indicated final concentration: 100 uL of barate buffer (100 mM pH 8.3 containing
300 mM NaCl and 5 mM HHL) and 150 uL of the enzyme. The enzyme was
added last to initiate the reaction. An aliquot of 60 uL of diluted sample or
distiled water was added to the sample mixture or control mixture, respectively.
The enzymatic reactions were terminated by addition 250 uL of 1 N HCI; the
HCl was added before the enzyme in zero-time all blank assays. The hippuric
acid formed by action of the ACE on HHL was extracted from the acidified
solution into 1.5 mL of ethyl acetate by vortex mixing for 15 sec. After a brief
centrifugation, a 1.0 mL aliquot of each ethyl acetate layer was transferred to a
clean tube. The ethyl acetate aliquots were evaporated by heating at 60°C for 1

h in a baccu pump.
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The hippuric acid was redissolved in 1.0 mL of distilled water and the amount
of hippuric acid was determined from its abosrbance at 228 nm. The ACE
inhibition rate was calculated as follow:

(B-A)

ACE inhibition rate (%) = (B)

x 100

where A and B are the test samples without and with compound or fraction.

2.2.5 Cell culture

The simian virus 40 transfected mouse lymph node endothelial cell line
SVEC4-10, was obtained from the American Type Culture Collection (ATCC;
Manassas, VA) and cultured following ATCC guidelines. Cells were maintained in
DMEM with 4.5 g/L glucose and 10% FCS and 1% antibiotic and culture

medium renewed every 48 hours.

2.2.6 Cell treatments and cytotoxicity

SVEC 4-10 cells were clutured in DMEM, containing 100 ug/mL
penicillin-streptomycin, 10% foetal bovine serum (FBS) and maintained at 37°C
under a humidified atmosphere with 5% CO,. Cytotoxicity levels of the test
samples on SVEC 4-10 cells were measured using MTT
(3-(4,5-dimethyl-2yl)-2,5-dipheyltetrazolum bromide) as described by Hanse,
Nielson, and Berg (1989), with slight modifications.
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Cells were cultured in 96-well plates at a density of 1 x 10° cells/well. Cells
were washed with fresh medium and were treated with different concentrations of
test samples following 48 h of incubation. Then cells were washed with
phosphate buffered saline (PBS) and 100 mL of MTT solution (1 mg/mL) were
added to each well and kept for 4 h. MTT solution in each well was removed
and 100 mL of dimethyl sulfoxide (DMSO) were added to solubilise the formed
formazan crystals. The optical density was measured at 540 nm using a UV
microplate reader (Tecan Austria GmbH, Groedig, Austria). Relative cell viability
was calculated compared to the non-treated blank group. The data were
expressed as means of at least three independent experiments. Furthermore, the
effect of LPS treatment on the viability of SVEC cells were also analysed by

MTT assay.

2.2.7 Total RNA Isolation and cDNA synthesis

After incubation, the cells were washed twice with phosphate buffered saline
(PBS) and the total mRNA was isolated using GeneAll kit according to the
manufacturer's protocol. cDNA synthesis was performed using total RNA and the
Superscrit  First-strand synthesis syste, also according to the manufacturer's
established protocaol (Invitrogen, Carlsbad, CA). Thereafter, it was
reverse-transcripted as following program: 25°C 10 min, 42°C 1 h, 72°C 15 min,
and the cDNA product was stored at - 80°C.
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2.2.8 Reverse transciption polymerase chain reaction

Total RNA was isolated with Hybrid-R kit (GeneAll). 1 ug of total RNA was
used to synthesis cDNA using oligo dT 18 mer primers with the Hyperscript
Reverse transcriptase kit (GeneAll). RT-PCR amplification was performed with
standard method and products were examined by gel electrophoresis on 1%
agarose gels. The used primers was as fllows; Angiotensin Il receptor F and R,
eNOS F and R, beta-actin F and R.
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2.3 Results and discussion

2.3.1 Isolation and purificaiton of antihypertension compounds

The pine needle extract (FPE) demonstrated strong fibrinolysis activity.27,28
The FPE with fibrinolysis activity was fractionated with n-hexane, ethyl acetate-
(EtOAc). Among two fractions, the EtOAc soluble fractions exhibited strong
antihypertension activity. The EtOAc-soluble fraction that exhibited strong
antihypertension activity was further purified by repeated silica gel, RP C 18
column/HPLC (Fig. 13). Dehydroabietic acid was obtained as a white amorphous
powder. Molecular formula of dehydroabietic acid was CyoH2s02. The 1H NMR
data showed four tertiary methly signals at 6H 1.29, 1.22, and two 1.23, three
olefinic proton at &H 7.17, 7.00, 6.89. The 13C NMR spectroscopic data
displayed 20 carbon signals, two olefinic carbon at 6C 134.8, 127.0, 124.3, and
1240, and a carboxylic group at 6C 185.3. (Fig. 14 and Table 2). Communic
acid was obtained as acrystalline form. Molecular formula of communic acid was
CxH3002. The 1H NMR data showed two tertiary methly signals at 6H 14.8 and
12.0, three olefinic proton at 6H 6.33, 541, and 2.00. The 13C NMR
spectroscopic data displayed 20 carbon signals, two olefinic carbon at 8C 147.8,
141.6, 133.8, and 108.3, and a carboxylic group at d8C 184.4. The chemical
structures of the dehydroabietic acid and communic acid from the EtOAc-soluble

fraction was identified using spectroscopic data (Fig. 15 and Table 3).
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OCC: 15%30cm
Solvent system: CH2Cla:MeOH (30:1-0:1)
| 1
Fl F2(80g) F 10
Open column: RP18, 40*63jum, 300g
OCC: 10%30cm
Solvent system: CHs:CN:H:0 1:3-1:0
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Open column: Silicagel, 40-63um, 150g
OCC: 5*30cm
Solvent system: CH2Cl::MeOH 1:0-0:1

| | | |
F271(1.15g¢) F272 F273 F2.74 F275
Column : Optimapak C18 250 X 10mm ID, UV: 204; 254 nm

Pressure : 500 psi, Injection volumn: 50 pL, Flow rate : 2 mL/min
0-60 min and 70-80 min MeOH 80%, 62-67 min MeOH 100%
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T %
COCH C00H
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Figure 15. Procedure for islating dehydroabietic acid and communic acid from
pine needle. The ethyl acetate-soluble fraction exhiting strong fibrinolysis activity
was further purified by repeated silica gel column and HPLC, and the n-butyl
alcohol-soluble fraction was purified with a Sephadex LH-20 column and HPLC.
The structures of dehydroabietic acid and shikimic acid from the ethyl

acetate-soluble fraction was identifed by '"H NMR and "°C NMR spectroscopy.
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Figure 16. 'H and "*C NMR spectra of dehydroabietic acid isolated from pine
needles. A. '"H NMR spectrum. B. ®C NMR spectrum.
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Figure 17. 'H and "°C NMR spectra of communic acid isolated from pine needle.

A. 'H NMR spectrum. B. °C NMR spectrum.
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Table 2. NMR sepctroscopic data (500 MHz) for dehydroabietic acid

. OoH (J in Hz) oC
Postion
1 2.30,dd 1.51,m 38.0 CH2
2 1.74, m 18.6 CH2
3 1.80, m 37.0 CH2
4 47.6 C
5 2.25, dd 44.7 CH
6 1.5, m 1.80, m 25.3 CH2
7 2.92, m 30.1 CH2
8 134.8 C
9 127.0 C
10 36.9 C
11 717, d 124.0 CH
12 7.00, dd 124.3 CH
13 145.9 C
14 6.89, s 127.0 CH
15 2.85, sept,j = 6.8 33.6 CH
16 1.23,d,j = 6.8 241 CH3
17 1.23, d, j= 6.8 241 CH3
18 185.3 C
19 1.29, s 16.3 CHS3
20 1.22, s 18.7 CH3
- B4 -
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Table 3. NMR sepctroscopic data (500 MHz) for communic acid

Postion oH (J in Hz) oC
1 1.34, m 1.51, m 38.3 CH2
2 1.74, m 18.6 CH2
3 1.84, m 37.7 CH2
4 47.6 C
5 2.34, dd 57.2 CH
6 151, m 1.84, m 26.8 CH2
7 220, m 37.2 CH2
8 147.8 C
9 2.00, dd 49.6 CH
10 39.0 C
11 1.40, d 231 CH2
12 541, t, 6.4 133.8 CH
13 133.7 C
14 6.33, dd, 17.4; 10.8 141.6 CH
4.88, d, 10.8
15 110.1 CH2
5.05, d, 17.4
16 1.76, s 16.6 CH3
17 4.48, s, 4.83, s 108.3 CH2
18 0.76, s 14.8 CH3
19 184.4 C
20 1.16, s 12.0 CH3
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2.3.2 Angiotensin converting enzyme inhibitory activity of dehydroabietic acid and

communic acid.

The ACE inhibition activity was examineed by measuring the concentration of
hippuric acid liberated from hippuryl-His-Leu by the modified method of Cushman
and Cheung (1970). The ACE inhibition of red pine was shown in Figure 16.
The first fraction was separated using silica 63 - 200 um. The Among ten
EtOAc partition, Fraction 2 was the most effective in ACE inhibition. Next,
Fraction 2 was isolated using a RP C-18 (40 x 63 um). Among the second
partition, Fraction 2.7 was the most effective in ACE inhibition with 63.3%.
Fraction 2.7 was separated five sub-fraction using silica gel (40 - 63 um), and
Fraction 2.7.1 was the most ACE inhibition activity (75.4%) and was spilted
using HPLC and Opimapak C 18 column. The final partition was divided nine
fraction and fraction 2.7.1.8 and 2.7.1.9 had the most inhibitory activity against
ACE with 74.8% and 69.9, respectively (Fig. 16 and 17).
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Figure 18. Angiotensin converting enzyme inhibitory effect of ethyl acetate
extracts from pine needles. 1: negative control, 2: 3 mM captopril, 3: 5 mg/mL

Fr.2-7, 4: 5 mg/mL Fr.2-7-1. Bars represent means + SD (n=3).
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Figure 19. Angiotensin converting enzyme inhibitory effect of islated compound

from ethyl acetate partions. 1:

negative control, 2: 3 mM captopril, 3: 3 mM

dehydroabietic acid, 4: 3 mM communic acid. Bars represent means + SD (n=3).
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2.3.3 Expression of Angiotensin Il receptor, type 1 and endothelial nitric oxide

synthase 3 (eNOS) in mouse endothelial cells.

In order to investigate the antihypertesion activity of the purified compound ,

cDNA expression of Angiotensi Il receptor, type 1 (AT, receptor) and endothelial
nitric oxide synthase 3 (eNOS) was identified by RT-PCR in SVEC 4-10. To
identify expression of AT; receptor and eNOS gene in SVEC 4-10, group of
cells were exposed to high glucose concentration for a shorter period of 6 h.
Vidotti et. al. was reported that high concentration glucose induced AT; receptor
and ACE expression (Vidotti, 2004). As shown in Figure 18, cDNA expression of
AT; receptor and eNOS was regulated with the treatment of communic acid. The
treatment of 100 uM communic acid to cultured SVEC 4-10 decreased relatively
AT; receptor cDNA expression rather only 30 mM glucose treatment. The AT,
receptor inhibition effect of 100 uM communic acid showed similar 100 uM
captopril (Fig 18).
As shown in Figure 19, cDNA expression of eNOS was regulated with the
treatment of communic acid. The treatment of 100 uM communic acid to cultured
SVEC 4-10 increased relatively eNOS cDNA expression rather only 30 mM
glucose treatment. The eNOS induction effect of 100 uM communic acid showed
similar 100 uM captopril (Fig 18). The results indicate that communic acid could
be an effective ACE inhbitiory, by decreasing the expression level of AT;
receptor in SVEC 4-10.

Nitric oxide (NO) is of critical importance as a mediator of vasodilation in blood
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vessels. The NO synthesize by eNOS in vascular endothelium results in
phosphorylation of several proteins that cause smooth muscle relaxation. The
vasodilator actions of NO play a key role in renal control of extracellular fluid
homeostasis and is essential for the regulation of blood flow and blood pressure
(Yoon et al.,, 2000) Therefore, communic acid is potentially regulation blood

pressure and blood flow through ACE inhibition and NO induction.
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Figure 20. Effect of communic acid on mRNA expression of angiotensin [
receptor (AT receptor). mMRNA expression levels of angiotensin | receptor in the
presence of 30 mM glucose. M: 100 bp marker, 1: negative control, 2: 30 mM
Glucose, 3: 30 mM Glucose and 100 uM captopril, 4: 30 mM Glucose and 100

uM communic acid. Beta actin was used as an internal control.
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Figure 21. Effect of communic acid on mRNA expression of eNOS. mRNA
expression levels of angiotensin | receptor in the presence of 30 mM glucose.
M: 100 bp marker, 1: negative control, 2: 30 mM Glucose, 3: 30 mM Glucose
and 100 uM captopril, 4: 30 mM Glucose and 100 uM communic acid. Beta

actin was used as an internal control.
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2.3.4 Cytotoxicty determination of dehydroabietic acid and communic acid

Dehydroabietic acid and communic acid were tested for effect on the viability
of SVEC 4-10 by the MTT assay. Dehydroabietic acid and communic acid did
not show any significant toxicity at the tested concentrations (Fig. 20). As a
result, it is identified that dehydroabietic acid and communic acid are safe
compounds in period of cellular toxicity. This results could be used as secure

ACE inhibitor and as effective antihypertension drug.
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Figure 22. Cytotoxicity of captopril on SVEC. The cell viability was assessed by
MTT assay following treatment with different concentration of captopril (25, 50,
100, and 200 ug/mL) for 24 h. Result are means +SD of three independent

expriments.
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Figure 23. Cytotoxicity of isolated compounds on SVEC. The cell viability was
assessed by MTT assay following treatment with different concentration of
captopril (25, 50, 100, and 200 ug/mL) for 24 h. Result are means +SD of three

independent expriments.
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Chapter 3.

The construction of Angiofensin converting enzyme gene

3.1 Introduction

Angiotensin converting enzyme (ACE, dipeptidyl-peptidase A, Kinase Il, E.C.
3.4.15.1, DCP1) is a dipeptidyl-carboxy-peptidase that belongs to the
M2-metalloprotease family. ACE plays a critical role in blood pressure regulation
by converting angiotensin | (Asp-Arg-Val-Tyr-lle-His-Pro-Phe-His-Leu) to the
vasopressor angiotensin |l (Asp-Arg-Val-Tyr-lle-His-Pro-Phe) (Acharya et al, 2003,
Ehlers et al, 1989). ACE is a important component of the renin angiotensin
system (RAS) which controls blood pressure and contractoin of blood vessels
(Unger, 2002). For these reasons, antihypertension agents are available important
drugs for the treatment of hypertension.

The human ACE has to be divided into two types of somatic ACE (sACE) and
testis ACE (tACE). sACE, a type | transmembrane protein, is composed of two
homologus catalytic domains called the N and C domains, each including an
active catalytic center (Soubrier et al. 1998). tACE contain express in the testes
and comprise a single domain with a one active site. tACE is similar the C
domain of sACE (Houard et. al., 1998). sACE C domain and tACE active sites
cleaves syhthesized peptide Hippuryl-Histin-Leuine (HHL) (Wei et al., 1991 and
Natesh et al.,, 2003) and sACE N domain active site is Angiotensin 1-7
(Asp-Arg-Val-Tyr-lle-His-Pro), hemoregulatory AcSDKP (acetyl-Ser-Sap-Lys-Pro),
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enkephalin precursor Met-Enk-Arg-Phe (Deddish et. al., 1998, Rousseau et al.,
1995, and Deddish et. al., 1997).

The antihypertensive agents such as captopril, enalaprilat, lisinopril, ramiprilat,
trandolaprilat, perinoprilat, and perinodoprilat binds to the active stie and Zn2+ of
ACE (Akif et. al., 2010). To study the binding analysis of two cheomicals
(dehydroabietic and communic acids) and ACE protein, ACE cDNA was
synthesized in the endothelial cells of house mouse. After ligation with pET-15b,
pET-15b-ACE was transformed in DH5a.
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3.2 Material and Method

3.2.1 RNA preparation and cDNA synthesis

Total RNA was isolated from house mouse tissures using Hybrid-R (GeneAll)
according to the manufacturer's protocol. 500 uL of RiboEx reagent was added
and incubated to homogenized tissue samples for 5 min at the room
temperature. The sample centrifuge at 12,000 x g for 10 min at 4°C and
transfer the supernatant to a fresh tube. 100 uL of chloroform was added to
samples, mixed and store for 2 min at room temperature. The mixture centrifuge
at 12,000 x g for 15 min at 4°C and transfer the aqueous phase to a fresh
tube. 50% ethanol added to the sample and transfer to a mini spin column. The
samples centrifuged at 10,000 x g for 30 sec at room temperature. 500 uL
RBW was added to the mini spin column and was centrifuged at 10,000 x g for
30 sec at room temperature. Then, 500 uL RNW was added the mini spin
column and was centrifuged at 10,000 x g for 30 sec at room temperature.
Total RNA was harvested and synthesized cDNA. cDNA was synthesized by
using the Superscrit First-strand synthesis system, also according to the
manufacturer's established protocaol (Invitrogen, Carlsbad, CA). Thereafter, it was
reverse-transcripted as following program: 65°C 10 min, 42°C 50 min, 70°C 15
min, and the cDNA product was stored at - 80°C.
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3.2.2 Constructs for structure study of ACE and inhibitor binding assay

pET-15b vector including the His'tag and T7 promoter was used for crystal
structures of ACE in complex with dehydroabietic acid and communic acid (Fig.
22) (Bernsterin et al.,, 1989). For generation of expression clones, all inserts
were ligated into 5-Ndel and 3-BamHI| sites of a pET-15b vector. To prepare
insert DNA, ACE form mouse was RT-PCR amplified from cDNA isolated using
the GeneAll kit. RT-PCR was performed with n-pfu polymerase (Enzynomics) and
the sequecne of the PCR primers were: for the sense strand amplification, a
forward primer 5-TAC ATA TGG AAA ACC TGT ATT TTC AGG GCA TGC
TCG ACC CTG GAT TGC-3' named ACE-F7-8 and a reverse primer 5-TAG
GAT CCT CAG GAG TGT CTG AGC TCC ACC TCA GAC CCA A-3' named
ACE-R7-9. BamHI and Ndel restriction sites were used for cloning the ACE
gene. RT-PCR amplification was performed with Hot-start method and products
were examined by gel electrophoresis on 1% agarose gels. Cloning The cloned
were confirmed by restriction enzymes. The restriction enzyme was used BamHI

and Ndel or BamHI and EcoRI.
3.2.3 DNA sequence
Sequencing reactions are performed in the DNA Engine Tetrad 2 Peltier

Thermal Cycler (BIO-RAD) using the ABI BigDye(R) Terminator v3.1 Cycle
Sequencing Kit(Applied Biosystems), following the protocols supplied by the manufacturer.
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Single-pass sequencing is performed on each template using primer; pET-F1
(GGG TTA TGC TAG TTA TTG CTC AG), ACE-F11 (CCT TGG TGA TGC TTC
CAT CA), ACE-F12 (AGT ACT CCA GCA GTG CCT T), ACE-F13 (CTA CGC
AGA GAG ACG TGC A), ACE-F14 (CAA CTT GGC ATA GCT TCG TG), and
ACE-F15 (CAT GGC TTC CGT GGC ATC TA).

The fluorescent-labeled fragments are purified by the method that Applied
Biosystems recommends as it removes the unincorporated terminators and
dNTPs. The samples are injected to electrophoresis in an ABI 3730xI DNA
Analyzer (Applied Biosystems).

DNA sequences were translated to protein and aligned using the Gene Runner

(5.0.59 Beta) and Clustal-Omega programs.
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3.3 Results and discussion

3.3.1 Construction of Agiotensin converting enzyme gene

The sequence of house mouse is used NCBI database. Assession number of
used ACE sequence is NM-207624.5 and only the mature protein sequence was
used. DNA size is 3.831 bp and RT-PCR product is 3,874 bp, including ATG,
TAG, BamHI (GGATCC), Ndel (CATATG), and TEV sequence (5-GAA AAC CTG
TAT TTT CAG GGC-3'). TEV sequence is needed to separate ACE protein (Fig.
23).

To cloning mature ACE gene, RT-PCR was carried out using ACE-F7-8 and
ACE-R7-9 or ACE-7-10. 1 and 3 were confirmed that the synthesized with ACE
full sequence. 2 and 4 were not used to generate the multi-band (Fig. 24). PCR
products and pET-15b vector were ligation used to T4 ligase, and pET-15b-ACE

was transformed to DH5a.

3.3.2 Confirm transformation on DH5a and sequencing

To confirm the transformation, it was digested by several restriction enzymes,
BamHI, EcoRI, and Ndel. BamHI and Ndel will cut insert DNA and vector, and
the size of band is predicted 5,696 bp and 3,865 bp, respectively. The 18
colony was confirmed, and it was identified that the five colony clipped to the
expected size, 918, 919, 926, 929, and 937 (Fig. 25).
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Also, BamHI and EcoRI will cut insert DNA and vector, and the size of band is
predicted 6,621 bp and 2,976 bp, respectively. The 18 colony was confirmed,
and it was identified that the five colony clipped to the expected size, 918, 919,
926, 929, and 937 (Fig. 26). ACE gene was found that entered in the opposite
direction to the pET-15b.

The 918, 919, 926, 929, and 937 colony were confirmed sequence. Sequence
alignment used to Clustal Omega (httpp://www2.ebi.uk/clustal omega/). The
mouse ACE (NM 207624.5) and pET15b-ACE 937 proteins share 100% amino
acid identity. Figure 29 shows a sequence alignment of pET15b-ACE 937 and
mouse ACE. The pET15b-ACE 918 and 926 were not correspond with mouse
ACE (NM 207624.5).
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Figure 24. The map of pET-15b vector. This vector is composed with N-terminal
His-Tag, T7 promoter, lac operator gene, thrombin site, and three cloning sites.
T7 expression region is particularly reversed on the circular map. Cloning and

protein expression are selection in DH5a and BL21(DE3), respectively.
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CTCGACCCTGGATTGCAGCCGGGCAACTTTTCCCCGGACGAGGCAGGGGCG
CAGCTTTTCGCTGAAAGCTATAACTCGAGTGCCGAGGTGGTGATGTTCCAGA
GCACCGTGGCCAGTTGGGCGCACGACACCAACATCACGGAGGAGAACGCGC
GACGCCAGGAGGAAGCGGCCCTGGTCAGCCAGGAGTTTGCAGAGGTCTGGG
GCAAGAAGGCCAAGGAGTTGTATGAGTCCATTTGGCAGAACTTTACTGACTCA
AAGCTGCGAAGGATCATCGGATCTATTCGGACCCTAGGACCTGCCAATCTGC
CCCTGGCCCAGCGGCAGCAGTACAACTCTCTGCTAAGCAACATGAGCAGAAT
CTACTCCACTGGCAAGGTCTGCTTCCCCAACAAGACTGCCACCTGCTGGTCC
CTGGACCCAGAGCTCACCAACATCCTGGCTTCCTCACGAAGCTATGCCAAGTT
GTTGTTTGCCTGGGAGGGCTGGCATGATGCTGTGGGTATCCCACTGAAACCC
CTCTATCAAGACTTTACTGCCATCAGTAACGAAGCCTACAGACAAGACGACTT
CTCAGACACAGGAGCCTTCTGGCGCTCCTGGTATGAGTCCCCCTCCTTTGAG
GAGAGTCTGGAACATATCTACCACCAACTAGAGCCCCTCTACCTGAACCTCCA
TGCCTACGTCCGCCGCGCACTGCACCGCCGCTATGGGGACAAATACGTCAAT
CTCAGGGGGCCTATTCCTGCCCATTTGCTGGGAGACATGTGGGCCCAGAGCT
GGGAGAACATCTACGACATGGTAGTGCCTTTCCCAGACAAACCCAACCTCGA
TGTCACCAGTACAATGGTACAGAAGGGCTGGAACGCCACACACATGTTCCGG
GTATCAGAGGAATTCTTCACCTCGCTGGGGCTCTCACCCATGCCTCCTGAGTT
CTGGGCGGAGTCAATGCTGGAGAAACCAACGGATGGACGGGAGGTGGTGTG
CCACGCCTCTGCCTGGGACTTCTACAACCGGAAGGACTTCCGGATTAAGCAA
TGCACACGGGTCACGATGGAACAGCTGGCCACAGTACACCACGAGATGGGC
CACGTGCAGTACTACCTCCAGTACAAGGACCTGCACGTCTCTCTGCGTAGAG
GTGCCAACCCTGGCTTCCATGAGGCCATTGGGGATGTGCTTGCACTCTCCGT
CTCTACCCCTGCACATCTGCACAAAATCGGCCTACTGGACCATGTTACCAATG
ACATAGAGAGTGACATCAATTACCTGCTAAAGATGGCCCTAGAGAAAATCGCC
TTCTTGCCCTTTGGCTACCTGGTGGACCAGTGGCGTTGGGGGGTCTTCAGTG
GACGGACCCCACCCTCTCGCTACAACTTCGACTGGTGGTATCTTCGAACCAA
GTATCAGGGGATCTGCCCACCAGTTGCCCGGAATGAAACCCATTTTGATGCT
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GGAGCCAAGTTTCACATCCCAAACGTGACACCGTACATCAGGTACTTCGTGA
GCTTTGTGCTGCAGTTCCAGTTCCATCAAGCACTGTGCAAGGAGGCAGGCCA
CCAGGGCCCACTACACCAGTGTGACATCTACCAGTCCGCCCAGGCGGGGGC
CAAGCTCAAGCAGGTGTTGCAGGCTGGCTGCTCCAGGCCCTGGCAGGAGGT
ACTGAAGGACCTGGTAGGCTCAGATGCCCTGGATGCCAAGGCACTGCTGGA
GTACTTCCAACCGGTCAGCCAGTGGCTGGAAGAGCAGAATCAGCGGAATGGC
GAAGTCCTAGGCTGGCCAGAGAATCAGTGGCGTCCACCGTTACCCGACAACT
ATCCAGAGGGCATTGACCTAGAGACTGATGAAGCCAAGGCTGACAGGTTCGT
GGAAGAGTATGACCGGACAGCCCAAGTGTTGTTGAACGAGTACGCAGAGGCC
AACTGGCAATATAACACCAACATTACCATAGAGGGCAGCAAGATCCTGCTTGA
GAAAAGCACGGAGGTATCCAATCACACCCTGAAATATGGCACCCGGGCCAAG
ACATTTGATGTGAGCAACTTTCAAAACTCTTCCATCAAGCGGATCATAAAGAAG
CTTCAGAACCTGGACCGGGCAGTGCTGCCTCCCAAGGAATTAGAAGAGTACA
ACCAGATCCTGCTAGACATGGAGACAACTTACAGCTTATCCAACATTTGCTAC
ACAAATGGCACTTGTATGCCCCTGGAACCTGATCTAACAAACATGATGGCCAC
ATCCCGGAAATATGAAGAATTGCTATGGGCATGGAAGAGCTGGAGAGACAAG
GTGGGGAGAGCCATCCTTCCTTTTTTCCCAAAGTATGTGGAGTTCTCCAACAA
GATTGCCAAGCTCAATGGCTACACGGATGCAGGGGATTCATGGAGATCCTTA
TACGAGTCTGACAACCTGGAGCAAGACCTGGAAAAACTGTACCAGGAGCTGC
AGCCACTCTACCTGAACCTGCATGCCTATGTGCGTCGTTCCCTGCACCGCCA
CTATGGGTCCGAGTACATCAACCTGGATGGCCCCATTCCTGCCCATCTGCTA
GGGAACATGTGGGCGCAGACCTGGTCCAACATCTATGATTTGGTGGCGCCCT
TCCCTTCCGCCCCCAATATAGATGCCACGGAAGCCATGATAAAGCAGGGATG
GACACCCAGAAGGATATTTAAGGAAGCTGACAATTTCTTTACCTCCCTGGGGC
TGTTACCTGTGCCCCCTGAGTTCTGGAACAAGTCGATGTTAGAGAAGCCCACC
GATGGAAGGGAGGTGGTGTGCCATCCCTCAGCCTGGGACTTCTACAACGGCA
AGGACTTCAGGATCAAGCAGTGTACCTCTGTGAACATGGAGGACTTGGTGAT
AGCGCACCACGAAATGGGCCACATCCAGTATTTCATGCAGTACAAAGACTTAC
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CCGTGACTTTCCGGGAGGGTGCCAACCCTGGTTTTCATGAAGCTATTGGAGA
TATAATGGCTCTCTCAGTGTCTACCCCCAAGCATCTATACAGTCTCAACCTGCT
TAGCACTGAGGGCAGTGGCTACGAGTATGACATCAACTTTCTAATGAAGATGG
CCCTCGACAAGATCGCCTTTATCCCCTTCAGCTACCTCATCGACCAGTGGCGC
TGGAGGGTCTTTGATGGAAGCATCACCAAGGAGAACTATAACCAGGAGTGGT
GGAGCCTCAGGCTGAAGTATCAGGGTCTGTGCCCCCCAGTGCCAAGATCCCA
AGGTGACTTTGACCCAGGGTCCAAGTTCCACGTTCCTGCGAACGTGCCATAC
GTCAGGTACTTTGTCAGCTTCATCATCCAGTTCCAGTTCCACGAGGCGCTGTG
TCGCGCAGCCGGGCACACGGGTCCCCTGCACAAGTGTGACATCTACCAATCC
AAGGAAGCAGGGAAGCTCCTGGCGGATGCCATGAAGCTGGGCTACAGTAAG
CCGTGGCCAGAGGCCATGAAGCTGATCACAGGCCAGCCTAACATGTCAGCCT
CCGCCATGATGAATTACTTCAAGCCACTGACAGAATGGCTCGTCACCGAGAA
CAGGAGACATGGAGAGACACTGGGCTGGCCGGAGTACAACTGGGCGCCAAA
CACCGCTCGCGCAGAAGGCTCCACCGCAGAGTCCAACCGCGTCAATTTCCTG
GGCCTGTACCTGGAGCCACAGCAGGCCCGCGTGGGCCAGTGGGTGCTGCTC
TTCCTGGGCGTCGCCCTGCTCGTGGCCACCGTGGGTCTCGCCCATCGGCTCT
ACAACATCCGTAACCATCACAGCCTCCGCCGGCCCCACCGTGGGCCCCAGTT
TGGGTCTGAGGTGGAGCTCAGACAC

Figure 25. DNA Sequence of ACE mature protein. DNA size is 3.831 bp.
Assession number is NM-207624.5. mature protein start is 140 nucleotide and

stop is 3,973 nucleotide.
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Figure 26. RT-PCR result of ACE. ACE DNA was amplified by forward and
reverse primers. 1 and 3 were used ACE-F7-8 and ACE-R7-9. 2 and 4 were
used ACE-F7-8 and ACE-R7-10. M is 1,000 bp marker.
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BamHI and EcoRI

914 915 916

BamH]I + EcoR1 : 6621 bp and 2976 bp

bp
7000 —_ 6621 bp pET-15b + ACE
6000 —
3000 =—=——12976 bp ACE
2500 —

9235 026 927 928 920

Figure 27. The expected band and a real band by BamHI and EcoRI. Left
image is the expected band by BamHI and EcoRI. Right image is a real band

by BamHI and EcoRI.
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BamHI and Ndel

Ndel + amii] : 5,698 bp and 3,895 bp
M 914 a15 216 a17 918
bp
6000 — ___ .15
o000 ——5:696bp pET-15b
4,000 —__3865bp ACE
3,000 —

M 924 925 926 927 928 929

M 934 935 936 937 938 939

Figure 28. The expected band and a actual band by BamHI and Ndel. Left
image is the expected band by BamHI and Ndel. Right image is a real band by
BamHI and Ndel.
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Figure 29. The map of construction ACE gene. The construct map for ACE in
vector pET-15b.
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pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
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pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

HMENLYFQGMLDPGLQPGNFSPDEAGAQLFAESYNSSAEVVMFQSTVASWAHDTNITEEN
LDPGLQPGNFSPDEAGAQLFAESYNSSAEVVMFQSTVASWAHDTNITEEN

ARRQEEAALVSQEFAEVWGKKAKELYESIWQNFTDSKLRRIIGSIRTLGPANLPLAQRQQ
ARRQEEAALVSQEFAEVWGKKAKELYESIWQNFTDSKLRRIIGSIRTLGPANLPLAQRQQ

YNSLLSNMSRIYSTGKVCFPNKTATCWSLDPELTNILASSRSYAKLLFAWEGWHDAVGIP
YNSLLSNMSRIYSTGKVCFPNKTATCWSLDPELTNILASSRSYAKLLFAWEGWHDAVGIP

LKPLYQDFTAISNEAYRQDDFSDTGAFWRSWYESPSFEESLEHIYHQLEPLYLNLHAYVR
LKPLYQDFTAISNEAYRQDDFSDTGAFWRSWYESPSFEESLEHIYHQLEPLYLNLHAYVR

RALHRRYGDKYVNLRGPIPAHLLGDMWAQSWENIYDMVVPFPDKPNLDVTSTMVQKGWNA
RALHRRYGDKYVNLRGPIPAHLLGDMWAQSWENIYDMVVPFPDKPNLDVTSTMVQKGWNA

THMFRVSEEFFTSLGLSPMPPEFWAESMLEKPTDGREVVCHASAWDFYNRKDFRIKQCTR
THMFRVSEEFFTSLGLSPMPPEFWAESMLEKPTDGREVVCHASAWDFYNRKDFRIKQCTR

VIMEQLATVHHEMGHVQYYLQYKDLHVSLRRGANPGFHEAIGDVLALSVSTPAHLHKIGL
VIMEQLATVHHEMGHVQYYLQYKDLHVSLRRGANPGFHEAIGDVLALSVSTPAHLHKIGL

LDHVTNDIESDINYLLKMALEKIAFLPFGYLVDQWRWGVFSGRTPPSRYNFDWWYLRTKY
LDHVTNDIESDINYLLKMALEKIAFLPFGYLVDQWRWGVFSGRTPPSRYNFDWWYLRTKY

QGICPPVARNETHFDAGAKFHIPNVTPYIRYFVSFVLQFQFHQALCKEAGHQGPLHQCDI
QGICPPVARNETHFDAGAKFHIPNVTPYIRYFVSFVLQFQFHQALCKEAGHQGPLHQCDI

YQSAQAGAKLKQVLQAGCSRPWQEVLKDLVGSDALDAKALLEYFQPVSQWLEEQNQRNGE
YQSAQAGAKLKQVLQAGCSRPWQEVLKDLVGSDALDAKALLEYFQPVSQWLEEQNQRNGE

VLGWPENQWRPPLPDNYPEGIDLETDEAKADRFVEEYDRTAQVLLNEYAEANWQYNTNIT
VLGWPENQWRPPLPDNYPEGIDLETDEAKADRFVEEYDRTAQVLLNEYAEANWQYNTNIT

Figure 30. Sequence alignment analysis of pET15b-ACE and mouse ACE protein

sequences.

Each protein indicated the left of the alignment. The enzyme

restriction site at each end of pET15b-ACE is red letter. The amino acid HM are
Ndel site and GS are BamH1 site. The amino acid ENLYFQGM are TEV site.
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pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

pET15b-ACE
Mouse ACE

Figure 29.

IEGSKILLEKSTEVSNHTLKYGTRAKTFDVSNFQNSSIKRIIKKLONLDRAVLPPKELEE
IEGSKILLEKSTEVSNHTLKYGTRAKTFDVSNFQNSSIKRIIKKLONLDRAVLPPKELEE

YNQILLDMETTYSLSNICYTNGTCMPLEPDLTNMMATSRKYEELLWAWKSWRDKVGRAIL
YNQILLDMETTYSLSNICYTNGTCMPLEPDLTNMMATSRKYEELLWAWKSWRDKVGRAIL

PFFPKY VEFSNKIAKLNGYTDAGDSWRSLYESDNLEQDLEKLYQELQPLYLNLHAYVRRS
PFFPKY VEFSNKIAKLNGYTDAGDSWRSLYESDNLEQDLEKLYQELQPLYLNLHAYVRRS

LHRHYGSEYINLDGPIPAHLLGNMWAQTWSNIYDILVAPFPSAPNIDATEAMIKQGWTPRR
LHRHYGSEYINLDGPIPAHLLGNMWAQTWSNIYDLVAPFPSAPNIDATEAMIKQGWTPRR

IFKEADNFFTSLGLLPVPPEFWNKSMLEKPTDGREVVCHPSAWDFYNGKDFRIKQCTSVN
IFKEADNFFTSLGLLPVPPEFWNKSMLEKPTDGREVVCHPSAWDFYNGKDFRIKQCTSVN

MEDLVIAHHEMGHIQYFMQYKDLPVTFREGANPGFHEAIGDIMALSVSTPKHLYSLNLLS
MEDLVIAHHEMGHIQYFMQYKDLPVTFREGANPGFHEAIGDIMALSVSTPKHLYSLNLLS

TEGSGYEYDINFLMKMALDKIAFIPFSYLIDQWRWRVFDGSITKENYNQEWWSLRLKYQG
TEGSGYEYDINFLMKMALDKIAFIPFSYLIDQWRWRVFDGSITKENYNQEWWSLRLKYQG

LCPPVPRSQGDFDPGSKFHVPANVPY VRYFVSFIIQFQFHEALCRAAGHTGPLHKCDIYQ
LCPPVPRSQGDFDPGSKFHVPANVPYVRYFVSFIIQFQFHEALCRAAGHTGPLHKCDIYQ

SKEAGKLLADAMKLGYSKPWPEAMKLITGQPNMSASAMMNYFKPLTEWLVTENRRHGETL
SKEAGKLLADAMKLGYSKPWPEAMKLITGQPNMSASAMMNYFKPLTEWLVTENRRHGETL

GWPEYNWAPNTARAEGSTAESNRVNFLGLYLEPQQARVGQWVLLFLGVALLVATVGLAHR
GWPEYNWAPNTARAEGSTAESNRVNFLGLYLEPQQARVGQWVLLFLGVALLVATVGLAHR

LYNIRNHHSLRRPHRGPQFGSEVELRHSGS
LYNIRNHHSLRRPHRGPQFGSEVELRHS

Alignment analysis of pET15b-ACE and mouse ACE amino acid

sequences (continued on previous page).
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