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{ SUMMARY >

<Purpose>
1. Maintenance of flow cytometry system
2. New application of flow cytometry analysis & sorting

- © 0O N O o B~ W N

Purpose&
<Contents>
Contents o . )
1. Optimization of new setup instrument
2. Introduce & optimization of FACSAria SORP
3. Increased utilization of FACSVerse
<Quantitative performance>
contents results Plan
Preventive maintenance 11times 11times
Flow cytometry user training ) )
6times 6times
(theory)
Flow cytometry user training ) )
; 6times 6times
(Practical)
Invited seminar of specialist Ttimes 6times
Results
Hands-on training 6times 4t imes
FACSAria Training 8times 7times
Equipment usage number FACS Analyzer: 4,251
quip & FACS Sorter: 577
<Qualitative performance>
1.0ptimization of FACVerse & FACSAria SORP
2.Acceptance & apply of opinion through user meeting
3.stem-like cell detection & sorting setup to use UV-laser
4.Optimization of Multi-color analysis(8-color) setup & increase case
5.Environmental improvement of flow cytometry facility
- Increase of utilization through optimized maintenance & continuous training
- Increase of research convenience to apply various analytic technic
Expected

Contribution

- Optimized maintenance to preventive maintenance & environmental improvement
- Activated cancer research to increase usage case
- Input usage fee through share other institute

Keywords

FACS Flow cytometry | FACS Analyzer FACS Sorter
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FACSVerse

FACSAria SORP

FACSVerse £2| FACSVerse0f| )
FACSVerse 7+ A|=t Violet-Laser =7} T4t

FACSAria SORP £l
FACSAria SORP A3%|
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Protocol &

Sampling protocol % ZHH|ALE protocol A[Zt1Teq
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(High-end performance flow | - =2}¢| Ale|E &1}slo] 2016 =0
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applicationd 2 WS Z&stod £ 92%Ho| WS FACSCal ibur | - Performance check : FACS comp(passed)
.
=71=9| il _ .
h a 2 ~z59e Valve cleaning(V2,V3,V4)
- . - SIP cleaning
12 FACSE Tsol= ARSET Ol )
- Laser(blue & red) alignment
slsk A ol =X _ = & 2 =2 3 Mot S
sieh = U= 7|==l Mojfm =Ml &2 MoluE stEE|ol A SHY S FACSCal ibur 11 - Performance check : FACS comp(passed)
FUS Z - V3,V4 valve cleaned
- Valve3, valvel &t
FACS &t Cish W8 M |- A/stehy|o 22X XEZH2 2 FACS U=
HBPL | wg 4 glof BEEIl 58 | HUHAS i gTiCkl& adiust flow rate
- cleaning
s FACSCal ibur 111 )
- ) ) - Laser(blue & red) alignment
2tehst sampling tip, sample
- Performance check : FACS comp(passed)
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ng e - Check flow rate
FACSVer se Laser alignment
Ctefst WSS Sl FACSe & Per formance QC(passed)
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- Flow-cell clean
. . ) - Laser alignment
FACS A& #, Flowlo 24 = | - H7|Hel FlowJo WSS Safl HlolE 24 8o FACSAria | ) ) )
- Adjust fiber mount & optics
data Mz| Alo| of24g0] UAS st ns MASIS - Laser power check
of ot | sz w7 - Online oflef systenzt 20| =3 O Haleh offet - Laser alignment
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- Check flow rate
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Az ey s3] 9 934
28 21 H|8=| BD FACS Camp : Basic course training
78 5¢ Ch=of Mok A oA HAYSME-FACSE &85 Cytokine assay
8l 222! 93| BD FACS Camp : Advanced course training
20134

98 12¢ BD Clinical user training in Flow cytometry

59 2~92l | Z2| 55| : AAl (The American Association of Immunologists)

1089 11 | S =3 @ &= 22X HZ Y253

28 13~142 | M[102] BD FACS Camp : Advanced course training

58 19~20 | B B3 : CHE etetE

20144 88 28~29¢

112 BD FACS Camp : Basic course training

118 6~79 | I sl st HASs]
129 4~92 | =2 55| : ASH (The American Society of Hematology)
2¢l 5~62 | M123] BD FACS Camp : Advanced course training

20154 g 27~28Y

H[13=2] BD FACS Camp : Basic course training
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(Hands-on training) & AAIE 24 ATFXSol|2 24 7|HE 2IHSIAS

(Hands-on training)

FACSCalibur stem-iike cell | single-cell | Flowso
A2ag detection sorting A%

T2 5. FACS O| Xt & 7He
(1) FMZEA7| O|8%t o|ERF

n=:2013.3.4 ZHE X} BD Korea

A4 ol 2l 1453

@ Introduction to flow cytometry

- Properties of flow cytometry

- Subsystem(Fluidics, Optics, Electronics)
aet7| | @ FACSuite software program

@ Multicolor flow cytometry

- Fluorochrome properties

- Fluorescence spillover

20134 - Tandem dye issue

W8A:2013.10.7 | LEX: ZEfA | T35S (NCC)
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@ Introduction to flow cytometry
- Component of flow cytometry

- Properties of FSC/SSC

StEb7| | - Kind of staining

- Spil lover/compensation

@ Application of flow cytometry

- Cell cycle

- Apoptosis
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20144 =

mE2:2014.3.10

@ Principle of flow cytometry

- Introduction of flow cytometry
- Flow cytometry applications

- Flow cytometry compensation

- Data analysis

@ Applications of flow cytometry
- Cell cyle

- Apoptosis

- Flow cytometry in NCC

WS:2014.9.19 | LEX}L: Alo|H(Fto|AE Q| Bl 5tHl)

@ Application of multicolor flow cytometry in immunology
- Principle

- Multicolor flow cytometry

- Advantage of multicolor flow cytometry

- Compensation of multicolor flow cytometry

- Polyfunctional T-cell aray

- Study of regulatory T-cells

- MHC class | multimer

2015 =

W=:2015.3.2 | LA ZEfA(NCC)

@ Principle of flow cytometry

- Introduction of flow cytometry
- Flow cytometry applications

- Flow cytometry compensation

- Data analysis

@ Application of flow cytometry
- Cell cycle & Apoptosis

- Introductin of flow cytometry system in NCC

W5:2015.9.7 | WEX}F: ZEefAl A= M(NCC)

@ Principle of flow cytometry

- Introduction of flow cytometry

- Flow cytometry applications

- Flow cytometry compensation

- Data analysis

- Introductin of flow cytometry system in NCC

@ Proper use of flow cytometry & application tips

- Cell Cycle
- Apoptosis
- Cell Sorting

- Introduce of other application

- Multi-color panel design
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2ot LR g, 22 RMEZEMALY 280 tial 28 olstel ofzdof o BER

(2) FMIZEA7| o] Xt A7 | BT

- RMZEMY| o|BAtNFE e ATHE ez MHAE ol AV|ug ™

- FACSCal ibur& 0|-235}0{ self-operation W& =&l
- o AebY] ) SHEE| 23] RIdstod & 63 R
- HEXI7} 25 applicationE@ 2 &S L5o 28dEz2 Td
5
Training Course
o zsolg
Basic
- BeadsE 0| &3t0{ ZFZEH| ALZEHH s
- M S ZH|E ALS5ts 0| 8AE a2 J[2&¢l Td|ALEd ns 22y
- ZH| AFR Al FoIAEt WE( support arm, ZH| Run, laser, washing, supply
system, compensation)
Cell Cycle ¥ ZHH|ALE Y
- XS ZH|E AE5ts 0| EAE AR 7|28l Fu|AL2Hy
2804
- ZH| AL Al FolAtE ng
- 2% cell cycle sampleg &3l cell cycle ¥2|2t datadA
Multicolor & ZHH|ALE diH
- ZH| AL Al FolAtE ng
5 _ 159
- g2 beadE 0|&35t0f FSC/SSC ¥ Z+ parameter2| voltage =& A&
- 2} g2 beadE AFE3510{ compensation setting A&
Apoptosis 2 EH|ALZ dHH
- RH| AR A| FoAlE WS
) i 27
- 82 beadE 08350 FSC/SSC ¥ Z+ parameter2| voltage =& A&

- 2t g2 beadE AFE5I0{ compensation setting A&

(3) Mu|gENS
® Holel 2M =28 (Flowlo) TS

- Flow cytometry data 24 T2J2o=z Ha| 0|1 Y= Flowool| CHEF WSZ

02

- Basic course®} advance courseZ LHF0{ W

-5 WSy 70Y

Basic course Advance course

» Introduction FlowJo software « Introduction FlowJo software

» Display method + Sample analysis
+ Various gating tools * Various plot type
* Various plot type » Various gating tool
+ Batch process + Batch process
« Multiple analysis platforms & Tools « Advance application
+ Cell phenotype + Sample merge
+ Apoptosis * Tools & Boolean gate
* Cell cycle * Keyword

* Cell proliferation

Data export
* Back gating * Layout editor
» Data exports + Data overlay

* Q&A * Save as
8 7. FlowJo training course

@® Phosflow Hands-on training

- cell lysateZ western blot2 & 35}t0{ phosphorylation moleculeS detectionstz ghH

S flow cytometryS O|&5t0] detection & %= U= ol st 27 2 A& MojLt &
- single cell base2 40| Jtssict= ZE0l AS

- 671 AEA 100{Y Uil FA

20144 109 30

- UsHE
Al 2ZH nEHE
09:30-10:00 | - Introduction of Phosflow

10:00-11:00 | - Sample preparation & antibody staining

13:00-16:00 | - Sample acquisition & data analysis

16:00-17:00 | - Q8A
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® FACSA

- WXt

- A -
puring :

ria SORPS & 88 Stem-like cell detection (side population analysis)
: Jana-Jakubikoba, Ph.D.
Dana-Farber cancer institute/Harvard medical school, USA

. The chal lenge of myeloma stem cells in the context of neoplastic bone-marrow niche

Iz

olel: 2Felzh 1070 A HollA F 308 FHA

= = S ==

20144 3¥ 269, 27

The chal lenge of myeloma stem cells in the context of

9:00 - 10:00 : )
neoplastic bone marrow niche
AT CH A wet-seminar
10:00 - 11:30 | (& &AZ}: 39H)

. Sample harvest & staining

14:00 - 15:30 | FACSAria SORP, UV-laser& 0|28t SP detection

- 3d

RPMI-8226) 2f Zt AMEHA (ubZuf stAl AEA: Human glioma cell line, Zs&t

SHAl:
=

26, 274 4AUZt flow cytometry facilityolM Z=H|st & Z72| cell line(KMS-11,

T

HAF A

J

. mouse gastric cancer cell line, = 8tAF MEA: |ung cancer cell |ine)ollA

HAFXIE F=H|S cell lineS 0|83l AF Hoechst HAES ZIgSh o|Fof FACSAria SORP2|

UW-laserE AZ5H0] HiolH 2M2 TSRS, 0| Sl M2 XS0kl thE =

= =
= &

SA ™ SAloll Al Tlsto] =3t ctA 2 FACSAria SORPS| ZEXE 0|2, &

s

gle| AtZ2 BTN =HAS.

=
KMS-11 RPMI18226 Human glioma cell line
PMI-REM L FAd1-coniral
Cell line
N N e B e
side
) 4.5% 1.9% 0.1%
population
mouse gastric cancer lung cancer cel
MM1-S
cell line_S3 | ine_H441
Cell line
side
) 2.8% 21% 0%
population
- flow cytometry facilityollAl Z=H|SF KMS-11Z} RPMI-8226 cell |ine2 human myeloma
cell line@Z o|o] 2 22| side populationo| =Xfstctm 2= cell 1ine0|0{A

positive control 2 ALESIES.

AFAE0| FH[E cell line ZMAM T side populationo| 2 ME Fodof 79|

H
3
r

detection= x| &= cell lineT =EM3IUS

@ Single-cell and index sorting

FACSAriaoll Z=H=El ACDUE 2H25101 wel l-platee] Zt welloll single-cel |2 sorting®

0
02

5t

mjo

A= ol Cf§h o|2m S I Hands-on trainingE &

>

o7h MEAA 192 FHA

SUHE

El

20154 88 12¢d

09:00 ~ 10:00 Introduction of single cell sorting and index sorting

10:00 ~ 14:00 | &H| warm-up and instrument setting

14:00 ~ 15:00 | Single cell sorting

15:00 ~ 16:00 | QA




6.

- ZF Al Al

S
= =28

96-wel 10l single-cel |2 sortingS ZIgE

offM Z=H|St cell line2 O|&3}0{ GFP+ cellO|L} FSC/SSCOlA| gatesto] Z=H|=

I~

- Hdlof| tist M2 7|52 270 & hands-on training2z ZH|2| 2T

ol

7t

- 2|2 &= A= single-cell based analysisoll 287t

HE7F =8 MojLt

- Flow cytometrys &&3t0 o7

i

Hast

2ZtA MEIHS =FHSH0] MlojLt Z

rir

iRt 3 WEFH

Mizuko Mamura M.D, Ph.D.(Xte|zichs})

- Revising the ubiquitousness in normal immune cells

o| 22 (I Alch&tm)

- mTOR signaling and fate decision of lymphoid cells

20144 =

Jana-Jakubikoba, Ph.D(Harbard medical school)
- The challenge of myeloma stem cells in the context of neoplastic

bone marrow niche

Me|H m4(Fo|AE | 2bstry Eal)

- T cell reponses in viral hepatitis

25 wW(0lEto{ A Btm ofsfry &)

- T-bet in T cell immunity

20154 =

2l 72l (LK Bioscience)
- PrimeFlow RNA Assay: RNA and Protein expression within individual

cells by Flow Cytometry

Mizuko Mamura M.D, Ph.D.(Tokyo medical school)

- Dynamic smad signaling networks in tumor microenvironment

i3 w(FIo|AE o nfstolstel)
- A

pplication of Multicolor Flow Cytometry in Immunological Assays

7. Et 7|2 HAFAIHA FACSAria Training

- Eb 7|2 FACSAria AFEALE AR AT A Lo 2ed72t RERZ WSS THSIUS
7

- 2 E nHA=MYolE ==X ghtent, oA ™ Sofl

- FulggRtel =3PE Hes

tod 7|2k Wf oty

-7zt & 0g ol & 18y
2013dx
WFYUA| | 20137823, 24
mEY | 2E(EEDETE)
mE5e | MK 1202 (608H /21
2014HE
WFAUA| 20142820 21 2014442242 259 2014458222 232!
2y 29 29
e _ ] _
(Zeicyetm, 2Fnsl &g (stairiole) (B2 ststel T al)
mSHel | 1208kl (608HI/21) 1202+2d (602H /21) 1202+2 (602H2 /21)
2015HE
WFYUAl | 201522252 2620 | 20154721292 ,302 | 201549817 ,18%) | 201511852 62!
38 2y 2y
3y
TS St 550 1| ICHskn oksklst XN 2y s m
usY | (S=stEtd Y, | (P2 cekE | (M S o 8w (MScHEHn oksihe)
MSchstn opllish | el =EZUE)
w52 | 1802HA(602HA/Q1) | 1202 H(602H /) 1202H(602HRI/21) | 1802HRA(602HR/2l)

- usSHE
s Al 2k sy =/
. . El= -l =
09:00 - 09:10 | opening ZlefAl
09:10 - 10:10 | Introduction to the BD FACSAria Sorting Theory | BD Korea
10:30 - 11:30 | BD FACS Diva Overview BD Korea
1ol7'(
22 1250 - 13:00 | Lunch
Component & Maintenance
13:00 - 16:00
Startup & Shutdown
16:30 - 18:00 | Sorting with Calibrite Beads
- = B 24
09:00 - 11:30 | 1day Review
2R
11:30 - 13:00 | Lunch
2 &t
13:00 - 16:00 | Sorting with cells
16:30 - 18:00 | Troubleshooting & practical tip
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8. RMIZEMI|/EE|7] ALEEE

FACS analyzer

- Ao ERSIE U= FACS analyzer=

-

FACSCal ibur & the ZHRIRAolAl 74

i

o| Ztzt otk

i o ==

stoi 2F FACSVerse= T EHQl

- AL YOl HUEo| BB SHEA BIISIASOIE BFEHD SN 28 =B ATA

S0 @75 BM4QE8 F3AL & ¥

oF | HMalT 2kZ2=|HA analyzere| AFRREO|

HE (2014) FEf sample +5 FHRESIS

FACS Analyzer AIEHHE

. 2015 _samples

FACSVerseoll violet-laserg Z&feto2M SAlol 8-color2M S 7S, multi-color £Aoi cff

1AM S (2013) 0= samle 5 FH2ESIK| &UoLt, BA 14E sample7| 718l w2}, 2kt

D014 samipless  e—eemI0l5  e—_014  e—ee—2013

% 3tHel (FACSCalibur 2tH, FACSVerse 1EH)

We MefE 2= A1 LIHX|] FACSCalibur

27

ey

250

0015 samples= 1845

B 0014 sample== 927
—— D015 130
— ] o4
——2013 54

8 8. FACS Analyzer AlE 3 &

- AR £ 2013 TiH| 20140l 2F 77% S7ISI001, 20150l= 2014 Che| 2F 21. %5751 20,

sample == 20144 Cid| 2k 56.7% E7I6I9S

FACS Sor ter
— FACSAria |} FACSAria SORP 5 CHe| Zd

Gg0lE 23laf oot tfr|AIZle AFY oz BESof ARAISSl ATHA ATt HUS

Ry Sample 5

t

ol

sexoz 2gsto 27}

ol

7t

- FACSAria SORPS| %X 3&} 2t2 & MMEJt

2 o AtgEo| Mzl slshM St

=3 MojLE S8 MZ2 applicationof sk 274

St

3¢
ojo
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- ME7 =¥ Mojutel =g Mo|LE SsiAM flow cytometryE &E&%H CHEE WS
2oistn MEFH Sofl tist NS FAFgozM FH| HE2EE it Ao AESEE
e it

i
FACS Sorter Al2¢ =
—e—1015 —e—2014 —e—2013
35
30
25
b sl
Rl
do s
=
10
5
i 1 2 3 2 5 6 7 a 9 0 | 11 12 [ Total
14 1 25 28 16 30 27 18 20 25 30 18 262
17 22 14 24 | 24 23 g 15 13 13 10 18 202
3. 14 14 g 4 10 11 7 g B 7 113

e
d

8 9. FACS Sorter AFE 3

9. AMES| Multi-color setup =X s}

FACSVerseE O|-Z¢St 8-color analysis setup 2=

Faet A28 Y o FXEZAMe W9 EX|X AF(P|:gkeld)

- T cell analysis(CD3, CD4, CD8, PD-1, IFN-r, Annexin V, 4-1BB)

-NK cell analysis(CD56, CD3, CD107a, CD337, CD16, (D314, CD335, CD159a)
=Rl
-T,B,NK cell analysis(CD45, CD3, CD4, CD8, CD19, CD16/56)

- Treg cell analysis(CD3, CD4, CD8, CD25, Live/dead, Foxp 3, CD127, CD45RA)

gt

& SX g Zho|Almb XM Zho|Alofl M T, B, NK cell2| S5 v|meAF (PI:0|&H)

T-cell Analysis (8-color)

8 10. 8-color analysis data

NK cell Analysis {8-color)
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- FACS analyzer2| At22f0|
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86571, 2014 15314, 2015 18557422 ofjd 7|35t3

FACS Analyzer
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@REs

8 13. FACS Analyzer ¥ T& AL

FACS sortere| AF2Z0| 20134 1137, 20141 20274, 2015 2627422 ofjd 7|st2Xoz
Z7tsto] Zd| JtEE0| 100%0 =ubet
FACS Sorter
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i—i 3 113
o1 100
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EREs

18 14. FACS Sorter T AL
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Nat Commun, 2015 Apr 10;6:6810. doi; 10. mm,’nrmnms)sm
Pontin functions as an essential for incRMA in mause cells,
Boo KX, Bhin 2, Jean Y2, Kim %, Shin HI3, Park JE2, Kim K2, Kim CRY, J;ngH Kim M7, mm VNE, Hwang D%, Lee M2, Baek SH!

Nat Commun. 2015 Mar 20;6:6340. doi: 10.1038/ncomms7340.
The HIF-1/glial TIM-3 axis controls Inflammation-associated brain damage under hypoxia.
Koh HSY, Chang CY?, Jeon SB?, Yoon HIZ, Ahn YH?, Kim HS?, Kim 1H?, Jeon SH*, Johnson RS®, Park EJ°.

Glia, 2015 May;53(5):894.905. doi: 10.1002/g6i3.22791. Epub 2015 Jan 27.
Distinctive responses of brain tumor cells to TLR2 ligands.
Yoon HI%, Jeon S8, Koh HS, Song ¥, Kim S5, Kim IH, Park £

Head Meck. 2015 Mar; 37{3):327-35. dol: 10.1002/hed.23608. Epub 2014 Apr 3,
CD200: assoclation with cancer stem cell feat d response to in head and neck cell
lung Y5, Vermeer PD, Vermeer DW, Lee S1, Goh AR, Ahn HJ, Lee JH.

Stem Calls, 2015 Jun 8. doi: 10.1002/stem, 2073. [Epub ahead of print]
Core Pluripotency Factors Directly Regulate Metabelism in Embryonic Stem Cell to Maintain Pluripotency.
Kim HY, Jang H'?, Kim TW?, Kang BH', Lee SE”, Jeon YK'4, Chung DH'#, Chol 1%, ShinJ%, Cho EJ*, Youn HD'*,

BMB Rep. 2015 Feb;48(2):115-20.

Tight otein 1 is reg by growth factor-@ and contributes to cell motility in NSCLC cells.
Lea SHY, Paek AR?, Yoon KY, Kim SH?, Lea SY1, You HJ?,
European Joumal of Pharmacology

Selenate specifically sensitizes drug-resistant cancer cells by increasing apoptosis via G2 phase cell cycle arrest without P-gp inhibition
Ae-Ran Chol, Min Ji Joo, Myung-Gi Jung, Hyung Sik Kim, :Sungpil Yoon

J Immuncl, 2015 Feb 15;194{4):1580-90, doi: 10. am;ﬁ.mmunol 1303439. Epub 2015 Jan 19,
In vive 4-1BB deficiency in myeloid cells cell by Las.
Chei BK!, Kim YH?, Lee DG!, Oh HS!, Kim KH!, Park SH!, Lee I, \frmy DS?, Kwon BS*,

Anticancer Research
of

itizes AZD5363-treated Cancer Cells Through Increased Apoptosis
Ae-Ran Choi, Myung-Ji Jung. Ju-Hwa Kim. and Sungpil Yoon

12 15. Flow cytometry dataZl figure2 AIRE =82 Z£2 (20154)
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O Mass cytometry (CyTOF)
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) multiple myeloma: pathophysiologic and clinical implications. Blood. 2011(117):4409-4419.
O High-end performance flow cytometry (LSRFortessa X-200)
) . O Anna Golebiewska, Nicolaas H.C. Brons, Rolf Bjerkvig, and Simone P.Niclou(2011). Critical
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. _ ~ _ appraisal of the side population assay in stem cell and cancer stem cell research. Cell Stem
- cancer stem cell detectionol AFEE|= UW-laser?t &2 7155l €857t 2 =3
B Cell.2011(2): 136-147.
-0 Z2OYE Sol ZHIMEIE HIE 5+ US
~ ) _ . O BD Korea website(http://www.bdbiosciences.com/kr/index. jsp?WT.srch=1)
- 7| T&E FACSAria SORPR} SUAIAo=Z FEH0| 7153510, analyzeret sorter?| 7|s0| &2l= 0
2850l Mu|2g0| JHsEt EERL >
— 25 —

- 26 —



AHEII UM

- 28 —

o ot I o I
K of KO fad
E:__ ™ AT o_H - MW ~
Ad 3T X B o o "
T 1H K M ol ® ol
W _ o = 8 < a
< ol ) © B3
TH — K.
7 ¥ Ly o 5 2o i
w @ 5 & g X o i
_ 3B EY 0N wo_ o iy
o ;I T Ko ~ o 3 o
Kl ol I — R~ ol
B 9 s on oo _ 3
[3) ol —_
H ¢ s WH oo S —
= o 0 0 o 0 0 tlo e
AT ok R T T W <0
— ! X ol — -
@ [S) w1_ o < i K oll
[ L i B W oo T =
K& ol % AU opn & ® o
i 7 < M.J D _#.M_ TR:S
gl = %0 E— o > = o
= Ly ol S = N
z 3 ol i o < H m.A_.=|_ Tl m_m o
o RO iy = A - R
o = e L) = W R RS
o= K0 ) S B [i]= = -8
0y - T T E M 4 B2 S
o g Ir It} M g H [o]] or < -
— I+ I ol < o lo K E = £
oL 0 W - K T N9
X0 a3 B o + W m " ) S S 5
ol Bl "o = — 5r WOR op LU
KO o wo o N o< n @ 5 H o8 <+ .y Hi H Ho©
- = WS o0 A < _ w5 = TS
0 w o io} = 4 ol = 20 K m 2| O y s
¢ @ i ~E |4 E pRT| L |TEC
o0 | 3 A F & T o B |zs | aT ~|TTE w5 R
R = % R R R = ¢ |2 LT
ol T O = 0 T o= = O | ® R Hoob |z o T X o
ok lm X d g o ® A I = 2K W ook R T ke
v oW & R S K lmg | D K|zED BT yx
e B2 UG $ ST @ma| o m oo TS
= ok z S I zll KR W= ~ | X =
~ ) = = | o =] X 3
| s = ° 1 -r 2 Wonow | Mo
Ly m__o o I 5 R Eom YT g L oW
4 & z W i gz W2 = LT o B T o |t EW™
~ Wi « B Ty m ob| Cowldy Y gzl
T 0o oo i = < ~ ORDR . N
ol o Ao Kooar 0 .
g
T ©
= 3 — T ol
e I T I Il
|z | M ozw o
I an|odo | D | o
s i ofn
b o | B0 83
- LR 1
o 47
H0
. N =
1H mxm e i
+ Sk | |N RO
K oo % mm ol o or
—_ - [o]
5] Ko [E] T - |
il m__ o | e
il i)
< B
Iy 0 » o
3l o1 4 —
oF Mﬁ T - ~ W
Bl T Y 18| g| g | 8 (S W
of lm|w| | |H S| S8 8|S e ¢ ol G
EA RIS T |z 3| B3| 8| 3 3 o | & _ | H &
3 ol oF |oF - [Ty oF | D e
El o . LIS KT = M
Er - R T ke o = W
<] | = |oF i oF - <0 E| S K
| mw w2 - L I =4 R = o £
%m_:.ﬂ:.lw_pts{.s..s..s. = -on
e L L B N N 0 £z
cRl b NG 8y fs gle o % T Al
4%A0AI_M0A_;1 55 5235288 X R
FRBI@ 8 N ¥R & ¥ o ol hm
— |3 s [ 0 A oS
° % |5 5 = = P
R oK oK o —_ = F N
12 [ | H H H [ K K “ o
Ly iy K b | ) _ url - ol ol IS K
T P Tl = | | £ | ® > o =r ol = =
I | K K R K = K & -
o ° =] e 5 Q9 = T Ko
o0 S FIEE O F2h
i g - Tias f3d
= Hle|m| = - - o = 0 3 = N
3 Mel®IE|®|E NT |y L X |l Kms
E] L a| T | = N N o o ~ T VT
. el i oL RlE|® ® m m M=
— < |38 |< Ko o | 8l T E - | . -
i Ko .
KD | <0 i, I~ . < M

- 27 -



i
ol

ol

. &

of o W
285 A o N 3
uar R = o L a_. > mﬁ__
o fil o md 0 iy
L R I T & T
T o 5 X o s
Ny o2 05 45 = ER.
W~ =) <4 ol TR
= = k=) HH - o W T °
mﬂn ) 5 ok ol o _ o
T t g | &3
_ r a3 o T
a ok = BEgr = =Y 22
[m) _ = 1
5K ow s ® o H 5
— - N H ol Ll s 1
zw wo Bl mo = KH o T
_ 2 = ok ~ by K =
o= E — Kk of o=
5 M K0 = ol Al o
o o T w3 T S
S ) ) & ol _ S 2w
K oo s E3 _ = 3 h bR
o X o T o B 1 LIS
= 0 ol R iy © ° -
= W 70 pd < N S wl Bl
y T ol i - o o =
«F z 5 3 AR
ih] 4 S W - o ol <l -
T M <5 P T w2
ol ol o & D Ll e BT R
T T oz " g O T L | F nET
M o 1o S R’ [ A el
m xl K % = & 0 = H i
ol yr k3| w = B | " 5| 2 - °
R o o ) £l < | 5 ol R g 2 M
a| ®F S . W 3 | = T K1 S
oo A of | D = | H T
/I B ®. 3 o °
mo m_ﬁ H RO oo oxo < W = [ T
B LR mx o Bz A 5| * @ v
B = 5 3 - ! L.
) 5o mw K Rl uc.._u _ < of -+ ° o. ok W
TR o I BTN B0 | o T gl = Vo
=| EX 4 A R S - - < | o z 0 iy
= £} Rl K oS — r~ o
=) -7 N L 5 LA | I N o < W
Rl _ Kl ol 2 KM 1o : K T o w s I
D L ) = i _ M oK | © S Rz
B EEED ZEaab o F RS Ty
_ R _ < H = K &)
Pl Ee e owm_ ow™ R z 5% uemﬁo_
n| 8w LAX I A 5w T
A T N R N R -
— T R0OH OB oo B ok = . " g il 3 5 R
! | | 1 N o< i_ 3 Kl aa £
! ! | |Ar._ N4
I i
il "
" E
T S = K
T 2 o T
_ = of <l
- = [ s = R
il A =l © N T o W
X < _ = 4 A ] or
172} - B¢ ol c T ®om
. o o & A k52
= = " %0 n ~ Kl N
0 5 2 3| & L H W oWk
il 3 2w - o £ = S o Klo
3 < - o . .
= o o N ol _ .W_”_ mm_ ofr Wl A|_ ol o
. < = ool o 0
g g o oy By x | W _nw_ﬂ &
8 SR = o o 0
8 REI% | 20W B o2
g |22 | mabw|zId A
= B I e (L Mo’ 3
- D2 Z0 U ofl 2w T M T M g
m |[Fswe|zs8m| sweg| v
° oW R cRI |z 2
H 8 L e I A A
AN
_|W - Kl < 0.
i; Mmoo | YN T S A
<l = = L il o mI N A =
= = B o % 2w oz
_ E ) o @ 2z X
| | I | | | REE g
H ° — —
30 = > S o
= - =] S S
] — = m S
Ko —
= = <
o — N & 4
@ = 8 ° g
— o
22| -
r ol
B E| ok
gror| ol o
+320| @ E [y oo
nT| DX & &l ol i
| RR olo ) o y 5
=T & 5 < K0 @ "
P3
5

- 30 -

- 29 -



