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1. Stan Finney
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Credit: Amanda Montaifiez; Source: “Earth Beyond Six of Nine Planetary Boundaries,” by Katherine
Richardson et al., in Science Advances, Vol. 9, No. 37; September 2023 ,15
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1. Logistic
2. Arithmetic
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1. APA Dictionary of Psychology

2. Environment: the aggregate of external agents or conditions—physical, biological, social, and cultural—that influence the functions of
an organism. The physical environment may be measured in terms of temperature, air pressure, noise, vibration, atmosphere, or sources of
nutrients, which in turn may be specified by a range of values (e.g., a temperature scale) (APA dictionary of psychology)

3. Urie Bronfenbrenner (1917 - 2005)
4. Self Determination Theory (SDT)
5. Abraham Harold Maslow (1908-1970)
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1. Jean William Fritz Piaget (1898-1980)

2. The Object

3. Visual, Aural, Read, and Kinaesthetic (VARK)
4. Burrhus Frederic Skinner (1904-1990)

5. Erik Homburger Erikson (1902-1994)

6. Lev Semyonovich Vygotsky(1896-1934)
7. Rationals in Mathematical Education
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10. Environment/Ecology

1. Tabula Rasa (scraped tablet / clean slate) in epistemology
(theory of knowledge)
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1. ST1: The Sensorimotor Stage
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1. ST2: The Preoperational Stage
2. ST3: The Concrete Operational Stage
3. ST4: The Formal Operational Stage

4. PHNSs: Physiological Needs
5. SFNs: Safety Needs
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2. Growth Mindset “A growth mindset is when students understand that their abilities can be developed,” (Dweck, 2014).

3. BLNs: Love and Belongingness Needs
4. SENs: Self Esteem Needs

5. SANs: Self Actualization Needs

6. Kurt Goldstein (17¢ - YAYA)
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2. Realism and the Aim of Science: From the Postscript to the Logic of Scientific Discovery
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1. Organic evolution
2. Organic selection
3. Baldwin

4. Osborn
5. Waddington
6. orthogenesis
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2. Country / Organisation for Economic Co-operation and Development
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GLOBAL CHEMICAL MARKET
MARKET FORECAST TO GROW AT
CAGR OF 7.8%
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4. Basic chemicals
5. Chemical intermediates(Derivatives)
6. Final products

1. Organization of the Petroleum Exporting Countries(OPEC)
2. Fritz Haber
3. Feedstock
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Acetic Acid Methylamines:

° Vinyl Acetate ° Monomethylamine
o Acetic Anhydride

o Terephthalic Acid

Formaldehide

o Urea Formaldehyde Resins
o Melamine Resins
o Phenol Formaldehyde Resins
o Polyoxymethylene (POM or Polyacetal)
o Polyols
o Butanediol o
- Polyesters (polybutyl
terepthalate)
L] MDI
o Isoprene
(@) Rubber (polyisoprene)
o Paraformaldehyde
° Hexamine
Methanol to Olefins (MTO)
o Ethylene and Derivatives
o Propylene and Derivatives
o C4/Butadiene
° C5+
° Water
Methyl tert-butyl ether (MTBE) °
° Gasoline Additives
o Isobutylene
Methyl Methacrylate
Polymethylmethacrylate (PMMA)
Methacrylate/Acrylate Co Polymers
o Methyl Chloride (Chloromethane)
°
Developmental Methanol Uses
°
o Direct Uses (gasoline blending) °

° Fuel Cells

Caffeine (stimulant, diuretic)
Sevin/carbaryl (insecticide)
Various other insecticides
Various other herbicides
Various other pesticides
Water gel explosives
Photographic developers
Analgesics (Demerol)
Antispasmodics

O00O0O0OO0O0OO0O0

Dimethylamine

Fungicides

Dimethyl Formamide (solvent)
Rubber accelerators, processing
agents

Propellants

Antihistaminic (Benadryl)
Catalysts (Urethane)
Surfactants

Water Treatment

Detergents

Germicides

Herbicides

Epoxy Resin Accelerators

O0O0

O0O0O0OO0OO0O0O0O0

Trimethylamine

O Acid Scavenger (Nylon, Benzyl

Esters)
O Choline Chloride
O lon Exchange Resins (with

crosslinked polystyrene)
(@) Gelling Inhibitor (Polyester)

Other Methanol Uses

Dimethyl terephthalate

O Polyesters
Reducing agent

O Purified Terephthalic Acid (PTA)
Methyl Mercaptan (methanethiol)

O Chlorine Dioxide

(@) DL-methionine (amino acid)

(V) i3y 00205 adg )3 Loudig i 13 il dlgs 31 (SO lgie 4y Joilie (slad )87y Y JSUS

Py ewd S w g Lo YY) il o VY
sbadyglhd Yo (b)) asl o) (e s il ao
&le 500t @Bl ol o Vel ieS gay
591 Byman g Gl JLo > (a5 b b Lol plan

5 oyl 00y L)l Buaa b Lug,l asdlos! cowl S5 a p3Y
Cowl 04 d59"° <0 yb .-955 > dublg AN )l )9

l) qu)m d)" oy YA |) u_é).»a.n )lf o) Yy ul)_m



VoV | g o (alBU g )3 (rbionsd s S oS0l

9 BiS i Su 30 ()5 ey —z g (b))l 0 =Y

Cwl ou U:))l)f o}"_w Lﬁw b|9_n 9 u_w)lb 319_9 A gl

YY) (VY Jss)

135
130
125
120
115
110-
105 | -:..:-..__-=_.
o=
95 -
90

B Production
"9 Energy consumption

‘_,’_wl.’ w_.o.‘)}n d"1 ! LY u.&ml.{ Jl_> 2D (§ A5 cud \_’
Sas wJes cliao daanl s o Lassly giluwe —cadl:
d@b@pfbﬁ})lpwb\/l;d))_:lb&w

2015

2020

2025

alio 2 @55l Spae > (alS 5 Mg 5> (69 0y pIFI VY SIS
(W) olll ol

NBos g diwd JI3)95 2 JI 9 Sl ony iy golio Ay
aarg L conl S3aypiV S (o (el g8 L
2L 5 3l l b by iy &Y g Y5 Sy yn &S|
AT )ls JLos 4 039581 (5] pl i §l G b (i
b LY g 3ls s g 59l)8 sy iy (Spolo pls Slgs
Y3 3)kee Ve Sl i 09 o YLy B39 81 ) )
G5 s s JE iz iy il Ul 03958
N 6lS o A8 — i BN a5ty St gl

(¥ JS_3) 5,5 anlgs

ol
P Oyt ) 2dys

b5 i8S (B (oondig s Canlio 03938 ()] du o=V Y

ol b
b B By amlio odas Shg s aSil o8 e
sboodyglyp pols Jlo 3 )by Jgl 45y plea 53 oli=l g e
W ello pliee g 05 (s #0393 (olony iy (505
Mg slaodjgl s as (Sheo 3 el Vo) Lo Ve I
505 Ok ¥V 5 YO i lall g g 0,8 ey
cxl el Y3 35l W8 5 YA o 4 Ll wlplo olme
Ao g (rabo @lio Sl byoiS ol Sl S g ol (J

5 e VF ol ole

ol
OF UpeleaFD addys
s s ALY 2Ol pule

\

.

[
O Opedea Vo ialys
P T RIS o S R

05 5 ololl

oz 51l )eiS 5l (S b glnl Gowdig iy Cumio 039381 (35)) anolie VY IS
(YA) g



VEo ) (lns g jarls | oiaid g ok 0l [ 4l ole &l | VoA

ayib il s @S gyl dn . Cawlod s yb)l5S Aoy Ve
4y )9S 3l gyl 53 (55 o sl sl
o 0B ag 165 mae (V) IS 53 )15 ) g
308 sl 5l By e &S sl 00 ) L yguiST 5 S

(M)l Ske prw bwsio I

14

23 e g2 B Ly ] ey 05 iy j o =N )T
ober s oh=/
by ¥ lke el i e 6551 9l U35))
i (Sl whes sl 4Bl i3l ol 90 4y Sl ¥
bwgio jobo a5, 3 e (o IBL g 510,

12
22020 £2021 02022

Energy Cost in % of GDP
)

N N
& P2
2 <
oeé“ &

(V) Sl Lawgie 6551 Bpas b analio )3 (555l 3 eSSl (S (o (AIBL Mg 5108 au s wpe N F UK

oy GBS Sl p S Sl gl 0jo> sl 4l
Alge Gl an pliord oS 5 b 5 JoSge VWY g 3]
badd 4 59 b0 Bpan oS )3 (gl 0,550 L g 4yl
395 3 gl 51 ((obows S 3 Vo 5l 12eS) Lo )d VY 2gas
gl olys Sl adg jlade ool (b oo 9B g0 1 y9-iS
5L JS 51 am )3 YO dgas o w9 2o yd VY Jolse (g)d
a8 295 oo gupeal .Cew VYA JLus jo 5l (g csino
oo S b o |51 g5 0y 590 dga doy Ve o gl
31 3T s e g5 Lo s 15 Lail ao)d VA dgas 5 451 |3 Lo
Gz Sl Sl (ke 4 g b e Jols |y a g a )
~ g Seos 4 .\.»_w‘ J.:.\.u J_u.‘! )1 ‘_,’.’L.o.»_w oslw Lgl_m.\,ul)s
9 F5e 5 Sl oo an dagi L1 09 80 plol oS
Caosd ply 933l i 5 OS5 Sl J31 3 Ll g oo
9TV Jemal y528 J315 53 Jolye ol plosl g Ll (Sl
5 CewldSg5 Lo 485 g5 055> )0 yo S aS 5> Vs Loy ols
S Srge > g 0je> 3 g g Hiomoi 4 il

s (pi Cayably
GlasS g9 4l jlas cowl hgS A v e Dgas ol 2l
Jgl 4y il byl 0,8 ) ol g9 ol g0 J Bl
sl sols 5l a0 o 5 pBY paw dy g (o35 1B

O C e Byo ;Y3 3L OA Dga s YL l,o) 5o
g5 (V') d9-b e — (e B Clusnl fgaum J503
oS Sl cxSapie (grhen AD+ oS 53 (g S5 4l
N3 Bee g e 0 Jolae o i S5 ()l 35
39 YF g YAV aSiy yo slae L d9-B e ) 5> a5
JS 1A el )Y 0)Ldes Ve olae anin ool JLw jo
Y33,k Ve 39 oS S5 g J3gil5 e Spme
L) o e dBL A e io a0 Jolae 45 055 0 JLuws
3 Joleo Ly ¥ 3,k T o (sl s 15,5
i 0e Yo o glilay cdgd VF-Y Jlw asdg asuY ol

o glio=1=F

LYo 3,k ¥ o155 (S L) Yo 3 ekes 93 0 &L
ip 355 g dua b g Gl (g5 0y 350 g gl dlg 0 s )ly
255553 (Y3 3)Lkea V¥ Jolae) 51 sl oy JUojy )Lk
Y gk MY )l asl e D9-Bee Sy
Ol e S olsl 1 48l 3 9> Cnino
AL w93 (Sl ik 51 Y5 3)kLe W 2l Wl e
Osseo Vor i s ol clplo e ybls Jls o wisl
slacdey o coiliy g asSul au asg b .l (Yo
dgi yeiS D 50 gl io 2 A0V sl A ST e lises
parasS j)l a8 aims Fewl wre Jlg—w cnl a4l 9 oo



VoA layedS (o (ABU Mg )3 obend e Sl o0l

g ode 1S1e o (ke S o (b |y pae e
sl S5y p3Y e go (a5 98 (ol il 5 (IS
S b colo Alg e B § ale (ST LS

DS ealaw! ool O—.’.‘ dl_:l},, 5l g Ngd

95wl ar-f

Syl g 2l Sen ©y9ps o (alBL adgr il ;Y
b (e (il 5l 9 oo O )lg ws & l5g JLad
9 639 ot pimlBl > STl 5 (ool 4l S
ol oo ol ol By aolio 3 5] 0255
2 By Sl e 059 (lend Slge g ( lie g il

ol adglolyo i reli > (liSg5 alall g b5l 0y
sl

g Lol el S o a s )§ 40, S L aey Jlaw Fwl Ll
lis S aaly sy U6 & (pased oo el
e 055l Mg do ol (SlaE>S 05y )50 S ek
g oo iy (I

(Sboo3 918 (corBy iy Caxino (63 uply ol g i (g5
@9l 0350 5 4l Sy g oliorBg

Slacaggl g (cordop 3 )] o)) iy g e -
(9ol

S ) 9yl 0je> (b 5 Lgie (sl nlly 2yt
(9l 0590 g gl Sl Agi )3 (HlaSagS

ol )3 Cd g s it Wl iy gy piem
ojg> > Cmglsl L (aliondoy (sloodysl b )5 3551 025
il 4 am g b dlig g (NS «6))eliS ()l alie
4 Legl 5 Sy gl iy llog Gy o g (s 9 YL 0938
Ry TS

o b Al Sl (e cles rpan by sl dinloy -
bl ) g (2lBinggy g (AELLD | eel ol S0 by
Ol (Slacs ;b g (BuS Wy 4 adglolge (sliS
My slajeme joiao > Jred iy ©)ljg adby-
b ol 3 (e g (gl 03590 5 (Slie gl dlgo
o)l lacs s

bl =l Bas s g (i § Coo Oyljg aadsg-
9 290 glio 0 g0 9 (Sle cadgldlge (So)lg Pl
Mg PSS wloys (lp (pogad isu G55 5 (2l
Wilopsis (el efee g (e adslslys

g (pliagh 5 (Sl pel (e 55150 4 iy
B i

polie e (e (lan 292y 0318 g Egie (plienidy
c—ade dlwl g Ylas Lisl ) (cao)d ¥ s ¢ Sloud
Alibiel y K50 5loasio g)b sladlh 5 g s, b jais
33l 39y e S el 15t bles MLalS g s
h Sl ©)las pgd 4y 45 oo lio g 9> 0j5>
Cgaxe i8S Sl Ghe o S glle 4l g3
lord @lio 0iug 9 9y Cnio 13 )lIS Aoy 255
S9scs Ml ¢ mer Ll Gulislye 2,5 51,8 Jgf eglgl o
3k W3l i )l (Sle (o9 )l 1 ol ! o
9y 0565 1> (Swwly YISl 3 il Jlw o ,Ys
Oialiy Gl ey Yo 3o 93 JShs it 515
©ylj 4 9yl g g Calus Cypgelo (5)JI5Tg 5 Mo JBi9l
GBS S0 3 (S dloyw pie S ded Sl il
slaced b jl i )y cato 3 lanl slagiags
(2loor Do 5 )5 iS (i d dnsly (335 Jlto g die
ol sl b on g iy (535

Mo o oPB-Y

0 ploslaiy s g ias 556 VY salo «OP U 0
b Wb )Ll Glsie 4 cansg g Gdos glacald (ol
olite Sluwhe g S b 4 ST Slgiw 4 Jlasl el
ool YL 03 abad e 51 1] Jolso g 3945 oo <Lacl
L oVYVoolo? g ooy dm slaJlw Uy jo Sie aisjn
Ay Cuomw o (S glacoles 20 Cpr Bu»
o1 plol atyzm Jolae - ozl (il sluaidl g (5 p5les
b Sl jlel lyie @ cdang g 5dos glacled gl
olite Slawge g S b 4 ST Olgiw 4 Jlis) el
ool JLs oat (oabad Lo 31 o Jolno g 394 oo <Lacl
Sl ael ool 25 oy am gla Lo b y5Sio atyso
Loy 5 o) £ gl 1 ele a0yl STs 1y
5 (ole Cglee o)en Ly (2l 5 oLl joel @)
©)lig 9 9l g CLidos epole ©)ljg gre> ey 93
gl Ay g 99 o0 4k (S higl g pleyd el
1 ol sly2l o S Jghmma sy oo g ln
€aib oo ol Giob alide g Lagysld (o ply (glye s

By il colos Ban b (imghy 5 35 5l (¢ ez 51y 3)
My glassly o e b gy (aBing) 5 (HBLD
P9 se5 03 (2913 9 (2benBgyh (olend @lio 059> )
R R T e e
piY S A ia Lbags degene 3 ol ik 3y
JYA S TS LR FYCK S IS L U PR WS LA S S
38 lerbgyn (S )b 45a)S A8 (Sl (i jeoxe



VFe) o) g 5ls |ielid g o3 0,land [ 2y pgle 20l | 99+

Yiailgs g sl ol )8l laolS g iy o WaolSisly j> J=ally
..59_;.:3 )l.\f'ﬁ

PG g gl

pas (o GLsl Luge 585 @l )15 5 dion | lSon
g loassyl U‘QLQ(_M s Ol)_).l (oS (wdipo g
P ybees o b ISl a8 oyl 3 0509 4 5 oo M

Pg&mb»wuf)_ou)ub)_w)]umm9d_owuvu
2 Syl caensj aS sl (e S LSl skl «wasl

Eran ()l 0350 dlgs g adgl g sl ()9 08 (Sl
9o sl cilliaden Sl (lajlne olsl 1 j5-287
Do gdiy ddb g oySge g adsl Do closlg il o
03253 sl o ST L gl ags g juiw sl om0
Bl 03y98 sl 2 g Glen— o lisle slac- 35))
—Z 95 (1ol g b (g il (6, b adglosle S
SIS A5 g oy )3 adsldlge e A g SV
Age pMBl il g i w0l dey dl> o 1370 5 fadly 528
ik ;S lapad s (bl 1o (2915 0,550 5 4yl
5 058l (sl Jiuily (olinl 1oy Ledl 52 cled 13 5 s

ol 1y el JLeS i isls dlde cpl ol iy

12l

1. https://howmuch.net/articles/the-world-economy?2018-

2. https://www.researchandmarkets.com/reports/5781388/chemicals-global-market-report

3. https://www.vci.de/langfassungen-pdf/vci-analyis-on-the-future-of-basic-chemicals-production-in-germany.
pdf

4. https://www.undp.org/sustainable-development-goals

5. https://www.acs.org/content/acs/en/sustainability/chemistry-sustainable-development-goals.html

6. UN Adopts New Global Goals, Charting Sustainable Development for People and Planet by 2030. UN News
Centre (25 September 2015); http://go.nature.com/asLH5h.

7. Transforming Our World: The 2030 Agenda for Sustainable Development(UN,2015); https://sdgs.
un.org/2030agenda.

8. Stephen A. Matlin, Goverdhan Mehta, Henning Hopf and Alain Krief, The Role of Chemistry in Inventing a
Sustainable Future, www.nature.com/naturechemistry2015.

9. Chemistry for a Better Life, The Decadal Plan for Australian Chemistry 252016, Australian Academy of
Science 2016, https://www.science.org.au/files/userfiles/support/reports-and-plans/2016/chemistry-decadal-
plan25-2016-.pdf.

10.https://www.rsc.org/globalassets/-04campaigning-outreach/campaigning/future-chemical-sciences/future-

of-the-chemical-science-report-royal-society-of-chemistry.pdf

11. https://www.acs.org/global/international/alliances.html;

12. German Sustainable Development(2021); Strategyhttps://www.bundesregierung.de/resource/blob/97
1/1940716/4430c63¢8739d10011eb116fdalaccbb1ca/german-sustainable-development-strategy-en-data.
pdf?download=1

13. The European Chemical industry Facts and Figures 2023: A vital part of Europe’s Future, February 2023;
https://cefic.org/a-pillar-of-the-european-economy/facts-and-figures-of-the-european-chemical-industry/

14. OECD Main Science and Technology Indicators, September 2023 edition; https://www.oecd.org/innovation/
inno/msti2023sept.pdf

TSIV Slxas g o)l qopjled Jlus ole Ui 4 s € laa g ol 10 9yl g5 Camino oSSl €VF ) Sl Sas] N
16. Pharmaceutical Drugs Global Market Trends, Growth Drivers, Forecast 2023 (https://www.
thebusinessresearchcompany.com/report/pharmaceutical-drugs-global-market-report)

17. The Pharmaceutical Industry in Figures https://www.efpia.eu/media/rm ¢ kzdlx/the-pharmaceutical-industry-
in-figures2023-.pdf

18. https://www.cer-rec.gc.ca/en/data-analysis/energy-markets/market-snapshots/2018/market-snapshot-
petrochemical-products-in-everyday-life.html?=undefined&wbdisable=true



I 1 g o GalBU g )3 (rbionsd s o oS0l

19.Kalina K Damianova, Iran’s re-emergence on global energy markets: opportunities, challenges & implications,
European Centre for Energy and Resource Security (EUCERS); https://www.cassis.uni-bonn.de/de/forschung/
interdisziplinaere-forschungsvorhaben/europaeischer-cluster-fuer-klima-energie-und-ressourcensicherheit/
publikationen/strategy-papers1-/strategy-paper7-.pdf
an b adgy S8 g (Simlan psobpardyt qilio (o &35 10098 5 3910)5) ol sandorn Cnio 3 STy 5 oasyl6 Y-
Wee ooy slagoine
21. Abdolhosein Bayata, Farhad Rahbarb, Ali Vatanic, and Seyyed Abdollah Razavid, An Analysis of the Value
Chains of the Petrochemical Industry with a Focus on the New Approach of Petro-Refinery, Petroleum
Business Review, 132,2022-115,(4)6.
22. https://media.tahlilbazaar.com/d/109583/0/08/03/2022.pdf?ts=1646740994813
S5 s gl oty (oS5 s ansss 5 (638 sl 09

oo 1idb) A Vpgw Ol (Olea 9 Oll ooy Coatio (sdjgliws § SV o0 ()5 o)1 SIS 1 eyl Coriuo VY
(Ol S (558 ()l
24. www.mehrnews.com/x33rd9
25. www.ahan-news.com/x3B3
26. https://www.methanolmsa.com/market-basics/methanol/
27. The German Chemical Industry 2030: https://www.vci.de/vci/downloads-vci/publikation/vci-prognos-study-
the-german-chemical-industry-2030-update-2016-2015-alternative-scenarios.pdf
(Soshe> Cunly) (559l 5 sale Ciglas 13 (55l 05g> (559l drwg Sl 3 Gleb 55 Sl LB VA

29.cchttps://www.enerdata.net/publications/executive-briefing/world-energy-expenditures.
html#:~:text=More20 /than207ZUS2 7246 /7C000bn,and20 7in20 /some?20 Zcases20 /first.
30. https://donya-e-eqtesad.com/fa/tiny/news3992724-

VO Slxas g3 o jlouds qopjled Sl qole Lid 4 s € 5lax 9 (! 13 9)b Wy o olle» AT Sl desl aogY YN

ul)" » u,iﬁ)l') 4\.J9| 3|9.a .\.Jy Cxiwno mg U’JL))I (\\c' ') WM aols ‘_J}m 5L43)A4.’>m o> ) 6 > u)[u.n:d.\.e(o U’JUQJ.N AR



J9 le 9 S pdgm Oliiod

SUPEC Py
Ol oyl RS el o DRNND ¢S s 9 comabons Colinliog 35 50
o0 Sguge ST e
Ol QI AF 0l oMol (5500 ke hanid 5 ¢ ol LS
Pl Gl ool (i 3 dimrgyy 9 w1gF) sl gl (HUnSin b digy gus
moosavi@ut.ac.ir
VFe) Gl g sl AgV o)lonsd asly @gle ol

PRV

I (i 03 9 (b g (G Slioddy dn asle da g e (RIS A8 ol Gl (s pole jlae geome S S jbsn
D3l o (b 9 (G (Slpodiy (ot g plil (Jgls ((JgSge iS4 453l (ol pode 5 4l pole )3ty S jdsn
ol o Gros (SLg b 5 5 S jidon E5S90 5 (6031l 385 il oy Simgy (s yisd ol Sl iz (ot Sl
SIS (4l lade plgs o3 (m el 1) ) oS jlan sloglej 53 bl ool algio (> 4 (1l 385 sl 3
oS Sl (sguan Ghon g (Slwlre ©jgo a3 pole (slalpl 5 (IR 380 slalpl 4o faome wde ol am plodl ()1
sl ygbiusd > e 4y 2 05 (liny Sl oy ol (g 00l )3 03,8 sy ]y JLo slmorsy § 4535 (g5 slmeny
295 411y (3990 V) oS L (S5992 528 2)9-0)) 328 2)9-0VY) (o diznj 53 ) Jlow a3 (gia)l g ol S g
S sbgn CLAE Al 53 45 Wload Jogs ofple Jold (S pole g pole )3 (i (slalil 5l (55 pisu ol 03y polais]
pole 13 Olalid (Lo )l g cl (3l pode g b pole gyald )3 a8 ol obile (Wbl (ele S5 00K ol Ol 53 il 035
5 Lslon 3T g (plwlid 13 L5 09 4l yiin Sijsdon Cpol 48 ol gl B o)l Sy pole 0jo> 0fsn 5 (it

235 B S 3 0y 3y90 (b g () Lrody e CELS

Lo o S5 Bpos ol s 503 385 slaf3 g 3l Koz 105 g S

() s «SidFSSgl i dsn s (S sb ot
2 Lo ygliwd Gl Cps 30 Mg adi ) wlaw g ¢ 8l
ol e e ader 5l (ol s 43S Jlo con s
sy Sladss a g 05l ol 00 el (el diio;
DS e Boulis o ple o) giois gyald oS
SiPnid S oo by Rl b S pben Cliiss
e ol 5l (gt gy &S ciwl il e Sih L

..\_JL;Q = )
Ot e 03w i wl (Sl S Solw au -)
QS yidie yob au VoY Jlu onds Jogi 05mls aimd
o5;gitl oSl J1 14l ol sand Vg3l s

1doddo

by 9 Laa i il lad)ole e plgis 4 S g5
adlas (sl (ol pole slaard) ;500 5 Spd oo
A ;500 Oyl dn 0ed (e odliiwl i sleonsy
0l) g 0 S sladnld g Laony dslles
MB ) g Bl e Jslow (S50 (polsiie )3 48 353
By N MY L )3 Sjdon Mol 3,5 oo
sladsslye idle (S5 Sy (o Sojben S
9 Jslow ilizes slaise 3y Slee 0556 g &S > ¢ Sl
sl 055 (S i 53 0y ot ) Slos 0550
oS Gl S dise ) Sl (glad 5l jo -l
S3a Y el I8 0 ol el ] il Laj e
0w b a8 ol (D) (o dinej SO S judgn 4S5
(HPge (olidlunn s o gordgn alox jl ladid) Sl g

1. Carolyn R.Bertozzi



MY 1 dyionle 9 Sojuden Oliiod

o Iy e ME 8 J10)L g o yiwg <95 oKl
P}LC g b L;“Ja'l_‘“ L;a.)lf‘ 9 BT Uj'“'ff’?)f Lg‘.ho‘.iu,u‘b )]
ol o8 (5150 slo il it 5 (>l (sl s
S (s et LG b el it e 35S0 L
Lo Jsge o Hgone (pliod laige SIS il cul IS
Lase 45 b iiwe Joaie v dy oy o0 SO b
IiSs0 Smgise AL <8 o 5 1S 4y s 2l o
Ll 125 o Cqlin |y ot St sLmtilp ol Loy
iy gy oo ad bl slag)old I oS jly Sl
&S S A o ooyt o1 JyiS sge oS
JB o, s L b Jese s Uael o] gl osmls oyl
W wisles oo (g5 s 4Ll L oS uiloaly aswgs S
dawgi 0L Jlemsl ay  (Jelse glopiile aind plox]
Jalgd 03l uwl (65,5 0,050 i g 1S Aile (g3)l5 0

¥ ]

sl 1 Sa g plaal gl )5 Lo S -F
Cpdgizee S L (6)55 5SS Sk slacie
Job s jl g (959 5 0 4l 1o iBgie (53
LYVF JLo ard g ol 3yl s e & 435 g3
Ol sy JIS olStils 1S pol (18038 8 Sy 5 S
dsge e ) (Sl aloleg) Glassd N e gl
sl el 5 lall (R3S 9> SOy Sl Su3d orion
dxwg (slym 39l ) (S0l IS5 on g0
A 1) Yo LS5 o3l g5 il ol s S
PU 2 3)ly 1) (6595 CoSg S lliee (ol wlelSiiy )18
o L 55 4558 48 A it A 5lg5 o L] sl 3,8
Oz S o dloul bl jha )3 (rae la gl
WSl slaglen i claolSsn Al

[0S’ (b3) gez8 o 1) 9 Kle g o]

(Sl 8595 3301530 (g il (SisS -0
il o0 aigSa g TS 0 3wl Lo Bl bl gluid |
Al SpaS b g dcgoie S 0 1) 345 ol
OD)H)degaCA&uLgl)_go&ayjja_g?qul&b
o9 ol (o () el S 350 (hcae 5 e
sl e gia (e 0ledbl plésl a5l (6l (Ul
O yiodon 5! ;rg’l 4 oyl alssls L;La:u.d)b P CJP
Sisdn g g ojmle GBS ) el jie slad Slas
s Gad ol Las S8 ol S Yy Jle S b

Slails Slois o8 isly 5 SHlily oyl e Y Jlile 45550
@l 55 50 5l (805l e Toudyld s S g
o 9 (SIS (e dag gl LIS e S
Jhde g byl o il (i aeleite Ly JUgS 955l
2251 L STl ST Jasl (ST e )50 4
Vb lesily Ly (o 595U jgmds p3 a8 ud )8 (slib
Sodo 3 deo g (LS g A 90,8 (o0 Oyg0
sl aly SIS e yiiSTly (o555 050 (o yo ) Jaame
sty dolto (sl 28Ty (gl o 5l 31 Jlasl g pole
slagisly o glase | SIS (lajtisly o35 0y p
030l (Gl yusl (9 0055 o sl 41 bysye (sines
o5 sl (gl aidy (o pole e Sufden pode S
S Sl QYIS 8 sl S )l gl (HgUge s
sdyoliwd & da s gl i (s (S8 lrg s ool
Oloy> 9 cBlind 3 ) (g jInleda Glyice « S o
VB spate gloy

Sl gl S el iz Ly (0 G Y
$9o S g (e il ol slacd iy Sl S 3
OIS 3bge T3 15l ] i L 5505 L
OPSidsn YO8 sy (s oo oS I (g
Bogmytiz 3)lon;y g LuselS olSiily I (SIS pol Slol]
Jbo (o g 0jnle g eSSl (2l bS58
n dew polal Wi sl j 590 (Bg) dawgs sl L VWY
@95y Sl oaliul i )5 el > ol sla J5Sse |l
() SS90 ADlg5 o0 (18T Lo 0],S7 (59 S
Sezxio (oo n salawlgis Jlio sl)) e8 o aske 31,
Ol 25550 00 g & (ol 2pg Ll Lol g 03,8
ras 3ly (95wg e (6)50 pyal LS Ab o (65513
Ao (oliol S5 (gl oo sl yglisd (l 95 (s>
S B il dine ) ity 9 Sl odimd JiSs
[Y g

SIS sS 1ok Sl (i JSe ¢S dawgi -
o ile 39— sole SYLEN & oo 2195 (o0 (5 59l
2GS o SaS oy g did (Slwidl axwgy p b ols iz
Lo Lol 31 1515 il aS o oo plonilly iyl s
@ S pde o 4 VoV Jlw 3 (cord Jogi ojle il
S gl sl oSl ) (g 9milyd (I3 s0u 7 Slgs y 5
I bl biars Yo sl 58 (2

1. Morten Meldal

2. K.Barry Sharpless
3. Jacques Dubochet
4. Joachim Frank

5. Richard Henderson

6. Jean-Pierre Sauvage
7. Sir J. Fraser Stoddart
8. Bernard L. Feringa Microscopy
9. Eric Betzig

10. Stefan W. Hell

11. William E. Moerner
12. Super-resolved Fluorescence



VFe) o) g 5l |iedid 9 o3 0,land [y pgle 20l | 9 F

Lol ol 59y s |y (egBlsS (o) s Slilre ySgalS
b)’j)_a‘ ..B)l.) J—AL’J 9)‘.) ‘_» as .\_EDL;Q P‘_’XJ‘ B u_a.f.ts).s
gl gl a5 st e asliaadly il o gl

V]SS o (i 1y (i

g o0 S 9SG 59 (o) 4 9 LS adgSe -
o ol gl p3 (ol B g Joo i S
o S e o b Al VoI Jlw (S L gis st
635 J oSl 1 (Rl pel oo Y redy, -l
L oS olStily 51 (S pol bty N aS gl
(2ol Gl o padgn Viindg o plogi g
Blas] s a ogaiwl olSsly (S oasily sl
» Ladssy Juisl eaiSebts (Jege lapslSe
g5 iitS am 0imle (ol s Uasl (500 sl Jolow
) B9 45 o3l sz lyis & Lo N Lo
D90 bgrpe S o Clin i 3)90 Joe 4 o) |l
335 gl a8 3,5 S | ol slas geome (908l 505
b (5590 Cliras (edgy fe 5392 L 3)90 J9Su
S Glaal b L aad o ojlal La JsSje dn aS 0, S oS
ologs SiiS walyh ]y adgame Uil 5l U5 S90S 5
29w Jo-Sejg dn b JiSiw adse 4 ol (L cansg
SBLEST ol S Sl ey L 1) 295 adgame L5 ams o
lge o 39l s 4 el S5 boman (SSsS>
gl |y 355 sangles Ly o (bl (wyd oS
S e 3y S (13 La 45 487 (pomnlSlo iy 0
slp s () sl (9958 (o)l 2 L (1
oS35 dsman ol )3 45 (Sejelsnsd clasul b gls
&5Loalil b4, 1 ae ) (> JiSiw jlogd S8 a0l
Jo5ess JUESl ol (Gl o gol (slapuS g 5 Liygeon
amae YN ) ol alas 5l Lingslows gl 15 ogsme
@8l cnl gl om0 &) ld 3 Gizmen g (el
slp s algd gy g 2 )l Jobow (583 o3l (395
gl lwdlil 4 B o8 Gl SOL sl gla gl Jlze

[Agd oo colis dy yomio 0 ils (H5Sj

83— Al i Sy henigd (SLB0LS A
sl o ] sl 3, g YL g s
U s5lw e U3 1y o 4 conl Soo8 claospS (gl
slacasbye L 115 e s S s |y 395 b
2o VW Jlw 3 (pon g 03l 95 )L >

5 oelicdcaas Vi Sl s xSy asojuls ol ccwl ool
s glajle 55 50 sl 5 (ol p = (IS0l bl
by (elidCun g (Jolw Olidod 09,5 9 5L 4
eas 5 il Tyjoe Cup (o0 )5 ) @ ol
)09l 3853 5 59,5 (9lb g e olStils 5l 639y i
5 s oSl 5l (59,0 elidbiuas g uliiily) ™50 4
oo &S e )3 (owas by Jobw oS (gl 5900 sysld
ole b bl S (e Sl ) (heaa 5 (5
Copabye 45 5,8 o iS oS 0 |, Tl sl a5
sxe sl |y olad alhdls bbb g amd o lis ]y (Sl
slodsbow yige sl 2)gdl 5 )ige Cyr (o 2SS o0 b
815 e s Sy A J3S i |, B gl
ol (ol a8 o0 pald 1) 5se 50l Sl 5p92
o w0 JSiT ) Ay ot (was Jolo oS
S Sl (gl caslby 5 (lad il 4wl (gl
lallas 5 550 (o)) pgal SlaSuiSs Lyl oliios
Sl e galys Glasl g e (> e o) Lew
03)S alllayls 355 5 Ll 0 &S 5 8 sl sl
Jlsl 25 g ol g paalill s Mt lyla o
38l ol 935 (o0 )18 48U cow adgl Jole )y e
s )50 50 (i ol by W GS o w5 1y 293 oy el
) romussSo 1S SaS Lo s ol 4 Koo jro (bCundon
Syl 50 cowl plas dlasls Cyse ool Cwd 3l wilgiy 45
bumBae pliw DS . S Sy ()len ol 4 Mt
2955 )8 0556 5l Lo 553 53 5 S s S oia LS jse
AV (LS b Slas gyl (e (aads by sl
slaanlp plo Sl 1) inde glael) 45 el
T8 )l 03,8 L g5yl s g 55 bl s le Sl

83961 1 maBly (59 51 (3L 1l Sl ae—F
3! U coumids (g1t i Lol adgd 031l ay il
S pio yob VY Jlw (o g ol Cwl (ot
oSl Sl (IS4 pel (a5 ol gormd” M i le 4
5 5kl oSSl I (S dsn Yoy JSabe o)l le
Syl bl sl S 5 oo N J-d)ly )]
obidodz laJde angi sl (29> Lo A oS isl))
gy Lagl b laalodomy (olend Glapiunw ¢l
Szl o g SemodS S5 ) o 48 4008 el
Silwded > Jlis Glase 4 S o oaliwl agilsS

(O 3 355 BAd oy gy Ay o)y S A Cids 09 50

1. John O’Keefe 5. Grid cells

6. Martin Karplus
7. Michael Levitt
8. Arich Warshel

2. May-Britt Moser
3. Edvard 1.Moser
4. Place cells

9. James E. Rothman
10. Randy W. Schekman
11. Thomas C. Sudhof



N0 | g ojele g Sy udgn colisions

Slopgign 4o cilise (Lacisn (ol ades Joxe Lid
u—‘j Jlasl Jomo 38 i e o gl |y (b xSt
IIV] s Sl 1 by Ll 3l )b ols o] 5 ggsg0

ao Ol 1) Lapgigey,S adgfe :(SSlxgla-Y)
WK 93,5 (5 Jobw i Jo-b )3 Sl yo-b
g 0l Do g0 Cutiblone am 55 il 40 Ll
calidlan Spie b a¥e et Jlo (Soip L ods b
Gl sy @yl bl obedgn VoSt &l
M )S e Jo)l5 e SJlw wlidcun ; lalllae dusge
S g L jadls oliily I (80 yal (HgUge ol
ol8sly ) ool = 1S5yl olimdicin ; A liwgis gl
bwgi Lapgjgeg)s clalne (SgSa a1y SIS
0805 g yosls 3, Slas a8 A lanl jlyogli o 51 g Lo posls
adox il Laaiinj jl (o)l 3 slod s (S slaaaly

DYTb w9 &) sbassibon by

s S )8 (3931 2 gmr 33 iy o El ez VY
o 3 ple 33 L1l gl 20 S Cylan gl L
o S e o b an Ver A Jlo gord Jagi ol o]
7595 dalS o8tils ) 1S ol il V' il 5o
5 Lol oSl 51 (ol pel (b sordign M e Sy
oS ) (4l el 9 et Tygog0ud ol
Mal j Ciwygld (g danogi g S (ol g lule
Sl il olys an oS (b 2 3 (b lodls s
g g ol ol (gl ol Jlosl 5,8 oanlite 8
iacisls & e Al et sl A5 sy i
Sl @S oy ) Lauligy b L a8 (o0 S8
L oLieS > 056 5 Loy Adg oS 5 oloj f Lo
DY]R00S6 a0 b opii p calise sla isy ad S

990 B il g Layj o : DNA gla—o- VY
DNA 5 a5 oo o OleYbl 4y a5 alaid 5 41,5
Loy oAl G XD o0 05| Cam] Bl By
8 LS 30y o sl (Jlanl colsal gl 245 angi ay
Gl Lo 2y5 il a)g el g 1S o 8 DNA
Sloles sy o 535 (5 gy Wb (S
2» 63S e Slles So e Gl ansy S g Gl

OPsodsn 5 Seip VrugeSd o oy 4 Syde
lags (S el g 2)la)le (Kb dmge Sl (1504
aelllao gl 3gaisl oSl I (el il
5l e Dgas b lal gy L b e slaeds S
OsSap Ly oasd Cdn slaosi S b ) 355 151 L)l
a3 oo s |y Sllae copenl ol wi sl o Cowd 4 >

4]

ol LIS conmnd oyl 51 (i 1L yoly i slomo -4
3155 9 818,590 9= S lgmis a1y JLuy S )3
P AV N o Jog ol TS b pranndli DSg—
or (2Ugud adlis )b bLSI 2lgud adlis Ly s b as
Sl o S i )y ST 1y 095 5502 ST s oyl o 1S
L bl )8 b )3 o5 S (o0 590 (2 0958
s Sy s Sy ol 15 Sl S S 85 o
DSy o o )87 51 ool jolass o lg 5 o ) (6590
s Gale 5383 5=l (sl o3l 590 plgals 3Y5 5
D] 0, edlaiuwl pacoy Slinss 5 5y slpaw -
CWaoia 31 lawld 10 o lbonwi gl —Y e
! Sy Ko 3gmigo S Ly g 0 S
Gua b odletwl (98 slapgisny (gilwlis gl Lalases
S pio g 4V R (o by ofle 9o Lapgjen ) sols
oYl g Hls Lo ol ol Sy oylel 5154 40
ubu‘“—“’?" A)a._y_wl J uul_ny ‘C_’)“’S ol iily )l
| e 3 ol 55 o 358 st M1yl ol S i 5
S el g o3l gm0l (5l A5 I gy
055 w3l a3 @l 53 gl sl s a0 (LS
)IMCH¢MMJ|L;A;J)LWAJ_S@J_4&
o > (g Fimwge foden sl (Sefglon Ml p S
L5L> L) 4S el ‘fMLM 9 Lbo..\;l )l oslawl L: Lrbﬁ}o
Sloslaiwl bogy S ol it o o5 | wlidicans
SIS ety iz L (el 4l ISP S
iy ) (egiony Alg ) y 0jg 3y Shes 5 oLulid
aales wlog |y b lusl s egig0) syl asled S
a8 Wlod,S szl sl ybd e Jugiojols odiy dw y o 0l

1. Robert J. Lefkowitz

2. Brian K. Kobilka

3. Dan Shechtman

4. Venkatrman Ramakrishnan

5. Thomas A. Steitz

6. Ada E. Yonath

7. Elizabeth H. Blackburn
8. Carol W. Greider

9. Jack W. Szostak
10. Martin Chalfie
11. Roger y. Tsien
12. Osamu Shimomura



VFe) o) g 5mls | iedid 9 o3 0,land [y pgle 20l | 197

b liie AET (gl yrgual 3y90 3 o)l LS s 4
L) gim 9 gl S oloml Sl Y oy s Ll
2,8 G iS ambblize e SO 4 LS S 0,80l
o 03 gl () glsol (sl Sy Jlod 9 4o L
8l Sl Epmbly gl S e |y Ll Lt o)
sbagbyy b as 3,8 o a8 1) baojlu 5l (sings g
2 obdL)S 5l ealawl aid e ytn g5 odmliie BB S
|yl JiS 45 313 i gl 315 doasgi |y (pmaboline s
Ol 40,8 o g a o (Sb) g0 a5 o0
Sy S w8 |y dde () pgal ST S gy
Ably g2y Al o0 it (610 gl O (LS iz om
93,0 ()50 sy peal laSuSs plw 4o eIMRI
Sgeke s lox: Jl )l 3 1) e i5 (2 BB jo b 4
o8 el ol 0381 5y @ MRE S )y Eyjo ity 0
O Sl Lo 8 (o) (Sl MRI g pol sl 39290
BB (gl panal (gly 05ug 4SS ) g o odlai
eio YIS L5 48 T sl i) £L56 5 jio ;)
MRI 005 ) 45 30 ol (lotoms )y 4y o0

dod 1§ SLasNg0 (1= (MBI Sl ig - VF
Gl Olilgs g lals (Lo g S tousy Oldgsge
W JgSge Cmdp3 5yt L g¥g0 51 (Slwsy £lo-1
o sl 1 aalBs it 555 Jyimne 4 liund
N9 (e JpS (DNA a5b) Sl sladewl bwgs
Ay g oael b Jolw €y ysie» ol oy Sao 45
y i Jolow (ol S0k cidisie (Lo 45
oo b Col (o a5 0)5 (Sfglgn 3 ) Shoe S (14592
O3S] el sam (Bgn e Jlie plyis 4 a3l Sglie o
o OBy Oliiod S o0 Jitte (o laglw )
e (i (e SengTg Lol s Az 395 (6395
L olg ol g citise (slayiyy 2)Slos 0551 2)50
2 & Sl i s (Slidos ate) S ol )d o
ol 55,5 el 03,8 Ay Coah d aiS Jlw ais
el Sl o BT s 1l 4 oy 51 L ey
055 o Lo 45555 595 (92 s)len L peuljll aiile
Sy ey g et (gl A erd §l GlsSee L
©,8 oolitl 1S e Auie |y Coyty 45 lacslen
digoj 93 3 itetils (3 VooV Jlus 3 o g 0l
o Ugjy 9 (MS) (e (i i 2355 o ol oo

calisee g p Jo-Sge ooty | i ] wlibcun
b 4SS (o0 Jres gy 2l plonl (i o b
g oimle 29be Juss Gluply RNA 4 DNA
Oberdsn " SyysS 63yl A YeoF Jlo erd
aipe; ;0 islllas , b a5 )gaiiul oKl I (IS5 ol
ol &S ol ab el Sa) e (g (e (e
AL 25l o s sla JoSUg0 Lois & 48 aalllas auslys
|y e 290 slallad 9 48 (oo (o o 4 13351 L]
3 Jlow cpl & gl (59 Oladss 5 0 WS o prasal
Nl g B9 oo JSli 45950 (umgig) (sLigeine 45

o s ddgl (g lwalondgs 1 a5 gl jLbge-) ¥
Sy a9 g S 89y 4 (I il e dile
Sedgid g5 baoygs 9 O J) (2l ) ol oo
3y oas milejlw cullsd g 0ad pbl Sge (ol lags SO
8,5 Sl gy e ) (65 g s Sl bl e
A Jlama om0l (g £95 S Jobw S 4555
S5 (9 gt ol sy 9 TS Bls | a0 S jee
GLST (g Vo o¥ L )3 e g ojmls S0 e
P Ao S pde jsb (sl lie Lo JUIS an by
sl o5l 51 1S4l JgSlge iy 5 S35 751
Sopgydo 503 e 5 ol sl JUB oS s 5 Syl
oSl jl oISyl wlidinas 5 oS sdgn T 9SS
il s (sl JUIS o SlSle 5 (5l Lo lilllao (gl 5 LiST,
SLaJUlS g 8550 0aels JUI (a9 slovojlg)s i
Cpl 4 A D g0 L dan 1 o U Ol (6lym =l
o J) ey g 9sS So g 5 ST gl
by i S sl sl JUIS 305 Sad 5 ] gl
5, 0ae S0 il s oy ed 4 S 0455 0l (5l
el (6 )lo S 5l ()l 3 (sl (ooten sLise L
Gl sslon s yomiablgie La Ul 5, Slee 5 O]
Eo—dge e (ol 0gd OMde (ined g (s (s>

DI o oo |y (9 sl JUIS

S ol I MRI (6415 0 33 gaad 5 emmnnbolizo 03500 =Y O
STt ol b 9 B85 Sl iy, L o] (31
ol o0 Yt (S5 (6585 9 L3 oSt
@ S b jobo d VooV (85 L (Gl Jagi o0l
Sgy il o5l I 1S pel ocand Y (s o
Pl olSiils 5l (il (a8 Oabidnio yy s

1. Roger D. Kornberg
2. Peter Agre
3. Roderick Mackinnon

4. Paul C. Lauterbur
5. Sir Peter Mansfield



MY | g ojele g Sy dge colisions

03,5 (S8 Lo iy sl 01 g5z dsbiyy 5 o 51 25T
Lacs Sk 5 Loy (5 ol sy 4571y (alapsilSls
Oed oS S |y 1S (oo ades Lo sla sl 4o
WS e slalon Ganl len ) 45 vl
O S e aox ) b Jolw ) gse oSl g (550
bl asle daigylon b gy ol Jolow 2 ]
Ny Ao Jolw Spo (S Lol 5 (esldgs
Sl Yoame 45 39800 aladsbo sl 4 yomie 45
= e (Sloyd slesyly gl i e Sy
Gy bl cpl i we Jolw € iS395 dolip» S yo5
9 95k p 1) e o5 g M e (Sbp LS

DA] Sles S gy Lag)low 5l syl oloyd

e s ) JUS—w JLES) 1o ] ,iS-YA
D05 3g e Jobw 3Lk o 3l i Ll 26y
wlaanls jloao colp o wldSas b 5l Lag
bl JiSw JLisl e o Joate , 0S5 4y o uas
o o5l 55 gm pLosl palis oS 4 (ol ol
gl do S e jy b s Yooe Sl (Sbp L (59 dg s
i o5 558 S5l J (5850 Sl g2 g
ALt s & dbaalS o8l S b 5 (couiban Sl
O e i 5> JUSw JUET g8 S 3)90 53 Lo
At (b JE) ] s a8 0 Il ae cla Jolw
Oly=e Ao ebigd S A ot (g )5 I A0S e
Pl (bl gl (o0l Cuonl 45 0 50y saad ]
Ok Slowr O bl gl Oliig o)l Sy 8
)85 g S sboml (gisS )k low sl >S50 ey
L 3o lacuon g ygind g (igndljgind dise)
“dl)—’ |) b)’_g.l} U’l JJ.ZS}.)H PK_W» b..\_i)fs A.L:_wb
40,8 sl albdls g 6, 50L mae Il Sy
S 02,5 ol 4555 smina ) JaS 50 ol
Ulgs o JuSw Ll o) > YMB] aseSs 45l o
0392 oo oy 95 (g 5 (mas Lo gylon 4 yoxie
Gl oad Ban (slag )l W ey ay y oo Laadly o) .ol

A

G gt Ut 193 Sy 51 25! ] CS > — 94

O 2 0l gl 0B (NMR)gleis (ubolize
G oaite BUL (oS 5 (el o8 o Sl
Sl (215 38 )=l €8 5-8) gjolons 8- 5l (5
ety QPSS jedgn Ve 5 ©99S 9 (o> (P b
ablita il sl (Sl (SadS dnnge
Lo gy (] yidin dawgi 53 (il Gla gy gl
oS S8 (Suiedam sladsSge codp i sl
S aimd i (Solw g ey 4 Ailg o oliises y5S]
i A gl Sl (59SUsS (slaniyy (sl ages
2 B sl JsSse e po (i 48 A i)
21y Ll s, Slas s ilgi oo g g i 4365 Jslono
22 g > dnogi 3 (JoS La gy nl 4SS5 Jslw
o)y 30 (sloaiS ol (slad IS .l 03,5 sl
i dlga S Jlta laste 4 il oas Uil 5500
2488 Sl wren sl ST gy S (o2 (P b
B 295 oo ool o yslyw )3 (o sloolSiolojl
O bl g plwlid B S g8 b (slaJgSUge i
9470 45 > dnwgi |y by gy KLU (208 9 (08 (o
@ ry 95 il oSes o |y LagSgeg Sloge Jlos
2 e Gl Bl (et panass sl (S 9y S
Jolsd e Gl Jol S iz 9 B9 0 Lo 9o
5L il Unalools 51 03zl y 413, sloes) Lins] oy
LNMR Coie gy oyl S a1y (g (gamdw
Jslow oo ay an b Clame )y Lavyfg (bl (sl

DIV] S o ol ] 0155

gl dmpid Joiadd Ol jlgmo dy 2 =SS oS- VY
o bds (gl (o a]y8 S (Jobw S
iS5 )b Bl Sl el 3 b glw cowlie
oyl Jolas ol g5y dsbip 5y Iy o Jslas 00
Spde g 4 VooV Jlw (Sop b (il oy ol
oSl I (g i B el Vi a4
dmga 31 ol b Tig)9m @yl gl sl
5 ooldtun; Togasw .l gl g cowglole ()5l
s 3)50 3 Lyl LS s 4 Lol a8l
laal (Joluw 0 g3y dsliypy Sy g Lapliil iy S53
oS walals (Ul (sl dislys 09,5 (] & Bly 5>
Olyis 4 355led S5y 03 gyl S e g Linpluil o,
Ly 48 Sleols it g 4 lolids ]y isloj] Jice
Db 0535 ma lusl o ates 1, 5YL sladiss o by e

1. Kurt Wuthrich
2. Sydney Brenner
3. H. Robert Horvitz

4. John E. Sulston
5. Arvid Carlsson
6. Paul Greengard

7. Eric R. Kandel



VFe) o) g 5mls | ielid g o3 0)lons |2 pgle 20l | 19A

03,5 5L 1y olesd Sladss | gunis slasjes il 03, S

el s @l (Sb i Gy o )8l slaise g
[Y ) ]Ca_wl b))f

=B UsSs0 5 Ll (LT glod 4 1 moil abin¥Y
59u5 45 (8 gy by Camanr] Bl JuSmili L3151 1920 a8
CS e ol Olps 0 Celw ;> yoghs Feoe
o> s Un JgS)g0 o L] y) dalllns oS o
g o oanliio &5 (il jl oy s Lol aS | o
b yially cepw las o bod i alS L e b 0 a5l
i) Ygane g oo 3y WIS B9 45 bl JSite Lol
23 iy oo dale S Ay (e 95 o0 oS0 ile
S9ds s 5 lgisd Cansdly ol b ddllas clals sl g Slaylo
Ko ySoaSs a5 | i 3t oL JpSUge s Ligsl 45
wly Hs g 090 ploml M5 53 aiil)b ) ST aig b o
S5l (5358 96515 5L el oS5 (-l (S o5l
Al & oy Bllao jho 4 (pad Sdp L ladh g 25
S yidio jsb 4 VAV Jlus 38 by oplr b o (hnlS
3l oS il 51 (ol pol (S 58 P5n (gl 4
ol S Sl ggndlyd aSisd T2 gil (ymgS 20 lS
2l yo oKl 31 o180 el a5 Y el o0 pLiliy
ollely an g (3,8 Sl (2laghy) dwy gl
Lo 390> U |y Lanjl6 Ll i Tl j50 555 L Ll
3 (sl (dls 4S5 )5l g A8 g0 SIS 0lS'g Sue
b SSS oyl i o dxwgs o3l (gladly glosl 5 1) 00
)l 530 00 g2 E95 b (K3 4yl Jgl
oy (5)lislw adlllae 5 (5:8> 5 )=Sojluil > (b b
Ol ol p ) i Cled ay ot (iren )l A
o329 4 g Sl 02 (6595 9 (NN ge (il S i dsel> >
)l (egilss jliby addllas Cuow ]y (0> (gLl
el el 03,8 5L ol Hlw slalod o (o3l 535,
5 il sl 5 edl oo 515 ool slacel
2008 58 (3 (SS9 9 (ol )95 L)l A

[YY]s,)s

i, o i e G s Jia T
J=cio 00 15 Gld piig g 03198 4 5 S3 (>
31 8 slmmnt 53 A5 4B g0 (i 1 LMy (sl 4y

Lol o o )1 (i (S0 59092 548 9 (ol (5120 Slos
slow 5l ol L b g p oyl 55 (S5 Ol

#Bly gl > BIN90 51 51t el (61, Y
S omSe 5855 6l OV 9 (2l gL iy
S99 i (e (i y93 S Cl 3 bhdd Lo
ol - (gladligiod W (5555 SWME Ly e (55
o gy e denl 4 VAR Sl 3 ard g
3590 5 Gislalllas (gl L 1S olStily ) (1S5 polg e
b 5l oolital U obanss sla 28Ty i) clacunss
4S5l ol L (glym i Taa) bV 0-) +)stad i
oo S ol eS p 0520 ploie @y L
b Lo 3,8 sanlie sbers LiSly Sy b o1,
03,9 2529 41 350> psle g cand > (B g5 s5mds
sl STy ams o Sl Lo 4y (380 g5 o=l s el
olatl (e 5l o) SiSS oS (i 9 S0 ) ot
o Gl om0 e b o Ol 48 1S e
5 Loygjdbls 5, Slas 0926 | (cordgiad slaap)lS 5,5
Oomrci b e s (Jesse (g psll ol (o)l 0920
o] (clagyly Wg5 0956 ¢ (555 (slasnld ) by wuilSe

Ve ]ogbie Jols

303 (65591 4 b (SN 1651 S 5 B T
Ol 39 9,1 (oliowd (g5 31 dmy 455y 23 Wlsg g0
Sygo VY ands oo ol 5l (e TGS 50 03w
oSl 31 el o sanion T g 03 U 4 Sy
= herd TSy ) Gla g pelosl et Lyl
fosdSee ()b (g (Sl e el gy 0SS )
e 3 4500 o 9 Sland (6,5 sl s Loy
gl sl gl oStils 51 (S lails o o g ToSl
o & T msily mely g madow (9 JUil o3l oS
e 3l oy by sla)ls sasy dw opl 0 laal
S5 9l €5l S 5 sl STy 4 4ol plosl
S o 3B ) (sl 53 (S (655] Jols)olind
543 plosl Jiue jobo any a8 (Sl gl 1Sy 9 s
2 5930 S lais s jliiw ATP 6568 aS oy sl
A8 390 IS oo Jroe ATP 5 gy sl ool
P (Fse ey 48 390 (8 (gl 55l 0B S 18
sbis Gk ) Lagyy 45 (g0 laJssss) sl
o) WLl iy Ldllao .3, CaiS (amd o L] sl
Il 3 4 ATP i gulbio (ol o 31 590y ) Liio
03,5 S8 (6550 jloas; sl Joluw odlaiwl g 0,053 0920
Sl a3l 5 Sl gl 1y samt> Jpol rized

1. Ahmed H. zewail
2. Paul D. Boyer

3. John E. Walker

4, Jens C. Skou

5. Steven Chu
6. Claude Cohen-Tannoudji
7. William D. Phillips



N dyople 9 Sojuden Oliios

dile (gdign Pl dmr (g e mel ghmd uile
WIS e JLB) (9SS Sloicdad gl jemw
o oo ol oy Sl (il 5k
293 Al oo (St sl il 4 poge) Sag8
RIERE gy A b blise plie anang L
oarde (655 Gl sl Ly Lo pScae (ol S
35 3 L o93l) lgel (o520 53 dsged ;510595 0
29 |y sl bl G350 05 )18 Ao
oinlejl Jobo )3 el 3 1 0,8 gl (s Ay 4
watia S Uy Lisds 45 olSin g 458 o yusis
SerSI JUSm S )l cdillan(dpanis ulS b lbain
5 el lgmie an JUSmw a8 g oo Ll 5L, 1851 5o
Al 9B oo o) NMR ol pb 4y (g)l3505 53 ulS)8
Ul o3y sl JUimo 45 392 5ol NMR Lol o]
Ol g din s bline slaaiwn ool jlosd
@25 B S Gl g )l s o S el
NMR  iw cabs 9,5 wlwe dadsg dg jladd Hlu
Wil (Sl eyl (193-8l59) 3 Ly 4 39 (lofg
wlasagle a1y (595 s 1,8 il el S5l ) Lon,
oA A &5 P pi s ) Lol (190 (rblie
o b ople € LA cord Jlod g o 53 )l
S s OS2 38 (oed Cd ) 35l 4 VY Sl
il (wlid (b9 dauwg > Syl W5 4 g o) ETH
A el YU po g Ly (glaun ubline Lo s oxiw
col p eSS (b oy o sl ) NMR )|
Db Joad leed Julod g anjad ) il (0 aies ;8
Sl )il plys 4ty 355 sLad )8 (2 Sare b9y o=
b ol lsSise ojrel 20> Jgdome 55 (gUge kLo (s
(lordsn 9 (plierd Slapiwg | lodyinS Gl (sl
5 LaoSan L ad)S Lagls aile Sos8 slaJ5Sgs

LYol )8 SLals's slaa il

L o3gmiiso JET (i iy 53 s Ly L= ¥D
S S JB i) i > KLa55 Jsbo b p e pLd
oo ) gla L Syl 5 Jolo st S5y o JLob
2l g o) Jobow y2 098 (o p el (sl ol plow
s o g 31y Jolow 093 (sl a8 cl oais abols|
Gk il Jolw a8 0yl 0559 (oo JU Lie ) 005 o
o JUIS oyl S oo 518 LUl 363 Gl bl Lagses Uy L]
Sload JSis JoSUge slagaizne Ly 3,-dis sl JsSUge Sl

el bl o 8 slaslew g ol ades 3 Sl
il an S e jobo 4V Jlo (i b (i b
oKy C.‘_wl,{) ‘ LF:K))A] u‘bwyg 9 u»t;_.;‘s”b \quf
Bl I (oISl Iy eudbign T o)y opdyle ol 155
Ol A 9 (> Sy S s 4 Jled sLidg)lS
o s aalomsdly (sl > JUSimo JLil )5 Lo
J,\(.a Olg_;c L > Lglmotﬁg)g: 4 sl yo Lmdi Ao laal
Jlas! s Jslw o 1) b JUSw 450 S o o b LS
L naS G slapigpn 3y Sas 3 W] 0iS o Joiws g
Lol S 5 5 00 e (S Ol b Ll 99 5L

Sl eddd o (63,84 paskio sla Sy 0055 2990 y & 4y
» &S cowl oud as L DNA oo g j))_: duJﬂ}o
Yob Cue gl g o Jolid 1y il (ygalie Lass plis
B iulojl 950d8 jl 2,15 o JoSUge oyl 45 59 oyl 4 sLszel
YT pile 5 yb ) Lags LasT (6, g sk oo loud
)Jf 3 Olibss ol ‘_;)L.a_awh) J.tlﬁ o) J?\_«u SO LR %)
Jbo 3 (o by ople 0 parde () pes o (s
el Ol sandon T pudse o 655 4 S e y3b o
ey (slo oy (iiSTly cais s a el islS o8l ]
LUK a0y diwals” iy olisly (s sasiily
OB Sllllas gl (o dnogi 5 (oK gl 55
adlas o Sy a8 ol S slahg, it Uacl
Iy S (awdige druwgd 1 dxwsd DNA (gl JoSg0
5 (S L lad S gl ]y ely g ol 00, S x s
5 (Sb iy Oliaass (3 p PCR .l 03,8 5L (65558000
£ sz 2 (L) Cpanl (Sl (Sdjy o de ) o
) (85 45 pleS o Caansl STl 39y L el S5 oy

[VFhS el Lo 21,

O‘.\_ﬁc Bl oslo 4§ ‘roli& ‘MW ‘:a:_wy, -Y¥
Lo hdimd j b p gm0 5y omnnsblio

1. Alferd G. Gilman
2. Martin Rodbell
3. Kary B. Mullis

4. Michael Smith
5. Richard R. Ernst



VFe) o) g sy |ielid g o3 0,land [ 2y pgle 20l | VY

S 5L S S Ly i 4 e o S
ol o]y JoSdge Sl g ucd Lié 40 Joate (g
P e SO (G dw Sl O|J.Lo_ai;3|> Q_.{l ...\_33)5 )Kui‘:l
b oels iimgd slag Sl 2 29290 (LbE (g
P ke GBS 9 398 g0 el (§5Tigih (il 35 pe 4S5
@ &S () A0S e 3l Jriugid o3l 95 S g9,
Sl3gge 50 jriwed Sy il 4 e b 02l bl o
i 390 9 900 ik (s o 2
ey L 2 lg5 oo L g 5801 a9 48 el ool cnd

VY] Jatie (S05edm slopims )3 YL jlse

015 g g0 i S ) Foidlw LASsh 1 guai-TV
0355l slocS g it (e 5 (alrond i (n ok
(dsdgeciaid) S Jo sladsge o3l 2 L5 Jobow
2 lyeo,8 & pamio Gl ol olilie Lagl )3 48 s s
oo dlg o WS o Jiil ool y o gl ols sLad
ol 348 2505 Jliy S IS5 4y g0 el pa s
(Sloy9d & y90 &y oaimd S Lo JsSge g Lol cadse
)13 3929 S Law (yaasd sl (S gy S g B0 )T
bl a8 ol (ol 9SSl gyl olsl 1 B9y
il S 3 Lol el slagyy 4T (Sloj 05 00
wLié 1l otz (sLa JoSlgo g o 01iSTy (sloygd
@ 4 lgied (IS yobo s dmpgises)S 5 (SMas slajud
8l slio a5 Gyl sla Sl 57 lgs
i ol ] cad 4y Sl andl Gl Lyl L (e
o 5 P Se5dgn " SIS o)l 4 VY Jls 5 pors
P55 So dagd y bl dy gy preS oS I (bl
sl pusleS’ )l grdy 5 SELS Py S (59 Sl
SUSS ol b laoal iy =SS sl oo (G5l
by oo 0jlal 28 4y (B1S s )87 (59 iUl g8y See
238 385 O3l 0B 1y gl 93,0 s ) (gl
sl (9,8 ST (sl plgice |y ol gsSUam 8
255 ool 09y ol 2,5 s aalllan 350 aged
Alr slagtsy Jool L (98Il S Sin | 4l St
S3dsn 3o b (HsSge (sloodgs (L3 L (e sl
L 1y Ll sy 5ol S g ] bl dnwgs
[YAJ23 oo ¢ oo 3 )Shoe Ly (JgSdge Lol 1YL, 2509

a Fewl o Syod by (e Adg (Ul aisle w0l

aen ) 1) Lagy (im0 slagsl joe (U5
1 ol Sy smnme sl Sy Lo i Lo Sl
Lo U | asein agaa sl ps cslashn s
ol ela Slas U 55 oo U5 1y Logl 45 st gy
3 o 5355 3 i, £l JUIS s i oLl 395
oile )08 o 3 1 g )lan 5 oole Ll 3 5y Shee
@ S e jobo 4 VAN Jlo (S b i sd Sy
SN RSN TR YN SRR
4 S ydale oS il 51 Sl Jgls cnyflgn 58 T S L
33 3580 (S sl JU 5, Slee 3590 )3 Lol LT s
oS 5005 dnogi |y oy S iS5 L s Lal Lo sl
sbias o Ul 3o)b ) (Se slaghyy Sojlul
$38des la Sh 9 ol oasj laslw (olewdly
) SuSS ot ¢ (Sl 5ime 3 0 o asdie | L]
oolall 53 oSS sl o ISl 45 Slo0l dngs
P JUI S e (el S as ) 1, S8
e 35 () S5 () A o Sl 5,15 o
IV JySlse Sy asssSa 1S o s &S Cusl 3,5 4y
o3 1y gl Gk ol il g dmd e e ]y 255 S
g i1 (ol S (e 58 Al padee b (Lo
ol s LS JLw 03 Jsb )3 o (elos )l o
S a9 03,8 Jred |y Ol 03,5 Joodie |y ()00
5 b aden Sl gylow iz (Slacie) (Jobow slapsilSe

{VF]cul 03,8 S8 (S 59

Slp o M AL das 5 i laly S J-88 aJS-YF
ke sl jlo 3)g0 0ad 4l ld glagydy )il (s
ploml (58w Sum 538> ylus 4 b Sj il S 1
Sl gl Slas ) 1550 slbaoSop I b b
oS5 L s Jols 45 (giio dlgo JUinl asibo o Sy3els
o3, albolsl |y Jolos ym aS 1y oy slolii o suas
s5=a8 Lacide ey plodl 1y 055 canlby U5 wislde o
il lallas (gl b Jim g (o yiod 10
Wlod gt dLie J51 15 48 o g slayBiay ol
o A Syt pal S (G Col (p sy
3 Sl oo " e Sigad o bassgs plorl o s
OB odom T P50 g (SO (Sl S g dnge
Sl 3 osibgn: ®yssm Syl 5 ol 35 ol 5 Lol
)Joua_gﬁxiad»b@&)&iwduw%w?ﬂ

Odel 50,8 sl 3 VM JLu o1y ewd Jug 0iols ol

1. Erwin Neher
2. Bert Sakmann
3. Hartmut Michel

4. Johann Deisenhofer
5. Robert Huber
6. Aaron Klug



WY 1 dgiople g Sy judon Oliios

g ) (858l ey plil gl kg o ST,
o 3L iy b S 3 ey L] SaS (5l , i,
b Ll SIS 590 5 JoSge Jlb 55 0 (695U e Jld
S5t 095 3)50 50 oo Sl Sy il Liios
9990 3ygitil ol 03l Gy 0355 o Jglw > Jld o2 5]
aS gla sy a3l VA0 9 VA claamd o cpliwl sl
raio §593b dinlsg plol (gl Sl o1 1 SsS>
33535 1) (couDgn e ilodd (g5 yhaliy 355 5,8 a4y
01 S oty GLelS g, Lo 1) 295 (Lo s s L]
|, DNA 3 01 i .55 Lol 4 RNA (5595
@l Jagi ol gudge (il 9 258 LSS (o0 dea
)90 6u—awv.».0.’" &S CaS ot o and jo b w .l il
Jgol oyt jl (B gLsablin oldlae > il
w3 S5 (693U b g olond S Luw oy sl 48

¥ Tslon S g S oo i |,

R R L R S
I 2e)S mer pL Lacool Bl e yls Lol S0l
ln 3 EL83 3 (et i S Cl (93 LT
oW S S oo Lyl i lize (g)lons iz g Lancigas
) gl adllles o a5 )i sla JsSge g5t sl
Ooddl 8 VAY Jlw o cl (SO an piY S o JSie
S 531 JsSge o8 (shudlg s> satigy alad b ad (3-890
G omslS ol gl slacedb ol 51 (G ) e 455 o2
b o 31 i (sl o ol 5L gl S s |
5,Shes chyls Kgb zex 393 Cwlio i3l j3 S1a5 ] Jls
g oimle Wigd Jate ()55l 4 Al e g Bgd 00
e a Sy pobo 4 VAVY Jlus (SS5 b (gis s
Sl (i dsge S| S5 pol (plidiCuns Vol
35T oSl 51 216 pol (o sorign A0 5T ()
Lol sl (obord Lo )50 5 pluaslass] , b o
Woeo 5l b pdid e uin b 30w 93 ol 8 .0d sl
48 Loy (o gl (oL5 (claloslo ;5 35350 atsol syl
Ll s gy LiSoly S o AJs5 |y LS sigas]
b Sy Aol 48 Amd o 5L |y by ]S
e sladice] plod )3 Gl yalpw 3 1) 98y (Slisios
Sl Hos 211 L (2l 52,8 S0 28 (il (]

L9V Jecily olyem any (b leyd 5 e s

CR oy giaunsd 1l g 1 ot D Sy (yimii— Y'Y

oy )L»_qu S =9 ul)_lb‘ja.» cu’_'>)l> LSLQLS)?DO
KA Oeile i 00 by olowd gl yiiSTy 5l
Ol sLopgiges)S 13 DNA b 0155 Johow S (oliond
W e VA Sl 50 (o Jog9 030l 3945 0 00
gl oSy Sl S5 pol (o soron 'Sy dy st (o
sdwl exdian dya0 0 gl (ool lallas Jds 4y
sgb a1 500 e g S S DNA a g L (Sl
2o yel IS b g elibican; Yo kS g 4 S e
3 oSSl I3 coug TS 5 03,8 9 5)lg, b oSl ]
o5 e Dy90 53 LS lie Jds 4 e oS oSl
355 Slalla b o5y i lial SLtlS g elasnd 1o 5L
5yls wapg So DNA 4 1y 6,581, S, DNA cilg
23155 1y s DNA L S 59 DNA JgSge o] 48 48
|) ol)DNA (S Gwan d)&LMAJ L;’{Uy Sy u}‘d.:)}.u:(_;o
Sl a8 (o Sl e Sl Shy L (Shgrse slonl sl
adlas | (gl JoSdgo a3 VAT Jlw o ol jl i
JsSse (rasid jelate any ol 51,157 ol (gl 90,5 0
5 539995501 SaS L aS 5,5 o oalaiwl o585 lalad ay
St Jdod g an e Wasd s K0Sy 5l (815 gile S
S9- pasdie JSlge 2 93 53 digel Aol JIg5 b oo
|y Uiz JLaail 095 b 5350 ,S5Le 1200 JLus 3
Ui o5t ol otz Sl A ki 5 S0, 4
Ol ol dmd (g5 s ol VAOA JLus )3 ons
395 Ao do o G peliS S 00 saie sl (g
O 9 DNA - J5SJge (5)l00wd ) (cenl b 285
kS o b I oy s LnsgglS iz
s e il S 555 DNA iS5 L o]y e il
Cy® Ll Lrg““’) ol J)ilo.c 9 3L [nﬁl.\_n sl oy
5 59 DNA (6,518 S (i) 4l sl izpod (s

YAl pae 3al)lS 5 ot

S 65y sl 1 35T Sl S o 35T cormn =¥ 4
o3 Loty saliwg 4o > (o plogl 0455 39290
S5 lsis a4 iy 2edpe (jIU) U
opple .l oo 3l Lol 3 5l (o] 4t 55 0 Chrogs
(= O S Aoy (oo b e VAVY Lo (o g
by 3lg) L oSl ) (I el o sar g T ]
SIF o bLS) 3)90 53 0509 4 JLilS gign ) )50 )3 (1)
g3l dn ;50 (o g (SeSsdon Sl S g deslginel
oSl 31l pol (I3 sanign © 90 25t 4y S o

1. Paul Berg

2. Walter Gilbert

3. Frederick Sanger

4. Christian B. Anfinsen

5. Stanford Moore

6. William H. Stein

7. Gerald M. Edelman
8. Rodney R. Porter



VE+ ) (bino 9 jarls | oini g i 0 ko |y ogle A0l | VYY

By oSl 9 sl ) 45 iy a0k izren (liee
JSi5 Ty Gl o5l )3 adas j g AiS 00 0)55 o Lid A
S jleS s g das iy o ols ddad pla S D e o
g oo L gge B plgis 4 oS (sin a4 ggo a5
lnod (g5l Laid 45 closlus (i JoSJgo 3 )50 1 A5l )55
wlwld gy zge cais GleMbl 5 (ily (oS wiswn ol
Wil ol hlio b 5 )5 sladsSge g (S Ll
e 15 8 oo 3Ll (5 5SSl S (gl g
53151 iyl b ol Jla S 3 45 YLl 5 s 5 Ll
SbooSl i (sl 48 ol oty (588 4 a3 0 &)
o ) i i 4 (g0 sl L (S0l 95
Jlw 3 Gord g ol ol jL gl @il )50 5
iy 59y Wlad b (uSle & S yidio oo 4 VAPY
Ol g g eS ol I JoVl ot 5l (bl (H9SUge
8y eSOl 3l (SN oo ©508" (45348
A anl (9,8 sla gy Hls Ll 3y90 50 Lol lilas
» o bl (Hm (onfiw bl cS 5 L g
JSitio ol B9 0 JeSge S 3 (olS slacusdse
)38 536 Ses slansl copmdse p aSiul i 0,5 4l
e glasgS A ]y Al s ol (i Lol o
Ll Lol cpl 328> cusBgo A lgi oo Lo 45 L) o0
S et ol 6o S L bls a9 S ool alis
(oSl anil oSl )3 (i slagsl (655 )18 e (il
e (gl QLo 4 A8 o w2l ) (o pe bLE
3ol uSsio e SSl gl ady cowd 5L leMbl
O (Hge sl Fgy gy ol jloslaiwl L sl
O S (o Jdtie (193 3 1) ST AST]) (glS e
90 1S Lo e a8 o5tils 5 ()5 19)08 93,5
b 8L ) (e |y b pe gl gre »iSasS” (g 0
oSl ol Sl YD+ + -+ 394> (£, 03] s ppglS e
9,8yl (ABlg Jalls G iy jl Jiws SV (g9,
Sy sl oSome live 30 93 il Lo W 53 ppo
013j Cldgge 3See 5 j35am LSl pdae Lo Suomn

LY 5959 (g5lows 5 oDl

00w Cwdie oS JgUg0 S aigls ilus 51 ,-Y'F

93,10 a5 295 3 1, Ol 51, 0lgd o0 9 839— y31 3 9
> Sl e S5 A8l (e Siadg 8 gl 0]
S8 LS slajly s gl S0 an ) L

by 0l ol 3590 Le DNA ;3 (g Cllw
o Syde jeb 4 VA Jlw 3 (Sb L (Sig s
S oLl 5l 1S ol s ey ) I gadd &y
oSl 31 S el s o ey TUsS LS Jle
OBodon TS 5 9d JLblo g (pgmae (il
58 g (gl (oM (o dnsgo) NTH | (S5 o]
o &y o laal g 51y ol 5, Slas 5 (S35
o9 90,5 I cdbge Ly ) IRNA 455 (63,8 ()l
Gl gLmo o5 b s  blygs sisS ,La 3,8 el
D)8 diej oyl 3 oo sl SeS ‘wa;)j S RNA
o 9 S Ficw (pg Ceslyy e 31 ol 5l edlaiul b of
JUb)le o) JaS5 1) Sy i ol aizeliad (I
JSize b RNA 655055 Sy (bl syl 5 Sy
S 4 ot cpl 48 (olSin 00,8 A s A SsilS 5 S
5 o gl i 3t dival asl S 1 (Y5l 0,20
238 0ale Bl g c8)S Iy B 055 sle > (Sunf oS b
ool lagiin do lagdy) ol b i A sl Sl
[TV Jloads oo ()] oelal pnilSln 5 (S455 457390 5
slayks Lo 9y9] cows an ld s gl comiba-YY
oSl aniljome 5l i i oSl 4Bl L (oo
ST, ol ksl a8 el lmodls agi gl Jbs S
Koo 5 Laoaly coy pie gl liieish (SUlg 058
N Sl (5993 9 el 3)95 1 Sl Canl Sl )13 L
2 o Jmg ojmle 9 0je> (il Glaasis (e
bl OPierd TS ©sb)S (Haye0 4 VT Sl
ke dgo ol ol ylisLuo yeund > 4y 398 ST o8l
il Sy S olncSiSs ) oolital Uy glian s
(VAN) 655 ol Jl o rSale (Fgy90 b lial oS0
o=l 48 39 (55 mege (VAYO) ()95 ©ods) =l
(S8 Sl o oS S Sl ) et g
ras 3y 1y (RS Jlwe S gl pasd Jliw S g (cord ol
e et 5 Syl L et ol )3 a8 5,8 cae
b lays sl 4y bl oo S5 oyl 5l oslisl L S

[IYPs S8 Lagsjlow ade i

4as :s_,oli@ DAty g LS Lw ‘;_"wa—‘”‘ﬂ
oo &S A o uiSen y y S50 Ly g 0SBy o |y
‘p_laaﬂ J_«élaﬁ L: Lol co.,\_«.ﬂ).) LSLIZMSJ EWEL 9 djjjl L)
i) el )3 395 o Sol 4l 3l 5951 s 4y

1. Robert W. Holley
2. Har Gobind Khorana
3. Marshall W. Nirenberg

4. Dorothy Crowfoot Hodgkin
5. Max Ferdinand Perutz
6. John Cowdery Kendrew



WY I diyionle 9 Sojuden lisiod

MS)b Gl =gy sl il sladyl Sl oo ptee
0dga5e > 4 oy g Liad o baolayg ¢ Si0g, b Jlgw
by ilgi oo 4355e A3 o E) 045 S92 90 S (L2
3 ol Lo 48 €Caig b arwlone (on s 9 S8
593 ) o ) Plwe o sl ]y (LSS 38
Ssdgn Olllhe ol (daid) g sl Son ¢l
sleasly S ccwl cowal 33l Salite laolyys
097 3 Cdydey et (SLa)gld dagi (S (0020
ol e 392 L oneb gl e S0 090 9 (S
Slapiams (S i (Slapill L o le o) Bl
Slagplie pleol dmosls og sl Julod 5 anjod i
OllasMe 5 golio g ddgy Cadgidone ¢ Julod 5 4y oo Calises
Sl (o ey spslis > )iy ol 5yd9) (S
o=l sl LaSely (mlacas 3 (s o glags)lSen
e Sl 55 (6 g aalss g 035 Layills
ilises (glaojys (o (S )5on Lo & ol () 59l
Ll oVlansl gy 1) 3 ) o (5)50n o)l
Ladicej g i) pyas ) gl,Sitils asislej a8 o 5L
ohey S e s & 5SS S (i mgls0 25
B (S A4S (ed90 A g2l ) S gl e ML
4l oo Slidng (gly baid a5 ) .ol 03, S5 an gy
9395 oyl ddlais 51 ud )l ol 3olo glasue; y» y0
Gie Ady 4 395 pole 0ol g)LS ALy cnt o
0lgo pi S A8 cib 0L an b s daled e
O S8 Amd o oyl OLais | (g Saely jmgal
O otee 4S5 0l JLs <0 1) (spgly g B (sl
L) o olon)liSS 65 oszle J @)ls 4 el
S g Ao S |y Gioee aSed bz slaai s
Sl S e oY all, S anld Jous ;b slas >
G jl1) 393 Jaass e land) o slags)San
Dboe il gl sy o g (oges (il A aad o
Ll ) ptee sl (pl NS 55505395 jaasS )3 i U
Syl 5 SO pnilio 1y s deod i by Lowl o
0955 Lo L e S e ol 4 e
kg ol 9 anlsd ey slacdl ) gl Lok
Ok () )3 45 4585 led g dome Sy (liwd 19
ol 4o g 3l ) )l el 0ad (g9l S
sy San ol BB sLlse 5wl odgs (ot laios
g dod lajls cowls 4y a8 el ol glady e
P e i ey il H5aby slagaass

S (0 A5 (6556 Sl Ly

Sl (gimy du (JoSg0 JlidLiw 2l 5> 5o DNA HLs Lo
M55 5 63 j Cenl I = DNA = Sl gign ) (oS 30
Ve S Olije (385 S Sl ) el
oJ_S)'bbl_adD)Jtsu_lfC:l_yoya&dd_ZSL;ouml)
Jlo 3 (S8 L i g ojmle S o 43
'S sl 6 el B S i jo ke VAFY
J (S olicicnas g aSdgm < JgSge (wliobicuns )
9o olidiceny; T gndly (6923 o g e oS3
TSy S8 g g 5 )5l el 1 (LS
GBLEST s 4 (o) S8 S 1 (bl p (s s
bl o e 05950l A aml 05 lgo 4 e Ml JUis|
g glapnnslSo 5 5B (il ol slanely ey o3
ke Gy gasie UK e w0 S (e i |
Lo g clyg Jolos 5l i il (9] Cmod g 55l
[¥0]5,8 i ol Lite (clapuslSo yidin S g

= JeSge da gy (oWl g LS Lw-TO
o5 o bloss 4t L W wlginel (clamo oo 5l 48 At
S D) s > 5855 elaanis 5 bl
A8 e 48 (Sgeyen il gl pte Slacniy
VDA L 3 ans Jsgi ol 1S o ol | 55
s yeS oSl ) el o san o T S S5
Oyl 039 ay Lo o )l Lw )50 53 ()15 - b 4y
el LB 1) bl ond ol (g9 SKiw I8 .0 | al
Sliggio el ain o S i cguae g il L
)l YL a5 0 el g 090 (g HlE L 3)90 5
«S.s,:ﬁy[\“\/g\”?])w u.:l_wl.w.s LRVC %} L;La:u».f.g).; )l )_ivb
Fies 4l ple az o ol 4l Gros o pole Sl S
w,yuu)aoijlwoamlgwup
Ao 8 el Iy it T Lal Loy 5 Lo o
g i) ol 039l i) So3dgn 48 (65 S00 wte
YA ]ccwl 3-8y slagySojlul

(S o

tader Sl o] goite cnlio b a ((Suidsn Sliiod
solex leads y S50yl 0.0yl g ail Jug jules sy

o) v a8 SO ben (Slhiiod de) 48 g
5 S5 Jlge S g0yl)d SasS plad Sopicl el

1. Francis Harry Compton Crick
2. James Dewey Watson

3. Maurice Hugh Frederick Wilkins
4. Frederick Sanger



VF) o) g smls |iedid 9 o3 0,land [y pgle 20l | ITF

&l

WWAY Jlo V¥ =31 Sl « YA ojlasds

4l KV VY g ol 9 SIS o » (gl go (gomge 1T et Sl denl <ol oo ¢ 3led (8L o0l e ddns £yl desl Y
\\c’\JL«) VE-Y -+ Olans 5\0)‘.&.«3 s\‘“s.\.l.?bo $W.LC s

YA-YY Gl ¢ Vojlad Ao cole slis 4y s « S5 5 b pole 0j> ;3 YV g opls (B840 » (s0550 (sowge wST locgmai 15,8 Y
was
4. Astumian, R.D., 2017. How molecular motors work—insights from the molecular machinist»s toolbox: the
Nobel Prize in Chemistry 2016. Chemical Science,2(8), pp.840-845.

5. Mockl, L., Lamb, D.C. and Briuchle, C., 2014. Super-resolved fluorescence microscopy: Nobel Prize in
chemistry 2014 for eric betzig, stefan hell, and william e. moerner. Angewandte Chemie International Edition,
51(53), pp.13972-13977.

6. Burgess, N., 2014. The 2014 Nobel Prize in Physiology or Medicine: a spatial model for cognitive neuroscience.

Neuron, 6(84), pp.1120-1125.

7. Nussinov, R., 2014. The significance of the 2013 Nobel Prize in Chemistry and the challenges ahead. PLoS
Computational Biology, 1(10), €1003423.

8. Hellvard, A. and Mydel, P., 2013. The 2013 Nobel Prize in Physiology or Medicine. Scandinavian Journal of
Immunology, 6(78), pp.485-485.

9. Clark, R.B., 2013. Profile of Brian K. Kobilka and Robert J. Lefkowitz, 2012 Nobel Laureates in Chemistry.
Proceedings of the National Academy of Sciences, 4(110), pp.5275-5274.

10. Van Noorden, R. Impossible crystals snag Chemistry Nobel. Nature (2011). https://doi.org/10.1038/
news.2011.572

11. MLA style: Illustrated Presentation. NobelPrize.org. Nobel Prize Outreach AB 2023. Tue. 4 Jul 2023. https://
www.nobelprize.org/prizes/chemistry/2009/illustrated-information/

12. Varela, E. and Blasco, M.A., 2009 .2010 Nobel Prize in Physiology or Medicine: Telomeres and telomerase.
Oncogene, 11(29), pp.1561-1565.

13. Weiss, P.S. ed., 2008 .2008 Nobel Prize in Chemistry: green fluorescent protein, its variants and implications.
ACS nano, 10(2), pp.1977-1977.

14. Kornberg, R., 2007. The molecular basis of eukaryotic transcription (Nobel lecture). Angewandte Chemie
International Edition, 37(46), pp.6956-6965.

15. Clapham, D.E., 2003. Symmetry, selectivity, and the 2003 Nobel Prize. Cell, 6(115), pp.641-646.

16. Mayor, S., 2003. Nobel Prize in Medicine awarded to MRI pioneers.

17. Levi, B.G., 2002. Chemistry Nobel laureates helped develop tools to study large biological molecules. Physics
Today, 12(55), pp.19-22.

18. Moller, G., 2002. The Nobel Prize in Physiology or Medicine for 2002. Scandinavian Journal of Immunology,
5(56), pp.435-435.

19. Gispen, W.H., 2000. Nobel Prize in physiology of medicine for year 2000 for research of signal transduction
in the nervous system. Nederlands Tijdschrift Voor Geneeskunde, 46(144), pp.2184-2187.

Cord g ople ok gy san! ale (SW5j & (A" (guo g0 (ggwge 15T (e oly Syl Glogy s oxke o Y
V) Jlo OFFRIYA Sl @ abes « (pole lnin ) 4l pole 4ol

21. Shampo, M.A., Kyle, R.A. and Steensma, D.P., 2015, April. John E. Walker—Nobel Prize in Chemistry in
1997. In Mayo Clinic Proceedings (Vol. 90, No. 4, p. e41). Elsevier.

22. Srinivasan, R., 1997 .1998 Nobel Prize for Physics: Laser cooling and trapping of atoms. Current Science,
2(74), pp.106-110.

23. Lefkowitz, R.J., 1994. Rodbell and Gilman win 1994 Nobel Prize for Physiology and Medicine. Trends in
Pharmacological Sciences, 12(15), pp.442-444.



WO I g ople g S imdgm Slisiod

24. Shampo, M.A. and Kyle, R.A., 2003, July. Michael Smith—Canadian Biochemist Wins 1993 Nobel Prize. In
Mayo Clinic Proceedings (Vol. 78, No. 7, p. 804). Elsevier.

25. MLA style: Perspectives: Magnetic Music Maker. NobelPrize.org. Nobel Prize Outreach AB 2023. Sat. 10
Jun 2023.
https://www.nobelprize.org/prizes/chemistry/1991/perspectives/

26. Vyklicky Sr, L., 1992. Ervin Neher and Bert Sakmann, 991 1 Nobel Prize Laureates for physiology and
medicine. lon channels and the patch clamp technic. Casopis Lekaru Ceskych, 2(131), pp.33-41.

27. Lewin, R., 1988. Membrane Protein Holds Photosynthetic Secrets: This year>s Nobel Prize for chemistry
recognizes the direct and indirect benefits that flowed from the crystallization of the photosynthetic reaction
center from a bacterial membrane. Science, 4879(242), pp.672-673.

28. Shampo, M.A. and Kyle, R.A., 1994, June. Sir Aaron Klug—Nobel Prize Winner for Chemistry. In Mayo
Clinic Proceedings (Vol. 69, No. 6, p. 556). Elsevier.

29. MLA style: The Nobel Prize in Chemistry 1980. NobelPrize.org. Nobel Prize Outreach AB 2023. Wed. 7 Jun
2023.
30. https://www.nobelprize.org/prizes/chemistry/1980/summary/

31. Richards, F.M., 1972. The 1972 Nobel Prize for Chemistry. Science, 4060(178), pp.492-493.

32. Cebra, J.J., 1972. The 72 1972 19 Nobel Prize for Physiology or Medicine. Science, 4059(178), pp.384-386.
33. Singer, M.F., 1968. Nobel Laureate in Medicine or Physiology. Science, 3852(162), pp.433-436.

34. Hodgkin, D., 1996. Dorothy Hodgkin. Scientists: GO, 2, p.474.

35. MLA style: Perspectives: Cracking the Phase Problem. NobelPrize.org. Nobel Prize Outreach AB 2023. Sun.
11 Jun 2023.
https://www.nobelprize.org/prizes/chemistry/1962/perspectives/

36. MLA style: Speed read: Deciphering Life’s Enigma Code. NobelPrize.org. Nobel Prize Outreach AB 2023.
Sun.11 Jun 2023.
https://www.nobelprize.org/prizes/medicine/1962/speedread/

37. Shampo, M.A. and Kyle, R.A., 2002, March. Frederick Sanger—winner of 2 Nobel prizes. In Mayo Clinic
Proceedings (Vol. 77, No. 3, p. 212). Elsevier.

yway

pole i b ccasdls (gl)) 5 Syl € Sy ole Ol 5 Susidgn (B oy & el (g0 (Spuge ST e TR
Ve u‘.b.wo} MY-Y\0 Olxas GP)LQ? b)Lo.w cW 092 ‘Lf{'“:)."



Ome) )0 By aed 9 S (655 Glgs 4 (yg,0b 4 (RIS

&l s

A5 pditen g ol U35 Hall oy g3y
P QUi 8 (il (0] 4L iy 9 Sty gus
mzare@iiees.ac.ir
1F+) Glimo; g sl gV o lons sl osle a0l

LEVLES

itio €O, 055 (65,31 09,8 o3l P |y ol 00 Bl (308 g2 (o S g (el SLy (30l S lsie 4 g )0
(1 28 oo Slaidy (lisee Lo by) 4 (65l JLail jl a0 > S)jm olade )3 ()3 silow 03D ol 09Ms A8 s
ol soliyg) 4 ol (Siuly (giny emdyd 9 2 (ol JLS (10l (Y jo (308 Ly eloatal 1o (65,531 (53l 083 51 (s
e Mg 3grd L (h)ly €8 (230l L (3l el Al B (1 5 6550 o8 Lol Lo )3 o (03500 03235 L (55>
2 & jlwo 30,0 glate ogall L o Hlidy dy oo a ST WS o dloul (g5l 13D (gl |y (eda o sl Ul 5ey0n (S8 ols s
(505 5 ] 39 A5 o 5101 515 5 M b e (572 395 (s S0 Ly gl
(g5l 3D (gl Se Ul lois o 00 0,83 (350 jleslisal (yimen g (o g 5 LSt sl 00,8 Clr 305 4,
@YU sl 368w 38 g s pBIL oyl amd puis oa il )3 (59,0 (65luwe w33 D90 13 |y Lo S5 0950 el (S ¢ wigo

aizjp 48 ame il (el Gl LSS Big)n
S ooy ) (st Sy

axsey ;U

o O3 Mg iy (le)S (e 351 Jeilis (o
0329 4a) (e glie g oy (Sl CsBye ol 1
(6o 305 1S il glit (Lagl S 5 9 Lo ¢ (23 olsl
3904 )P 4D 3 9 Ol el (¢l (ALEL) (L6
Candg 3 dzgh BB Ol I g Wb o 485 13 >
Aile (el i 31 )L 4l ol Sl las 5,5
sl )Sagy Sl b Gbbe it )3 (g 2]
Elye jl (2 d9-b e ol Pl ool Jo sl 5 59
lite Calo plybiod (55l @lie jl gy edlaiwl (Lol
03 3lg o cewlio (gjlu 0,3d cla by, ol
S5 losily bl o |y mdpipies aolie 1 63,50 0y
Seeliadge i popde Sy (65)551amd Sinlisl (65351
g Laan]d  —wiige slaulo 5 48 cowln Jl 45 el

)b el )3 59,0 slabglS gl

dodbo

OMue 33 Al b (159,00 0383 (inej ) (1)L g5 A
Jis 3 Sai slayle 5y ol olmoyiw cods a5
Oy (i 8] lalle 4 Silwo s gl Sl
Gye vyt g o iSoly Sl 5 (SUiigel dile ol
CS o e CeS (o Sl 3 350y (gla )
slagby) 5 38ke I (arusid) bSiw 32k 5l (jg)iee
S5 5l 3929 (900 A (1 (aliRe g il
‘.)9_;)350 odlawl d;u_uad)::sj‘ .L.I}J dl).g \fw ‘_HLc)f O—0)
S22 e by (o) ey 3 Mg a8 el (e
sl 99580 gl gy L pads i L glad jo 93 iyl 8
BRI PERWNKW VP I ‘_',_zl b .b)f oalaul Oierid caluw
oo Slas Mo g ot (slaan],d YU claas e > 4
STl 5L 5l 8 g 9lid G an ol dl 390
Sl 65yt ool plie 4 (g yiem 3 sl glid
Gl 00, (gl b LS YU ayly s g casd o, S
Oly a o J-B g Jren 5 sl 0285 sl (el gy
M sl 39290 Slaghy) (ol » ogde il Lo (LS



WY | omej 90 sy oo 9 S (655 lyie 4 (59,0 & (RIS

0555 Jonily J5 TP L4 o 1550 a3 ot
dbd&ﬁ }l odlawl aS” sl uLu.A.‘ Q]?:;L;O ol 00 odliiuwl
3y sl lesiite (o) (65500 o 53 45 (oloniigey

Syl VL ety ayls 6,5V (65,0l

S5 slaels L Lg)l 3 g jl ey VL Y
Ml S band anld el ()8 sl L5 (ole)S (e
Lol lm b > 65¥0 3)Lkee Y- L5 VP (6135 000 0
D9 o paie S5l i 3 (o) (e alie A
Sl 2l (B d il (Lol slaasass Sy
=l e e Sl e OFgpn Mg auie ials
2 s lapl plo jl VL s join 48 col
Sl (et )d JLos o Gl ool o aja b g i
oMl Ly 293 (gLl (6l o (900 31 (3l 0 0
O 855509538 ol 3 el oy aes (g5 3l e )
e an ol g (0)0) 20 (I i (oS
o) b S5 5 0355 g g syt o2l g (ZA)

Ly, 8

83939 55,51 IS (sl (19Y) Sics J65 4y (g sl 8
OB il Bl el sy Al JLs 3 g Col (S 255
45 (550 A ol ()8 Sl Al )3 Jw (g0
(ZA) A 31 o 3l g 5 (21 ) e (oS (ye (55,51
515 s 2V LS4 o 0395 S g (8 )y95 «s0
mle)S ey Slagslid dawg laas 1,500 (S0
o Lt clond (il (el Ladl il Mo
=y A ) 0alegBly ey Sl g5 oo (wliw iz )
5y S 0,83 gy (g5l i) sladilolw u bl cowlio
Pl e 3Pl oolaidl Joily 5 (eloial slaais

ol oad alyl 8 olool o ol clayn i

d9>ge ()79)0p Ay clacydgime Sl gyl (5)5lS
o) dor (olend jale S (i WS (o Byl )
ol 5 ©S > 0,3 g (el Wlgie A4S ol
S ye S5 an kit Ll gl 8 095 sliil (651
s 65 el lys 5l ookl Uy anl Yo ans 5 ol
3 eds 3y g eb s Lagp S Ly ol |
Sl el S JLoj 5 (b S5 3le (oS40
il e S jloslaiwl b &S i (9,0 9500 ()5
dnS gige Ly () Ll gt 25 o0 gl s oS

R VI

ol slaalelw )3 (ate LB (59)dud 39 e LTI

S35 el okl 3)90 (Sl g (olond Sl
Gl (ol 4y bl S )y @l Pl dido ) Ay
o (S sy oo 215 4 355 Lo Loy iy 45
b 3 ccwl o YES YU (5,00 035 (sl (Sigel
JUST IR NS PSS IFENIICOX SR WSS P N VPO U PNSER I ¢
Jol a8y 5 ae 3 VAL (g 085 55551 plad
M 3T as, o YY) L wlice S (Sl 003D g
Ol B L w0y id (glem (g5luwo s d (ol yo 0gMe a5l
£S5 ol bl (65,551 (S ol ((Sliles (slos 4polio

Aok (Bl oS ey (55 )l9)0 (55luwe 3D

u)s)A_Jb ‘L—“”|) U”‘ ) ! LQ(J D.)).'Z_mf Lg\_bs.)).g)lf Lfl)—’
ox ;u_;l)_oOBM_C ol .5)_9 4_5)_.ng))_)| J_Al> gL;
Jlie adaly 5 5 9 (igped mdiies L)yl

R NRNPNN

059552 o

R S TS WSV I D JURU W v J S O S PSP P
390 gl Sl oS J 1 g diniod wolie Jols
851 53 (k5 8 e 4 21 oL s g0 pmn
gy (e golie Ly dgliio )3 0,105 (g0 L)y
ool m 55 51 (ol 3900 (Jlie gt ) e
Sige 8y 0355 Cmj oS JLE5 55 oy S il e
adex 1Ol s sl ) 5 (Sl alie sl L0

P 59k g5 Sl Jgeme SlaSESS

05902 (5y9U8 Ay

rios glasipl iy gl 2 sl ks 8L
93 Aol (i 4 g few ()9 A9 S0 9
o obis sanl cla L )3 39, e ,Las] g ol 03,
ol 4Bl axwgi Lwly Cpl )3 59,4 ds)j0 papie il
g 4 oo 59 (el (Sl 35290 il o 3 4S8
Sl g @oladl glaide 4345 ¢l b o)
Sy Gl il S o B sl re e 2)5e Lol
Sl s glagiyl gyl gmyogee b
» olce h @loj Clided Mius o (jg)iep Sg
M Ol 5 (W 039 colio 4555 by (8 Ll
o 5205 S0 Gilises gl 51 mslisnl b 1y qolto ol 51 g e
S5 Jmaily olsl 2 (385 adllae S S (o0 (o
sl 0l ploxil 4S5 (6l S ()59 3 ol 0L
ey B Jeily joio ((mlo)S e 635 390
Ome) S35l el 3yl 3929 (2le)S e 6351



VF+) Oluno g sl | piuids 5¢’&hb)lo..:}|¢1li‘59lc‘4al3 | VYA

b jo b 4 5900 A e 45T Cl S ke iily
Slonl (Blid ey slasil G 5l g )b 392y 5
by (59)hn Mg JSie (b golie jlosliinl 95 0
oS @l e s ol 0o o 1) S
SleMbl s 3959 JSte S Lds a8 oi ol g 51,
23 399 Lol )3 39290 (139)am ke )50 )3 e (e

Hydrogen fuel cell
water out

hydrogen in

Source: Adapted from National Enargy E: ion Devel

oy il (el s oly el o San S Uiyl od]
Lol g o) o a8 s )l (olasly 5 oS
Uimle)S g e (Ysb gLy aile 5,8 (S sl
Sl an coyd co sl as cowl ol (ol eSS, e
sl sl bl b S5 S eoliil Ly 3500
ST (63 (3L y2llo 5 A8 o0 Bpan (65, 48 9B

S g

oxygen in

=

energy
out

Project (public o

SleMb| o)l.b] (95 9 (509)9 " 39y (S g J_»a .))_iLo& 0420 )‘)9.@..3 :\JSM

ool = 9 )li9 55,5

https://www.eia.gov/energyexplained/hydrogen/use-of-hydrogen.php

J= 8 Ylais! 5,0 (] i qoibise (rvoies
sk B3 3 g D s e 4l oy
il Uy ol 153 L Ly o grba sl
|y o eolaatdl il sl 5 it S8 i 45

il oo Ay sl

o3l SesS s (> gl ST Cod il g5
a5 > (IS 533in YLais) 05 sl (e o
D5l pld Jluw lado b csb aaled 55 55 (Slas 1B
e g5 (o0 058l jobo dy (e JBI )3 19y 0 lde
Sarslil 3 G5syin Ll psardy 1L il aJsl (65,51
ool 4y (oolatdl 11 )l o 48 5 0 2529 (2 J6

Oy T 35 53 B9y 4U8,

e a5 (sl e 31 gty ] Sl §
)9 (ol S5 0l WS ool 25250 ()]gye
OBl 5 ey sy i 1y a0 )3 (s LS,
03 = Sl b Bl olaalie 3590 )3 39290
Siarp JAe dagi 9 39290 (D 13 39290 SIS
Jde g (63559 ydlde jl ool wl b iled S edlawl 355
g 48 WS (o (it ) (Sl e (Ske
b b ghlse gl oasd niin Oirip Sk Lol
Lajl5 b 5 Sk g 3)50 50 Lo a8 sl bl



VA | Omej 90 sy wuedi 9 S (655 lyie 4 (yj9 )0 & (RIS

D8 g 1y aolie opl (e po aieSs el i 5 ST g 3 Ly iy | wyiwd

Earth's hydrogen factories

Generation
1 Radiobysis 4 Seeps

2 Serpentmization
5 Microbes

3 Devp saated

& Abdotic re,

¥ [rhanced

os LI HIDDEN HYDROGEN » :p—ia (yso} 5 53 (y39 )3t JuSiis 050 1Y JSmids

Science 5| « Db 55 a5y CE g 1 g po B
https://www.science.org/content/article/hidden-hydrogen-earth-may-hold-vast-

stores-renewable-carbon-free-fuel

1oy b a8l 008 b o bagygas (sl 055 Jno
bliwl $lgs o ol (pej etitn HI8 5115 cpl 51 Sy

o ol ool gl (Saxe 03le (G i yiwgh ¥ JSud

s S 4Y ) (g, medd A oxie g e ! Lo

L)“"W‘ @ujo C.’)L: ch 0590 1y gl Do db_lo‘
https://www.usgs.gov/media/images/nmnh-
509001jpg

09y ailoluw

(gt bl (gl (i alebow Joe bl (ol
2 b sy LS5 SoeSe b Ll e

36 g edi 5l 38,5 (o

A leily (590 bl Jeily S £98 (Sl
05803 Sy U5 56l 5L e (B (e Jae S
Sl S sl 493 J1Las jlo )5 oo S 4%y
oo} A g 4SO L iy 29 oo 33 LS A
ol 3,Ss0, 5148 ol Jao slom] el )5 s 3 e
Coml sostie Jio S i diloliw S o odlaiwl (s
Phb (BU (e sade ) Cdi £49 S 3 gl 4
sl i Gllid (yej (g9 jl amd (oxiz (b g oud
Syl (sl s a5 55 5 i Bl ) Sge clia
ool 0353 03lai il 350 0 iS5 x5l 38>
e Jelse L5 S (oo So8” Ll (e 4 Jis o]
S P90 9k L g d e o Lol a8l (8l
S e o) S b g a3 s St |y s el
Sl s Al gr a4 jals oS u sl u_ﬂ doo (ggls al Liie
b g e ks a5 (ol e Al (olindipe] ¢
sy (e 5l oyalee o Lite Sicw jl )3 s 55 S
2l ol (e el 09de 3,50 15 5, S0d (S
b et o 0 i ST I e sl S
LT a8 08 b)) anl ol e ccles p3 aS” olulis
2 b il o o5 515 5925 ©jglons 3 b Siw



VE ) (liuns 9 jarls | oiuid g ok &)l | 4L poole A | VY

aS ol Yol SO ol S e By ine |y 35 550
ol aiile (S gyun slajls L i 4 (y5g,0mm |y
Dgbge &b gy L

S9bsod By Ll p ol by a5 (Sjg)0m yn
oS ol awy Jsdbe sl w as crl S
sl polas gl Lol sy LS 1)y 55 aess 2lg5 oo
Al 4l 39 gy Sge At Ol S S al (i
Oleiily Lmand gl )b 4 ST 0g 5 | e o1, 8L
Gy S S S A e oy b (el
Wbl (g gt ol ySge sk 4 a0
e ad e ojlal ol am (g ap Sar 8 0jlail |
ol ldlas Jls ol L S )8 bacSi oy 5K
Lﬂﬁ) Oiarimp w1 93 5l JpSge S j B 4 S and o
Yol 5 93 () g Cl poiln o3l Sy a8 L 1l
cla sl ol o ph as alin Sw glaaY L,
Jlw aslio Ver Lo a S 5yl 55 59 (glod sadlis poila
oS o A e ilate oyl loa L i
Pl 4 alio (o Sloj slmosl sl alg oo (900

Al ool

393 Jae o Jsles ulaan e Sy Jls o lueisls
$9) b 039y ol Jwily I Le Syd a8 wi
HdSu g S9sk |y (0

Introduction

MRS abowt 1,100 Ma - Rtift Stage

[y T——

Coml 5 San a Sy aub L;l_m.\».si)s Eo S oY
iR o Sa) 5 i, 3l S 5] ey gt
a .)9_.> a0 yd ‘_S‘_w duday 5 A_’19:L,’.o u)a).)_&

A8 oLl iz phb as ma

3939 xab 10115 Laed aS a5l o o lwlid ysoj
oS clardy ol g5l (gLl piline 15g)0n
o=l S e 5 ‘:;al_.{)’ olie L Jgiay pls
Sloj iwd 5850 ) L Logas jliieiily a8 Laas] s
e dlge L ejp ) slac] 4 a0 gLl
O S u—’r‘ﬁ‘) VI P U PR u_’9J| ke u_m] 5!
Sy dds 45 3)l5 (g By 45 Cal e juto yal
dee Dy )3 39 >0 oy al Ly aS 54 hewST an O
oy o doy g 39 o0 S (g)ied A g 0l (e Mg

SIS oy B, L]

b Slasia] B losl e S (g)ae 45 olSin
g ySee ) ool 0y 4 diiS Bpaa |y 55 2l (o
0951 e folgmg So 9 cdtilo g 035 (g it Loy
Oiarta 48 3led S Chpogi ]y B)5 g gy phwgn S
s gl (b 4 anlp ol o egdle 05 0 g
Ol Pt g-die St (2 oS

https://www.usgs.gov/media/images/mid-continent—rift- _sle o,l8 BIS_s a s :f JSui

W ol sl Db oo colan Mty wlid e )5gy0d
odlawl 8 ol olowl lgse ay S5ey0un aleliw Jas |l

story-map

Wi (59 0398 WSty (53w 23Ly

OIS lid (o) 5900 i Jemmilly (b)) sl
ol ol Jleinl a4 S dbls jl gy, aias 4l



WY | Omej g0 sy wuedi 5 S (655 lyie 4 (yj9,0m 4 (RIS

S8 5l By b S5 sla e G5 s 0l U
@y b Coul (Sen (b ()9)0 sl 13 35250
il o5 BB T 2l 5o Sl g aem 2l e
e 48 3 S oy Lo 5l 5 epsl s 09Ms
O3 395 (gl Sl (Son (i Lapga 5 540 g Lanals
Owo o S o oty Ll W3S (65900 (ol e
L a8 o0 485 (igpid 45 oS 4 plen el
39§ g e dnspd 48 oo Syalee Ladl Sl 3g 0
948 ylp (e 500 el oS Wy a3,
5 clKiw 4 1) g Ol e o a8 08 o dlgiin
b 5,8 Gy WS od 3§ (5900 pols Sl ) 4 al
S5 adg SRl A S (03500 b S S ey u g

=leS e

2 Sl (5 Sen oS (o0 pSE ATy (Sgphem jladie 5]
Sl 5K 85 (g e 28L3) a4y sl oaLdl pls 4y L5k
S y25 Gayb jl Sl g0 a5 (glhie g g Mg lewdiwe
4S5 )30 o 098l gte Sy olS (659] go |y 2545 3ol

Dy9] algd
S

el glizmen oigpian (Bl lie Jwily giou
Sli) gl Cumlad pae GialS gl it slaingh
oled ol (Bl glad pal) axwss g 59)4p wlolw
s diile (e die) 3 (ol (e i laS ye b
oS (o IS oS oo o3liil (Gme @lio g 2lo)S (e
38 GBS o) (s il Jeily 1) 095 S0 s

oy L]

sbdse s (Sl glie Jeily Ll Jolid (g slapls
BlSime) (Sase amlie ggls 2Ly Jlesl 4 a8 el

g plosl Wb (ot ol 1S T 51 5105 Lal s
byl g Lajlplanng 6l o)l (g (Lo s
5 gt ol 11y Lo 53 s 3gs e plosl oS
il (35T Ay a8 (sl gy 00 pLwlis MU oS

Ay g cA_z.J 3
Ol 53 059552 51 6515 71 0500t Sl

s don J (s JIB Sy 85 il e ol
OilBw da s (Jls ol L ccwl o adlis b 5 4
soban L M (g Ao 0l 3 (eein) ST
polie baasS 5 5 Yoorn ()jopimsd wlodits ddlllas 03 S

Oisri albels (sl 51 Sy p 158 e Ly A S o
iy adgl (055 23155 oo Ll (pigmma i (03] 9
PAid a3l 598 pslpes 53 1) (ol e (15900
ceolid (ye) 483,00 dg3g 1S sol 43 bdas dilais g3 JSlas
Shisl :s)ls (9,30 (298 S o A5 Sl (gllas
it o1 e L] S po 13 g bl ogildl ol s
B Jolg piiar slaciel )3 bl og L3l 4 8Me 39
on] §] it (S sy L 55l olazal Jlads (1S, ol
ol ol L o ol gt oo il S slas] 5 48
55,5 gy bl gl by St U S
ool Jloolade a8 cel 00,5 4l (S05855 (sl )2
)5 o3srien 5 o3 STy O L eSis (1l )3 39200
B onl e K b Jlanl 4 a5 coul 03,5
Op2len Jolow Cros 4y 09wy slaa¥ alisel p3 g 00
Ll 03,8

S 4 by e odotie YL 4 8Me 550 (655 o dilain
o 8050l L Sl BISLS S, 88 loj o8
¢ 3990 B L loa s oSt e 5 S il Cuoundd 90 s |
& it Il 3)lde 1,) 59 (o 0,15 (OIS 4y by, ae
635 olae Lol 039 5890 0,8 pu ity yd OIS an )51 .00
alox 5105l (e aiogy (Vb slaaY ) (e dlys
A S e
Ol 2 B39 a5 sl s BB il 2929 Ly i
o5 b gobie (shm YU il b Log3l (il (3-bls

S (o sl (U
el &ty Jlasl 3 1) (Sieyae alelw slialplar b
3929 Ol o Slp i IS jon S ) alels S
G M)b d—loLuO O_g.l Pl le.l.uu] 9 O)‘Lém 5le )jﬁ) ‘_gl)’_?l
s I8 slia gl o 3l JLaia) 1z ol oS

SV PR v RNV S PR W

0904 w95 9 (gl8

ol I Yo a8l e (45900 lio (gl BLLEST
JB)D as ..\_SL;O oaliwl Ue?l-‘”‘" dbd)aioé 9 L&Ox_{bl) )l
polie B p b oaliwl 350 cas LS o , bl
Jdsan (ol )8 o) g (Sime golie BLLIST 3l ou badls]
OFaren g Vb (b 0uiSd ol (9 Sl
25y 0b 5L glite (oS dlas 4y ile p3 005 wane
& eSS g )i Clies ples jl s e @90 ()]
oala_ul )Hun oali_uwl gsw.b )lf Axwgd dl)-’ ).»ol> Jl> JEl
25



VF) o) g 5l | el g o3 0,land [y pgle 20l | VY'Y

3l (g8 Jlainl ooyl plis il 58 i 555 L duldo
Olyis 4 byo ey 2B (e Oisre ) &S
Aol el d4->9 O‘)-.’.l P ol RN

0325 0393t (S5l 03D 09 Al sl 5l S0 (SO
Gols aS w il (Bl e il 3ok 5l asles e
O ‘Jl_> ‘_')_3.1 \_’ A Ojﬁ)“\—ﬁ'“ )'lf le_éds]é.é.’?m
P 035 wS je b d Ly g0l is Miwe (et 4n ol
B il i g LSl i odd a3l Sles pdaw
BB sbaanld g bl siejls palls 39y
SIS ) by Jiojl (o)) (Sig s (il
ol el (ylas Gl g 558555 (sla iy 03 S
3o o = b Ol 0 Geiins (Sisser L5 )50

oolade )3 (ejp s (Siesd (ilske 3929 el (>
dgaome SleMbl .o bl (sie sla yimgh Saa L S,
o5l 0,33 43sS 48 Cul ,j S S 0g >0 Msd
b @ b (55 glads ] 5 (5gsia (e

ol K68 wlade p slodgaze

LagpeSopte 50 508 L (H20) ol 3 (it aiile 1 S0
il 033 3 Sl S A5 (b 3 595 e bl
LBl 3929 (il > SagS wlide )3 (e g
ol S e )3 (b (90 (L5 292y il

258 B gam sl byl 3)50

4 00 4 Lel el a0 pmaie iglyl 03900
rolie ay Vg ane 950 EBl (o) 3 o] Gl S5
slaanl s a5l o ilubs (6l g ol Joate , K00
9 diand Ul (b (1950 L0 )1 )—2;&3)-3'
oo by Ly s i o slaa Ly Ve

N lgseo (wmin Giar i (el amlio jI (S0
Sl o an as aal gl glaclinn de 29 305k
sbeytisle (Ll slaclun wgb o aslis j5 ol
2 9 M Lo sy JgSge (59l 4 din (g le fy
b JSts ool ailoalidl pls a4 o (sla JoSge I (glasis
a8 o3y oo 3blio L Lyys slasl by o a iy o

Ad Fy eyl e e YU HLid g ol sleo

Wiws L (g5l £ ol glaclue S b

u-" L bl j (igpdad (oS ydlde (g9l J_‘_,|9_,L§°
PGS b 4 ol claclun 3 ieyiem cbale (JLs

&bo

M. AlShafi et al. Thermodynamic performance comparison of various energy storage systems from source-to-

electricity for renewable energy resources
Energy (2021)

S.S. Seyitoglu et al. Energy and exergy analyses of hydrogen production by coal gasification

Int J Hydrogen Energy (2017)

S. Rahmouni et al. Prospects of hydrogen production potential from renewable resources in Algeria

Int J Hydrogen Energy (2017)

O. Alavi et al. Analysis of hydrogen production from wind energy in the southeast of Iran

Int J Hydrogen Energy (2016)

F. Dalla Longa et al. Scenarios for geothermal energy deployment in Europe

Energy (2020)

Bayu Rudiyanto et al. An update of second law analysis and optimization of a single-flash geothermal power

plant in Dieng, Indonesia
Geothermics (2021)

C. Coskun et al. Performance evaluations of a geothermal power plant

Appl Therm Eng (2011)



WY | Omej 00 sy oo 9 S (655 lyie 4 (g 0 & (RIS

M. Fallah et al. A comprehensive comparison among different types of geothermal plants from exergy and
thermoeconomic points of view

Therm Sci Eng Prog (2018)

P. Bayer et al. The geothermal potential of cities
Renew Sustain Energy Rev (2019)

A. Mostafaeipour et al. Ranking locations for producing hydrogen using geothermal energy in Afghanistan
Int J Hydrogen Energy (2020)

Hydrogen
Zero emission




2948 (2138 Sl 9 (M Jlsly dnwgd )3 sl wgle 3,8

g vt o 55
2945 (i ke SRR dunwwige (g3 Sl!
mostafasharif@yahoo.com
VF ) limo g sl MgV o lows sl osle a0l

LXVLES

el g el olis sl (S Sopjbgn s Al (SGodnid «sisdsST wsison slaejs 50 ok pode (hnanasie
55 o3y S5 o il e e > o S5 Sl pole s S 53 i e et s g
e i 1 i Ll s ials > 5t (s ings A 5555 ol 4 9 S b LA e
5 o S S 5 85 iy e 53 sl iy olSls <0 L0 ) s i (5 950

g (S g 5V (93,8 (PSSt pgaad
298 (S pole DRSS dunnge

g g Jlod 3 (2> Jolg yraghS B v Sl i 392
Hs o ) (odis Jdll g 09 il el joiS
ol 03505 el )8 y5 S 035 mdl gabla s Conlge
S u»”_a] Uiy (glye s 3> dmmwge pl Coas Cilaal
9 b dge )3 kgl ()i g Ayl ie Ol
gl lacld (i) coslie (giludiie; (L]
@l —ale ©liados plol 5 508 (lasl g oM
255 ilojl g cblis jolate 4y (bl Conj lases o)Ly
ey Sl )3 29290 0055 alie Sl sl slo 050 9
bl e Sy

il slaass Cls o))y (w)p 5 G eiped

Pabien o)l gl G lame g S pole 0o 53 (anasiie

O Cans basee Il dnngs (DS lidos b pole 1y E3lgals

1dodlo

o)lyiia (ratd OB 5l el aada VFHY ol
WA 135 2 99iS pole GlnSim ) Joxe 53 (S (Lol
oo 555 BT Clsesl s )3 colb] jgmis aly
drgo (g (e g (ele Ol gluasl I Lo (-5
Moy ol RS 2 e 53 598 (SN pode Cliios
Dy Aiadb )]

g daSy Ceotd L yotS (M pyle Clidod dug
sbosles o Fiomd Sl (So (pb—a WWAY ) Jlo ]
Cyae 9 gl e ©)ljg an diuly oS (g
dnsgo ol ol it 59 Jlo (50l (3yinS lyg
S S )i e SLAES 5550 A g 0aSingly O L
Ly 31 Jlad g bl 8 caslioygls (s sla gy
slpojp> (rpaastio (il dmge (il i il oo
e (S ol o 5505 38 55955 S dom (S
Sl el Mol (S5 S sadgn ¢ sond @l (ol pole
5 5] g ol Slga Cabliny o5 lpm S Lot g
g o S A Jganie

IS0 Ml 5 (ole) 3)liul (clooS ilejl 35
r295) Lon gl g aome (S (sl yslins (IV-Y0
ol 9 (—img} g)lj i S8 Lok ()
oo s 51 il 03558 5 0055 05 Gl o (Slisios
il oo dmge (pl (paadS glacd b g d52ge (o



WO I 498 (aalié Cual g (Wl sy drwgd 3 arly ogle 32,8

Al e il codMw g ady sl piY el wlgiel als
1S iy o] csladiS S (SLiSgm sl Lo
] 035 95 9 ool Cwdy duwgo ()-’I u_.».o.a.’?u Ja_,wy
035) S plerle (o)lugls plenle il (sladiss
Lg)j uLmLf 9 L(b;gv.l) 0l Lg‘.)_c 9 LW)T ‘9_§¢.A ;u’aj.))_w
Sygmo ol ggy g anb i a8 el (edaaie Sl

pole Gladsd duwwge mie Slolidl | 60,l5 o S5 a aaldl y
4k pole ypaasiio g ullizee Sy g b &5 )9 dS (SUS
drwgi 5 (oM Cudel 3 oge i A o Lo glaai )

#3lgse Sl B> il 9 M 0jen )3 )5S Sl

P JLwsid L 6 5lwy S pie i LM
1) gurS

o525 35 93 B dnie (ladisS (Byme pogad
S5l 01t plos] (glod i lllao LM ale Jusd
P aghe cdib Ladg (el g 4598 ol
bwgio plp > a8 cul 855 50l 551 sla S 5l LS
3 og=iS (o) alidie slaaisS LS 3 (5 0 Wy
Al o 4065yl JLtes (sLncalls

dasgh 5iS GGT (b 555 K9y 5 JuSiis 4 25l
Lol Uy (ol 5l iy a5 aseS ) ()9
Pl s 08 9 (558 53 o3lail By g B)late s
Ll Coonl

5 325 dawgi dline) 0 FAO lojlw a8 el , S0, p5Y
5 Al i ladrog (sl )e-iS dn Al ol s
455 o=l Gl g 05 e Al olomie jol JLs
(V)V pgpas)esl

e

9 ol et b ()8l ases | Lo Y jmgead
2558 Wl gy el glm Jlusiis

©3la5 \YAY JLM, )’I )9_M5 u_','),tu f’?-l“ Lidos 5
b ‘_’)La)'Lw Q)LBJLg |) 4_:; O_.).‘ )‘I ‘_,’_mLc 4ou g _\_194

oles o B (e (2l e o (BLS 5 5)pl>
ol 3l i 5 (gl (55000 5 Ao cslio o
o rcmlio x5 sdluo sl sl g Ao Clgdl g oYl
solsiz slmaize )3 (ot 9 G dggl S dlisl 2,
N glie Sl dingo oLl jo-laio d (Glag g (638
GBS (j (§)9ld il la b jlosliil b joiS
(M o)) a2y GLasl g yo S sl g o)y
St gl e o eolaidl (Ul (o)8 5w 0yy0 sdzs
=y g (A lac] pd usas LadisS b ISl
Ol B3 g il jl e blas o)y o8 oy oy
Ol 5 53luil o)ld B (2> 5 (I slagl
ool slmoat ¥l e 5 5o (o i &)L g (g2l
Lo 5 il ol Sl (o 9 ol w0 5 310
i g Ll 5 iy )5 50 3o gl
slody51,8 355 5 69l s dlie > 3o )3-28 Loz
SN (slojls g gl 3)50 53 3o Lusl Sl g
315 ol 0,y (546 s Semle 5 69,55 L bosiye
5 kel (s 2 g acelllan (UT (55 85 Lads g Lo
S)lde 5 (5)5ep 53 > (S-S slacld clo]
g hdhaio (o golaw )3 (NS (dagh slagsb
boys S plow @ baiipe (aass Class )l 5 (Al
sl slsul g leMbl 5 jlal (o3, 5 (s)glaes
g (ol by el ) 0 g 5l 390 (Sl

TN

28590 9 Y prew domwge (ol 4838 JWLw Jobo
2l pom S 9 OMD scad il ) gyl 0 00 Axgs
Jbr ol s 4230 g ps ] dngs Grizpe g )5S
> gloejs ) (ogad 4 (&9l drwg 45 Cl
Sl Jlg)les lojluw 18T 9 45 3)50 )5 slacl
b8l il (Sl 29y 4 4298 Ly (imen il e (FAO)
as Malops slaodlys dusgs (Global Climate Change)
3l os 9 a9 S5l A g9 s 3503 g A2y

el oy Ol e e L (21> 609
Ol Alie Qb3 axsgs 1 35505 (Sl gleal Yo
15 6y 4 el ) by bl o S 5
PSS S ol I VFe e dgas jo8 S o SelS S
B e B
sbail )Lisl gliwe ()b 5l o)b o i ¥ s L
ol Jlads a8 0 oLl 1l o Blate (glaslls
a9y L3 o Lagg)lid e g Lag)lasly dagi S (e
Okl Gk ) Slg g el o ST 5 039 ialS
ol Lol b iy lai 5l sl Lilas il o



IF+) limo] g by | i 5 ot blowd | sy ol &l | VYF

(g S A dawgs b (g g (Jlod Lol
Okl aale ¥ (Slej o3l 13 05, ¥ lides 4 (obo jlals
Ol (IS YA v bl YR Jlw ol pago LL L
(e ¥ 31 Gl lad L () gl (sLaojlil g LatioS |
@ gyl 593 slac] (S CLiios 15 jo by
3)Ill glaybg) L )9S (S pole LIS Ao
059, A 03y JLanl ol o ol L 0390 e a4
9 S 3 g g 12l (2l g g bl ks pe 9 (b (398
OLlid)S by 059 (2lil lidas b9y (2 pite e
il ado o ¥ 53 lojen joboa yale lslse 500
il (eguan sla ol b s coluw )5 (gilu
2 5 aae Solw g pla e Jlasl (endd ol jl ol yo
Egan 51yt G5y pr lile po s Syl B alo o
YY olaws aode colw o byl e haiwl (oly )y lala
oyl yo o Lo (5 gloojlw jloolawl b ooiunn g
Sl i 3l oolitl Ly gl ol g g5 g Ly
b b g b 395 s jl pale lolse g pogase
o ol A 3)ly g g Sy JBhe Ly ogase
Jisl cliles glyal Jsb 5 i osly JUasl ayis eyl
Copnidg ldos plail jl uy amlo Vo900 S (iomen
Uil 350 sl yolay 0 03> Janl sla s o oM
2 Lol yo alS sl slogl clanlin gob o8 )3 )15
aobdl 55 s o gy Jolye g il )y 8 ol coMw
Sy rlio sl oS ; B> Coliw Grizmen g 4l
opl Ciibge ad e 4 393 ol 48 il oas Ll ]
Oz > adhaie (2> g ol 3 )l Gilsl sl oS el 09

()l oazi 3] (5l

Ohed b A g 03900 598 2l (SBgels g Cn
255 3 gl Claind 55 50 S > (gjlw (ogr g a5
M (B ladedlygiws g gy drog do Cumaip 35
2l pole puanste jl sl Cowl 035 pludl ‘_‘ﬂ
39t (il 53 (5909508 (S (olid S (slodid

Aloxgy y51 Litie

(e M N2 Arwgd (o oy § 20 29
tadlaio 3Ll 43 Joou g ylpuls

Uials oS Splawl laddly o cloldl Gl S
plol 330 )3 55 )50 (olusl (LY (gm0 Loy ogLE)
el (e A iy Eelo3g (plus il 5 (red
o yol Qldgie g 4Bl ]) Sy (laygliod S slep cd b
3 il L wlaily oaga |y i o) dxwgs (g5 ,400
..\_)lc)}) 4&‘9.0 L5_>l>)A duem) S99

g Madj)l g olans jlsny SlopinwsS] | (Sl ye gsly>
(Global coral watch) Ska zobro il g &)llas 5y50
by conj e i claco gyl 5l (LT Laés 039
) ety oo i8S
7 ol e 558 (G pode DL dnge 3959 L
maass bdldy | ddais yucwnsis guw g 055y
5 oolied 9O (o yd S 3d o (S5 ST esT o
G ol e3gamxe Sl ye oK) JolS oLl 5l sm fo, 8
Coral) (Sl yo goaley 0055 il S50 ollee an caus
43,8 pladl (relocation

O 04 jgmae sla b o cladiS il ¢ e &l

Lo Colw yd il ¢ Ll po sl Glles 2V p guad

g dahaie 5,8 L jlar wljl ie s eolawl alise sy ]
20,8 pladl o il a s (a5 Lagomgd Sl
8l s desgs oo (3 ST ol 45 L Liles 5
S5 sl pslid 55 sleg el g 048 (lyee Clilos 4
Lolaia g 045 ol 5528 il jia s 2 Loy (o913

S il a5 (Sl jo palge ) o Sl (6
ponl i olalllas 4l e e ccle L it
ol ol 2y Uil g 5 (ol (glog olSiss 5 0as
oo )3 )Ll (gl b gyl end 5 (ol wie )|
o 9 599551 ST dgm rmaaiia jlodliul L ane



WY T 598 (alie Cual g (Wl sy dnwgd )3 arly ogle 30,8

Gagal Ly g 4B S 3l (g pled L pgeo oy () 59
S bedge |y (o Sy pladl ol e e o)y ol
S L 50 ISy Jgiciie sy Sy 5 plasl il
Joxio dilain )d 45" g0 0,lg Blo (glojlgalo yslas ;]
A Jdg )l (ljee 05155 9 8iS oy Coliums g (525

85 )8 il )50 plate JSb ey

Chlorophyll a concentration ( mg/m?)

001 003 o1 03 1 3 0 2 &

by o)l gls edgame 3 @ J8g S e 051537y e
(Ve ayy58 Modis ojlgale yglas) 30,8 wiis 51 iU \les

S-S0 032y 4 s ol abide loonyy cwpp L
Lgl.h)&tb‘) A Comd ¢ i o)_§ U»L_w Sl u_"».ODu)l
odliiwl A plool (glod S lllas ol L oj)lie g J S
OS2l Jolw (gl (il gl 0y S

g Lo jo alide oLl ) (63, 0,8 d oy S

2958 a3 pasede Slid (e b ) olre oLl
LngL):‘.—“’l"' )l odla_wl l_: ;r“’bu”) uL,J.o.C d‘)—’ ) rhl_’>u|
2 e g (b clagl 4o L@ﬂ Jlasl 5 sl u-5|
Lg.\.t_»i’.f L;LMXSJ g u—lﬁ ") |)_}| )_Im >y L;LQJZA

bl olped a1y LolST Ciibge 4 S Dg (i ay

$csyoly 5l 55918 e sLalenlsn jlodliul o1
e d ol 2 )l sl gl a8 35 (e plal )
oL s asshy (Air claying) (lea (ol ()
2oy clesd (legles €555 3 e glaleglse
lop sk 50 disge (e jodn Ly g (1938 Cd
b g o9 JSb 4 o) S il (bolofl Sllas 4 bgy
el 5)linw b old 53 9 €8)5 )15 (bl 0)50 Joloee
4 S il sbalanlon Lo il sl o5 551505

sl 5l ysdS () S g Jo> 9095 axwgs (S
Sl pmme (53l58y g QldS Slil 53 (g9 ammil o
w218 CIS o (sl ygiS plow g Uit 5 5525 4 VI
el o JRiil dxwer 3 diaid )l plal opl 58 il aid
OB g 039 (3l Cuenl Sl yoiS (B)5 gt didlaie
S (3l B ol )3 )9S Al pode pliaS (ydiion

ol 0299 oy o

A Al )5 Loy (wasldl (slayglis (655 oley o ) gaai

5 Jisl g b (3-890 (sl cbBlate jlaoly (e dred i
Mg dawgig Lo gl pe (ol

oy s 55 (Red tide) o y8 Wkl dy g Gy pio
foles sy g

0l plool 568 iy e ydiizee Cud )b 3l 6y uSe o L daS
WAL L jo el odgr 308 LS 4y o0 Co pde Sl
25 Jrols &5 0,8 WS 0aiy dB e it g 03 S £9-5y
s Sl 31y 35 porsuaglf 5 oL ey Sl sl
oglS W U g iS laaS Cawg polodgs daliyauis
o longi s slaaY 4y )5 39y el ey
195 3 (sla iSO asY sl I ols SLgal 55 L]

Dy 0dd camw |y g jose




VEo) biunoj 5 jurl | g i 0,loud [ asl sl &l | VYA

2 ol (dame bl e Mol 4y (3-890 (Sline 5 (oo
5 Sl 59, 5l g 0ad plas (sLo)d 5 po)ld il o piS
aibie Ll g (oolpo gl 5 oLl e Cl)lus

53505 55y

9 Sl ile glaojgn lyal by dlw pa (ioren
&y 0 loasyyl Glolidl d by yo (olad jabiwdg Laadl zyg
bl aoas cladisS bime b M anass OIS e
pasds glaceS (lpl oladl glaoye (b
2 olezl )b oyt B B3 ()l daglon gy
s Jlosl S 3 ploe sbpd g o)L s 55 sl
€95 9 53l M il lawgi (93ko g Ao Syt

Vel e oms o) 9 (M Y game

09, 039 4 g pole (lwSin )3 I S (e ailS
OHazille ) B9 g Colos Ly Cl el il pole (3259
2 ) MBI simon 9 525 3 a0l pole by
5 Ohismel Sl yitiy COLd 4y dlagio sl sloojo>
pole it et d) 3,8 g Coenl &y 58 lgntily
S Woj (yal )3 Jidl g 6,518 4 (Ul il 5 anly

Ll

b e8I pole yii o (Bl lonlgn 339)8 )+ JLii)
2GSl g G 3loul (gl (olea Sl ey oliles
s 5 o3l L poseidgls oS (19S50 Jolow (sLmo s
S Byl 4555 0390500 40 Cuidge b Coled 40 5 plos] duxie

(F)V g}t plol ey

o slalenlsn b loa (b () ()8 Sllas Y g
b 52,0 ol sl SL

9 o «(S55lam 5591551 slmojg (pudie 5 (ymanastie
Cnj S Sldos g (1w 059 (0] dumnsge 4l pole

&l

1. FAO , The state of world fisheries and aquaculture , towards blue transformation. Food and Agriculture

Organization of the United Nations,2022 ,Rome.

WAY by gloojlog

V) LS M psle i dumge Ll g8 M pole Cliing dusge clacyled sl S o] San 5 nj a3 ¥
Pl Dlaiod duwge Szl plos slyd 5 o)l @l 3 508 2L allie 5 Sk 25k (aled GBI OhSen 5 90 F



B b 2ol K uenntl g 1,51 Ky U oy] Sy ]
2912 OB SLS 5 amdgel 33U (5 91 B 859> 53

"5 ) dala— 03] po Lo 13l (e prol- o Loows 4.5-‘{_“";&’)’” A -0 ) v 50
Olidos egle aaly oMl 3151 181
U (55908 ol g Sl Sl 39 50
DR.H.AHARI@gmail.com
VE) Olins] 5 5urly dhgV o,leud sl mgle asl

ERWE
o)l oyl 33 (6 5By iy g 0058 OlLauiod 09, yb g diad yeul 5 Wl (glie Jlis o ylaa ywlpw 13 p3ys ple by i Ly o0jg yal

O Mol ol jl g 4By )13 (ool an g ay9e (ol o 3 oy 4 ki gl )3 Wy 9ol gl 09 sl 395 oo plox]
oy gradgalyl .l Sl 136 o )3 (ogmas d liiee (gl (g ol i | (2T (iman 39 o Jlads dy (allies ()
9 Bg-be i adib (pgedgelgil loie ay j gl Ve e LD S ollasl L (plagygedgal aiile o (Sag8 a0l i
Colue Gl 0l syt (69, Shas (ols5 (Ngane sl gadsel Ly gl ) Legl g po 4 liods Janly (035K (sl
5 S 5 39 o ygradgolails 15 35250 olangtsd ) dlit sl Eylls 39y syt Al e (ypmadelails 0y 0l LialS Ly e
slodge, Sl esliiwl 2,8 JyuS Jlob Cmaj Cmgd (22 SlaS 5 )90 JUl g (ilwdgunS Gl plasioe ] g salil s Lo
I s GLle dgmte 9 4 ja S (ol (el ()59 390 9 (38 Blgo (351 (0938 (el = (2lEE alis )3 (gl el
5o 5 4015 sl ogilly 3, 1S BIAE 15 _oygySum 15 ol Ly nods 10g5 (o Sl codimdppals LolgedncSs, Aislo it g 39
g 2Be 85)) s, Slas (sla Shy wiinS Sioll jplate &) (aataw slaphd g ;licw 58 G slapicdy 15 sl Lal )
2,8 oolawl balie o Basl

SlMasl 1 (55950 Alis () 031 5,18 s Bl g Cnn s laomo (g5lusg I ¢ g5y5lutS Sile (65505 (B polio )3 imen
Ciwog 9 510 9 Sirln labey Jledliiwl b &S ol by 9ol gl g5 (sl il (sLad Sug) gl 3algil (V903 9
o) 3 (S 398 o ialejl S U (lall o 31 S B ol S jhesl S hate i3y 5 olak (S S Gl L]
duls 9> (b jd g bl asll 5 iST g £9,-5 VWA Sl jl 03 puS g diee Glaiss b aS' plie aolio wlins g pode j3 g Hlals
ol 045 04 pole LwSim b 4 Jlgie

st S e 55 Jld Cann SLS 5 eoml (6551 b by 0geeY S gl galil 1 5lgals

:donde H( Sigual S lighios ) iU (g 9 olubs o 8 y2o

30 1y (bley ol dS cowl i SusS S (555840
Silvaet.) .o ad yusd dduod (gl ]y olie b0 (iso aS
oIl L plws! pidais 5 dniogs cdsalllas (5)9lidgil (2012 al
Aswathanarayan et., 2019) .ccwl ;sogib Voo LY sla
@l ojlasl a8 s o e gel o ygudgalgsl L(al
s kil (McClements,D.J., 2012) a5l S 65 b
Ol SagS ojluil Al )8 @ jaie (Sl Shy (B
lord 5 (38 Oyl ) Sl 1o Cpilis g o
e il 3 (Honl Lo gep s |y Legl 48 sz
Quintanilla-Carvajal MX et., 2010) .cwl 03,5 Jus

a8 355 (S o5 515 Ly 535 o558 o5yl
53U (gyalid .l 00,8 55U diie )0 00 il Cladss ay
9 Gl 00 4Bl o Ol p)las zoe lsis 4l
il g s Ll o olKiles] oyl (Slikdisg o5 in
Bad pied (el Madjyl (e dlae (olg S g ciaS
38as L gl V¥ giame AJg (gl 035 nS lidsg oy
Sl ol dawg @ aliwd a3 (> 4850 9 YLy
il 953U SV guane d )y (Sl v () Aon
b ol sis i sl idyn 9 (29> GlolS (gealgelyl

Loy plasl ey o



VFe) Gl g sl | il g i 0,lond |2y ogle 2ol | V¥

8 0 blie ,d a8 st (g, Sy ol a8 3 e
(Mc clements, Ahari) .xloa s yise (glaiwgn

1 3 i go!

LS S5l 55 5 ol 15 by lse Sl
(i laald U it 4 Lo SUSw A ile Wy guund 5ol
S 4 b b g 0,k 53 (wgn paay) (sloylad 303
&8y ColiS8 g b 0alS” ygamdgal 03lo S5 94381 Ly (0, Lab
ool e sl ysdgel ) Yoons o ysliundgel 35 o
Hydrophilic-) sae lawg coliSSygw olswl Lei o
9 (Swgd ol Josls ,lie 45 lipophilic balance) HLB
03 o) Ggrmdsel sl 9 35500 Capde (wd (2

(ahari.et al., 2022) .cwl V+ 1 ;5,5 HIb sue

Cwgd ol Lolys 3l s S 5 span 80 L g Tween 80
S Gt SO A g aad e a3l ) Cwgd e U
Sl Ces b 5 A8 El sy Sgendsel
Sodsol gla jbs, 5l (Amaral et al., 2015) 4S o 8
258 oMl ()l g () (conl B il gl OloSe
VB ol (o (s onld Las 40 (g Y S

2010) isu o 3o 5 armdgol S 5lo (0 1y i)
(Ru et al.,

gl 56
o8 sbilie (28 lio > g dgalyil jl oslaiul
Quintanilla-Carvajal) 5> ol ) ot 4y Iy ol 5 (550G
a2 o olis wlaass (Nguyen et al., 2016;et al., 2010
L (8l o o (s 2Ol oMl (L)) Jeailyy 45
i dlgo pluw g s JLb slasge (iiSan

(Alshahrani et al.,

@S s soblyd Sueily (olanl s an copl s egMe
S alysl b (gl conl (Sen Jd Cnj Gl 5 o]
MdBy g0 St |y () el g oY gunST SIS

(McClements et al., 2011)

Sl 4257 3)50 (2l S35 )3 (65519l 4
il 5l (S s3] slmeygd > el 4B S 8
(=l Y g ame 10 (63, 8 dla o Jemu gl LacsusS
Gl Gpsdselsl CluSy s bggdselsl
el fg)fonis Jo jlim ity jLb i eld (ol

Gy loainlid job ay Slie and U sla yanudsolsil L(al
ol i3l el 8 ygn oY g coim ClblB 3o
g o oaliwl Aodin J_:yu 9 ()

Sgadgel dn o bagygeadgelyls oas )55 SLlje
lid mlio 3 b ygeadsalgls 3,8 Linlsél Eely Jgene
M Sl gy gdgelyl (ol 1 9 58) sl 023
«S2g ojlasl nin 5 (lidlge A (059> 5
e gyl g S8 B GG, g Sl el
Oliioee jlde 4 yb dagi )50 L 0l o 03l 393

sl Lol oizmen 0,50 )18 ()i lio (soj5

Gzl 5 @yShes laShy Ginlifl g (il lalase
(Harwansh, et al ., 2019) .xwa Lyl

S5 (T 5 9y Ygano) bl liiel glo 93 51 (el
S50 ) sy el Cyas a5l (S a8 cowlonds
5 BB L oSy 58 o oSy asle .l oais 0a STy,
odol B Ll gy B @y dad sasiSablbel il
;L G 5l e wdgel (Kumar et al., 2018) .2 0
Sordgal £95 4 45 390 0SS5 Ay SLB 5 disnl

snlss gy 0l L Ol 3 gy o Sl a0yl (St
&b g olal 4 4 b ygu sl (ahari.et al., 2022)35
9 OgedielyySee cgedgel 9 Sl Gy a 295 il Las
oS lapgeadgel W i Al (odgelsil
&S  Jaozo (sl yardgol by g, Slo a5y (g pccdy codl
A S (g pmar p a3 5 Joliste slagigadgal 395 oo
285 9 Sl Sy 555 o Jsb L ol <l b ) LBy
2022) 0w o s Sl |y ol g 058 o 008y 1) (63,8
oSy > dw jl oo wlgol (Fakhar Islam et al.,
Seeliadgey plai 5l aS wig b e JSais (L8 5 08,
Iy bygdgel (Silva HD et al., 2012) aiws Hasbl
sl slajle (SuSly g aajg pelol e (Salw 4o gleSie
S8 3 gy Clydad a8 (Shg0 )3 0,8 (ganaiwd (1S9
2 9y g ol Blse 4 s ol g oa STy
1555 st -ppS Uy yos L ilo 355 oo 00pols (O/W) ]
Slydad ol 3 a8 cl 29y 3 Ol radsel Gl v
958 058 15le (W/O) los 018y y£9, L6 5 U
gl Lol (6,805 igradaal (sla s Lo ol ol 3 M50 5
(O/W/0) 55 o &l 3 gy Aile cilizeo (slaygedsel
o Glgie a5 3929 (W/O/W) Ol g3 oy£9, p oI L
0138y ol wlylad j JSize OF 3 £, 55 O ygeadsel



VEY | 29512 OLS SluS 5 amdgel 93U (6591 o 059 13 (panass §98 ol lojl G uanwli g £1581 S U o] S 5

oS el (Sl (65,51 YUy (65,51 L gy sl i
099 el elige Cd dy ppginligls aile (lagl
ol los 555 38 slaail e bl o b cas b
sbagss) 9 (PIT) 5L (Sg)ly slod Jolos (5> sl by,
Nl 9 (SE) 353 4y 395 (55l (gdgal Joli Lodon
3Laj Wy 09l sizman ol (EPT) (Sgedgel L8
920 252 Vb ad b GadinS 5,505 dlie sl
O e (55,300 gy 3 48 2 e b L]
9240 (oo sl Cojo (pl g Wi (ol g e

ol aizja g 55,
S3lR ey 2 45 NS (o Gl e Sl (B ioen
g8 sl clile a Spg8 @l b LSt (ol

ol s ciliséy e

S sl s 390 6551 VL (65 51 L sla g 52
N ay (Sl slmgy 5l Ol g (8 slajls LML
Ol (gligls g b ¢ yiiS A e) ian ) 48,
2 ol )90 (SO blusg (yiere 5 295
b e sl S 5 A5k npygndgalgils i Lo
=3559) il Gamdgal «gmol (il Jlwg Sem YL
oS SLagsy ) 503 o il 2lié Ggedsal 5 so5li]
Lol o ysedgol S olil (65,50 sy ¢35
> » (Solans c.etal., 2003) .2gis o Juol> (olow oS b
Ol 5l o8 Sy 48 led)S () oL
Ol 248 0,8 e ()l et 5 S slagtsy
Bgbieo borpe a8 35 50 Sliid ()l 8 Loy,
B Sl 9 (SE) 255 4y 595 (g5l (ygeadgel Jols
e (il slaghyy & Jb 3 s (EPT) (Sgudsal
lod Jollis aS cwl o685 @l yd algr o Led cly s s

(Komaiko JS et al., 2016) .ccwl (PIT) ;Ls 534l

9 Sg—el iyl (iluapSen Jols YU (5,51 L slagiy,
Lany 45 (555l slngsy sbalje 31 it (sl Jleoss)
e 3o g 851 o5 slaig) & Camns ], Ll
3,5 0,3l oy gy A Caud ColSE g j peS oalawl ay
(b sl plowlgel 5l eolawl (Ozturk B.et al., 2014)
P S)im g (ate slagplie 3 gy ) Sl esliil
wjpS g b (SlS 5 5l eslinl (JB 5 Jlnl lapiuge

(Ahari, H.et al., 2019) ;oL L YU

Y jLES U590

Gyl 3l 48 ol 0 dnd olSwd j3 ey gy =l 5
MP Yer 50 YUy s jib Ly o8 oy ab cjs

A 0058 aaadgel v L8058 au il 5l
gy gmdsalail gLl

S e aliedlgn dlen il gl 55 Uyl pelgil
090 dlgo cwlio JUil 3 (298 B el 55Luwg)ls
ey el oals s Uintage) Ly Uinealing dingyls 2 iilo
S 3y50 (godle 5 awwlio jod diadin JLasl sLlse (olyls
o ygeudgolgil .l (Byums 0dls Jlids ) g d by g
5 g s i (65 Bn 3yt s 3
L oly () (ol B g () (o pid 5y ]
ol s ar Lo (S hog ol i i 60y s
el gmdgalgil (Vb (o i 53 ol o So 8
b sy JLsb dlge 9 Lo JgSdgegSlo 5 (Sujd o)hl
dguty SxoS lylad 13 3y S g Sl eslawl Ly oyl o
JL ol jlalgicee gl galpl (imon i
cladlone (ol g (Sitdgytn slacy 56 1l )3
plo bl Jy58 (gl (il (sl 059l IS
)13 3929 gl gell 6550 polyS 5 (ol (loidLas

(Ahari, H.et al., 2021)

) $)E e S o baggedgelgll ol 1 (938
JL e o Lo L Lo, (o (s 59
L@J )| O\_;f,dol L 9 Ry Syy—o QL»...}l d‘)—.’ c,\_i.zfo,\lf‘).g
2,8 oalawl (olie g o Ly Slawygyls (slaojes o lss 0
Lh:u}«_mjylyb L) Lfl)—’ A_J) )K 4 .)'9_9 ‘O—i‘ g DQM_C
&8l Lo dlads | aiis Cuod 5] 5 o yiwd D el

11 gl gel o5U 40 a5l LU glgil

o) 5 355l il cnbio 1 (SG oy gendgol (65l0Lb
3,13 392 gygadgal 13 (ULl £ g -l bl s
Y YO PO S L S IR W B {FNE W

il slabg) (S aws 93 ol b gl gelyil s
(i glio ;3 Lal o fipg o o8 sl 0y (55,51 5 YL
9 YU b L adgi 0 a8 ait e YUy (65,51 L sl
W13 05,5 W la dgel g Ly gy 5 (canwg casbs 1 oalasul
04 bl (98 oS Ly Lo by (=l pled 3 45
528 Sl Ol el s ]y (i) 5L (SSlSe po by
725l Jold 48 08 o 00 ST (ol 5L )3 9 S



VF) o) g 5mls | iedid 9 o3 0,land [ 2y pgle 20l | VFY

L o el e sl i gy o 45 o
2 Sl sl p (e ()l e LeaySos) Sl eoliul
4y oo 45 ol Lol o3l (gl 5 obows oleis o
oSl gy S ol ) (355 40 393 (g5l g gel
Osmedgol B (Sigoly 5 (Sl g (AT M gl lidsal
s @)l by claly) 48 (b o (ahard) 555
s 5 s Jae] oo ] osgmadselglh g s 5
Cled 2 48 3,5 (0 yo PH L (S0 80l )L lpis

(Ahari H .et al., 2021) .55 0 jL8 Sgls 4 y oo

omb 65 L lwggmdsel sla gy ol gl Jlw )
byl 1) ol 03,8 s 395 a0 1) (6)lun yLiioe dngs
slaagie L) (Sos8 b lagsdgel siun pLE
laby) do Gl Tl )] Sliged 5 o5 (Hlles
il e pj slagbyy Jolid a8 abled and (6551
(Date AA et al., 2010) (Nasiri, M et al., 2019)

1839 42395 (5w ygmmd 9ol

Ogdgal 3y (Slahy) o ptere (S 0S9) (-
gle 9 48 dmd o0 &) 0day (il (Slej g ol (65 o5
25eSe Ly ol o gl ol (5,0 rgka L el
JB Ggeel i L b LSt gy o] 03 050 )18
oS Sl Sygo ol 4 a0l Cd oy (LS 0 i)
b g ods asy,y (ol 5B 51 0 a5yl sy T 5L8 S
S g Cagd (o Sl S Ly 55 g0 by e ]
5ol oyl (o 5L g aiwn O > zliel 05 48 s
2004) (Nasiri, M. et al., 2019) .ccul coumg] coliss g0

(Bouchemal K et al.,

HEPT) 56 (53,5 (osSae s sd,

S Col G55 o5 gdgal 15 slahy) J 500 (S0
49 ol ajen Iy (g SLE 4 o 5LE 9381 Lol
D) cnl bl sl ColSE )5 9 129y Jold Jgene sobo
(zhang) el L8 (5ol L (SRS yasd S o (e
rsdgel 9o st 156 15 T L6 i) 4 elSin
iy O ko &S S0 5 g 0ad SS9 0 O]
Syl sl (Smo gl (i 8516 S 55 aBLSI 4y
D9 digy ()5 | gl g 039 joSmg Yl 45 350
S yo (e Jlin )5 5L St 48 o0 plai 4
Mg o o 45 il by dgalyls L5 53 Lol
0ah 35 Caoleg ) 48 0ud gl Y 9> (sl gl ol Sie
Db Jb (S8 sl Ol lad 4

(Zhang T.et al., 2015) (Hategekimana.et al., 2015)

Ol S s gl selgil e |y (ygead gl i A0l oo
s 3l oges b g ylid 3l oo byl o ol Lo
e b9y o=l jledliiul 39 oo ey Cs s e (S g8

Dg 0y sl Olyd LSt 4

155w bwg Ko

L g 0and i J313 (63959 0500 325k 5 a5 3)90 050
ol Gy HaSle Bk ay (Voo =Ye e Mpa) YU by jLid
L Shes slaghyz S oo 395 |y (55 Jbs @13
e Sl 0Jg5 jelate 4y ygawliyglS Ao YU jlws ,Lié

.bs_wgo odla_w! 29 L.§_>9f

i lis (g,

93 5l o3l b b yobo d (gl gol dt o =l
L oSy L8 ) amle S ol pome 35k 3l 5 5ome le
Alwgn 3B) 50 phb zliel mle gols Lie Sl (Sho
OgSspmdgel Glyis €5 g 485 g (2 L
(Piacentini E. et al., 2014) .04-5 o0 0400l puii o (oliis
1gelyd ) ljeen -

B a2y 390 loygdgalgil a5 sl 48 (6503 (g,
o ygdselsils sl gl b lysl 31 o3lissl ol d2b,S
as Dgd oo A ‘_gld.la_wa )l oalawl L Js_w )9.‘9 L
=YY kHz 3)laliwl uslS )3 ) yo51,55 eg pmy S 51 ISilite
sy S iS55 Jas ol S iSlgi Jae 5 (V-
o8B L SOl Glluwg 1) (SO S ablsg a8 cowl
by 0 sl o SlSe Ll ) S o s alie
S92 (Sge glyal da g oad Cnol (S iSlgie Jase
o2 Jitie Jlw am ©g0l)d gloel g oo s g
JSets cales 2 9 YL Jlid Ly 2lsel sloml any yomie
&5 ol g L9 S5 (S0P 2 (Ses lacl
Cl (else o ytage ) (5o SetwosST (Sgo orslingls
o 56 slide 53 3y b LS5 csly ailgi e 45
(Leong T. et al., 2017) 355 yoedgal (g5l Son
(8551 o5 SBORs,

Ag—s i) (wlwly odee jobo 4 (55l o5 slais,
L’:‘ u}»_w\j}o)ﬁ (G0N Jushwa ul_~5)3 9 l)_>| )l L;JLA.A_M)
S ol jy 3 @l lad (6353 4 3gs LSts Sy 4
Jbs gl JsUse %@l&c\_g&,\_ﬁﬁégd\jm&_é5)5gi
..))lb ‘_,’.i_w) l_muT A_FI9§J9" ‘_g)lJ_’Lv 9 )L~>l_w 9 L;’X.la_w
50 4 s 5551 3102l L oy gl it (sl gy
Olod ()l 8 g ()l 398 o0 mandll diwd 93 4 (S



VEY | (29512 0LS SluS 5 omdgel 93U (6591 o 059 13 (panass §98 ol lojl SO unwli g £1581 S U o] S 5

$(PIT) 5 (33,8 (wgSine slod (b,

Sl sl (e b9y mal )5 4By g ol Sl jledlil 4 (6l b 6501 L labg) sl alen (B9 o]
ST 5 g e dal B ol Wig e S 5 RS Ly il Jolpe g3 4 el Gl g By el (g oS ygs
sl by ol 33 gdion 4 1 )0 ) Sl gl golil g 5y (i gy D ydaB el )3 4 0ud duugugd (sla e goly S0
2y ©lyad 903, 8 joue dlug 93 Ggradgaly e L gole Jiws S Loy L8 Sl ol il cdd 5 (A (pog-Sine 457 ]

[(Saberi AH. Etal., 2015)(N.et al., 2009 Anton) %545 3Ll &9, 0 Ol L Ol )3 (y-£9) oo golgil

1S Ao

3 Oomed g ol 02 LS b9y Su L i (6555ln sla ) gl gel 956 3 sl gy oSl ol Sl
2,8 oMl plidgel 9 (529, 5l g ol 3 S0 29y 0!

o3l 33 Sgeo 1,3 zlgol 51 55T Jlio yo-bo 4y il oo s 4y o cgloo 5 A5 5,5 o)Ll L g, (oig] s s g0 Il o Ll
—isen sy »d L o (McClements DJ.et al., 2011) .55 oo yug 0 3 0,550 b s ygeawlinnST o go ( slic dlg o 13 3545
oS Wg5 B L Mo sl sl e 4011 5| B g 395 oo 00l g5 glp T M YU pyolie Yoans L M 55
(Troncoso, E.et al., 2021) .a_sl ardly s j0 10lg5 ooy (Hruore G NS o piorad 9 Al y a0 3le5 o

&bo

Ahari H, Nasiri M. Ultrasonic Technique for Production of Nanoemulsions for Food Packaging Purposes: A
Review Study. Coatings. 2021 Jul 14;11(7):847.

Ahari, H. and Naeimabadi, M., 2021. Employing nanoemulsions in food packaging: Shelf life enhancement.
Food Engineering Reviews, 13(4), pp.858-883.

Ahari, H. ,Avar A, Allahyari S ;Naemabadi M,Ebntorab M,Moradi S and Alvandi H.Nanoemulsion in food
technology development, characterization and applications.A book.2022

Anton N, Vandamme TF. The universality of low-energy nanoemulsification. International Journal of
Pharmaceutics. 2009;377(1-2):142-7

Alshahrani SM (2022) A judicious review on the applications of chemotherapeutic loaded nanoemulsions in
cancer management. J Drug Deliv Sci Technol 103085

Aswathanarayan JB, Vittal RR (2019) Nanoemulsions and their potential applications in food industry. Front
Sustain Food Syst 3:95

Bouchemal K, Briangon S, Perrier E, Fessi H. Nano-emulsion formulation using spontaneous emulsification:
solvent, oil and surfactant optimization. International Journal of Pharmaceutics. 2004;280(1-2):241-51

Date AA, Desai N, Dixit R, Nagarsenker M. Self-nanoemulsifying drug delivery systems: formulation insights,
applications and advances. Nanomedicine. 2010;5(10):1595-616

Harwansh RK, Deshmukh R, Rahman MA (2019) Nanoemulsion: promising nanocarrier system for delivery of
herbal bioactives. Journal of Drug Delivery Science and Technology 51:224-233

Hategekimana J, Zhong F. Degradation of vitamin E in nanoemulsions during storage as affected by temperature,
light and darkness. International Journal of Food Engineering. 2015;11(2):199-206

Armghan Khalid. «Food grade nanoemulsions: promising delivery systems for functional ingredients.» Journal
of Food Science and Technology (2022):1-11.

Kumar DL, Sarkar P (2018) Encapsulation of bioactive compounds using nanoemulsions. Environ Chem Lett
16(1):52-70

Komaiko JS, McClements DJ. Formation of food-grade nanoemulsions using low-energy preparation methods:
A review of available methods. Comprehensive Reviews in Food Science and Food Safety. 2016;15(2):331-52

Leong T, Juliano P, Knoerzer K. Advances in ultrasonic and megasonic processing of foods. Food Engineering
Reviews. 2017;9(3):237-56



IFe ) Glimno; g jwrly | piid g o 2 lond |43l ogle 20U | VFF

McClements, D.J. (Y+Y). Nanoemulsions versus microemulsions: terminology, differences, and similarities.
Soft matter, 8: 1719-1729

McClements, D. J. and Rao, J. (2011). Food- Grade Nanoemulsions: Formulation, Fabrication, Properties,
Performance, Biological Fate, and Potential Toxicity. Critical Reviews in Food Science and Nutrition,51:285-330
McClements DJ. Food emulsions: principles, practices, and techniques: CRC press; 2015

McClements DJ (2011) Edible nanoemulsions: fabrication, properties, and functional performance. Soft Matter
7(6):2297-2316

Nasiri, Mina, Anousheh Sharifan, Hamed Ahari, Amir Ali Anvar, and Shapour Kakoolaki. «Food-grade
nanoemulsions and their fabrication methods to increase shelf life.» (2019):26-31.

Nasiri, M., Sharifan, A., Ahari, H., Anvar, A.A. and Kakoolaki, S., 2019. Food-grade nanoemulsions and their
fabrication methods to increase shelf life.

Nguyen TTL, Anton N, Vandamme TF (2016) Nutraceutical compounds encapsulated by extrusion—
spheronization. New Polym Encapsul Nutraceutical Compd 195-230

Ozturk B, Argin S, Ozilgen M, McClements DJ. Formation and stabilization of nanoemulsion-based vitamin
E delivery systems using natural surfactants: Quillaja saponin and lecithin. Journal of Food Engineering.
2014;142:57-63.

Piacentini E, Drioli E, Giorno L. Membrane emulsification technology: Twenty-five years of inventions and
research through patent survey. Journal of Membrane Science. 2014;468:410-22

Qian, CH and McClements, D.J. (2010). Formation of nanoemulsions stabilized by model food-grade emulsifiers
using high-pressure homogenization: Factors affecting particle size. Food Hydrocolloids, 25 :1000-1008.

Quintanilla-Carvajal MX, Camacho-D1"az BH, Meraz-Torres LS, Chanona-Perez JJ, Alamilla-Beltra'n
L, Jimene z-Aparicio A, Gutie rrez-Lo pez GF (2010) Nanoencapsulation: a new trend in food engineering
processing. Food Eng Rev 2(1):39-50

Ru Q, Yu H, Huang Q (2010) Encapsulation of epigallocatechin-3-gallate (EGCG) using oil-in-water (O/W)

submicrometer emulsions stabilized by i-carrageenan and b-lactoglobulin. J Agric Food Chem58(19):10373-10381

Saberi AH, McClements DJ. Fabrication of protein nanoparticles and microparticles within water domains
formed in surfactant—oil-water mixtures: Phase inversion temperature method. Food Hydrocolloids.
2015;51:441-8.

Silva HD, Cerqueira MA", Vicente AA (2012) Nanoemulsions for food applications: development and
characterization. Food Bioprocess Technol 5(3):854-867

Solans C, Esquena J, Forgiarini AM, Uson N, Morales D, Izquierdo P, et al. Nano-emulsions: formation,
properties, and applications. Surfactant Science Series. 2003;109:525-54.

Tadros T, Izquierdo P, Esquena J, Solans C. Formation and stability of nano-emulsions. Advances in Colloid and
Interface Science. 2004;108:303-18.

Troncoso, E., Aguilera, J.and McClements, D.J.(2012). Fabrication, characterization and lipase digestibility of
food-grade nanoemulsions. Food Hydrocolloids, 27:355-363

Wulff-Perez, M., Torcello-Go mez, A., Ga' lvez- Rui'z, M.J. and Martlrn-Rodrllguez, A. Stability of emulsions
for parenteral feeding: Preparation and characterization of o/w nanoemulsions with natural oils and Pluronic
68 as surfactant. Food Hydrocolloids, 23 :1096-1102.

Zhang T, Xu Z, Cai Z, Guo Q. Phase inversion of ionomer-stabilized emulsions to form high internal phase
emulsions (HIPEs). Physical Chemistry Chemical Physics. 2015;17(24):16033- 9.



155 mablido sla g S

8Ly (g0 dabld ¢ pisu b aebld
O DR ogle o USWSNS | oanrlind Sy § BISWSNS + 29,15 (55913 Cammny § 815G Lo
5018 e see ] ]
0I5 (S gk oLl ¢(5 3Lwg 15 8IS (o29,15 (55955 m (Lod )13 e 3T (53993 g ol oI
fmohammadipanah@ut.ac.ir
VF o) Gl g sl MgV oyl a3l ogle acli

45

Lo s 551l 3 (blite Slgo 5 AIeG8,S 1,5 55 3y50 15 55 A5 o s lin (i 4y 1S ol (snis 55T o S
sz Ly Jloc i oy Lngf €08 5 il a5 03 A5 pojorifio plaie o ¥y e Ly sl 39,9 Sl 5
i by B ] liga 3 iy 5 355n o pioriifie ] o8 bl 3 1,5 urblid s 551 g o (s0)
(S8 55l 015 i3S et py S 50 ab g M (g ke py S Wl Ll 5555 &8 1,5 ublita (sngs ST 4o
Proteobacteria, Nitrospirota, Omnitrophota, sloas (¢jluwhes bt cis” JoB s li V¥ 5l asli W o (58T wnblise
Latescibacterota, Planctomycetota, Nitrospinota, Hydrogenedentota, Elusimicrobiota, Fibrobacterota, Riflebacteria,
S e do 11,5 juaboline (ol 68l dan pw 0 —nblize il 5,8, Like desulfobacterota , Bdellovibrionota, UBA1019
oyl ol dilise (laas L o Lol @ojor Litite ¥ o5 88 JLas! g counl 03,8 by (b yia 48 cul 039 a8Ls o
Mam (sl yfis slo s silo o sla)) (5 5 4 o it TpgjotiSo (55 00525 pojg-iSie doy bgpo (5 ANY )5 ubolise
Sty Las g )5 5l eaiio il Lapg;6uKe aiumd (£ s pgje-iXe dloul slyy MamA g B-MamQ.MamT. MamM. MamK
G 1,8 uuabolize (slo 6 5S1 gy 00 Sy b line l)de0b ol iidin o eo0 g loyd o g5LuSy cgjlwlis (aseis alos
oS 0jladl g IS (9SG daome (slod )3 Jlasly Guboliie 3929 alox ) (lais iy g o i bhord job a4 lag] 4
Sl L o] 2 i yacio clo S 5 LapsiiSo 03,1 (6lmd)lf Joilty 4 g b )l il g Cmo sl o (090 s

Higd glawlid g cdl it LSl g e ole

295550 (pmabolize S35 1S publize (slacs Sl e (omrbline (e s3] (slacs 1S 10 5lgualS

A el Solulas wiun La b py 5 5l coite 09,5
S rbline )18y sl a8 Wijlu o |) pojoiife pU
SANEY)

el ol S e pably 4o 15 bl (g jLanolel
dnwgi Las S ol sjluopalls sl ooisie sl i)
add 4 S Cowl 0ad )15 Lol odi 4 ) S a4 g 4Bl
s gl i 53 Al S 4y 3 oty
V] Ulosel s

Sl giSe s S
Sl a8 st (b pSL S ublise slas Sk
S5l 48 Lo JSS 1 pojsiiSe pls 4y aYgd Lt Ly
Slalae o el witn Ten K 5 Ly e ol de b
5515 y9d O3S 08 5 (5S> slparY (g5
Sogiw g Olgw) ol 13 Ll g (jensT o o0
Jlis 548 25 (63,8 gl )5Sl 2) oy 0 0 3529 (]
) V58l SeSsSe o7 eSS eMaol VAVO
SiPe i 9 S5 i)l s jl Slgage oy ol )

1. Magnetotaxis

2. Horizontal gene transfer

3. Magnetosome island genes

4. The magnetite (Fe;0,4) and the greigite (Fe;S,)

5. (OALI: oxic-anoxic interface)
6. Magnetotaxis

7. Magnetotactic bacteria

8. Magnetospirillum



IF+) limo] g jurls | i 5 ot blowd |3l psle &l | VFF

sl S50 13 5 (Sujolan (by) dn oad aid L 35 L
tlrordsSid Gk Jl 45 (el an Cos pyjeiiSe
B Omegdgige e Sl A8 A5y (la Sy Bad A
wees 0 e (sled )3 Hlul ublize cosld 48
0] 45yl sy 5 asxie S g 03las] 5 sasyly (6,50
ol sl Cnomno 2a5le 53 35 (605 (sl Sy L]
9 &g Ul uabliteg b la Shy dis il
258l 0,8 sl (bS50 328 sl S iy o=l (S ST
DY) el ()90 cniio 3 Lyl

29590yl L

Foglb We L ¥e 250 53 (sl LapgjgiSe (S )obo
o )8l crwlio oo (glad )8 (gl 4 S 05
5 Ol wsilusl ((2bdy 5 paseis Jold pyjeiSe
So el pojgiSe (59) CmdUlS (13,5 sl 5 (Sl
48 amd JSb pgjeiSe 0 )20 Az Ly S Al o0 Jolow
23956 Jlaay )3 [A] 8 o Sl ) (68 mboline L8
Magnetospirillum (¢, ¢ JLio (gly o)ls coglaiio JISCil
Magnetospirillum P 1-magneticum  AMB
Vb giid S il T1-gryphiswaldense MSR
¥yl JS_s 1-Magnetovibrio blakemorei MV )l
9 Tadyls JSs 1-Desulfovibrio magneticus RS o)l
(3] 5yl ¥, 5 JSis Pseudomonas aeruginosa SK-H21

LY+

Prismatic A Cuoboctahedral

Roughly spherical

13 01 yguams o aoline 039 glite JIS_31.Y Y JSmdh

Bullet Shape

S b g ciSe (Jobu (99,0 sl Ls Lapgjouse
Lo pawMgiow Liiie jl aS sl o0 Liie jl oad ol sy
oMo sliwly )3 35l e pLE 1) (6,8 oS il 4 S
3 poigiSe by 10+ dgd> )3 IS (6 S (pblite
G ol 41 8 ] el S Joailinsd (gl 5 sipilind
30155 o (el (Slal S oo ol 3 1) el sl

o o S puboline (6,581 Silod slad V- IS
Slojiy b 8L o)h gSar puablie Gl
oreblive o G L) S 3 48T el pgjpiiSa ]
1 A4S Cnl Feg0y 0)395b ol pojaiife aslas,S ), 8
Syl gliie JS5 6,3936 Jtis S oyl slite gl s ySL

(blike (515) S B

ok 095> Sl 3529 dlaaly 4 1,5 puiblise sl Sk
Ygano it (publiso (iol)S (s pojgiSe 4 pyga
6y 32 yge Jsbo )3 (gl il (sl LapgjsiSe
a5 bl JSC5 535 (s 5 it (55
P > S yim e S 0y S dn b bl , S0 JISbl e
O_.{l L E S LTS O_.{l)glﬁu‘ Al ublize O"\—f:"
ol 0dd 030 ol 35 (6 58L ST s aumls L6 ST
P93giSe 4 Camad |)S pueblize Jool8' (658 (b 45
Al e el 039 58 68l ead g)ls
i b Uipg35iio oy bl 48 el ool s b
ol YIS 3 sl (6358l (99,3 9290 pojgiiSe 0,255 5
S (555 Sil )T o8 4 LapjgiSe (o 0Lj alold
OB s 05285 JBD lapgjgiSe (o 3L alold
7] 25800 68k (ublise 6y S ©)a8
P95

oS ol Jobow Vg0 gL a5 Lo Lt s oo
Fogl 0 VA 250 (slojluil b wdolize &ly35 50 (g9l
s 5 s Sy JS oo bl a5
Al gl Ly dglie ) lazes (slod )3 jlaly (b
il > pinlin 405 gl e G J ot
S omiblize 3536 plian sy 0 b ol ixio
¥ cculasjay g

1. Cubo- octahedral
2. Prismatic

3. Bullet
4. Roughly spherical



VRV 115 b Uit (s ySL « cmablido 2,5950 oS Mg (s j (SAE ) 30

posiiae JUi] Sy 2 o Uil |y s 9 1,5 purbolie
Ol g Lt J5Si59 St 1 (59500 5 -]
Silw (S8 »TMD » Jlasl (Ko 9 Znt 318 Jlasl

D] ccwl (Sle g ppe ciXo

Joiews Mam J 4 Mam K¢ Mam Y (sla gy
SoMam'Y gy did pgiesiKe 0y (6 S JSi
Iy Lol Lisu alg o MamY el odd , Sla pg55 5050
) 0aed g zylo slie 51,5 ublize sla (5,8 )
b pgjeiSe LS o Jid |y Lissl s 0] 5 08 s
g ) (mmle 1S blise lais Sl ()99 y92x0
Tuouad )3 4 Cowl Sl A g SO Mam K s
Mam J o)l 8y Jolw 10 Juaiio (slapgjsiRe (5,5l
b pojgiSe sl o el s Lao (9 ypulol iy S
MamK ol ailyd 4 b aed o Mgy MamK a i, L
V] a8 S8 oS slavpyjgisie o sloml sl
Pyjgse sijlw glagyj

TpoigiSe 0 ;i plois o (mla)) sl Lags S o
Do oo Lag Sl unblise jLusy d diuwly 45 L
2 poigiSe dn bgye (4 AV )5 purbolise (slas ST 5
silo o] slagy (S0 45 0ad S cpgisiSe (S0
MamA 5 MamB¢ MamQ¢ MamT¢« MamM¢« MamK
Joims by ol [VV] At (5900 pg35uS0 dlou] (5l
bt g poigiSe (6 )5 a9 635 JSb 2l L
S las st ool o Lays ool edd (6,8 aiws Jlw,S
ol 04 S S e S 31 a0l o5 JLanl 5o b

I.-t primary promoler
-

slaJggecnn; 4 sy Jlasl calise sla g, 5,4k
V] S9md Jeate ciliseo

0S92 (R FOls8 pajeiSe sLacuSen (e > Mam A
Sgo i Sl S i Yol yiegaly 595 2 9 VY]
P39S 0,255 Jo-b 33 ol e o] e L 092
2 Y] ol Lie (608 b o (i Lol 08’ o s
O3SleS bulyd 3 (e pgjyiKe (55 SIS Ll
3 pojeise kil oy Job ;> Mms6 (g
08Ty Mms6 (glaislyy s ol (gilon baly i o bl >, S
il el S35 Jlo 3 pyigiSie i3 Lo By 59 o
a8 9 L 2 pojoiKe CElus )3 b Lo (Tg
s MMS6 (.59 C kel Cuond 3,5 0 518 lad
059y C (olel Cand U Jlo Ciond [V ol gl
=] o Ll (6y9y5 (slaaielaul (¢l )l> Mms6
Seliglt laaielawl (cols MmS7 g Mms6 59 C
ey € ol aibaie [VO] sl sasl Syl 5 s
9 CitiSe dlonl Jobo 53 Jliw S A (65 IS £9,-5
Ll I VItro laly 50 cutiSe Jbiug S IS )0 bosdi e
wlis 1 Tgp Mms6 4 TPR (4 jge lawg Mam A
Mam ;4S9 3 TPR Gigge 2530 Jale pgjo-iiSe
A dnd SO0 ol s sduem s csl A
olg S8 gure MamB gy [VE[VF] 55 0 B
518 sl 5 S Ly CDF ¥ gl Uil 00iiS g
T Lig ey 5 (CTD)T Iy CLaleddl (ogd o
o=l O jiiSen y MamM s Mam A 555, (TMD)
bl o sl oly CTD (sl joslagpim j3 48 (i iSannys
slag S > MamB [VA][VW] 0gd 0 S v sl

._]' asTES"

[activity with natRBS)

'y torminator

(activity with optiRBS)

10%~
.

% 1./PlecAt bpmamG Sk
8105+ [
E 0 | .
3 2/Pmms38 +S{Ppms6
% | 8 /Pmamh
2104~ l { 1 71P(mamE)

103~ ‘ ‘

| I

[
8./P(mamt )y VPmamP) S
-
9.P(mamL2)

14./Pmamx
15, 1B PmamYy
| —
10..'F'[rw1m0 /]
13IP(mamQ)
12 /P(jpiamiA)

TOC DI DD R 0w 00N JOAK JeW JI00 K MO GOW BN JPW e 30% Uk BEW 0 DIK W Tw ©

-
fecABtop mmséop  mamGFDCop

\:l AWK TR TN ONSE M e ”‘ e TIK
= B | L L
mamABop mamXYo,

INVTA Gy i 5 pobs puuslgiiSo (5 Sh )3 pojoiSe ()] (sloadigs ¥ Sgegn Cusbge - JSUS

1. Biomineralization

2. Cation Diffusion Facilitator

3. Cytosolic C-Terminal Domain
4. Transmembrane Domain

5. Actin-like protein
6. Magnetosome island genes

Dsdie Jate ol & (agis) Sl iS5 o pei5 J| Jly Promoter ¥
8. Magnetospirillum gryphiswaldense



VEo) biunoj 5 sl | g i 0,loud [ asl ol &l | VA

3 il Ken 5 Josle [YO] comla ] auje Jds calise
G gy (o S job & &S Al )5S YN L
Lo iSlgig plds Ly TajolSg) 5 Iadigmers aiile (o
el (g e G (b lsp (2 Slg)
o) 3 IV sl 01 (aaboline 3935 sl Jliay S
Cod &y Cyp (5> y5990 J1 S > (Ul pgs S
5l oablite lise cuomw 4o (gpScas (bly g sl
SatS] §1 e g0 5, 45 el 01 2yl 5 38 ygtig 1
ol oy [TV conl s jod )b jl bl jL3,
195905 ] amabolie ,Lsd) dy ol 4o )b 48 el
by (i8S by o] s g Lo iSgtig s ||

15 b lise sl s 8L (aldl i (SuSTy
> g 4 @by Ly Slew, l Lagsh o
wadib ol claggie YU S b slbolSiu;
Eoni Nloads Iy Lalese ol 0 olewd y1a5 5l oad
5 O3S & 9 e 2929 A diuly el g S ()]
s 1 3] oS Joleo 45 sl oS 390

Congj Slalllas 4y a5 Uyl oalids ase do ¥ S

g Ol s «Sod wiile lrsee (gl ol )l (5 (oldlyas
s S (Slgld g sein ;L il oo sed g LS 5
IY0] 2l 1,5 bl

il

OATZ

S

o 48U 15 b Udo (5l 5L (cog3guas U
Sloss ez a5 olay] as daie Sl 5 oas aslis )
bgoye (Siiijolkd job & eblosds ctS 48 (ool 4z
L S bgisg p as L 5l Lo iSbgiig lids 9 LolS oLal] oS a4
Sladss (5 [YY] i |y wg s 4L 5l o 2g)S s3> g
Sl W ol S publise glag sl Sl
Proteobacteria,Nitrospirota,Omni  :bi_d  (gaodiwd
trophota,Latescibacterota,Planctomycetota,Nitros
pinota,Hydrogenedentota,Elusimicrobiota,Fibrob
,acterota,Riflebacteria,Bdellovibrionota,UBA 1019
Gt gl il Sem ) ) (g9 [1] desulfobacterota
Saslemer sladiges 150l plorl |) gy o )3 poilio
oS pgi VA Jols 48 Jlod g 0ot kb jloa
BB yolo 4 a S [VF] cl 039 (St €S 1,5 ubolise
b 9) S pistel g g i Lo iSlgliy p a5 LS sy
oIS g Lo ySlgBig s jl eyl dalyd gl g adby e
o=l s eand “Candidatus Lambdaproteobacteria”
SHSISb g pojiSe (Sl colu Jyime & Lo
A4S (el o g S s tSe (o) Sz
&S gl A o s (it cald Sl
V] s o cdadlone iy a0l (Tolite egisuST

den 4w, “magnetotaxis” | wublie L8, Lie

Sy dn gl BLacS 1,5 publize slag St
s s oy o5 (28l Jlanl g cowl 03, S 1y by ws

5 s 118 ol Y e (glgm g Slig) )3 053lsm s Sliga) ol et & 01 BisanaY (g Sl led F-Y S
goab 0l o o 51 JgSUge (3anS1 295 o ptiie dylogd g iy ¢ JoSUge ()59 0em <9k ey 1 Dlo 6y
Csl (5lsmie S3lom o S50 426 OATZ s 09 0SSt (o] (igies (Slon Connd )3 (S fiuogtd Aal)b g (ipan

YR 0 bl 12505 el i gy TS (s 3551 5 1,8 bt (sl S coolio Lly s oS

1. Wei Lin



VER T 15 b Uit (s ySL  cmablito 2,5950 oS Mg (s j (SAE ) 32

L 5 a5 g ) 8 agasl Y5 o
4 (Fer3) S (yal 48 (lej (5,51 )3 (o sl
Oy 0 (Fer2) gl 15 o S i o5 o
4 Sl (Son pgeuSe S o Jlas! g ,SIl oS Tunl
I R ENPRTE P U 2 EVER IN WIS ] PN SCHONI W
e [TV] 39 alss JLad sla JB0a) JeSis s 4 -l
oA YL Gl co by (el L8 1 S8 5
IV 3yls b)) LapgjsiSio il Ly 48 2l o sl
L ol pBY o 4 Lapgjguse a5 ol oas dlgidi
(ROS) 45 o as i (5] S 5 o

I¥A]

05,5 i

S8 gl el 15 ublite slags S 5l 48 (lapgjguse
Este $led )8 plad ol & cod p Jdd 4
ioddn (Slopd ()] wdiedin (Sl 9)b) ey i )
Egite sdsho o jl Jslw (gjlushia (S35 ()l 9
o g (18 )gtug die g Ol )3 (g S (591 paseis
o9l ddg 2 JL g lapgjgiSe Sl dimd g 4l goie
Jolaze aal)lS ou S g5 ke il a1y ylaieisls Lo
15 boliie sl 35 51 oiid L g5 sl agil .l 3,5
Silies Slpogad (cublin (Shg jlil(JSs 11 5l
it Lo ; 1) 93605 bl ol céln 4 caus
5 ailwgdab Cpold 01 ol sl Shy e any L
Lol drwgi S g (gjlalis dlalil el p3Y g 5,0
Jole 0 (Bl Jliml g (0,8 5 Ll bt ol
Sglite (b Sk L3 jl pgjeife 4 Lagg Sl bt
JWasl ey oS53 i ) ool 5 oyl 51 Cl 30
45 cwlie ol 53 pgjotiSe cilw sl oY Lo

Dy oo daiidiy el LPS I g)le

b pejoife il (jensleS Lulyd ) Lo St o
ol el p aie ,510L5 5wt g5 g S o Lol
S Gresblise (slacs ySb 1 ()l )03 30 paneis sl
o5 U] VST Al 15,y Ll Lol 5 ool
Bas el il 095 oBiles] o ceitS Jol g ol s
Sa9=d Lo Sl ol ) Gl e lal )b i
daogi 9 3-8 53 (b Sl g pulS 35000 (28
oyl1y3 s bl Bl st 11,8 puabolize (sl STy
IS uebline (slas 8L a5y 1o 1590 sl Sk

P9 Jls ok a8 Col (g 1B laaise

b ST sloaggs (oL 5 (aome (gl 5551
M Jibgie 1)S uabline (sla g xSl as ainly s oads
spas Jloin] 5 samls i Lol 0yl 09 > 5 Al s wl 0
¥ ] el oais el bldl slalass ) Lag xS ool
ol gy L pyS Ol daity jloaticuss g s ile
drgw ool 0ad oLl 0,5 Bl d> 2 FY 3 a S YL
Desulfonatronum (¢, cwgaldd 1,5 puboline (5,250
bl bty 5 U goite (o (slaolSius ;I thiodismutans

L] e olwlis LIS 3 S

oad lin sl Wligegdss clagsySl (SH6
2 P9i9ESe S92 g y (gBlgd 5 453y (yp ]y (i low
3 (itop )5 3y pl (pligogagu Ad)S Bl (6,8 (]
2 P9)9-%e S99 Al (gl ol 1S L LalS WIS
aSmam B 5 PCR U ki loy 5l oai las cladysuw oy
Slag Sk ass 13 Coul pyjiiSe cal 1 (Sl
obgegdgus 53 g 0ad () g sl 0ad bais 1) 5 jublize
oS ol aisly jgas (H16 § P32 P1) sladrga gl

el 658 )5 pgjeiSe caliw j sl

155 puablise (555 (559092508

S350 1) (eblize 39l 45 93 (miblise sl Sk
Wloass Sy o0 camoMogin i jl aS ylié oL
4 (Fes3Sy) el 5 5 (Fes0y) oS im0 JSi
PMTB suiiS g cylSy )5 a8 b )5yl 3955 OAI
U203 (V0] 5,13 3559 OAT a5y 5 sl (gjlgm o ailate
2wl Bl o 0K ;01,8 Jloes MTB oS 55 5 0
@ dlgld (agx o) Ses 1S 0six slag sk as s
So Lagl o b S slacuinSe 1dsi o sla Shy Jd
i S g i Sdgngsy sl 098l () SLES
Y] Y] e el jdlinogy (cwyy slm Jloas]
and M. gryphiswaldense 1-M. magneticum AMB
o) oS aalllas (gl Jio Clyg g0 5, T-MSR
o sy 359 Sy 4 VY] Miwn poje e (o5l S
5 e ol doliie b g3 s Sy S pojeiSe
dlazel 3 48 ol bod b o diliitio (g,58L jLid) (4l s
oy Jobd Jslow JSb 95 s MTB (wlibesu)
1y ool o3l polie Yiwis! by Jslw ¢ Jalss Jobo )5 [¥5]

1. Axenic

2. Consortium



VFo) o g el w9 @ik okl sl Al | 10+

&l

1. R. Blakemore, “Magnetotactic bacteria,” Science (-80)., vol. 190, no. 4212, pp. 1975 ,377-379.

2. V.V Koziaeva et al., “Magnetospirillum kuznetsovii sp. nov., a novel magnetotactic bacterium isolated from a
lake in the Moscow region,” Int. J. Syst. Evol. Microbiol., vol. 69, no. 7, pp. 2019 ,1953-1959.

3. S. Satyanarayana, S. Padmaprahlada, R. Chitradurga, and S. Bhattacharya, “Orientational dynamics of
magnetotactic bacteria in Earth’s magnetic field—A simulation study,” J. Biol. Phys., vol. 47, no. 1, pp. 79-93,
2021.

4. C. Su, “Environmental implications and applications of engineered nanoscale magnetite and its hybrid
nanocomposites: A review of recent literature,” J. Hazard. Mater., vol. 322, pp. 2017 ,48-84.

5. G. Vargas, J. Cypriano, T. Correa, P. Ledo, D. A. Bazylinski, and F. Abreu, “Applications of magnetotactic
bacteria, magnetosomes and magnetosome crystals in biotechnology and nanotechnology: mini-review,”
Molecules, vol. 23, no. 10, p. 2018 ,2438.

6. T. Prozorov, D. A. Bazylinski, S. K. Mallapragada, and R. Prozorov, “Novel magnetic nanomaterials inspired
by magnetotactic bacteria: Topical review,” Mater. Sci. Eng. R Reports, vol. 74, no. 5, pp. 2013 ,133-172.

7. A. Basit, J. Wang, F. Guo, W. Niu, and W. Jiang, “Improved methods for mass production of magnetosomes
and applications: a review,” Microb. Cell Fact., vol. 19, no. 1, pp. 2020 ,1-11.

8. N. N. Prabhu and M. Kowshik, “Techniques for the isolation of magnetotactic bacteria,” J Microb Biochem
Technol, vol. 8, pp. 2016 ,188-194.

9. K. G. Gareeyv et al., “magnetochemistry Magnetotactic Bacteria and Magnetosomes: Basic Properties and
Applications,” 2021, doi: 10.3390/magnetochemistry.

10. A. A. Khan, S. Khan, S. Khan, S. Rentschler, S. Laufer, and H. P. Deigner, “Biosynthesis of iron oxide
magnetic nanoparticles using clinically isolated Pseudomonas aeruginosa,” Sci. Rep., vol. 11, no. 1, pp. 1-10,
2021, doi: 10.1038/s8-99814-021-41598.

11. V. Raguraman, M. A. Jayasri, and K. Suthindhiran, “Magnetosome mediated oral Insulin delivery and its
possible use in diabetes management,” J. Mater. Sci. Mater. Med., vol. 31, no. 8, pp. 2020 ,1-9.

12. T. Matsunaga and Y. Okamura, “Genes and proteins involved in bacterial magnetic particle formation,”
Trends Microbiol., vol. 11, no. 11, pp. 2003 ,536-541.

13. A. Komeili, H. Vali, T. J. Beveridge, and D. K. Newman, “Magnetosome vesicles are present before magnetite
formation, and MamA is required for their activation,” Proc. Natl. Acad. Sci., vol. 101, no. 11, pp. 3839-3844,
2004,

14. A. Arakaki, J. Webb, and T. Matsunaga, “A novel protein tightly bound to bacterial magnetic particles in
Magnetospirillum magneticum strain AMB1-,” J. Biol. Chem., vol. 278, no. 10, pp. 2003 ,8745-8750.

15. K. Arai et al., “Adsorption of Biomineralization Protein Mms6 on Magnetite (Fe;O,) Nanoparticles,” Int. J.
Mol. Sci., vol. 23, no. 10, p. 2022 ,5554.

16. A. Arakaki, D. Kikuchi, M. Tanaka, A. Yamagishi, T. Yoda, and T. Matsunaga, “Comparative subcellular
localization analysis of magnetosome proteins reveals a unique localization behavior of Mms6 protein onto
magnetite crystals,” J. Bacteriol., vol. 198, no. 20, pp. 2016 ,2794-2802.

17. H. Nudelman and R. Zarivach, “Structure prediction of magnetosome-associated proteins,” Front. Microbiol.,
vol. 5, no. JAN, pp. 2014 ,1-17, doi: 10.3389/fmicb.2014.00009.

18. O. Kolaj-Robin, D. Russell, K. A. Hayes, J. T. Pembroke, and T. Soulimane, “Cation diffusion facilitator
family:Structure and function,” FEBS Lett., vol. 589, no. 12, pp. 2015 ,1283-1295, doi: 10.1016/j.
febslet.2015.04.007.

19.R. Uebeetal., “The dual role of MamB in magnetosome membrane assembly and magnetite biomineralization,”
Mol. Microbiol., vol. 107, no. 4, pp. 2018 ,542-557, doi: 10.1111/mmi.13899.



VOV | 15 b lite (a5 ySL ¢ cmablido 2,595L oS Mg (Jwws j (SAE ) 30

20. C. T. Lefevre et al., “Comparative genomic analysis of magnetotactic bacteria from the D eltaproteobacteria
provides new insights into magnetite and greigite magnetosome genes required for magnetotaxis,” Environ.
Microbiol., vol. 15, no. 10, pp. 2013 ,2712-2735.

21.T. R. Jobin, J. Jacob, and M. A. J. K. Suthindhiran, “Isolation and characterization of Magnetospirillum from
saline lagoon,” World J. Microbiol. Biotechnol., pp. 2016 ,1-13, doi: 10.1007/s7-2075-016-11274.

22.M. Dziubaetal., “The Complex Transcriptional Landscape of Magnetosome Gene Clusters in Magnetospirillum
gryphiswaldense,” Msystems, vol. 6, no. 5, pp. €2021,21-00893.

23.D. A. Bazylinski and C. T. Lefévre, “Magnetotactic bacteria from extreme environments,” Life, vol. 3, no. 2,
pp. 2013 ,295-307.

24. W. Lin et al., “Genomic expansion of magnetotactic bacteria reveals an early common origin of magnetotaxis
with lineage-specific evolution,” ISME J., vol. 12, no. 6, pp. 2018 ,1508-1519.

25. C. T. Lefevre and D. A. Bazylinski, “Ecology, diversity, and evolution of magnetotactic bacteria,” Microbiol.
Mol. Biol. Rev., vol. 77, no. 3, pp. 2013 ,497-526.

26. C. L. Monteil et al., “Ectosymbiotic bacteria at the origin of magnetoreception in a marine protist,” Nat.
Microbiol., vol. 4, no. 7, pp. 2019 ,1088-1095.

27. H. Mouritsen, “Long-distance navigation and magnetoreception in migratory animals,” Nature, vol. 558, no.
7708, pp. 2018 ,50-59.

28.C. L. Monteil et al., “A symbiotic origin of magnetoreception in unicellular eukaryotes,” Nat. Microbiol., vol.
4,1no0. 7, p. 2019,1088.

29.D. H. Nies, “How iron is transported into magnetosomes,” Mol. Microbiol., vol. 82, no. 4, pp. 2011 ,792-796,
doi: 10.1111/7.2958.2011.07864-1365.X.

30. C. T. Lefevre et al., “Moderately thermophilic magnetotactic bacteria from hot springs in Nevada,” Appl.
Environ. Microbiol., vol. 76, no. 11, pp. 2010 ,3740-3743.

31.C. T. Lefévre, R. B. Frankel, M. Pésfai, T. Prozorov, and D. A. Bazylinski, “Isolation of obligately alkaliphilic
magnetotactic bacteria from extremely alkaline environments,” Environ. Microbiol., vol. 13, no. 8, pp. 2342—
2350,2011.

32.Y.Panetal., “The detection of bacterial magnetite in recent sediments of Lake Chiemsee (southern Germany),”
Earth Planet. Sci. Lett., vol. 232, no. 1-2, pp. 2005 ,109-123, doi: 10.1016/j.epsl.2005,01.006.

33. K. Griinberg, C. Wawer, B. M. Tebo, and D. Schiiler, “A large gene cluster encoding several magnetosome
proteins is conserved in different species of magnetotactic bacteria,” Appl. Environ. Microbiol., vol. 1Y, no.
10, pp. 2001 ,4573-4582.

34. H. C. McCausland and A. Komeili, “Magnetic genes: studying the genetics of biomineralization in
magnetotactic bacteria,” PLoS Genet., vol. 16, no. 2, p. €2020,1008499.

35. R. P. Blakemore, R. B. Frankel, and A. J. Kalmijn, “South-seeking magnetotactic bacteria in the Southern
Hemisphere,” Nature, vol. 286, no. 5771, pp. 1980 ,384-385.

36. L. Yan, S. Zhang, P. Chen, H. Liu, H. Yin, and H. Li, “Magnetotactic bacteria, magnetosomes and their
application,” Microbiol. Res., vol. 167, no. 9, pp. 2012 ,507-519.

37.S.J. Stohs and D. Bagchi, “Oxidative mechanisms in the toxicity of metal ions,” Free Radic. Biol. Med., vol.
18, no. 2, pp. 1995 ,321-336.

38. R. P. Blakemore, “Magnetotactic bacteria,” Annu. Rev. Microbiol., vol. 36, no. 1, pp. 1982 ,217-238.



O 3,55 9 S8 U

wlnd S § 08UE1S (o s 011D
afarazmand@ut.ac.ir
1Fe) limoj g sl MgV o5lons by wale ol

ey oo Ploe (y sl o 3)90 (i 0d D gy lae ol (LS8 )3 € SE (sl SLD g9-S9e 48 Cns (Sloj 123
iy Slajline ji 03 (B 9 4yl pldigeen Blial (55 48 i o (Ol Lol (gl 4o (BIS Ll oail
5 555 51 S, Blaal jy (cleadia 185 L dons )3 g Sald a5 ke 0958 Sy A ilgs (o Lbyuo 95155 5 S5 55 o
Sllginiig ool 4 o dpal 9 o0 o)Ll S5 301 sy S po3) 4 39290 (mglis i [pLed) (gl (bl e o gl S

35l (S0 )5S 1) 295 gl Bl Wlsn pole lain B o5l (g1 Clab g (690 158 sl el Ly g 05 dng

05 E9=S90 b i S @ Al gl el o3l
g o Cdgime b g (N aile a8 Lelgs 5>
Oluds g Sl Pl 115 asels 0yl lpie a8 Jbs o
S5 oo y1a8 sitad Lyl gl ol g 05565
@ > 9 5 L oly o piae Lol sl 5990 9 i
e plajlw > aailys pallay (oo slagil il by
s [l )6 a0 clel enles 3 g2 (g G e
Jaie Jlo g 0525 g (e iy il Cuo 3 Jlone Yoo
S (b i (o by (Sl Gladg s g Lacy g |l
slacodas jl 553 4 (il gear L S3 GUT lited
sl Sl 15155 n by il L inllog pLowl pioa
S KB (G o (e 48 WS Doy et
2 lasliy p dnwgiatg) jl Y lagn pin L olyon
Axwg asdodil ) g (lasie ym o Lagl il sl
Olej d o b el sl )8l 5 st Gl
s 53 Lalgs |y dcsola (61,8 9 59,0l mdliae g i )2l

550

pols sy 5 ALSIS ) aial 4l S5 561 b &1 o
obiislby Juol )3 45 0015 3929 525 55 (g3ae sLadles
b Seaiine L)l 48" (Sl 10,15 1S3 LT (sgme
Ml e glygs 3)55 o 0,5 (1) liuin,b Glaial
slolysd An (b9, 5 Ghjeel (o (clygd o Sin 3

Lojl b e

4kl oolaiwl L a S dg b o a8 Jlojlw 4y S8 3U1
61).3 L;:LQJQ:JUHD Hl> 9 Mo “}.*.53 L;LAJ.J?L& Ul)l
S ISize lejlus )8 53U 0 o pplyd (6145 Cwliw
syl (g0 s o il ez slaby) oll
O—9Y 9 dg>90 OMS e Lgld._aiu") J= Lgl)_g B
colo Ly as \_Q(vl A5y 0 M slandoly g bciwlow
939290 &by (s 2 4k 395 9,0l8 > a5, i
LT s 51> lolis g 4l pams s 193 00 ] glidgl paw
B9y ok U 9 Sl Joo g 0] e o (Lo
Olalles 5550 Binil waSiiil sla ol I —w)l

ol 005 ool R «.(J)J]).._MJ

O Slbdes & ooy JSb & 1S5 U1 s a6
Koyl 2lsp 595 33,5 (oo pod (Sl Sl dms i
oy il ] 3y el ollas slacwliw g5 CBaa
3610319 185+ JLas )3 el e 553 slansbl ol
sl ) i g, 18 ooliinl 390 o) JScb & 1S5
258 Gl ol iy gy )8 5 (2l (o BT ()85



YOV | ol g ,s,5 5 S8 35U

Bl s0d 9 g LSy 15,80 395 (aiass S5 dom)d
0o P b o 3 il 58 (51 S P ol ousjly
653 Lol asl e 15 3 48 1S3 U1 Ay Sy
ol ez A iles o a0yl Lo slacled o lialas
Ly 1S3 slagll g g-d pleol o 5> (oglis

g JSi5 ) Sen g az)lSo Lo,

S5 S oy sl 135 o w90l =SB 5LS1
pLos )3 oy phjgel El (Glansly yo )iy sl
dacdgd angi3)9e Plome oinss j| (S ddion ol
LS 5 el 0390 L las) S5 S5 g Laodlgils caslge
(o] sSsS oS ) (oges higel) sy SBig]
Gl Lyl palge iy (old slaasl Sl o 5L
G ol Ll )8 Sialon 5 (3j9-al 55 93 s
g2 oll cd iy 08 e |y deols S oail g )iy
(8255 hjgel S dy (6l S US4 (lamely
5350l 588 361 a9y s sl iy psas 5 (Uls>
higel (b Cmdg o) 5 (ol ol Sl ogds 48
5 ot gl 3 9 (e Ghjgel elasgio o )
plas 13 1) 9" (hjgel Cundg Sl oty A5 ((ogos
3 (S5 s 35l o § K035 9 59 00l )3 o gl

Dy dblgd oIS a4 luSin B go

5 azly) o JBCl plas )3 (imgly iy =S 31T
LS JBlao (v 0y 9 (028 s (535 453,218
ojg w9 oo Slwidy 9 S aelipy cdgd g 4S
g dedie b —a bl e uasy aolie Codgize b A
4SSl 0390 A3l )5S (g8 g gyl pllas g o
2558 > B img sy (il (sl 4Bl jaads d b ja Yo one
Jsl 29— o jb gy S8 (3L pRain (S Lo
29555 (g} Candg yoime 3o g (ol ol (e
45 (550 d oS Slaiagh (Sl )sd w5 2k
98 plainl LBl j5iS S5 5 490 slajls (o555l
Al Py g Ly oS gy (S (sladalsyy Sl
9 G bae Arwgi 9 G j o =58 GV
laans ey Blo 435 o dssg |y o] 45 (Shas
blus bl 4y as (gpas 3 ol gl jalipw 3 )3
=il g Uil enb o gLl oy e g 12 5 92
2 ol a8 (olaedld plad o Co) e alwgy
asl ya i el (Sl s laline 45,5, o
b ol gl g bds gl (o a3 5950
bl mon Jas 9 Sy0 diojls ol plogl e iS i)
i S5 S8 sla 3Bl iyl 4l Sita € s Ly

ias §1 19SS 6ln )38 sl s g lane 5 S
wodlatil e glygds o Sisloyisl e glyos 5 sl b
Je s O (e g gilome slad (e g
by S5 L g il e (glyp solaatdl  Sinlan
NS Bls 51 45 35 53 00oly elyp 95 slidel S
oS Conliy (gt 4 a5 plotnl )o S mgl g bjes]
JWa 1) S8 GUI ()8 et po ailyi oo (s o o
1S5 U Yiazs] o], 3151 gy e Lol (slse] aS sy aiiS
(Sl o e 1550 plae a8 cwl  Slsl g S ¢ 0l
sbadles 5 gosie slaails &l slailly 5 Lacydgio
9 Ob9mal S i Yl 456 55 93 Colim s bjgal
4o Slalgd iz o Labad i (e Ghjeel 9 U2y90
Ologouas ool Slal cjad Coslo fliuie g , LI
Mo 5 1S 250 (os (slacy 58 g LaolSyd , SU s
1= Bl g M olmolBans iy g g o0 48,5 Lol
b gl 5 59y Jlome oaial g Jlo oMo 5 Jilas
092 P Jie o3l i Jaal ) (i ) S (o
~Legl 00 s g iy iy o L — e linSin 8

WS ol Glas Cenl

9 it il pole pale o pyle lasin B Al bgs
Sl pode (slmog)S 01500 48l ) Sae 9 (55)9lS
OL\JA_,.Z.»",\J‘ g omanasiio L (glac goomo s pd Labad .ol
i OIS g Blo o &8 L33 15 35 5boS slaais,
SS9 =0 a2l sLa ) il piliae i Sl
WMo dliuno 5 £9d90 i ol ()L S5 (S)le )
Sl S JSb gm0 3 g Wls 2y b B j9iS
9 ey (Plaws d gsle g 4z )LSH (9,5 6l S8
2 9 5y b liuwSin,s jl aSlgr o Laolus (5L,

Aol LiSaly oS o M Blae > 50 does

by g glis d (il s S8 lall (b
Ol a dgamme 1) 355 W0ls 5 Cnd LSS Ll o) ae
9 slaby) o el (glie (ol 48 2 oS (iaglie
oM Bls a8” s a5yl Vs ¢ byl 25 4zl
OBl ()l s M itio g Ll Jlamo o yidis dnols
il e alossle (8L e i o 48 i swje (gladyd
WS Pl 15,0 40L Lads a8, S8 Lo 561 o804
w3 sl 393 3 1) e 5,55 5 Lo paass |l (e gite 5 1590
LS g 05g (awss SO b (ool sl s Jee sl Ken
5 55 Sam JS5 & e 4 38150 5 e o




VF o) b g 5wl piuid g ki o5lowd |43l pgle 20U | VOF

9 4Bl anwgs A aol 4 (gl )g a8 Aiiwd 93,2 5> Cupmidy
Iy dod (S50 9 0 o0 gldtio ls > 4 dawgy Jloyd
gobaw L3l e )3 g gelsa (e 9290 (Hlios SIS |l
loaygle) 5l oS4 05 el (slamolayn Sglite il
plod o Col (egiiae oo Jliond (sLd pteo sl
e g a9 Sl o c2ge o g claaidl
Crl S (o ghan (hgh Cokilgd ) (i (6 450
R B e S T USRS L
2B LS g joleie claolBa ool aiwily Slaa 4
oxt] g jorel (S ) (Ssian s sLed )8 | polocie
ol Slas 4 48 1S o ylols |y (siaion ]y L
ol 3l oo (sl )85l Jliil (yeus g ity i Lo )l
OSoo Sliged @ (ot olii sl s 2 BoBy L 69l
L ity ol Jlei] glacal 51wl g dblés (o
o3y )8 Ul gl 4ol g () 4l (5 (S5 4
el Jio Lo )3 (o gtuan hgd (59l Sl (saso 0)pp

AL

U1 oyl gl atn cdrwgi g B9 o] S8 3T .S
o S i g Sy S5 ey i 0
2l 45 39) 00 sl 4 pre (658 sLasles I (S g el

AdgS ol oSl L)l

2 el 556 L oM g (S5 S S8 551V
Sl Sl 515 Slagslons 02 g 0318 sl o]
S )lon (e (S8 ) pye slb (5550 g L lans ||
9 <obd o Bgye (il Lo glan ¢yl ys S Dlo ¢ Sghe il
S a9 oy (i )L 48 col (Sl slagylon
= gylow ol 4 Mol 3ylas 5l glodas yisu 5)ly xoles
0ox donb b= loyd 9190 (clmais o (1Siw j dus 0 g
o jl 48 e goge el (68l S8 (S0 S
)15 P35 g (Y gl &y dlwwgn g5 9 Gbjoel g LiBgR

Ao duw (pl Armwed g — (55 m] hied (T ,SE GLSTA
39408 93595000 Jlomd 4 galg daogi (Sl Sl jg s
ozl (Lol 5 bolad e Ll 51 S
cmoly Al dxwgi (gly cplply S byl 85 5 00 S
o)k 53 9391 4155 p dw (ol (BB oo Slacbiojlpen
5 Al do Sl MlS WL 50 0920 aolio Coyd (g)ldys

2,5 Jose aliatio

ot (Sl peSs carmwgi g gt il oS SO 5514
Al el Jol 5 Lgy cpllw daols SO 05 a0 4y
5 oaSish Sl as ciwl dsg d)50 (g)0 8 (SleSs

Sedld gl p3Y sl )l al)l (gl glaly g
P9 9 (e oy llas Mo L — 8on (15,8 9 jg o
sl - slelia

Cwyd 6)59-“’ 9 Sl drawgd g DL@@')& dl—" ¥
O3 il Jto 5 5588 IS (goluaidl (clmasl
olySaio jl men L U1 o) g3 el jo kS axwes Lo
il sladol y (slasysd oS Jls g aiblS ol
D)8 a9 dlpddig o i i |y oS (g3liatBl ax gy
S5 g 50 adunl colo mb (6,58 Ul s slasl pajl

.—\J)Lw ] )J )9_.45 Az_my d‘); — 9) d)t@ﬁ] L}Sl D)A)'s)

093 r S guan (g 9 Jled (55 =SS 3510
Jlzms (555 bl 5 Cuenl ugele Jls (JS5 2 Lig S
ool b LS el den 3 cloinl 5 60,8 (S5 olsl o)
NSl laiz ggd90 Cpenl g e 48 I gl g
OdS3l pole lnsinyd il (L5 slagwys 295
VA998 (6 Sl 03508 9 (595 UsS sl angi Ly
b Mt J> 5 3)95 5 1 |y glasBas slaacls
Sl plSin B ol cwl 038 (i iy s)ben (2] )
sloygd 4 (Sgie sylew ol 31 (b ol copaa
o MlS 4 s el 00,8 0 ST (VA0 968 dmd) Al 03
L > (555 03] 5 Jlo £lidg) pays (sl lioss colons
Jol JLwgd plod ) o2 40l g Joulljgiws (o ai Lg S
R gy Py 08I S Lo i U8 (65516
Sl b a8 23,8 ity b pode 4ol slaoylaid
Sl Sy (53 gL wLd) aeS 58 (S g po-le
YA=965 (6)=S Ao jl (b oS 1sS Mo ay sl
S5 g p5 48 A5, V555 L ()93 53 (S5

el Glien ]

RN R i s O] Ciio Slas ‘Las‘_‘)l_wjl 9 C“"?
plos 3 0y0j9y (Sj )bl > Jlizws slaasliy Juts (s
Sy 5l 45 UgyS > (ogpg 295 o el 039 =
03 yiwS (655 dod MILS gdo  ills 4]y oy y0e iedyu
byl SOl pelgr plas UlpeSo ol ) (36 s)loss
ik il 5 g Blwe o sl i e slacins
2 Jlzs il 65 ) A g st o ppe pSBL L S0



100 | ol s ,s,5 5 3 35U

Mo g s i bmlasye Sl pole 5 pole laases
2 5528 ooy 39l lglyd M dne Jo )= osmi
cooluol g ailiol o5 Ladls (cla Kol 0L of ol plos

LS 4l

A3 LEUT ) w5 )3 ddo o)Ll

ob L;)_i.é LngJ.._wLb )’l C)K‘"l bl )_i.e Lgl_méb'l
5 Ol 8 095 sLidel Gl 13 535 05 0,40 drels 2
ol bl ;S8 ola bl o, S eolat wl s 5 0 5 g LS
Sl o B €8 5 g5 5 g g e 5L
s liuaass )US o wad 4l Kdiwgn 9 (s4aP LI
Sboj Joled Uy i ed caliads o il )8 ol yg00 4
Ombbe slajls o Ladlyg, a BB I L sy JSis oS
b —cewlie alolle L L —alab sacwdis U e o)
d‘)] U ecslis ey 30 5] L‘j uie yf eyl
Oldllas gl Wgd Ol g odid pb » S0 Sl g s
EMbl oy S yloj oy 50bsS 10 sl o3, SE 5L]
2155 35 Ll B 59 oasliwy () )lS cliw g oy lheswlia
Wb Laasl p oyl g Ao 0y g0 Lol 5l iatie g Bge )
b eBllasil 6 Lyl) 5 ay a5 g laisgos Ladld
Slagy L2l 3 Sen s b 55 () oo g 2595 Sl

pole 9 4ol pole gl aligs pole (luSin b oSy
Yojls el amals MS M o 9 Jiluwe 5 sl Sl
sole 9 S8 dasly 93, (slaa ol (D] Sen g (6 Sdon
9 o=l o e sla)l S5 Sl iy Ly el
Sl JSaits ) b pole lwsin b pgle (Aol pisu
&2 RS ,LS ) 93 o plaiesdonil  pliaasiie S3
9 45L IS Pl g Slegdge ol yd ) S8 2l L5 0
ol oy SLize Ly 0585 050 iy el Al
92 LS ol pole el st ojlos )3 Jolite (o) Ko
B aoM ldllie JSb 4y |y gl sy ile S b
Ly M-S a8 S 48 S b 93 odingi ol 03,8

Ol (oSS (690 Vo dmd 5 Cl 355 s
QeSS 3 i dnogs @le |y Sldl pode g 4l pyle
92 0l o BB (gale jlw (Kb 4 g 08 o (Bpna
Slasise st ) ol sl 3,8yt |y psle 5l
L osie L oS slelingss 4ol pole aab ¥ oyla 3
VoYY oyl 0 o)lasid) G (B Lo clss el ple

el 01 b by o] g 5 Ghisel sl o0t (sl
2088 B S JSis b wlgn po pole linSinys LS
LS L]y Sg0 g yuastie (A Ay oyl

9205 S i Ol i S sl S
5 23Sl glo)lS 5 Lapl 5l ye3 4 0k ol y2
Ay S5 dgamme |y Lael CoS 5 dg5ungs o uil e
djluiee S, 5SS LT gete 9 )l o pol 50l8
S opl Ly (eges pallar (slie Ly 1S3 (slagsbl sl
@ Reme — A )Se o L ilgn (6,58 U o a8 e
Oy Sl mlas e (GWlas slagpeld plot ol 4
Mo LS 5y d)lSy (slo3 gl dnale (NS Pilows 4y
5 s plod 53 (Bisel g9e Siolatal (bjgal 1 S8 5
So phigel L ele 090 S Lo po (g0l ol ] oL
5 cyiold JLasl LS 50 (g0l s eSS o Laooly i,
by 9 La S 05 50 con Jolid dlalee (059
2 sl (relonly (T glad > (slad Sog, ¢ disel
5ol sl by (sl il e g e il LS
ol (S35 S elym ol 8l o5l ool g amels (gl3, 8 g
S5 0l > Cl e a8 laselr 9095 Sl aahe
Ohigel 2l Jdiar 5 s Sglyl amaly g 3 0
halls adsio s Jle (bjoel g s s (bigel e slis,ho
2l (a8 53 Bldgy o 4 NolS glgys (g aiBlas
b amd o ylits a8 (oolimiwl b aSil 0,8 5590l Ol yg s
ozl (505 S clag 53 g Wt (sl A 5 Lo
Salon JSU5 & G dnols )3 4B el iy (ladys g
s le U als o Usygps Ly 4l dian LT 0565 0l
25 sl A5y, 551 Sus) i e Lbjeme] Sls s
Gan > Sigel (cla ol5ans ) aS — ol dwyle jgal
ey —bl o Ol 4 el (Shanl ads o ol Lol
oS G2 oo U sl Ly g (Sl > (390l 355 JLiio
P39l 3 Bl et 4y 29500 JLid Saiadan g S je
sl yy (tem g (B gy slmojgel a3 (e
0 lyen g laban ol il (Bigel 5 i o el
P9 JU3 538 (A8l slail el Gilgte (IS5 4
O Ay 5 Ghael s 4y (63,50, iz L 4>
ol 5l i 58y Jam Sl elazal 5 (90,8 o o
2258 (ages sladinie g (63,5 Sladlasiul 5 (SWj
Pl gy Cwpd ey Ly g a8 (6 Sl> Ghjosl -l
255 (g slajls gl (B g p5Y sy (B 5wl S
Ssiy aeby dinjly Lalad (Sbg) o () 251 ol 8
P03l 255 b Ghsel S8 GUI el ey a5 5B



VF o) b g 5wl [piuid g ki 05lowd |43l pgle 20U | VOF

#S8 Glaghl 658 ool sl JS5 S alay ol
oS (e (gl 5> dliwgn Cdled in L Sy,
5555 Jeo (055 e il () ol

il Lol ol 9 295 ) \_e(ﬂ I o puo

pole (lnSin 8 50 (6595 S8 Lol cosdi 5 by
Ol yeidgd JESN )9 @ste Sl 3,05 45 care Sl L
Jo e 3l o Logl L5 aily 528 oligads pli
o1io] (slacld (ly (65 0y sl iz sl Jilme
By (Sl ebleiin ol jl (B b S gy 555
Sl ol Csbly (g 2395 909y Jliwl pie L L s
2835 9 = welae ey SO i) (i 48
e, Saly i a3l g Mo 4y adBg o (yauids il

2,15 0929 yS90 g (- Sme

Sl mde g5 4 dlie by g5 Ay it ()0 adore
ol g A (o 3 4@l ) bl p pode (lnsin 3
S s VA= 968 (65 ded a3y, b ol ge aieS
Slaily e85 )b el pole | vz 5 Sl pgle ) -5
o) KIS (g 5on S Jilas o gl g 2 o 3Lkt

b @gyms S 1y Lagl ool g ols 5,0l 5
pei QT cbacl ploi 5 5 lwSin 3 Cu e ol ael
Ol 8 (S8 ola 5L plad o Salod g Siwmod (o)
Ol jl =5 Lol gl slasl s 5 5 wily Jodll 3
JoSS g 005 Sl g il pole luieia il wis 93,0
i S a8 bl 5 a5 5 S8 el 301,18 utyl g
05 Jyed plae o 2 9 4Bl JLeSas 9 pa i
S5 )8 b 25)9 s )5S (cag Sl Sl



B pubiio BT (B yme g (0155

OlAR g 35
A Sl (Shudijl) (ol i e

oMl B ylralle 15 Dl phe 7,1 89,5 oo
behzadmanoochehrian1401@gmail.com
VF o) Gl g sl MgV o lowd auly ol aoli

2 Lagpwos S5 5 i lons,S aile a5 om95
05 il il bl y 8l Jlw s luslyy dpe;
S oy ol 3l Ly oSS 5 s 25l playe S

el jlgil yolas ol pl Cludly ol
oS Bl g b ol I S dlsessiy ol s
Cygody Sl il dieej cpl 33 35590 sl wlS L e
S b el gon Jlo Son Sl 0 i g5t
38 g jl ol slam iz (595U g Cd g 0395 10095 0

JL«A}M)») ul)_J] uLuoL) @)bw)ygwu dl)-’
.))lya u_s).» P Cwl USM aS cowl )Lu L;.{Laao.)b 4 VALY
38 Lol 53150 5l (6 )l y3 5 Bl 0 it (gjlome

sl )b lwsisins? g)b3)ls 3529 (5155 Mool
9y Blo & bl @by Baa Ly ol 0l >
s Sloss s olee o) sl oLy (Suyb oo
D% hig—el 4 (5955 4 & sl (olinul Lkl g 4
(sl clacyld 5 Gl g des 5 da Jl s Ladlis



VFe) o) g 5mls | wielid g o3 0)lond |2 pgle 20l | 1OA

J555 dgy 5l Wley o claiaS 5, S50 90 30 o0l sl
O3 & % s8> ok lacyld | 355, 89318 5
S iy a5

pledl L a8 crwl VF e e o8l o lusly pyw als g ie
@ an L g pbsl pgd sy (gjluwelel Ly p3 4l
obliwl (olagSasS Jolis ¢y Ban] (glp aiw 9,135 el
s o)Ll Lagl an YU > aS el hlwl 5 am Jous
2 ot 2Bish olusly glsgl o)luys b bl ool
oS 1854 5353 wmlag 8 (bl csla L
S ey A Jlaw G o aslgny U] a8 asl
Bl wlusly glsgl o)y 1y bliwl ywen cly bas

g bgr BS54 IS L ol

45 o ilwditine Gl 1 ade (e)lor 05y S
Tk oloyme dliwgd lagSiss Jold s oad i
Sl g ooby gy bl 5l o5 035lg0 b e (65 ludiione
uu&w‘b 9 ubgM‘.) Lglﬂ UP > 4S cewlbelisls
035 L g8 oyl aals] el o150l IS 5§ o o
A o g pgd sl dn ) gl Gl | 505 (5
™) .\_tb|9> i DJ_U] olodiny 8, 15 o)L o

S aS obaglyie sl g 2y b ool (S8 v aay b
oS ol opl by (i el a5 asls Lagl 4
St o S b sl oy el byse;
il il s lej Jla

Oz gl dgame Jlo slacoles Ly (s g (Lo yxe
ol 00 u,mb w.».\.,l)o QlS_ou_a:/ e )5 )'l

oAl piitie (6)llgl ©ygo & ST &S 2y b ol gl )
olsiin oyl 30 a0l e ie .l sl o)lsiis
CiliS )b sl olgin pl &S col S cowl s,
)‘)f)) ul){) oKy o \WYWYO JLMJ WA.Q(JJ)] )2 )5) dw Ol
Lanb iy egie ol gib a4 bl isew Cse ol j3 5 0
5Ll oles U909 atslw o ooy inlen ol e
5! wii)l)'f o (& 5lwdine S 4c goome J9| A bles
Slsly go,l (g5luwdiime )b b e g 0dii e )
2o 3 |y ke N (ol 2B S el jolee ol
ool dy gim Basimghy (ol g i )y 8 pols s an
o W5l ol yo gud 505 woylgiiin ol 5 L 4l 5,13

A )|)'§)g u')—il 5

pod Ml lgie 35 je 93 53 Gl Cludly Cmidy ()
gz elngStiS ol 4 sl o gjlusditns (sl
4 03 93 )3 (b JLb g oaba by oliwl 1 oy
sl gLdgl 033 48l JLus i g g 4ol
oa il aslaslyyy , Souss Ly Lo Jols 5 cmm 4 ol
U590 Sl o)Ly ylalizl oyl ass] s ey L ads o)
sl ) Gimgh @Bl 5 by blis 1> Glusl,

Ol 4o bgpe ;503 Clegdge slo)ls 5 (539)9 Lol



poke 9 Oldl ) gy jlng )3 (Fod g 555 GBI Ol Il e
(ECOSF) 551 ple slis 9 (UIMS) (o5, pols Sl (gbdyoom! asdlosil (ljuo 4

Vo) ol 5 sl AoV 8,)lows by oole acl

Lagrangian density for Dirac + EM fields

- 1
L=ylyld, - iezA,)+ iex(xany )y, pd, A, +m|p + iz};‘.F‘"’
where # and x are two coupling constants to be decided later
* Euler-Lagrange eqns are:
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* These eqns are invariant under the gauge

P = explleyfcnp,
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3) Left out restricted Lorentz gauge from U(1)

*C | U(1) sy v leaves dy s
invariant under a ‘general’ Lorentz gauge and imposes the
standard minimal coupling gf Qi.to,the EM 4-vector
potential, A,

* One, however, has the option to ask for invariance under the
“restricted’ Lorentz gauge. This invites in a coupling to the
derivatives of the vector potential, 6,4,,, beyond the

minimal coupling. This enlarges U(1),
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10. Common Core State Standards (CCSS)

11. Science, Technology,Engineering and Mathematics (STEM)
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13. Director, Office for Central Europe and Eurasia
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1. The further Mathematics Support Program (TFM)

2. Math for America (MfA)
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6. American Mathematical Society (AMS)

7. American Mathematical Monthly (AMM)

8. Society for Industrial and Applied Mathematics (STAM)
9. Gilbert Strong

10. American Statistical Association (ASA)
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12. National Council of Teachers of Mathematics (NCTM)
13. Joint Mathematical Meeting (JIMM)
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1. No Child Left Behind (NCLB)
2. National Assessment of Education Program (NAEP)

3. Jared Wunsch
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Delegation Head, The Academy of Sciences of IR
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1. Eric Zaslo

2. Austin Texas

3. Michael Stardbird

4. Inquiry Based Learning
5. Gilbert Stad

6. Massive Open Online Course (MOOC)
7. Savita Raj

8. Manor New Technology High School
9. Beckman Center

10. Don Saari
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Speaker

Title of talk

M. Toomanian
The Academy of Sciences of IR Iran

1- Continuity creates topology
2- A brief report on mathematical
education in Iran

Prof. Don Saari

University of California

Using continuity and topology to model
human behavior

M. Mirzavaziri
Ferdowsi University of Mashhad

A mathematical style in fictions

E. Reyhani
Shahid Rajaee University

Problem solving and problem posing in
mathematical education

N. Asghari
Azad University

Early algebraic thinking

G. Haghighatdoost
University of Bonab

Technique of  mathematics in high
schools-positions of mathematics, goals,

programs, methods and teacher trainings

D. Braise

President

Elect National Council of Teachers of
Mathematics

Creating and selecting mathematics
textbooks that support effective teaching
and student learning

G. Duncan NAS
School of Education

Good in math, good in life

R. Heidary
Ministry of Education

Dynamic Mathematics software and
Mathematical modeling

R. Devaney
MAA, Boston University

The Fractal Geometry of the Mandelbrot
Set

R. Z. Nahandi
Institute for Advanced Studies in Basic
Sciences, Zanjan

1-Mathematics
university students in Iran

competitions for

2- Constructive Algebra

M. Jones
Editor, Mathematical Magazine and Math
Reviews

Opportunities for pre-college student;
Circles, Competitions, Fairs, and Longer
Programs

A. Rastegar
Sharif University of Technology

Mathematics education and cognition
types

D. Haunsperger
Chair, Math. Department
Carleton College

Building supportive communities in
mathematics
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The use of historical comics strips to
A. H. Asghari engage students in mathematics and to
Shahid Beheshti University, Tehran help them to appreciate mathematics as
human endeavor

1- Modeling and application in Iranian
A. Rafiepour mathematics ~ education ~ community:
Shahid Bahonar University, Kerman research and practice

2- Mathematics houses in Iran (joint)

S. Levin

Modeling of infections di
NAS, Princeton University OGCTHE OLINIECHOnS diScases

Speaker Title of talk

S. Eichhorn

P ing Students for STEM
University of California DS SRS

A. Abdollahi How to teach matrices in information
Shiraz University technology era

ML A The necessity of philosophical

e approaches in teaching advanced pure

mathematics

S. Gholamazad

Exploring Mathematical f th t
Research Institute for Education Erlomingg Leennitoal prself e s

.. . self-dialogue
Ministry of Science, Research and
Technology
K. Alishah:
Ays 2 .y . TBA
Sharif University of Technology, Tehran
M. Rezaie 1- The nature of combinational thinking
Shaid Beheshti University, Tehran 2- Mathematics houses in Iran (joint)
J. C. Falmagne Learning spaces: the mathematical
University of California foundation of ALEKS system

H. Baker

D trati f ALEKS
Director, Customer Support, ALEKS emonstration ©

Representative:  International  Visitors Final administrative details Evaluation of

Leadership Program Mathematics Education Program
aS S g 1y 6yl aidle &5 waaS (o)L 58 sl s slacl Jai (90 ()Y iS5 sl da Sl s plodl 1 sy
S Ol oS Gy dn Ty aly ) g3 ead Sl Cllas o 4S5 15 Lo i Il (sladel s plod 5y9-0 53 1) 04,5
pile cndle Lol (yoty 3 dddony gy > VY 2l Caleg p> B jgbl 1y (63)lg0 5 45,8 ol ekl

s 93, o8NS 53 (ytoghS Vo dgdn) s ol gl o313 09,5 (cluacl a dlaasly ool )3 09,5 cluael 8 s



WY | S slaolsiils (b ofobins] 1 o295 &8 55 155

a8 SLasl e oo Ghygry g bigsl o)l Yoaxo
5 Lacdl) JS o)lsl 53 1] sl )lisks duyio )3 Sjomel
J..:.;fu.o Sy u_JU L;Lm)l.x}l:_wl A_sl.» Lg)'l_wdm C)—l"
Goyb 5l e 50 ligel il sl 00 (6wl puo joim Jo
N 3 9 S (o0 y9y |y 395 (9> CS il g g oSy
o S (o Ll ples Lo oS (o) (sLefyp st
b o bl g oo)hie ) (w93 lafuad s (s ]
seS i 5 Gluwse ( L) sl ylsliwl b (o5lu luer
GBS (g ioma ¢ o guaio diaS 4l 30 |y wys LS
ol Bb sl (8L edse yo a8 (o (b)) (e
S e A bl Al bolSisly 5 (S 51 s,
3 g dales €855 plakeo (ol (slaoygd )3 Jluw 9 U
ssel iy o kel <l o olre jome )90 ol 0 (TauB
R oy 5 iseal oS s s 34l s 5
BV P UREWEN R 62 L VS PUN i+ N1 WO
bz 93250 ol 4o S ) eyl Cpgmo d (B,
a9t 5 objgel ool sl ) 55 (Y gjael il
S sl ar il Lige |y gLl cn i g ol g 0L
s )1y 09,8 sl o 1y ol s el jlg s (LS

S sk

2 by Bme Yoo &8, 0L jeadll (ol uilyais )
..)93 ol J)lﬁ 9 u9> )L_w.v ("_da_w

Olaase l_,,wf g o9 € by i9el aeliy ol -Y
o wolS_ils Yool 5 5 plogl 5538 5 oy 3l Ljse]

Al ol osgel (6558 (clmoyed (d,S audsb a8
l_g '\““"@ [N ol isls 9 u.u)h_n 5 L':—’9> )L_w) @a_w
T959 415 A Sl el upidl 3)95 50 457 (S oL
J.Cwa )9 Lr»} ‘)15 a 48Me 6093’{_9 4 ‘.l_wup ol lin

Ohigel pamaie Az yn o3 wlad 0 48 cugll L -f
SRS ETE L u*’)?—"] Floe oy (g asvgs (3L

..\.;.)5.3 é_u:m Ppsvaw 5y a8Me u»)l.\_n
Oledro )3 3559 by oyl ciS 4 (o dsg
u.g.llbb)}) U_Io O ¢.\.>).»§.» LS“’L’) u;.uLm...[ L\.u‘ .Ub u»)l.\_n

di 20015 Syl g iy S Syl el yog) sl )
b asgo nl a3y (Bpma |y 63,)8 5 LA Ll
25 Cenpgele L €md oy ) o dod (0 e

el 4B 5 S

gpode podgns b L alusl, fuo Jobs slsgl -)
SIS

wslaids y oy Sladd 0je dlow] =Y

2y slisyly i) -

odize Ly (moly bLS)) 2)90 ) T i S oy U
a9 S Copne SQid g slein] pyle (S
o)l dse ol )3 Loyl @38 (155 0 sl (a2
Py ol WM (055 5 2 s Glusl ) dwwle A0S
3590 5 (i Oligel il g Glg efimo (gl sl
ol oy ioren WS o 13 Camino o sl 5,8
2 oledl g U (s « S8 Kin sloyeiS Ly (S e
sloyg g Lo il S Jols Yl doliys 0)l> plasl couwd

ke Gloe an syl sl cowd o Sl

Yo Slp 0 dwsin g U1 Jolss —

VY jub 3 Slule 5 SlaS 5 dwsin o (e -
VA0l > Jle (2L -

3,5

29t 5 Gl IS e b ole (ot 3l drex 55, VO
btal sl o o Slpl) slgids U BT L palls e U
5 355,8 quymds |y 8l Gy o pbjesl (S Cmds
S0l (b gy 5 Ghjamel yB5 pd o 48 uiziS
Jeas Jitas 5 40 (5 el €U IS bl dsgosnos
6 33 393 5l lakes bl bl oy a8
5 i phSl g ool ol Uy & yetia Ly S o]
ololes 3 S5 o i |y glabes (IS Ll 5 Lo
e 5 a3 gyt g el o o SISl S
15 lxe lalse deacdbl (5 )30l s o, Laoslgls
A ydo jB yde Nl AL g3 dwyle e
S 50 S pb mdae y2 (g9 S 35 A L g Jl
il gl Sl by g odro L) )5 g
2o pdre y2 00158 ane )3 (bl gl aoms S e
@ e JS o)l cdy bl Sha LSy Jlw Jls s 5o el

DS oo (il gledse ) g aalpe jlis

1. Institute for Pure and Applied Mathematics (IPAM)
2. Russell Calfish



VF o) b g 5wl | piuid g i o5lond [ 43l pgle 20U | VYA

lyog5 gl .ol g0 g o 00l ), 8 Lad) jo oS SUIK]
D09y b g s S5 sl S ey Ly g 0SS jas e
.\;).5; sL l) NI L;L&’AJ)‘J)' ua.ou.u

=oby pole lagise p 03w Glii>s plogl g o k>
ol ddon ol 5IVY0 d ol y ol

eyl ol plgime basgs &5 dinz y SIS 51 -1
Sl an a8 ool8l el oilwonlel (clanoygn i 4STs
P Sdg 03y S IS L 5hy (68 5 oad brasallglé
L4 39 (2l pealad 9 ()5 09 i slaslip
0y99 (3=l plasl L a8 5,5 0 oo Lol (o) on

Aoyl oo el > alxe joxe
90yt sl ylojliw lawgl (ladeliy 48 Cdld D4y

09)5 Sy yoo
olsleg @)%
u“élﬂ} &5 )

)l 4SS o) s cdb Jls 45 W5, alre jooxe
&y Jg=5 2050 (g 0 avogs ol Gagr 9 5ol
(ol 0

loasly 1> 3155 oo 31l (poylie g loyg s Lncdl] -5
pas el S a5 djde joal 5 (Sl GLBOUS ((yd
CILTPE T3] g el 0128 15 ] 3 M | Sinlan
Whigy ] skl 4l (g5 2y 4
w85 Hlai )3 gl ogyd lgme slim ]y (b JBls 4

g g0

e pode (swoaStils )3 (ol el slaaol -V
Sl by clrog S 50 Cowl yipg 48 D5 0 1y

Ll Jb 53 (b sl ()35 B el o8ty 3 —A
@49 dmd oo Cuanl (6)50b (SSe 4 i pes g
Obeily sbcewd dbwl (pl o 1S 0L (g 4 a S0
Sl la gy L3l 4 pade Iy e il 593 lawgy clidl 4

2525 8 020 s gy (6750 g o
9 eI sl Laojge g (Kijd (sladegase il -4
31 05L A 9 dw e o5 iule)] A iilers g 39 05 jgal

9 J)ng L FLER M‘? [99_1$ 0}9_4 9 )_aol> u|)9_n]uw|.)



ook i 8 o 4L 059, i Jisans 155
1255 o GG 55 33 (ol gali oSl 5 A o i
VW IIA el 5117 oo ! pgw

V¥ um)’sﬁb ‘A5V b)w d.g'b 'aglc Aol

Olrl o (owtine g (cond oBUimg}y pud 9 (ke A oBULD (pole i gide Slad sax]
oD yoydo cCaouo Cyljg \Siidghy plde g duzme =Y
P (owdige =18 Sullgn opde Sl ) g (ko Copie Glojlo ale Sl gae ()lizy LS Ladllyl -
S9kd g lisios cpole )l55 (dmghy (glas g (g Agd oSG (ole Sl guae (dlo oy Y

ol 5 Jlw s 5l i coad b oplre 5556 5l i
o gSiw U Sed yloyo jl dlw jlia s Sase
dlge Jlainl g =lad 183 53 )lle e Slwlis b Sk
po—w 9 45baygls Jol (bt 23 45 ) o d (See
4»)) cd.\xﬂ ool ty A (_;{Lwl.w; LJ u_:.ao[vm ..))‘.) )])_9 L_w]
B pelaislng S o) plag 2ol (S el
(silwpledlo jlenyuns b 3 Sase dlas 3l odlaiul
S y8 gl cgjl s g 09l Jog col) slmofg
Age plos g jous SO LS gl gl coY cd L
Solwl ol g eldd anlis wlyon gla b5 4]yl
U S (Sl olad 5l coMw ojos g (Sijy pols
3 (Pne glio g LadlS @lpdd g (Sdioliin g (gjlag)ls

A Jdxe dlg e slad )8 ) e Las

039381 3, slon) (8 il jein 48 il oyl oo 4SS
Dyla5 09 g youiS 50 Same dlg o ol 5 ool ol (olyy
L cl ()9 1T 050 (93 pLS a jgome 10
slag)b (i g (2 Lngh ( L (Koo Glg5,8
29S8 ase i Lly ol )3 398 4led (il op
) g 15 s Lo & e g St
Gl 0030)5  Sdme dlao Slea i o e dsels dLs

Slsow )3 Ul e bawgi sawd 4yl Colwe aods

ol Shjm Erivo (raegd Lalgi (gl = (obend iolio
g Y0 ek cin I Gl 48 390 g
oAU e las Ve sga s ke an g Sles sl
Sy olio ol ey o olansl e s an |y flas b
2l 5 prasis Sl gy an ang L ol joiS
iy SALD) g (oo ofagr Lasi o (i g pole 4l
Pl i ;B o3V )38 g i 1 )L b ol
dod W ke an g e b B B o VWY
@ Sugl (b S 213 e Sl i g Pl i
5515 S osisS (el lste o)l poluail o)l
Ganle golio daf¥ & tonjos Conmusy s bionS5,% Lot
53031 sl iy (o et (sl cong iy plas
ol wre Lol 9 oo gnome 3o o o SyuiitS
3 sl ) e 9 o adBL A )0 ()b = (b
5 bl cglailato (slaye S (S b aculie o il el lo
Lol Gl i 3)95 2 (alalujo (i 148 ()
S92 90 Sy 5 b (Sl s cpl 53 sl cnlie
eloyoiiS o Ly aialio ) il o ol ]
Loyl ¢ )l —(olon gl 0jg> 53 adlaio § 9, diy
Oy Cglle Comdy 4 (pbewd ) cwlie Lo paly

URIRVPES

o5l B3 5l g 0yl uppd Loy i (yeey Cddige 4 )0l
o g iz mlio §d (Sdee dlge gai 001w (il 5 Sse



VFo) o g el o @ik ol sl &b | VA»

wei ) glie jlosliiwl g (g3 pls Sl ) adee (2l (g
ool b 48" i go dlazdl oLid o obeyeiS kel (oS
9 29 Sa3b o) 9) o) Al Sl (9,5 )]
& pole sl aelyd oS 4 SOl Y game g

A3y9
HOIleindy 9 (65 ot

5 =hRen Oygpl (o el g il 4y
O3l 5y 9 Como ©ylig i yljg JLsb 8L
o=l Soplial g goply 4y S b e
ol ploondiopy amlio )3 (35l o)) 9 g0t
coel @ball (Saomg il 5 Ll ias slogh
5 lnolStils alols ,ials g 4o o Uy Jolss (sl 5,0
b Al drels g Cixio U olSings

g i il et adlas L el (e Shjos
Lol jo Gl slsol 5 (—iolel slap,al 5 osliul
wlod pludl 5L 5)0 (Sl gy o A Cud
sladel 5 (Lo 0jo> )3 ()b pls S5 oui] )
2lysaS g Cdly amless 0395 8l 3] AseSons (53,

Sl (o paBl Ay mr Ginl il G 4y 48
A dalgs KBl drwy ) caxs jled sl (ol

9 ‘Wﬁ)"’ Cxuo Lg))_;dbl) d_nu)g 9 N ()-’9‘)" C’)ﬁ)—*‘.’_
o oy s (RS oo b ()l 0,590 9 4l dlgso

9 (BB ( AL K3 el s Ly el (gy905-
b 353 adles (olae 0jg> )3 (sjlusison slagyb (iate
Lo Cylig (65105 oy o

Sl L5 (pme jl digyy &g (Sidne dlgo (30, 0 )
g 45,5 L 3 it g () s 5]
O3l g (Hne @l Ll (A a0 8L ddpa) (i
Al Sl an (550 00> 53, S0d (i g 03938
Al

ol qgilw Sonys ‘)5] 3l Syl Sl oy g
ol 5 (3j9el (sSUsS gblie 130 cxio slaadlse
2988 ey

by sl (Salel e i 5l liio d9250 o9 (i)
L;L_w‘) PR A.Al.»).) 9 d)]f dul.n)_m ‘rn)‘.e(? (R uM_ml
Ban b i lacubl aswgs g Adgi aslygld Lo clailys
sloinl g (ooliamsl i) ol imio (659] U jlesles

danliio ) (se gmlio (gio) (lre o 3l JLs
ey oo g ezl 1l (o3laatdl 5 S5 ela i Ly
) ol 925 3Ll s Sy 393> 3 325 o
4 Csino g el prew (Hg (A2 03— (6550 ST
Sle) o3 VO g o O/A e (2 BL uJes sy
bl e (W 5 oL adgl slgo plod 008yl pg )y
e 3l diuagy ©jgma (Siase Sy (8] 0 )55 lilie
b5 i3 idnn el (2 o 5T sLal U
o ;13 5l (A a0 y8lasS als yo) (iS5 395 e
o ()i 0je 3 1> (S g 03938l ()] g (e
2 lse prw el ol el olidl ol sl o Clue

S slgs (golal o5 )

aalad pae 5 (Saomy il LS bz )Ll Shs )
2B siio 3 (ol Dl Sl (G ol S35 g S
T Jd G g dnsls pylae (inie B slamblil
2 o5 Slasygld jsal g (s5elen)d Aoy a8 cl
(9Bl S5k 0 (o ghas Ghgb (Sl 0je>
(lbord golio g 2lg «(5)slid o o agtlyS (A3
P TS g copie adg pla S g Ll oo it
Sl s sl 03,5 Jyotie (5)9-iS yb g Cnlo yn
-8 g e Moo (6)ygliS e bgn o chiabgn
iy (oloond Slge ioBgn (loyd g Cdling g adgn
Sl eyl Lol g S (5 slag)Swd
csimino M) glacdy i | adlas . Jliows )l g (o
b s ol |y s il Ade 48 st ¥ s

dalw clag jlecd) g sl Lod byyedS I (am
e sLad)So) oyl (ixie LBl by (slaadlge
T Jd g ol 50 0 anels 3,59, ralen 51 Easlodly x|,
lmspglis yallan 5 ol -y ogdle 4 Lyl > Canio
9425 90 ) 60k 5 5yl (s 9me bl byt
& (39 (sLaig) oitha Cuoyd ol 53 dimd e 5,805

U I WY

9 e mrw Olie 45 ol (£ S0LE (ooladdl Sy
ol plaed oo Lis ]y jauiS SO cladgr o (gyslud
g O guaze 53 43y )50 (69l (Srme 9 €95 bl
GBb (Al o g e o dwle by yg S Slyals 2L
@i g ol O] o> ol gy S g p SO )b
F)A_Cl 9 Aa_a»l?u s Lgl.tb)5_w5 L§|)_’ b)b_a..&s 4SS el
K00 Oyls 4wl (Slple g sa e (Y 00958l o3l

sl Vb 81 Gl adss s (g5 Col y Sae



WA 5 o QIS adgh 55 (atbionss el oSl 5 B gl (it somsh 4L 835, S ylisons 5,155

(o)l soes,

Cnad &l 1A g5 sl § Cnio &)l atdsg—
21 5 29)b o 0350 5 (S adgl dlga 511y P
i)l epmy g (9l 0350 § (Slee cayl

BBiagh g (AL el ele jSThe adby-
SSodiw g erdg i aolo coles U (8 ioh a)g
'L'=-’~9)b 4.».19‘ .>|9_n ulf..\_.uf.)ujy

laslisiwl & yalee Jiw g Ul Sl ggy0 5 (s)laeS-
2 3 Y6 o sl 3,5 aolys Ly ale
& a5 bl ooy o Yk cole) rends Ly yaiS JSD
£ GanlS bl Sl Sl 5 0 il L

ol aalgs Jlisan 301 g8

ool )l g oS

=Ll g ysebe B 5 S sla o anwg jl ol
el Jlus

r9l55 5 639l ST Coam by ULl ol drnsgi
050> ) Cglol b (olioidgyn (slamodyglyb yo o5)l 0y
U 039531 ;)

b ol i g 5l (e Clen 1 couidy yi Cumio a sy —
sl )3 g (alBingl o (LD I pel ol Spe g
s il b S b 5 EALS 1 4 ady) sl rsliS
g slaieome jodo ;o Jurwd il &jljs dadsg-
bogs Lol 3 (raendl 9 (9313 0590 9 (Sln gl Dl



Name-ye-Oloom-¢ Paye (Quarterly Review of Basic Sciences) Issue 7&8. Fall and Winter 2022 | 9

Think Tank and its Functions
Ali Farazmand
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Biology Branch of the Iran Academy of Sciences
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Abstract

In recent years, the topic of «thinking rooms» is raised by the Academy of Sciences, and some were proposed
and set up to investigate related issues. Looking at the titles of the proposed rooms, we see that some have
overlapping goals and others do not have the defined criteria of a think tank and can only be considered a
specialized scientific group. As a result, with an introduction on the goals of a think tank and its functions,
as well as suggestions for merging/changing the existing ones, the necessity of forming several think tanks
is pointed out. It is hoped that these suggestions will be heeded, and with the establishment of necessary
think tanks and their serious activity, the Academy of Sciences will be able to make its worthy position more
observable in the country.
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to a highly specialized laboratory in the field of medicinal plants in food science and engineering, which
has been ongoing since 2017 and has been presented to the Academy of Sciences during two consecutive
sessions.

Keywords: nanoemulsions, encapsulation, low-energy methods, bioactive compounds, biodegradability
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Abstract

Nowadays, magnetotactic bacteria have attracted the attention of scientists due to their green synthesis of
nanoparticles. Magnetic nanoparticles enclose within the magnetosome; the bacterial intracellular organelle
with a double-layered membrane which causes them to taxi the south and north poles of the earth. Bacteria
synthesize magnetosomes in low oxygen conditions. Magneto-tactic bacteria are often isolated from the
water sediments.

All the magnetosome-forming bacteria are Gram-negative. Until now all of the identified Magnetotactic
bacteria are among 13 phyla of 34 culturable phyla: Proteobacteria, Nitrospirota, Omnitrophota,
Latescibacterota, Planctomycetota, Nitrospinota, Hydrogenedentota, Elusimicrobiota, Fibrobacterota,
Riflebacteria, Bdellovibrionota, UBA1019, and desulfobacterota. The origin of magnetic behavior and
magnetosome genes among all MTB is supposed to be acquired by horizontal gene transfer in different phyla.
Magnetotactic bacteria have an -891gene core genome related to magnetotaxis named the magnetosome
island. Some of the genes associated with proteins as Mam B, MamQ, MamT, MamM, MamK, and MamA
(Mam: magnetosome membrane) are essential for magnetosome formation.

Magnetosomes have various applications, such as sensing, diagnostics, remediation, immobilization of
catalysts, and targeted delivery. Biosynthetic magnetite nanoparticles compared to those synthetic chemicals
have exciting properties: they are permanently magnetic at room temperature, have high purity, and
illustrate a uniform shape and size, low toxicity due to their membrane envelope, ferrimagnetic attributes,
and dispersal capability, which are essential for their potential industrial applications. Due to the importance
of magnetosomes in various applications and their unique characteristics, it is necessary to find and identify
new sources and new bacteria
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Application of Basic Science
inthe Sustainable Development of Fisheries and Food Security of the Country
Mostafa Sharif Rohani

Research professor of Iranian Fisheries Science Research Institute(IFSRI)
mostafasharif@yahoo.com

Abstract

An expert in basic sciences in the fields of biology, ecology, physiology, nutrition, chemistry, biophysics,
genetics, breed improvement, statistics and probabilities, microbiology, food hygiene, along with researchers
in fisheries sciences, veterinary medicine, and animal sciences focused on the sustainable development of
the country>s fisheries and aquaculture fields. The Fisheries Science Research Institute (IFSRI)of the country
is considered as the largest fishery research network in the Middle East, West Asia and North Africa. In this
article, while honoring the important place of basic sciences in the sustainable development of the country,
some effective and stream-forming actions of these experts in the field of fisheries sciences and aquatic
environment are mentioned.

Keywords: Basic science, fisheries research, sustainable development, aquatic environment

From anldeato aninvention, and the Establishment of a Highly
Specialized Laboratory in the Field of Nanoemulsion Technology
of Medicinal Plant compounds

Hamed Ahari
Islamic Azad University Science and Research Branch
DR.H.AHARI@gmail.com

Abstract

With the advancement of science, people around the world are seeking healthy and safe food, and
extensive and advanced research is being conducted daily in this regard. Currently, nanoemulsions
have received significant attention in various industries, especially the food industry, and pose valuable
challenges to researchers. Awareness of emulsion systems is vital for researchers, especially in the food
industry. Nanoemulsions have small droplet sizes, and emulsions with particle sizes ranging from 5 to 100
nanometers are classified as nanoemulsions and are known as stable colloidal systems. They have better
functional properties compared to conventional emulsions. Increasing the surface area by reducing the
particle size of nanoemulsions can enhance the utilization of phytochemicals present in nanoemulsions. The
composition and structure of nanoemulsions can be controlled for encapsulating and effectively delivering
bioactive lipid compounds. The use of nanoemulsion formulations has the potential application in the food
industry for adding nutritional value, improving shelf life, ensuring safety, reducing costs, and enhancing
nutritional benefits. They can improve the quality of food, such as colors, flavoring agents, preservatives,
or antimicrobial agents in foods, and can be used for the production of biodegradable coatings and
packaging films to enhance the quality, functional properties, nutritional value, and shelf life of foods.
They also have applications in various other industries such as agriculture, pharmaceuticals, environmental,
and oil recycling. This review article discusses the terminology and formulation of nanoemulsions, various
approaches for producing nanoemulsions using high-energy and low-energy methods, and describes their
physical properties, stability, and concentrated microstructures. From an idea to an international invention
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theorizes on the subject of Biophysics and its deep philosophies, accurate measurement tools are mostly
available for that theory and it can even take laser photographs of the depth of objects in a very short time
(e.g. zeptosecond is a trillionth of a billionth of seconds). This science is equipped with precise experimental
instruments and data science tools in the form of computing and artificial intelligence to investigate the
past and present phenomena and has a lot of deep vision in the future of science research. That is why it
has won precious Nobel Prizes in Chemistry (23), Physics (1), Physiology or Medicine (11). A significant part
of diagnostic tools in science and medicine have been included the Nobel Prize, which has been in the field
of biophysical research.

In Iran, this great body of science has remained unknown, which is in the realm of basic and fundamental
sciences and has many applications in engineering and especially in the field of medical sciences. Therefore,
it is appropriate that the importance of Biophysics is better known so that it can be better used in the
recognition and analysis of diseases and in-depth knowledge of biological and natural phenomena.

Keywords: Biophysics, Nobel Prizes, Accurate Measurement Tools, Deep and Precise Science, Diseases
Diagnoses

Hydrogen as Clean and Renewable Energy on Earth, An Overview
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InternationalInstitute of Earthquake Engineering and Seismology (IIEES), Tehran, Iran
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Abstract

Hydrogen is recognized as a clean alternative to carbon-based fuel because it does not emit CO2 when
releasing its energy. In addition, large-scale subsurface hydrogen storage supports the energy transition in
several ways: 1) Decarbonization of energy storage in a zero-carbon future. 2) Reducing the main forms of
wind and solar, i.e. its dependence on atmospheric fluctuating events by storing green hydrogen in times
of low energy demand. and 3) increasing energy security by replacing imported fuel with locally produced
hydrogen. The physical properties of hydrogen pose several challenges for storage, leading to potentially
different flow behavior in storage compared to other subsurface gases. Natural or golden hydrogen,
which can be produced from subsurface deposits, has recently attracted much attention. Its detection and
production, as well as the use of naturally stored hydrogen as an analogue for engineered storage, may
change the way we think about hydrogen storage in the future. With its important oil and gas reserves, Iran
has a high potential for hydrogen exploration in the future.
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and taking advantage of content developments and new educational theories and methods, a suitable
ground for creating a noble structure should be provided in school education. School mathematics is the
basic and main subject of most academic branches: basic sciences, engineering and even humanities and
medicine. Undoubtedly, the transformation in school education and the improvement and promotion of
school mathematics will promise to improve the level of many related sciences and knowledge.

The Global Rank of Chemical Industries
interms of Gross Domestic Product of Countries

Ahmad Shabani

Faculty of Chemistry, Shahid Beheshti University
Member of the Chemistry Branch of the Academy of Sciences of the Islamic Republic of Iran

a-shaabani@sbu.ac.ir

Abstract

One of the important indicators of countries> soft power is the amount and share of their national gross
domestic product (GDP) in the world gross product. Iran>s share of about 86 trillion dollars in global gross
product is about half a percent, which is expected to be at least one percent based on the population
index alone. Chemical industry accounts for %10 of global GDP on average, and in some countries such as
America and China, this share is %24 and %16 of their GDP, respectively. Considering Iran>s many advantages
in chemical industries, such as having expert manpower, providing feed and fuel (energy) for petrochemical
processes such as gas and oil, which rank first and third, respectively, even the second according to some
reports. There is, the vastness of the territory that is necessary for large chemical-petrochemical industries,
as well as access to open waters and shipping, chemical industries in Iran can have a large contribution to
the gross national product. Iran>s export in the field of petrochemicals currently is around 12 billion dollars;
and according to some reports 20 billion dollars, and 100 million dollars in the field of medicine, includes
less than %5 of the country>s gross national product. In this article, by drawing the current situation of
chemical industries (petrochemical and pharmaceutical), in Iran and the world, by analyzing the situation in
Iran we suggest some solutions to increase the share of chemical industries in the national GDP.

Biophysics Research and Nobel Prizes
Niku MohebAlizadeh', Ali Akbar Moosavi-Movahedi2-3*

1. Institute of Biochemistry and Biophysics, University of Tehran, Tehran, Iran
2. Chemistry Division, Academy of Sciences of the Islamic Republic of Iran, Tehran, Iran
3. Fellow, The World Academy of Sciences (TWAS); Fellow, Islamic World Academy of Sciences
DR.H.AHARI@gmail.com

Abstract

Biophysics is an interdisciplinary field of science that takes a deep and multifaceted look at biological,
natural, and paleontological phenomena. The roots of Biophysics are embedded in the basic and
fundamental sciences which deal with discovery of molecular, cellular, organ and system of biological and
natural phenomena. One of the important advantages of this field of science is that when a researcher
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Abstract

Finland as a member of the European Union, has a relatively young population of about 5.6 million people.
One of the most recognized achievements of Finland during the last four decades is the achievement of
an equity and qualitative education system, which has been achieved as a result of gradual changes and
reforms after the Second World War. After Finland>s success in the international pupils’ assessment test in
2002, the education system of this country was specialized by other countries. After that, extensive research
was conducted to identify the content and educational policies of this country, which resulted in significant
issues. According to these factors such as equality education conditions for all, employing professional
teachers and granting them the authority to act, active and continuous revision of the educational program,
mutual accountability of school managers and officials and educational policy makers to each other in
relation emplaned to the quality of education system. Used an «open» model in the design of classrooms
that allow pupils to discuss and participate with each other and strengthen their physical and mental abilities
through making physical education compulsory play a role in the success of the Finnish educational system.
The educational system of Finland has had a tremendous impact on the economic stability and social
development of this country. This issue has made the educational policies of Finland and suitable model
for other countries. In this article, the effective factors in the success of the Finland education system are
briefly discussed.

Keywords: Finland, Comprehensive schools, International education assessment program, Equity education
system, Physical and mental education

Development of School Mathematicsiniran
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Abstract

The article deals with the national curriculum of school developments and its content, examining the
evolution of school education and the history of mathematics books in the contemporary era. Our main goal
is to look at the developments of the past as a beacon for the future, so that by using the past experiences
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Mathematics: Building and Dwelling
Khosrow Monsef Shokri

Faculty of Mathematical Sciences, Shahid Beheshti University
k_shokri@sbu.ac.ir

Abstract

Exploring the profound influence of mathematics and language on human existence, this article discuss the
interconnected origins of these fundamental aspects of knowledge. Drawing on historical evidence and the
deep principles and theorems of arithmetic and logic, we argue that both mathematics and language stem
from a common source. Exploiting Godel>s incompleteness and Plato>s theory, we explore the existential
nature of arithmetic and numbers. In conclusion, we address contemporary scientific crises, drawing insights
from Heideggers concept of being to propose a solution.

Alook atthe Motivation of Iranian Students
to Enter the World of Basic Sciences

Salim Vosoughi Kiasari
Mathematics Teacher at Allameh Helli High School (1), Tehran, Iran. salimvosooghi@gmail.com
Gholam Reza Rokni Lamouki

School of Mathematics, Statistics and Computer Science, College of Science, University of Tehran, Iran.

rokni@ut.ac.ir

Abstract

Entering the basic sciences and pursuing a career in is one of the vital needs of the Iranian scientific
community. However, the motivation of Iranian students to enter and stay in the world of basic sciences
has declined both quantitatively and qualitatively. To overcome the situation, we need to examine how a
persons inclination towards basic sciences forms within the framework of Iranss scientific community. In
this regard, the concept of motivation requires careful consideration. In this article, we view motivation as
a part of an event explaining the nature and extent of a person»s relationship with basic science in society.
Then, we explore the role of various factors in influencing the motivation to enter and continue in the field
of basic sciences.
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AnIntroduction to Popper’s Thoughts
In Scientific Approach, Biology and Evolution

Ali Farazmand

Faculty of Biology, University of Tehran
Biology Branch of the Iran Academy of Sciences
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Abstract

Karl Popper, as a philosopher of science and sociology, is a well-known figure, especially for his two thoughtful
works, The Logic of Scientific Discovery and The Open Society and Its Enemies. He is less well known for
his views on biology and specifically on evolutionary theories. His other prominent works, including his two
works with the titles Self and Brain and Body-Mind Problem deal with the mind, the issue of consciousness
and how the individuals affect evolution. Popper is generally considered one of the greatest philosophers
of science of the 20th century. John Eccles says about his work, «Science is nothing more than its method,
and its method is nothing more than Popper.» This article reviews Poppens thoughts on the scientific
method, the falsifiability hypothesis, and his views on biology, and evolution. Popper, as a philosopher
approaching biology and evolution, with a critical view of Darwinism, has very thought-provoking views
that biologists may even need to address in some university courses. After nearly 200 years of publication
Darwin»s lasting work (Origin of Species), in the official teaching of evolution in the biology curriculum, not
all critical views are adreesed, while Darwin himself in the same work many times respectfully considers
some of Lamarck>s opinions as worthy of consideration, Darwin’s old and new followers have less such an
attitude. In the history of science, thinkers who look at issues outside of the specialized and professional field,
propose concerns with a critical attitude, the awareness of which can be enlightening in the development
of scientific hypotheses and theories. Popperss deep thinking in every subject he deals with, usually leaves
an incomparable role in its richness, and his works on the functions of the mind, biology itself and evolution
are no exception to this rule.

Science asaVocation
Ata Kalirad

Max-Planck-Institut fiir Biologie Tiibingen, Germany
ata.kalirad@tuebingen.mpg.de

Abstract

Max Weber, the famed German sociologist, historian, jurist, and political economist, is ranked among the
most notable theoreticians in the realm of history. This text is an abridged translation of a lecture on the
nature of science, delivered by Weber in 1917 at the Munich University. Despite being more than a century
old, a plethora of relevant ideas can be found in this text. Weber dedicated a substantial part of this lecture
to the difficulties associated with science as a vocation. These difficulties reflect the academic milieu in
fin-de-siecle Germany. However, a number of these difficulties are familiar to scientists and researchers in
the 21st century. Apart from his detailed description of the academic life, in this lecture, Weber addressed
the nature of science, the role of inspiration in research, and the ability of science to answer the most
fundamental questions of life. The Farsi translation of this text is based on the original German text and
Rodney Livingstone's English translation.

Keywords: Purpose of science, Academic life, Specialization, Intellectualization



Name-ye-Oloom-e Paye (Quarterly Review of Basic Sciences) Issue 7&8. Fall and Winter 2022 | 1

Abstract of Contents

Humaninthe Post-Anthropocene Era:
A Reassessment of the Relationship between
Human, Non-Human, and Inhuman from a Bio-art Perspective

Seyed Mehdi Alavi

Plant Molecular Biotechnology Group, Agricultural Biotechnology Department, National Institute of
Genetic Engineering and Biotechnology, Pajoohesh Blvd., 22th district, Tehran, Iran.

mealavi@nigeb.ac.ir

Abstract

Among the challenges facing the postmodern man, issues such as his power, future and even the possibility
of his extinction have received the attention of academics. Man>s success in science and technology, and
consequently, his mastery over the components of nature, has led to the emergence of unprecedented
consequences, not only in geological history but also in the history of human species. This is why the
current era is referred to as the Anthropocene. One of the most significant and challenging achievements
of postmodern man is the advancements in biological sciences, particularly biotechnology and genetic
manipulation, which have caused tremendous transformations in various areas, including the realm of
arts and philosophy. Jan Jagodzinski (b. 1948), a social sciences expert at the University of Alberta, has
provided an anthropological and ontological view on this great achievement of postmodern human which
was published as an essay on Bio-art. The Persian translation of this article, which was published in issue
6 of Name-ye-Oloom-e Paye in 2022, has been criticized by Dr. Reza Davari Ardakani, the former head of
the Academy of Sciences of the Islamic Republic of Iran. This present article is developed in response to his
concerns and arguments.

Keywords: Post-Anthropocene era, Human Power, Human Future, Biotechnology, Technologism, Bio-art
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