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ABSTRACT

In this paper, the method of enzyme inhibition tkiisevas used to study the inhibition, inhibitigpe and inhibition
kinetic constants of morin on aminopeptidase N.[Eug&emia cell growth inhibition test was carriedt@md the
mechanism of interaction between Morin and amintgape was studied by fluorescence spectroscofgsAthe
impact of Morin on aminopeptidase N structure waghier explored. The results showed that Morin veas
reversible competitive inhibitor of aminopeptidas€half-inhibition rate IC50 was 70.88M, inhibition constant Ki
was 21.23uM); deactivation kinetics time course analysis sbdwthat Morin could quickly act with
aminopeptidase N and rapidly reduce the activitythef enzyme; fluorescence spectroscopy showedMvibeh
could significantly quench fluorescence of amindigege N, and hydrophobic interaction was the mdiiving
force of the interaction between the two; circultichroism analysis showed that Morin induced théolaing
ofaminopeptidase conformation , so as to increhserthelical content,which was detriment to the formatof the
active center, leading to the reduction of acyiwf tyrosine aminopeptidase N.

Keywords: Morin; tumor cells; aminopeptidase N; inhibitidlyorescence spectroscopy; leukemia cells; seagnda
structure.

INTRODUCTION

The growth, invasion and metastasis of tumor isrmapglex multi-step process, including cell divisigmpliferation
and extracellular matrix degradation. Tumor celis enter the vascular system, and spread withitbelating,
making cancer distaft; ammonia peptidase N (Aminopeptidase, APN) plagscrucial role in physiological
regulation and signal transduction between celthénbody's tissues, whose function and role ferift because of
the different presence of positions; New reseahtws that aminopeptidase N have played a very itapbrole in
all aspects of malignant tumor metastasis , indgdhe degradation of thymosin and interleukinultasg in
immune system function decreased, which providesemient conditions for the growth of tumor, wigmore,
and generation of cardiovascular of tumor celeggradation of matrix is also inseparable of améptidlase N,
which means that aminopeptidase N inhibitors céecéfely prevent metastasis and metastasis of tumo

Morin is a natural bioactive substance and widéjridbuted in nature. Chinese mulberry, Morusalbd eulberry
are respectively from leaves, root bark and fraft&oraceae plant. Mulberry is a food and medigitents, which
is used for medicinal purposes in both East andt\Wéarin can inhibit enzyme activity with the effeof anti-
cancer, anti-bacterial, anti-inflammatory, antiextisclerotic, anti-stress and lowering blood sumad so orf®.
Some data has indicated that Morin can inhibitdasinogenic effects of benzopyrene on mouse8kiand can
specifically enhance immune function; as well astdeet or inhibit morphology, proliferation of cdihes of liver
cancer, esophageal squamous cell carcinoma and witfeut inhibition of bone marrow cells. It isags clinically
for liver cancer, esophageal cancer, gastric caedé It can also be used as a premedication connbination with
chemotherapy, and in combination with other chem@py drugs to improve the efficacy and reduce eftkcts.
To explore whether the anticancer effect of Mogrrélated to its inhibition of aminopeptidase Ns tarticle will
research inhibition mechanism of morin on tumorlscédminopeptidase N and analysis inhibition typed an
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inhibition kinetic constants of Morin on aminopigjaise N, as well as explore the interaction mecmasibetween
Morin and aminopeptidase N and chelation with zioss ,and further study the affect of conformatioh
aminopeptidase N in order to provide basic datatlie development and applications of Morin in fiedd of

functional medicine.

EXPERIMENTAL SECTION

1.1 Inhibition of M orin on aminopeptidase N

Aminopeptidase N catalytic substrate (L-leucineipeanilide phthalate) produce Para- nitroanilinkiath has UV
absorption at 405 nm,and concentration of Paraeaniiline is positively correlated with the size a€tive
enzyme;determine the activity of aminopeptidasebi testing the change of absorbance at 405 nm ¢haban
indirectly reflect the degree of inhibition of thahibitor on enzyme activif§l. After Morin (AR, Aladdin reagent,
Figure 1) and aminopeptidase N (Sigma Companyihasibated for 3 h at 3T, pH 6.8 phosphate (50 mmol / L)
buffer system, L - leucine phthalate-P-nitroanil{@R, A Sigma) is added. Kinetics / time softwarfeld/-2450
UV - visible spectrophotometer (Shimadzu Corporgtis used to measure change of absorbance vald€sam
and relationship formula: Relative activity (%) R/R;) x 100% is used to calculate inhibitory activity o
morinonaminopeptidase N; whereig R the slope variation of absorbance change withwhbitor, R is the slope
variation of absorbance change in the system aantaidifferent concentrations of morin. BestatinRASigma
Company) is set as a positive control.

1.2 Study of inhibition kinetics of Morin on aminopeptidase N

The concentration of aminopeptidaseN is fixed7af@in the same buffer system , and enzymatic remctite is
measured at different substrate concentrationseviéaver-Burk is used for picture, and analyze tttébition
kinetics of Morin on aminopeptidase N based oragigarent Michaelis constant of the enzymatic readtiKmapp)
and the change of the maximum reaction rate (Vmax)

1.3 Cell growth inhibition test of Morin on leukemia

The succinate dehydrogenase in mitochondria afididells can restore yellow bromide 3 - (4,5 - dhgk2) -2,5 -
diphenyltetrazolium (MTT) to insoluble blue-purdi@mazan which deposites in the cell. Usually gle@merating
amount of formazan is proportional to the numbfeviable cells and the cell viability; formazan che dissolved
by dimethylsulfoxide (DMSO),whose content can beedained by measuring the absorbance at 570 nns ey
number of the viable cell can be indirectly presdraecording to the change of the absorbance mehatif&r/0 nm
to assess the ability of the inhibitor or anti-tuffio

Bestatin is set as a positive control (aminopeptdd is the main target of Bestatin which can irdapoptosis of
leukemia cells in acute myeloid), the blank contyaup is without Morin. Morin and human acute noyelcells
from leukemia cells with different concentratioms ancubated for 48h at 3T, 5% CQand then 0.5% MTT stain
is added. After 4 h of incubation, 2500 rpm, céaged 30 min, the medium is discarded,and DMSOt&wius
added. The absorbance value (OD value) at 570 mmeasured by UV-2450 UV - visible spectrophotomeisa
cell growth inhibition rate is calculated as thédaing formula:

Inhibition rate (%) = (blank OD value - inhibitorBDvalue / OD value of the blank) x 100%

1.4 Deter mination of fluorescence spectra

The Morin solution (0-3.54 x 10-4 mol L-1) is canibusly added in 3.0 mL of aminopeptidase N sohf#d) x
10-6 mol L-1). F-7000 fluorescence spectrophotom@titachi, Japan) is used at three temperaturez98f 304
and 310 K to scan fluorescence spectra in the rah@80 - 500 nmwith excitation wavelength of 288 and 2.5
nm of excitation and emission slits.

1.5 Determination of circular dichroism spectra
Different concentrations of morin is added to tmeireopeptidase N solution, mixed, with pH 6.8 phude (50
mmol / L) buffer as the blank. The circular diclsmispectroscopy of sample solution is measured .37

RESULTSAND DISCUSSION

2.1 Inhibition of Morin on activity of aminopeptidase N

The Figure 2 has shown that, as the concentratibmshibitor Morin increases, the activity of amjpeptidase N
decreases continuously. The relative activity ofrenpeptidase N trends to be stable until the comagon of
Morin reaches 15@M, indicating that inhibition of Morin on activitpf aminopeptidase N is in a concentration-
dependent manner.lts 50% inhibitory concentratié65Q) is 70.85uM, and Morin has showed some
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inhibitionpositive control on tyrosinase compareithvthe positive control f Bestatin IC50 of 21.2aM, which is
consistent with the previous report in the litera

OH O

Fig 1 Structure of galangin

Figure 3 has shown the relationship between theigcdf aminopeptidase N and the amount of addezyme. In
measured live system ofdvin with different concentrations ,a straight liteough the origin is plotted through t
enzyme activity to theraount of the enzyme, and as Morin concentratioreimses, the slope of each line contir
to reduce , indicating that the increase inconcentration of Morin inhikst aminopeptidaN activity, rather than
causingdecreased enzyme activity by reducing the effectin®unt of enzyme, which shows that inhibition
Morin on activity of aminopeptidase N is a revelsiproces{®.
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Fig.2 Inhibitory effect on APNofmorin
(m)is Bestatin, (e)is Morin , c(APN) = 4pg/mL, c(L-Leucinephthalocyanineaioaniline) = 1x10°mol/L.
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Fig 3 Inhibitory type on APN ofmorin
¢ (L-leucyl-Pnitroaniline phthalate) = 1 x 1-3 mol / L, ¢ (APN) = 4g / mL to ¢ (Morin)from top to bottom of the cur@25, 75 150uM

2.2 Determination of the time cour se of inhibition of Morin on aminopeptidase N

At the same buffer systerthe same volume of incubation solution is remowvexnf different concentrations
morin - enzymes dhtervals of 180 s, and then tsubstrate L-leucine phthalaterroanilines is added to meast

the time course of loss of aminopeptidase N agtiis Figure 4 has shown, at differeconcentrations of Morin,
the relative activity of aminopeptidase N doesctmnge with the increasingcubation time,which has shown tt

Morin can easily interact with the aminopeptidaseahd quickly change the physiological structurd properties

of the enzyme, ultimately inhibit the enzyme inhers time and make the relative activity do notraewith the

incubation timé®l,
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Fig 4 Time-cour se of APN inhibition in the presence of morin
¢ (APN) = 4ug / mL, ¢ (Morin) from top to bottom of the cur&®, 75, 100, 150
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Fig 5 Lineweaver-Burk plot for inhibition ofmorin on APN
c(APN) =4 pg/mL, c (Morin) from top to bottom bétcurve:0, 75, 100, 150 uM.

b

2.3 Study of inhibition kinetics of Morin on aminopeptidase N

The inhibition type of Morin on aminopeptidase $\further validated. Under the same experimentadiitions the
inhibition of Morin on polyphenol oxidase is studiat different concentrations to research thebitibin kinetics of
Morin on aminopeptidase N and the Kmapp and Vmanetic parameters is obtained by plotting according
Lineweaver-Burk double reciprocal equation. It &enseen from Figure 5 that Lineweaver-Burk doubtgprocal
plot is a straight line intersecting at the veftiexis, indicating thatVmax remains unchanged wdlmapp
gradually increases in the system, which is thécattype of competitive inhibitioft”). This has shown that Morin
may combine to the activity center of aminopeptidilsand the active sites of the substrate competib as to
obtain the inhabiting effect. On this basis thehitton constant Ki = 24.83M is obtained by plotting for different
concentrations of Morin through the different Y-@akitercepts.

2.4 Inhibition of Morin on growth of leukemia cells

In this study,inhibition of Morin on human leukengall is researched taking human acute myeloiddemi& HL-60
cells as the study and Bestatin as a positive abittcan be seen from Figure 6 that, inhibitioteraf Morin on
human leukemia cell is constantly increasing asceotration of inhibitor solution increases,and alsms a
concentration-dependent phenomena; half inhibitarycentration 1C50 of Morin and Bestatin positoantrol on
leukemia cells is calculated respectively as 61Mand 49.34M, data has shown that ability of Morin inhabiting
the growth of HL-60 cells is slightly higher thamat of Bestatin, which may be due to that the iitioib on the
activity of aminopeptidase N by Morin has inducedgtosis of human leukemia cells.
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Fig 6 Inhibitory effect on the growth of leukemia cells of morin

2.5 Effect of morin on fluor escence spectra of aminopeptidase N

By measuring fluorescence spectra changes of amjptiolase N in the presence of Morin it has beemdotinat
endogenous fluorescence of aminopeptidase N qusricheoncentration-dependent manner with the irstnga
concentration of Morin (Figure 7). This suggedisttinteraction may occur between the t#®. Binding

parameters between Morin and aminopeptidase Ntiseiuobtained, using the formula:

Fp __1 1.1
Fo-F  f,K_[Q] f,

ko calculate the binding constant at 298K K - a®83x 104 L moL-1;

The main driving force involved during the intefiaot of small molecules and biomolecules includedrbgen
bonding, hydrophobic interactions, van der Waald alectrostatic force$* The type of the main force between
small molecules and proteins can be determinedrdicgpto the numerus of thermodynamic parametetisadpy
change AH) and entropyAS). When temperature changes in a small rangentelpy during the reaction can be
treated as a constant. The correspondidgandAS is obtained by the van't Hoff equation :

btained by the van't Hoff equation:

AH + AS
2.30:RT 2.30:R

lgK,=-

Kb is the apparent binding constant at the cornedipg temperature, R is the gas constant.
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Fig 7 Effects of morin on fluorescence emission spectrum of APN
c(APN) = 4 pg/mL, c(Morin)/(uM), 1-80, 25, 50, 75, 100, 125, 150, 175.

The main driving force involved during the intetiaat of small molecules and biomolecules includedrbgen

bonding, hydrophobic interactions, van der Waals @lectrostatic forces [14]. The type of the maircé between
small molecules and proteins can be determinedrdicgpto the numerus of thermodynamic parametetisadpy
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change AH) and entropyAS). When temperature changes in a small rangentielpy during the reaction can be
treated as a constant. The correspondidgandAS is obtained by the van't Hoff equation :

Kb is the apparent binding constant at the cornedipg temperature, R is the gas constant.

Plot by IgKa to 1 / T, the enthalpy and entropyrae of the system can be calculated by the slogeraercept of
the fitted line. Free energy chang& can be calculated by the following equation:

AG =AH -TAS

The thermodynamic analysis about the interactioMofin with aminopeptidase N has been made to oliteit the
binding reaction between the two is a spontaneowusegs. CalculatdH andAS is respectively36.58 kdmol-1 and
168.12 J- mol-1 - K-1, suggesting that complex formation processvbeth Morin and aminopeptidase N is an
entropy-driven endothermic reaction during whicklfophobic interactions are the main driving force.

2.6 Effect of Morin on secondary structure of aminopeptidase N

Online Dichroweb software is used to calculatesbeondary structure content before and after thebowation of
aminopeptidase N and Morin, results are shown iléla. As it can be seen from the table théelical content of
the free aminopeptidase N is 21.2%sheet content is 27.2%. When the concentrationMofin put in
aminopeptidase N reaches 150, o-helical content increases to 32.9f&sheet content reduces to 20.2%, which
shows that Morin induces some conformational chanigeaminopeptidase N. And as the contentadfelix
increases, the structure of aminopeptidase N bexaifose, which is detriment to the formation of &wtive center
of the enzyme, resulting in the decreased vitalftaminopeptidaseN', which may be one of the mechanisms of
inhibition of morin on activity of aminopeptidase N

Table 1 The contents of different secondary structure of tyrosinasein the presence of luteolin

[cyanidenon ] (uM) a- spiral /% B- fold /% p- tumn  random coil

1% 1%

0 21.2 27.2 21.2 30.4
50 24.8 25.0 21.8 28.4
100 28.2 22.2 22.7 26.9
150 32.9 20.2 22.9 24.0

CONCLUSION

This study has shown that Morin is a reversible petitive inhibitor of aminopeptidase N (half inHibin rate 1IC50
of 70.85uM, inhibition constant Ki was 21.28V); deactivation kinetics time course analysis slagwn that Morin
can quickly interact with aminopeptidase N and agpireduce enzyme activity; ability of Mori inhibig the
growth of HL-60 cells is stronger than that of itiwe control Bestatin, which shows that Morin manduce
apoptosisbe of human leukemia cells due to thebitiin on aminopeptidase N activity; fluorescenpectrum
analysis displays that Morin can significantly qclerfluorescence of aminopeptidase N with the bigdionstant
Ka of 3.98 x 104 L mol-1; and hydrophobic interans is the main driving force of the interactiotvizen the two;
round dichroism analysis has suggested that Modudes unfolding of aminopeptidase N conformataysing
the increase ai-helix content, which is detriment to the formatiminactivity center, leading to the reduction oé th
activity of aminopeptidase N; On the one hand Maompetitively binds with ammonia peptidase N actites, on
the other hand it has an impact on the secondeugtate of multi-aminopeptidase N, the two asp&agether form
the mechanism of inhibition of morin on aminopeptd N's.
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