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South Pole, Antarctica, United States (SPO)
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https://news.nationalgeographic.com/2016/06/antarctic-ozone-hole-healing-fingerprints.html

Remember the Ozone Hole?
Now There's Proof It's Healing.

Scientists find evidence that the hole is finally shrinking, thanks to the phasing out

of harmful chemicals 30 years ago.

PUBLISHED JUNE 30, 2016

After three decades of observation, scientists have finally found the
first fingerprints of healing in the notorious Southern Hemisphere ozone

hole.
In 1974, Mario Molina and Sherwood Rowland, two chemists at the

University of California, Irvine, published an article in Nature detailing the

threats to the ozone layer from chlorofluorocarbon (CFC) gases. At the
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Real-Time Ionograms A ) 2

20of5
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http://hamwaves.com/ionograms/en/index.html
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Figure 1: Real-time ionogram near your IP address location
Source: Global Tonospheric Radio Observatory (GIRO) DIDBase!
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it fold into well-
@OZENeous
ical or beta-sheet)
= By contrast with such

" ptides, proteins usually
80 complex three-dimensional
trmetures that include a variety of
domains containing polypeptide
~ scgments folded into different types of
sccondary structures. Because each
conformational entity contributes to
the molecule’s IR spectrum, observed
amide I band contours are complex
composites. Théy consist of many
ovcrlappmb comgponmt bands that
at structural elements,
: 'cta sheets, turns,

mcoumd in miyzmg such
- compasite band contours arises from
the fact that the width of each
contmbuting component band is
wusually greater than the separation
* berween the maxima of adjacent peaks
(Figare 2). So individual bands cannot
be resolved and/or identified in the broad
contours of experimentally measured
spectra. Extraction of structural
information encoded in those IR
bands requires extensive mathematical
analysis of experimental data.

In analyzing the amide [ band, we
nmst consider that some absorptions
arisng from buffer components may
absorh between 1600 and 1700 em?,
thus pa’turbm.g analysis of the amide 1
protein absorptions. The most common
interference is an absorption band of
water in that #gion, but contributiors
of amino acid side chain absorptions
must also be considered (11).

s In ]JTOI'I]!’! SCCOﬁd’ll‘V

structure. Some authors have also used

amide III band dara to derive

information with respect to protein

secondary structure (7,13, 14).
Figure 1 represents exemplarily

different protein IR spectra obtained

in transmission at protein

concentrations of ~10 mg/mL in pure

water at 25 °C. As can be deduced
from the shape of the amide I

: t : ‘secondary structural
clcnm__' different for these

amldc I absorpnon

' 'n_:ta.lbumm and
S€. Such

shape e e
sccondnysl:mctura.l elements in a
protmn m

ANALYSIS g'iliinppucmlons
Within thcllﬁOO—l'_?O_O cm™ IR
spectral range, where the amide I
absorption is detected, regions have
been identified as being sensitive to
particular secondary structural
conformation. The “Band
Assignments” box summarizes these
structure sensitive regions within the
amide I'Band Hydrogen—deuterium
exchange among amide hydrogen
atoms canses a difference in band

positions from those characteristically

recorded in H,0 and D,0.
Characterizing Protein Structure:
Extraction of single-subcomponent
bands is achieved using curve-fitting
approaches to assign each
subcomponent to a particular protein
secondary structure. The principle of
such procedures is to resolve an
original protein structure into
individual bands that fit its overall

oglobin shows a more or

n d:ﬁ'crcnt amounts of

Wavenumber (cm™")

' a-Lactalbumin
*Hemoglobin

* Alcohol dehydrogenase
* Hurnan serum albumin

3g-Chymotrypsin % a-1-Proteinase inhibitar

Table 1 Band assqnmems of the main

%, ﬁsymmefmc and symmetric
" H-O-H stretching

- Amide A (N-H stretch in

- resonance with amide Il
overtone)

Amide B

=C-H stretching of alkenes
Asymmetric CH, stretching
Asymmetric CH, stretching
Symmetric CH, stretching
Symmetric CH, stretching
C=0 stretch

Amide | (mainly C=0 strech)
H-0-H bending

Amide Il (N-H bend in
plane and C—N stretch)

CH, scissoring

C=0 stretch of COO"~

CH, symmetric bend

CH, wagging

1230-1330 - Amide Ill (N-H bend in
plane and C-N stretch)
1240 Asymmetric PO, stretch
- 1170 Ester C-0.asymmetric
: _stretch
1080 - Symmetric PO," stretch
1047 (C-OP stretch
980 ~Choline asymmetric stretch
625-770 Amide IV (mainly O=C-N
'deformatwn]
720 “CH, rocking

spectrum. Toestimate the range and |
positions of discrete subcomponent i
absorption bands, band-narrowing
techniques are applied. Based on this

June 2006 BioProcess International 49
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Rainfall Polar Extraction Candidate Structure based upon IR spectral interpretation

bk
H H O
"/
N |
O——_ g —
H \
!.er;;O o
M
m
H

v ChT
Q&%Q«



2 4t

IPFr -
{i-'w_ ~.:. Q.

/

SN SR e

QﬂyZuﬂ Eelineh—

P Bl SDBS Rk 1704 (10 pplidsona)

—————— e ———

= J
~
% |
~




IMG.cgi (GIF Image. 715 x 553 pixels)

lof

TRAMSHITTRHCE! %1

HIT-ND=16268 [SCORE= « ) [SDBS-NO=30633 [IR-NIDA-44968 i KBR DISC
B-(Z-HYDROXYFROPYLAMINO)-7-0X0-1.3.5-CYCLOHEFTRTRIENYL F-TOLUENESULFOMATE
Cy7H oM 06
LoD
M
I
5D -
D r—r T v T — T T T T T T T
4000 3000 2000 1500 1000 500
HAVENUHBER! -1
3447 33 1462 21 1218 47 1070 3 T0 17 OH
3433 33 | 1453 27 | 1190 12 | @75 3B | T4l 38 (PIREIPRAS) I
3417 131 1364 B 1174 4 66 19 Tié8 41 o
iisze 18 1348 21 1163 30 BE0 LB B90 23 CI =
L5899 & 1230 308 1130 18 814 3B BE7 37
1552 4 1307 48 1116 42 804 44 6zl 4z D"}‘Q‘t"’
lBlE B 12689 47 1087 13 792 4B EEZ & o

http://sdbs.db.aist. go.jp/sdbs/cgi-bin/IMG.cgi?imgdir=ir&fname=...

90 RY ¥ A

6/7/2018. 18:35



VLl aladin S’/M@ RS
A fm Pale— B s

| 4 Sobr Grrp” S, 05
2 T4 oA Garireled T ——"
L Lol (Pofen &
;fm« /QM L Q.,

| 2. 7sellaks ICon
'?%fa Hoxn @wﬂe/a e

13 ﬂ?ME// 6?# ct [ Jom-Polar }_'_—______"__'lf.'_____'__;'___.f_':_"___“_'____'f_
ﬁ ] ,j C:%”SK/@??/%% |
] mS / .
g&# Tk n‘,’%ﬁf ol Hds aﬂs,aww)

i -

l ARSI __.-._.___ il i e et — i
4 ReoBil whact (/%/aa R

_ ], mindS e ______________#

- 4 SIJ&QRI&S R
_ § Mohee SDBS @esrﬂmz Vfé//ﬁ/é 6,&?_,5“)

y— 5\ HEPA = olfees;ayele; azdalyflef *szmr«éﬂy/




//&m 082019

Y/
mmm 5/’5/‘/577/*1»@#}@0/1
Ca ﬂm
_tHhonal.

s

p— !/ T pé//z/’fmf/f/(f«hﬂ'_,ﬁm

e Eddd
CEELEEEEEddd
LEddderaaa

|
?

a4l

ddd

Jiid




| c%// 2830, 1123, [#45; [BT1, 142 1/

1
A TR ETUEE, SN S 5 Mol e WEE :
=

| /me At /Jéﬂﬁ?ré/c,eym b,

Lo otals @ Zd &

T/“ﬁmw Do put Sast 4 diry?

)F/Mwﬁot’v@ ,4%5@ MAZ . LamO

_ i 25 e Hle
(fjw £, /{mf A28)

L /ﬂ?ﬂ"/é‘ /o f'é .
sl

?mm a,fw ,mhthns —-CH& W'f/'mv
@ Jﬁﬁpom"/ p/, W Syt 1£ pleo

', A/Néw _
bo p .
S w&&a/w MM&&’ ")

5 =S
\ £\a

RS




_L“Maw”/—oﬁw%ﬁvﬂw ___




; jﬁ age QY9 < &

ﬁ&/_ﬂmgk‘f&%a&é A AGT I

:&_,_,_ — ,_jyg_...,._._._m :
 wily m& —N= - %ﬂc/m . / I /7253“

et

_—ﬁ";j— f @i 5) Ca/ufco-y}‘gfot.‘z — Coo / Mm - 1460
 She— | Col MW = Qi

* ?v/ wt Aot 2 JAYS _on 9144144&%7

/ﬂ /-w HEFA 1)'{0« ey HpCHIm e AAve

% full ,o"’ﬁ‘  Hepr Doy et @

3 /7 36 em” (723 cn™

b /452 Com ' |44 em
(M Polsr ) (Poler Extyacs)
| Exthactin

1Jm¢w~ G o7 Nure 07 20/8 ﬁJJW N

: /«& /45’5'6,-"/?&& chzc 4,ww}o

| 7//,; muyn’%w/d« pleo fut ppatl 1+
J" _.;._Aﬂ 4 oplins)c Wasz ¢ 1485

| (m* /4%’) ol o naA o 9,00




Prye 250

R /7@/ Lot Continne & dbtersmiriio

i ked: . am/ Y s Wev‘m—— e —

il Chy, ~Ci)co T = TN oy

W ey 7 10 1410, TALE e
f 72 /4”‘9 _ _/_/_

" nn - el ttbtschipe ?

a//éubﬁ W ,héy
/‘4“’/&& ﬁﬂMM—-M M,g,lé_

h/%#ﬂ_____/éwu Wru///‘é"" ‘é/&"""m

\% M&W dgf(n‘-f:) MM}"""“‘M

W ORI ¥ B e —

3 é/t e
i /44(3»" % QMW //// @Mt/ ]

: /45?) Cr” Y 3(‘##&#«-

i /f/:/fcc /éf}” 7 A vam ﬂéé&,u /L/“/* _I___ ______

/-\HH\ Sl L
/Cvdfiakn C)//do/(-l’\(dne_. '

. ASen” ) s4spen”

ol Gy flsort

/7 S 7 Y A

_______Eﬁﬁmsﬂ.t-_f_____f_ e

L eet—— - —



| é/aw[@# Brnol Taldles : (rlletim Tedle :

szf’* Pavia = Page A19  Packer Pys /oz-/06 -
k D ”JC%)’ f-x
Fsio C’"@ SRS 2 (2‘3"'“3 £ 32'5‘;2. v

s 1 -«€)(th /4@ CM—{/&—& B

(\ o JM M /b‘/l/ ( ﬂw/&- /n. ﬂ,yv«(f!/zf /?/?

,(

e AWZ«' /3607~ /000 em | Y
' w/m_/sm avéﬁ o




|
i«
H

@ 4 j—ﬂl‘Wl[ TN T

; .l(’l
f




A d A

. mcg,&:éw D,

1_ m«g/ﬁ W/M/m\.. Ayt ey et e
- EE. . phat- [ w:ayw {WWAM%W__.

- R e ww,w e




i b et g inlg”
A ___M“‘%—‘ = szzfi LA ChE) ate -




———

") () i
t “"‘- g~ .4 S \
: -'_'—-——-_

e b g et b e pi prion ol
eflacl s

//6 Mtwému 2 )

W Z .ﬁ}/ﬁﬁ&/?r\.-

| | kg plt G 37/ 0 &5




C

) : .
i}“ & <10 4 = é
74 E 7 . -

e

St pietl o cetrf

OB pf{v- ﬂfm:.._%_ FO HEHA-

1w Coreped

7/,&(/4,

__mf/:é«_zxﬁegffm m Xv:/émz_.
/

Wr Ho fiplovs Lok MMM /W /M/

= ,/éw‘ ud plo ote i,
- ___/_ﬁW frore

%M\ laripfre ppad (@ [$2/ e
_Z. %,&7# }7 MM/?WML /1030 b //é/

|7 2925
286/

(136

X Aw/MW Mw ’Rm/k

/{Z—/ Myﬂkﬁ/@'/&/’%n n/p,

| /42

. N7a ﬂpé//foam/dz &/JW_____._-_M 3 K




|l peetin & S agM > //&, 1

v_:______ - F_Mﬁ/é_/&—/% B IS e uﬁ__
ey R /A«/ sn Mm st O

e 1ot xw(Mff O Lowy -
| 4&7441% A ne Mm"ﬁﬂ .Y >

;_____'__:-_:,___"Zté_,,&- M ’//"W bLoe W/ /A»Wb/
— (nlely g fhrmint flot Wl Ho NA~ lod_—

f

'f" %a@ﬁzﬂ P Ll Pt

"* ot Kt Sﬁﬁﬂ/é/ M/% .;u;aA— _

| 4+ Sitz |

| JbSD S #O B
¥ /45D ~ /340 ==

__ﬂ_,*/,, oAl

ﬁmm"/ trtoxy Lo Conttier W;Mu a CeO
bt o o C—0 b Mw/;bpm—'
Corntten O (lﬁaw L
ROUrd 170D cp=' o O 2D 3
o elgoten f3D —100 O O = >

NN T VT A R Y
@/%/W ,«;ﬁm M a++t_.

- e —--P-’v-_-dp—h-\-—i

;%d b’ plgve, o 145E [ Actv
| e ket /43?-—- /360, o w
e A?%Zc, #h Aot 4 a

I — —‘.L i e —




%
I )I' - >
.‘:- e “ 1
Y,

A5 &

Hep_fin Bloc 7 Johe Cchpctops Conpren*

tddadddd

°

|
)
’

Ml;#

|
|

i ——_— .

e ———— — — — —_— - —— - —




' el ) G y T Ama ]
LM 2y vi:2) BI0T0S0 VO ST

SISGUINUSABHL

non an Anne
001 0002 9008
L f ; .
- T =T e )
o 5 & i o 5 Lo,
= P P 2 & 37
b e = 03 - h
ILN.
Ln
4
55 o
L 3
g =
= o
b
—
>
=
O
=
Ca
=0 2
o

09

/ ;
g g b JrOl) sty it b =YY W He3

Lt 3 £E:L5.41 8102701/90 0ds |0 - 8102 D) unf 3UaAY iy UONTEBIIXT JBj0d UdH AJBUIWIRid wd3H



'i
s 4%&*% e
TE %ﬂﬁﬁﬂﬂf e
| M??Wg,.




=4

~ |

AR ZM ot tlindos W/WW - i
S | Regun @?*//&/ﬂcr p/cﬁm DAL LL, e |
> 00 2idy

~ > |
> | _

— Ao M Dl frlt ﬁﬁg

2 //’bl/t/d;;l:;—' -/ )

28 ) LRppmirte 20

 ppmo-UuD

e /60 —1(SD
i /P (450D

st A, /(////04,4@«/'% A;’ ve gon At 2 ,eMzz/

il W"’j“/‘( o J%"

/U/ maﬁ'/&w‘ LVibnes g Jon (vt 14 /4,,4,.41.- .,

| ) CWWMM) e W

2 A-a/ N ap oo sprerf







Fige 2

7Y 9
L: 7 oA

0a |

/ﬂ'/)ﬂj/én:é. '*'5 /0 R
4 @M&Aﬂ/mf W

Foe— (12

| eyl 052 208 Do

e 0%@#%" '/;ét/m@‘ ﬂ/cﬁéé.

/m

dddddaeduddd

,&Ama P20_Lond /&mhnw/ i

Cedic ¢ e ddy

| T bttt g 22, C

_ xi$ta SR 4 WUM/’MM e,
/@ﬁa/ﬁé%j—a %oCM”W

e e‘h,/_ I ol e o s

Arrsr ta Al fr f__"_f'_. |
kem M éQz__C. = ‘

| At xmch S
| At /S /Ué

,._.“_/ i“‘! _9 ";- e

C=0 pppt i 775 C”TW

e (B ™ T Htuen
T /‘éz_d/fg ) ’Wmﬁ M* ‘

—




I L Sen 22,§02__ ,«7,“&,

s ey
B arn &0 ’Mﬂ/JM- € a C’arlry/jmya

.' Taé/uf/:;_________-__ ’/’%/o,&w //z&v.—- /040 Cm )
Wlf[[afﬂ) 2. S=0
| Taslell(nAy) 3. <‘02, _ ,L_/g,a@— [Bbometd446-)
L ( 1120—712.2p)

: ”'ﬁfocﬂ/éfbj W/ /Wﬂ'&_) /




I S0.4er Me— e K0,1 Tab/e /(P S=)
o n#wnde. T i ]
| What plotr L g A C=S _éMM Zadle.

1 oty #6 (1200 —(00 Shoy) Rl
7 W v MJ,____

|ty by € AR Dfalpehyr e




=)
=

@ 2D

(/p H¢€

. +Are o Agrse,

| m/ﬁﬂﬂ s pon._pnAry o
J_,éé

1 sy e o sty

‘ Mty SPAS -

1 .
4y Lo

3

b apptan N

i/ CHy_

T _3

f d[¢ _nguaﬂ'ré‘,
(Hehyrhe

/’77;.9

i 14 %’ﬁ/MA m rwfgl i S O
I§ ) AN L

| IC

| i r Cyelic- )
i St fore— -

- '\.] =
- - C/ B

.-_. // \\

4 ; H

‘Ll 0 Uy

160020 ol 0 1P

YA




|
~f—
|
—— e
1

ddidddddddddd
i

d
4

'

| 2920 ;ﬁff /*/2,‘? /452} 30 EP, s |
i MWW

‘ /S_

| Sv/ban y/ /né-f'/{y/ e yé/a /oen lone Car.;aéz(zéf&__
DWJM& éq/ / o




Pagye L7
I1MPRTIRr SUAary Statemer .  © o

| fpere plt e Ay A s )
%W/_é%{_/»)(/& P20

L S ——

1 [ Ll oiah, jM @ 8
L. %CDEJWM»-
} 3 ]MZW Ll ac1r- [/UMfﬁwé;)'

. (}ﬁw%w Lxhockin [ polon)

e #@ﬂsz@ /ﬁa/(&v 4M/@W ~s)
' el @ fhovspd £l

W /r—’W

# W aVﬂ«Jéz /éwé o‘l&jJW— —_— e

|
I

L a2V
74




Molecular Mechanisms of Aldehyde Toxicity: A Chemical Perspective https://Avww.nebi.nlm. nih.gov/pmc/articles/PMC4106693/

1 of 20

fasge 268

CHEMICAL RESEARCH IN TOXICOLOGY

| o/ (R L B

| AESRUEIRATERS This Journal | Search | Submita manuseript
Chem Res Toxicol. 2014 Jul 21; 27(7): 1081-1091. PMCID: PMC4106693
Published online 2014 Jun 9. doi: 10.1021/1x5001046 PMID: 24911545

Molecular Mechanisms of Aldehyde Toxicity: A Chemical Perspective

TDeparlrnent of Anesthesiology, Montefiore Medical Center, Albert Einstein College of Medicine, 111 E. 210th Street, Bronx, New York
10467, United States

IDeparlrnenl of Chemistry, lona College, New Rochelle, New York 10804, United States

.(R.M.L.) Phone: 718-920-5054. Fax: 718-515-4903. E-mail: richard.lopachin@einstein.yu.edu.

-(T .G.) Phone: 914-633-2237. Fax: 914-633-2240, E-mail: lgavin@iona.edu.

Received 2014 Mar 20
Copynght © 2014 American Chemical Society
Terms of Use

This article has been cited by other articles in PMC.

Abstract Go to:

Aldehydes are electrophilic compounds to which humans are pervasively exposed. Despite a significant
health risk due to exposure. the mechanisms of aldehyde toxicity are poorly understood. This ambiguity
is likely due to the structural diversity of aldehyde derivatives and corresponding differences in >
chemical reactions and biological targets. To gain mechanistic insight. we have used parameters based

on the hard and soft. acids and bases (HSAB) theory to profile the different aldehyde subclasses with
respect o electronic character (softness. hardness), electrophilic reactivity (electrophilic index). and

6/10/2018. 20:06
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biological nucleophilic targets. Our analyses indicate that short chain aldehydes and longer chain 8
saturated alkanals arc hard electrophiles that cause toxicity by forming adducts with hard biological :
nucleophiles. ¢.g.. primary nitrogen groups on lysine residues. In contrast. ¢.f-unsaturated carbonyl
derivatives. alkenals. and the o-oxoaldehydes are soft electrophiles that preferentially react with soft
nucleophilic thiolate groups on cysteine residues. The aldehydes can therefore be grouped into

subclasses according to common electronic characteristics (softness/hardness) and molecular

mechanisms of toxicity. As we will discuss. the toxic potencics of these subgroups are generally related

to corresponding electrophilicities. For some aldehydes. however. predictions of toxicity based on
electrophilicity are less accurate due to inherent physicochemical variables that limit target accessibility.
e.g.. steric hindrance and solubility. The unsaturated aldehydes are also members of the conjugated

type-2 alkene chemical class that includes o.-unsaturated amide. ketone. and ester derivatives. Type-2
alkenes arc electrophiles of varying softness and electrophilicity that share a common mechanism of
toxicity. Therefore. exposure to an environmental mixture of unsaturated carbonvl derivatives could

cause “type-2 alkene toxicity” through additive interactions. Finally. we propose that environmentally
derived aldehydes can accelerate diseases by interacting with endogenous aldehydes generated during
oxidative stress. This review provides a basis for understanding aldehvde mechanisms and

environmental toxicity through the context of electronic structure. electrophilicity. and nucleophile

target selectivity.

Introduction Go to:

Aldehydes arc a large class of electrophilic carbonyl compounds that have at least one hydrogen atom
substituent on the carbony! carbon atom (Table 1). Chemicals in this family can be divided into
subclasses based on corresponding structures that incorporate additional functional moieties: (1) short
chain. unhindered aldehvdes. formaldehvde. acetaldehyde: (2) long chain alkanals. nonanal: (3)
aromatic aldehydes. benzaldehyde. vanillin: (4) a.f-unsaturated aldehydes that include numerous
subclasses.aromatic alkenals. short and long chain alkenals. and hydroxy or oxoalkenals: and (3)
a-oxoaldehydes. glyoxal and glycolaldehyde. -2 Aldehydes present in the environment are derived from
both natural and anthropogenic sources.! > For example. formaldehyde and acetaldehyde are normal
dictary constituents and pervasive environmental contaminants due to their broad natural sources and
high-volume use in a variety of industrial and manufacturing processes (Table 1), a.f-Unsaturated
aldehyde derivatives such as acrolein and crotonaldehyde (Table 1) are significant components of air
pollution due to petrochemical combustion’  and smoke from ci garette. wood. and coal
combustion.** Many aldchydes are contaminants of the U.S. water supply. and more than 300
unsaturated aldehydes (c.g.. crotonaldchyde. citral. and cinnamaldehyde) are natural constituents of
various foods (¢.g.. cheese. fish. and potatoes). Aldehyde derivatives are produced during the cooking
of fats. oils. and sugars: ¢.g.. 2-pentenal. acrolein. 2.4+-nonadicnal. > and low concentrations of a3
unsaturated aldehydes are used for flavor enhancement in the food and beverage industries. e.g.. rrans-
2-hexenal.'! On the sole basis of dictary consumption. it is estimated that the daily o.f-unsaturated
aldehyde burden in humans is 5.0 mg/kg-body weight. 124 Human exposure (o aldehydes can also
occur through the formation of reactive intermediates during drug metabolism. ¢.g.. metabolism of the
chemotherapeutic agent cyclophosphamide to acrolein, 14

Table 1

Classification and Hardness/Softness Values for Selected Aldehdyes” o

20f20 6/10/2018. 20:06
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