CARNICOM INSTITUTE LEGACY PROJECT

A Release of Internal Original Research Documents

Authored
by
Clifford E Carnicom
President, Carnicom Institute

Laboratory Notes Series: Volume 21
Sep 2017 — Dec 2017

www.carnicominstitute.org
www.wikici.org

Carnicom Institute is a non-profit organization, 501(c)(3), working
solely for the benefit of humanity and the public interest. Our
goal is to provide the public with beneficial and responsible
information concerning human health and the environment. The
Institute is extensively active in conducting scientific research and
public education relating to the consequences of geoengineering
and bioengineering. Thank you for your support of Carnicom
Institute.

Carnicom Institute does not advocate any proprietary products, protocols, or therapies. Our
purpose is to provide information and education to the public. The Institute is not a clinic and
does not perform any medical diagnosis, medical treatment, or prescription of therapy. All
studies conducted by the Institute are for research purposes. Any health related comments in
this paper are solely for informational purposes and each individual must work with their own
health professional to establish any appropriate course of action







} CXWLS/")/ -f,Zdé Mo ‘/-lS
Vo! XET

' Sept 2017 —




,u7 e /ozAv@
/m/ wrtt /,m/ : - é/ H polol 1o /J;;:Q

& H pupert
%.Z/j,@hf Clin ujy/m/—i:
?fjd/ﬂ’ MMM//J,& s A ”«?

clusn potudro lpgase o Ay .

/) _/GJJA s W%MVVKA—A e~
wm . M«*’:ﬂy it | Ak e

W{jJ e n/ZM/Mﬂw—/j/éw&—f

j,l/“‘"(/ /ﬂu—(j
é Wﬁ,ﬂ wz_w%ahaé/‘_.-

% (W 2, et 4//4*-
,ﬁgl-*fjnd’ﬂx/ /Mﬁ@

4//,4,,L wd«/ fm,f;wzz»fhm hronte?
.MM?MIU/W

Mgz M&&w;/r/ﬂm/&é M&VEM
4 V’/mmeaM ﬂ,m.a,! P ot — LA
"Epvrrapmentl G lppant” %/ffM 2 ppAatiat—
7 ~ GOP wftCln

o

o



T pidps Aletton Lo fpp. o triaksy

N — Oy pni?l tae f7om
] G e e EG T
/-449/%*»'/ r’ fe &Dﬁ)?./w—/&h MW&Z:? g

U #50/*/ .
S el B Bl 5 i
MM% A {m._/ Wuaut_

/0D A Uit APt i pl oo M@Uwq(:ﬁvf—ﬂmﬁ
Ltls ool

/aééayuf PM fa)
Pkt fhol £ fhott 40 G Aight [rtyasd
wdz& A,%,qéf c,,éb/ ,%fof
Hoesolnt. A

Wro 0ol Vg Ssp sark . Exttee caltvisifly m dottn
710 o JOSPA padH, J

J FPase 2
}
D
l

€




-

(/ al e o

| ‘ifa ﬁ,ﬁc_ ‘?Af/ﬁz Wa%ﬂaﬁa— 74 4 //1/114/

%1«/’ H pOF, nny emld=

ﬁf!/‘—ﬂ g /décf/r- M pnee 1, Hete
/4 LentiAt

a&n 7»/
_/w!eﬁu l%ﬂ i &«& [ m vﬂW
/ﬂ(M “"_

2. rbre (Pl Gt o e sampte
M #%V&{Ay(’m) H
> 4 dWﬂMﬁW%@M@.

V7!
7/ C&/‘w pm////t? ﬂ/é/b(fr//?w
7 Pudwid) 2- 3 /W—w-ww‘
3. 510 /MWW%M/WA,/?o

i 7”@,4#% b Ak P Mt

\




."}Ostf}{ L

-Zﬁ& a2 vy (enpetinl |
¢ " [@o@iﬁ%@%ﬁé%
ﬂwﬂﬁﬂéﬂ% Ubtprt 4 AL ALY fte

B
unetroel il a "
P, P20 )0, EAl (Lcbor)

f/é' M/fw!—mw;f/( ayf%; yl,éﬁ 0 £ Flor—
ﬁ? . Xx p&ZﬁZ: #%;ﬁwfﬂ |

4

%WWWMM Aars bl Lt Fre
£ QAMA/wM/MM&%{M/
747"‘}(7/%74’7{/‘/&0 /%'fé 7/1:5’ 74/,&.!-_. —??

o, ﬂ//ﬂﬁ/fff"- VO oy ,WM
M, /U!éé ﬂafﬁ"/‘ 7):(’ A Aol ALLL o0 J
mtj;/p/DZd/7, 7oz

VL Comnot spratie # _bagtom (Lomilosm), tihey ?
(s Mv‘-/&ﬂéa r Coneeatoatzo. y A et _tn Vﬁ vl

& - ~ X - /. .
Wmﬂmﬁuﬁ%@ﬁ:

o l PAZM G Mol , ,éé? 75@0‘&’(/4—&6{'

T fat MW%W%WWW
J : . T 14X S AC 1A L jA«l oles

. Remedbe, £4 proma (
/#a}mqati@/\lﬁﬁ g .

y—




? ﬂ; wA Od,nﬂa/'/tzl;:d%a-u Ha rIIetic. /M AUACH
/o ACA bpur &érw

2. /Vﬁo//f/VAC/M /mﬂ&@ﬂ@m

/VW WWM? 7 /)1/44.#7& A
T ol 4 /’“’%/(0/)3 _‘”M’“‘ e

szm» Wt gl 0 NoOH -ﬁ,o@#//%/ﬂoc_
«/«237 aeihe

o 10, A
mﬂ(’?;, bt jm

, r‘(b& Zw /fC/
ﬁ? u/m

o\
W,/y M it 0. 8Mp s
/4»4*7 Mz /W 4 .{/M//VWT




[?a@é Q

p,k Wi 4ehelh Lot W/ 4 Lol tn b coma _
,éx/éﬁ ﬂknf/o—ymw,«uyw ot o ARl |

(pn clnpik gnetehe s explterd v
/. R ruats. dduat prvog. 2005 - O/ e 7.f
2. Grnvirmmpsntal Tl ment @/n/?;.;/ ~vy /S 2005 S 272
St _fas psrl pone u/w-t Tl 2trlletre /_g‘
[ funt (~ 3pm0) t) 3-#
L. ek ,e Aa/:c, ZZZ%
3 /"‘.u/‘f
MA’ 7 ,wc/%/wé W
Arrrirznit W#
7. ﬂﬂ/ﬁ M’/W WM//
g . ///‘7 H»# Cortm™ o foun o o ATE-
ﬂ" Y el ﬁ'ﬂ‘w A‘ﬁ/ﬂ/dfﬁ—
%&&/// A Lo !
'f%'»ﬁ a % %ﬂ.mwm—f

Orfwzé?dk kxﬁv@ W—'%MW Ay oA

W&mfw

¥ %ﬂ’gﬁ o 2 ﬁyﬂ]w




(’)‘759@‘ 7
wL/ZuL /&ﬂﬂ/@a—é’l\/ Lol V/Mu
(7 “3mw 7~ JOSV -

| 2l gpole ainet plat—Je - plopet] 4 /474[&—-
j//%xim— Aﬁ /" /M wate. .
Shor Wu %j

palpes 1 ol ctatto—
/ Aﬁ)&g /4@})3 5#/3 if:mg/k v/fa.:n,? / M//fﬂ&‘f//

& ) e "7/ Kt
2 ’Dm;a?um CrAwl o
Hw 0 _eoppviplenl vt —

ﬂWM# -
Zd/(? = P. 4) Mt L5
k//Z 7% %%%042« Zoﬁ 25.4, )
ne %&Af (4 = /C'
/”L/W/#/G«LA c/@jn/ wrt MWWA

} C’d/mro/ 44,., &é,exac%M-/{"

ﬁ,qmtx,(ﬂ»-/"




ﬂfw W,«w-ﬂ-— At mé,(xdcz
/mﬂ] f;z P,&/u

MWMZ
%WWM*WAVZ,CMA‘M/WL reny

acHm o K o rviphint (ctppatetd | tact
ﬁzf— protcte Mmo’m/ulzﬂ S

e W’%“LW@*‘;M
//aoﬁ b el rﬂ{%)a
./&fg/'z:j m w— /&—mmgz

: %/%% ~%A /i

Ths au/a(/c pb A ﬂMﬂ»‘
act Ak Mf /4’4%&% W m/wcg,




pvoh e A Mt —

?,&, 4/!/6'/! /f'/ % f A .

WMZ 2 /IS0 Cm.
“Ths IS f(’/ééC/M@ Mwe/wi/

(il posss Hlote nop-—+6 Jace 77:C

24 b ey F2 (M ~ke A
75@({? 7 s

V2 OWI, /nw{e/
e i DT

et s ax«/’!s/m/uf- WX al
MKW
oxc M;,@wa: Aus. o1 A Aot

&%A’Z;{V/ 4 ﬁ//Co’é’é (/\5)3 A/! t—

Mum% P ot pp gt O b i Lopsitotom
A A/%V#fnwm ol Lt Ayl -




)
Lt
f 8

-’ u"? 4 9 e / }
% W Hlot b omudvr Hat loe—
/fé’ajﬂﬂw/ /tx“’{ ,,W% 2O aie
Rt 4ot Lombletr. Yot Camt /v//u e

WW W////IW 4//,&'&%1_"%
g pate psctyne Lngl MO Ay )
PLE 01 FFERG T
Aﬂl./éd /h_a} ,M ,: -y///l/!//; P
%W#c W 0H oe _7) e ﬁﬁ 7
7”/4“"//”’%0"’/ M pmtdty Al A
W%MWM?/AMWW S 4
_ W /3497)) eryl pod K ¢ A/E o /é’-—/?s@)
4 Wﬁﬂ)ﬁf’r’%/ﬁ fj M(;M # Lo,

i //Qf/aﬂdéwm WW;_Z
/ i ol Back & acpp _ base

£ ) 7 SalH '7??
I 4 b A o -
%ém Vvl el A
s appirianet b it 1Yy sniisds
&//LWMMV/&WO oy
I Ak e Ut
%%k,’ ﬁﬂ"/”mﬁwﬂﬁ@év /ﬁffﬁﬁ/‘ ;

¢ | ¢ ﬂiﬁ otk g el THS €

0/;:’ wd £ Conrtedsn To Pt
§7/ﬁw ey Jocloua




P a9e / ’

xé/ /o 2007
_j’{‘aw ,,rm/d/ Mt 7 ,/M foﬂCﬁ

o of G Dbl
rh /L. %%M ¢ s0 oval ﬂ/ﬂ mé—dmcfm
S ot

Svon an Lysctro, pliet o i 44 Jarlisci—

A 1 %fce» e, A
Wﬂ% CAuprm A= Hle 1 - J d ”ﬁ

o~ K 12y wF il W -PZ .
%gazj\juwiéw,&-,ﬁfiﬁ A %:M /4:% Zw

- uth peide. ard plheli Voptitooma § Sy
ot Am (7 ptscisk pib Aut A Koo

ARG O AM), cutis +6 pame psicp it s
A e Zd ﬂ@(/g?#?/gaﬁ e wtnelrom.

%?//' oS MW/'- .{-7/,4—9/#-# 2 AG/MC,_

# WAMM )
Tt 7/,: é/:!w(,wﬁm;%}d @//#/.-5:&,

-_—

ﬁé//ét//SA Cr(iwﬂé W/?OZ— J’&’W/puj
7 /A’WM,,/W /{,,L—zzMzM&/ M

/.1%‘*#9 a Mﬂ'\—h&—— Dp‘&-./ /?L_,Ir-/(//km.
—

ﬂ%m%# Ma M"’“”’(ﬂ' e (1, e
S po# ptlor L /»WM 4 ,w&w«j #e ,/;,,jf,,,_,ez
et fuy o Aot A fa L ot ﬂgub/cfm’—.,@rda-#—

| WJMWW«W.




-

P&gm /JL

D Vb ot LA 1t M Aortiga 4 n Comprntdt—tm b B 0,
/é:ﬂc m /_é:‘*/fa”/ %ﬂ'\% o M/W w/ U //,7«/-1 r-.

;2/0 af- g ]

—_—

 T———

Ferric Chloride with Urine

Torne OMloide 250 /ot grvt @ numbes of .

jrey, 1902) THERAPELUTIC

very characteristic color reactions with urine con-
taining derivatives of many of the synthetics. The
test is applied by adding a few drops of ferric chlor- //d/-r&é-—
ide salution to about 15 cc. of urine in a test-tube

and noting color of precipitate. Usually 3 precigi- | . ——— S

tate will be formed with the phosphates: the color /gt d—
reaction will appear best by precipitating phos.
phates first. This test is very useful, and I believe W. v, + {

it has wide applications; | hope to take up the line ?(‘S)ﬂ@/,r

m the near future to work out a line of reactions
with urinary constituents, The colors given with -
ferrie chlaride solution are:

SalieyMe acld. ... ... ... ... ... . .. Violet color. f
Gallle l(‘Jd.‘ ......................... 'i:_'r'rlvn--lbia.('k cobor, W?‘

ol W

PIFALTS J1iat, IS 18N IS VETY WSCIUEL, and [ Delieve | pe %{A{
it has wide applications ; 1 hope to take up the line | —
= : 2 : = ) e
in the near future to work out a line of reactions 5
= . 2 = . ‘ 0
with urinary constituents, The colors given with | g,
ferric chloride olution are: Br A‘/
Balicylic ai!cid ....................... z‘lnlet calo;. Be 24 C‘ :
Gallle meld. .o ooii i s ireen-blac color,
Bernzole maetdd... ... . ... ... . .. Pinkfiah precipitate, M/
C&J‘bﬂlic‘i LT 2 e e D Deep blue coler, Be
A T e e e Bilue color,
Andpyrine . . .o 00 Red eolir. H /W‘L
aAmpirin. ....... e A Red-viplet color, r
o L s Deep blue color H Vit <
Hydrogquinele_. ..., ., covees Blue, turning yellow. r
Kairdne, .. ............ cecniieeies Violet-ped  color, B
Dalaphthol o s Green oolor. !
PRenoeoll. . cicwiniliiive e e Claydy red-brown, 5
PrrocateeMol.. .ooiiiiiioron Green,  vislet by ammonium Ca
A hydroxide, Cr
J Rimrc!nol .......................... Dark vinlet cnlopr, :
L P I 5. oI Lo Tl P
BRLOEL. i i e Red-violet cmor, e
ol
Conclusion. Cr
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Spectral Library Search Results

Pag;e 9! A

Sample Filename Spider Webs - Washed Rinsed Cobwebs - NaOH Digestion - Neutral pH
Average Nov 01 2017 - 04.spc

File Title Synthetic spectrum by averaging. See audit trail for details.

Date Wed Nov 01 21:43:38 2017

Search Algorithm Caorrelation Coefficient

Search Regions Full Spectrum

P e -‘.“\!\
e \\

f\'f“-'\
\\\\IN i

RN

Wi enumbers

(O

Hair Microwave Digestion NaOH Carol Aug 30 2017 - 01.spc: Synthetic spectrum by averaging. See
audit trail for details.

Metric Name Library Entry
0.966989 Synthetic spectrum by averaging. See audit Master File Set 363: Hair Microwave
trail for details. Digestion NaOH
Carol Aug 30 2017 -
01.spc
0.966989 Synthetic spectrum by averaging. See audit Master File Set 364: Hair Microwave
trail for details. Digestion NaOH
Carol R0-92 Aug 30
2017 - 01_trn.spc
0.963018 Synthetic spectrum by averaging. See audit Master File Set 564: Skin Foliation
trail for details. NaOH Microwave
ATR RO0-94 Aug 28
2017 - 01_trn.spc
0.963018 Synthetic spectrum by averaging. See audit Master File Set 565: Skin Foliation




[97&9@ ‘?!” 6)

trail for details.

NaOH Microwave
ATR Aug 28 2017 -
01.spc

0.961737

Synthetic spectrum by averaging. See audit
trail for details.

Master File Set

255: Environmental
Filament ATR KCI
Average NaOH
Microwave Digestion
Aug 25 2017 -
01_trn.spc

0.953181

Synthetic spectrum by averaging. See audit
trail for details.

Master File Set

501: Rainwater
Concentrate Average
Normalized - ATR
Gain 10 Nov 05 2015
- 01.spc

0.952126

Synthetic spectrum by averaging. See audit
trail for details.

Master File Set

256: Environmental

Filament ATR NaOH
Microwave Digestion
Aug 25 2017 - 01.spc

0.949219

Synthetic spectrum by averaging. See audit
trail for details.

Master File Set

500: Rainwater
Concentrate Average
Normalized - ATR
Gain 10 RO0-85 Nov
05 2015 - 02_trn.spc

0.949219

Synthetic spectrum by averaging. See audit
trail for details.

Master File Set

502: Rainwater
Concentrate Average
Normalized - ATR
Gain 10 Nov 05 2015
- 02.spc

0.942804

06/27/2016 22:48:59 title

Master File Set

467: Rainfall Acetone
Extraction Jun 27
2016 - 02.spc




Keratin - Wikipedia https://en.wikipedia.org/wiki/Keratin

Fose 91C

Metabolism ceases, and the cells are almost completely filled by keratin. During the process of epithelial

= |oss of nuclei and organelles, in the final stages of cornification

differentiation, cells become cornified as keratin protein is incorporated into longer keratin intermediate
filaments. Eventually the nucleus and cytoplasmic organelles disappear, metabolism ceases and cells undergo a
programmed death as they become fully keratinized. In many other cell types, such as cells of the dermis, keratin
filaments and other intermediate filaments function as part of the cytoskeleton to mechanically stabilize the cell
against physical stress. It does this through connections to desmosomes, cell-cell junctional plaques, and

hemidesmosomes, cell-basement membrane adhesive structures.

Cells in the epidermis contain a structural matrix of keratin, which makes this outermost layer of the skin almost
waterproof, and along with collagen and elastin, gives skin its strength. Rubbing and pressure cause thickening
of the outer, cornified layer of the epidermis and form protective calluses, which is useful for athletes and on the
fingertips of musicians who play stringed instruments. Keratinized epidermal cells are constantly shed and
replaced.

These hard, integumentary structures are formed by intercellular cementing of fibers formed from the dead,
cornified cells generated by specialized beds deep within the skin. Hair grows continuously and feathers moult
and regenerate. The constituent proteins may be phylogenetically homologous but differ somewhat in chemical
structure and supermolecular organization. The evolutionary relationships are complex and only partially
known. Multiple genes have been identified for the f-keratins in feathers, and this is probably characteristic of
all keratins.

Silk

/‘I‘he silk fibroins produced by insects and spiders are often classified as keratins, though it is unclear whether

they are phylogenetically related to vertebrate keratins.

Silk found in insect pupae, and in spider webs and egg casings, also has twisted p-pleated sheets incorporated
into fibers wound into larger supermolecular aggregates. The structure of the spinnerets on spiders’ tails, and the
contributions of their interior glands, provide remarkable control of fast extrusion. Spider silk is typically about 1
to 2 micrometres (um) thick, compared with about 60 um for human hair, and more for some mammals. The
biologically and commercially useful properties of silk fibers depend on the organization of multiple adjacent
protein chains into hard, erystalline regions of varying size, alternating with flexible, amorphous regions where
the chains are randomly coiled.[?2] A somewhat analogous situation occurs with synthetic polymers such as
nylon, developed as a silk substitute. Silk from the hornet cocoon contains doublets about 10 um across, with
cores and coating, and may be arranged in up to 10 layers, also in plaques of variable shape. Adult hornets also
use silk as a glue, as do spiders.

Clinical significance

Some infectious fungi, such as those that cause athlete's foot and ringworm (i.e. the dermatophytes), or
Batrachochytrium dendrobatidis (Chytrid fungus), feed on keratin.

Diseases caused by mutations in the keratin genes include:

= Epidermolysis bullosa simplex

50f8 11/1/2017. 18:20
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Spectral Library Search Results

Sample Filename

Hair CEC NaOH and KOH Commercial Microwave Digestion Nov 02 2017 -
02.spc

File Title

Synthetic spectrum by averaging. See audit trail for details.

Date

Fri Nov 03 01:54:04 2017

Search Algorithm

Correlation Coefficient

Search Regions

Full Spectrum

| I
JA0033003 40033003 2003 O3 O0OZOEROU2 TOOZANDES OO 0023002 20 TOO2 GO0l GO0l 80e) 7ol aool ol ool 3001 2008 To0l a0 9an sa0. 7o

Wavenumbers

Hair CEC NaOH and KOH Commercial Microwave Digestion Nov 02 2017 - 02.spc: Synthetic
spectrum by averaging. See audit trail for details.

Spider Webs - Washed Rinsed Cobwebs - NaOH Digestion - Neutral pH Average Nov 01 2017 -
04 spc: Synthetic spectrum by averaging. See audit trail for details

Metric Name

Library Entry

0.987506 Synthetic spectrum by averaging. See audit Master File Set 574: Spider Webs -
trail for details.

Washed Rinsed
Cobwebs - NaOH
Digestion - Neutral
pH Average Nov 01
2017 - 04 .spc

0.986774 Synthetic spectrum by averaging. See audit Master File Set 577: Spider Webs -
trail for details.

Washed Rinsed
Cobwebs - NaOH
Digestion - Neutral
pH Nov 01 2017 -
03.spc

0.980556 Synthetic spectrum by averaging. See audit Master File Set 576: Spider Webs -
trail for details.

Washed Rinsed
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Researchers finally figure out how to make artificial spider web https://www.cnet.com/news/spider-web-artificial-swedish-university...

fase 112
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SCI-TECH

Researchers finally figure out
how to make artificial spider
web

Humans: 1, spiders: O,

BY DANIEL VAN BOOM ARUARY 19, 20°7 110014 PM P5T fYF oM

Gty ImagesEywlm

Spiders. as we all know, are terrifying little jerks who won't tell us the seciet to their

super strong webs

Well the joke is on you, spiders, because a group of researchers from the Swedish
University of Agricultural Sciences and the Karolinska Institutet has figured out
how to make artificial spider silk

The researchers discovered that there's a certain acidity in a spider's silk gland,
where webs are stored as a protein before being converted into a fiber. They
developed a way to replicate the silk gland, leading to them being able to make a
kilometers-worth of artificial spider's weh.

You can read their full scientific explanation here.

Apart from being ridiculously strong -- more durable than steel, even - spider silk
has impressive medical utility. It can help reqenerate skin following a burn or cut,
Tor instance, and some researchers think it can even replace ligaments

Despite its usefulness, spider silk has been difficult to farm, the University said,
because the critters are hard to keep captive and don't actually produce that much
web.

Tech Today 00.00/00:30

"This Is the first successful example of biomimetic spider silk spinning,” claimed

lof7 11/3/2017. 16:33
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Spectral Library Search Results

695:9@- /09

Sample Filename

Environmental Filament NOH - KOH Microwave Digestion Nov 03 2017 -

02.spc
File Title Synthetic spectrum by averaging. See audit trail for details.
Date Fri Nov 03 16:16:57 2017
Search Algorithm Correlation Coefficient

Search Regions

Full Spectrum

Wiavenumbers

>

(U

Environmental Filament NOH - KOH Microwave Digestion Nov 03 2017 - 02.spc: Synthetic spectrum
by averaging. See audit trail for details.

Metric Name Library Entry
1.000000 Synthetic spectrum by averaging. See audit Master File Set 283: Environmental
trail for details. Filament NOH - KOH
Microwave Digestion
Nov 03 2017 - 02.spc
0.996204 Synthetic spectrum by averaging. See audit Master File Set 580: Spider Webs -
trail for details. Washed Rinsed
Cobwebs - NaOH
Digestion - Neutral
pH Nov 01 2017 -
03.spc
0.993995 Synthetic spectrum by averaging. See audit Master File Set 577: Spider Webs -

trail for details.

Washed Rinsed
Cobwebs - NaOH
Digestion - Neutral
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Human Hair Improvement Nov 12 2017

Fixed Element

Fitted Value Min Value Max Value Unit Error%

False R 1 76.56 1.00E-6 1.00E+12 Q 1.062

False C 1 289.4 I.00E-6 1.00E+3 pF 2.593

False R 2 355.5 1.00E-6 100E+12 Q 2.032
Chi-Squared: 0.0034 [terations: 16

Terms are:

Pifje JR 3A



Measurement: -Z Imaginary / Z Real

Q

74.0303797
73.57847573
73.42315315
73.39376813
73.49951024
73.52816844
73.54763318
73.63848724

73.7621261
73.91334507
74.08404714
74.30091118
74.51196129
74.76628928
75.05092168
75.38142473
75.75772091
76.21058901
76.67786296
77.25710165
77.94847681
78.66174903
79.43684438
80.32406578
81.36050372
82.62629009
84.25960135

86.4963279
89.49135957
93.64829505
99.51410599
107.5199586

118.393944
133.0686174
152.0672444
175.7539858
204.5282892
238.1865447

273.926631
310.0817145
344.0577382
373.8482274
398.1677764
416.4370539
429.0221266

Q

-1.570486153
-1.208661269
-0.553578925
-0.262633852
0.31435215
0.299664357
0.721246248
1.035769926
1.228626985
1.617326633
1.985916109
2.429207415
2.88054891
3.444117378
4.050697133
4.784271477
5.644460206
6.576867055
7.729525475
9.12695911
10.80805998
12.78769651
15.19472074
18.12393221
21.74810307
26.0432821
31.53116721
38.17568116
46.18587183
55.76780574
67.04698471
80.02394055
9455688515
110.2596122
126.3800316
142.1734119
155.5319602
165.2961939
169.058013
166.4285
157.4734196
143.6708225
126.5896281
107.9631466
89.42649516

Fit; -Z Imaginary / Z Real

Q

76.55909697
76.55910454
76.55911702
76.55913636
76.55916708
76.55921556
76.55929412
76.55941438
76.55960956
76.55992228
76.56040516
76.56119389
76.56239848
76.56439611
76.5674242
76.57232491
76.58008028
76.59261942
76.61176289
76.64270287
76.69159755
76.76914893
76.892622
77.08827196
77.40053501
77.88489685
78.66642689
79.88771494
81.80366401
84.79975091
89.45907355
96.58707401
107.3063798
122.9699635
144.9551409
173.9845449
209.7048448
249.668316
290.1342845
327.0809181
357.7423847
381.2705088
398.2514974
409.9693443
417.8093023

0

Pag e /238

0.068743914
0.086136123
0.108890347

0.13686912

0.17220347
0.216543251
0.273531882
0.342894337
0.432398592
0.546031666
0.685443068
0.866168183
1.085593835
1.374307845
1.721994772
2.169683409
2.732134273
3.452818635
4.327407071
5.451828681
6.862621059

8.63950888
10.88452156
13.70635401
17.27588276
21.67056211
27.29084612
34.23974656

42.8616209
53.49696188
66.48284909
81.97256703
99.93146943
119.7775198
140.1394703
158.5758425
172.0755329
177.7057412

174.122885

162.196557
144.5892228
124.4430657
104.3380611
85.88437374
69.81535504



436.6612826
439.4634266
439.4747061
436.8501867

433.393118

71.82927461
56.1020898
42.39683047
30.8799767
21.31518582

P{?\Cj(’_

422.9476434
426.2688595
428.3967915
429.7523585
430.6128498

.'f ()—" -.. C

56.28244617
45.12897546
36.06009256
28.75000997
22.88922551



Pese 123 D

D00E402 —
1.80E+02
1.60E+02
1.40E+02
1.20E402
1.00E402
KooE+01 -
B.00E+01 _: | : Ly easur
4.00E+01 —"i*-""" = ement:
2.00E+01 o] . (- 7
0.00E:00 # | | 1S Imagina

i ' ' ry/2
-2.00E+01 - - - SR S i

73.394 173.394 273.394 373.394
7’/Q
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EIS Nyquist Plot Hair - Spider - Env Filament Nov 12 2017.Jpg

actrical Impedance Spectroscopy : Hair, Spider Web, Env. Filament

| Nyquist Plots

= Human Hair

t Environmental Filament

Spider Web

Z'/kQ




y] U L} e X (L
S linh. : for Sppetins, Guo Flonomi— :




Hair - Spider Web - Env Filament EIS Results Nov 12 2017.]jpg

Paye |26 A

Electrical Impedance Spectroscopy (EIS)
Equivalent Circuits

Regression Error:

. R1 1.06%
C12.59%
"0 loAe R2 2.03%

3555 0

Human Hair

. ® O R1 0.86%
—o— ® C14.75%
e ® ® R2 21 30/0

Spider. Web
—Il—a R10.51%
® e ® 250.9 pf 5 C1 176(%)
59.54 N 0 o . R2 0960/0

121.1 O

, Environmental Filament
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Wood | Feedipedia https://www.feedipedia.org/node/65

Pasge /80A

Click on the "Nutritional aspects” tab for recommendations for ruminants, pigs, poultry, rabbits,
horses, fish and crustaceans
Common names

~Description

Wood, wood by-products, untreated wood, treated wood

Feed categories
e Other plant by-products

‘e Plant products and by-products

Related feed(s)
e Wood pulping by-products

» Wood sugar and wood molasses

Processes

The most promising treatments for making wood more digestible are the following:
Ball milling

This method reduces the wood to microparticles. As particle size decreases, more cellulose is
exposed. Carbohydrate digestibility in ball-milled wood approaches that of feed grain (70-80%).

Chemical treatments

These include treatment in aqueous solutions of alkali and vapour-phase treatment with sulphur
dioxide. Red oak has been made 55% digestible by chemical treatment. After steeping in a solution
of 15% sodium hydroxide, a poplar species with 5% dry matter digestibility in vitro had a
digestibility of 50%. Alkali-treated aspen and birch sawdust have constituted up to 30% of
ruminant rations with good results.

Steam

In some cases steaming has been a very effective method of increasing digestibility. Steamed
aspen wood with a dry matter digestibility of 48% was used successfully as a substitute for hay in
sheep rations.

Muka

The needles of conifers and the leaves of deciduous trees can be made suitable for animal feeds

with little processing, Basxcally%ﬂlﬂul_wmmmlm_ﬁﬁr a few minutes to drive
off moisture and unpalatable essential oils, followed by milling. The major development of this
process has taken place in the USSR, where about 100,000 tons of the product, called Muka, are
fed to animals each year. Muka is somewhat similar to lucerne, being rich in cellulose, carotene
and minerals and containing one half to two thirds as much protein. It is fed as a supplement to
nonltrv cattle milkine cows and nies at 5-8% levels The maior imnetis to the develonment of

Jofo6 11/26/2017. 12:01



Wood | Feedipedia https://www feedipedia.org/node/63

— Nutritional aspects

Nutritional attributes

Wood contains a high percentage of potentially digestible carbohydrates, but when fed in the form
of untreated sawdust or chips it is largely indigestible, even by ruminants. The structural
components of wood - lignin, cellulose and hemicellulose - form a close physical and chemical
complex called lignocellulose. Lignin gives plants strength and rigidity. The content of lignin
varies from about 2% in immature forages to about 15% in mature forages, whereas in wood the
percentage is somewhat higher. It is completely indigestible and also lowers the digestibility of
cellulose and hemicellulose by acting as a physical barrier to cellulose-splitting enzymes.
Hemicellulose consists of digestible polysaccharides constructed mainly or S-carbon sugars. The
sugar xylose is the commonest component of hemicellulose in forages. The digestibility of
hemicellulose varies from 45-90%, depending on the sugars it is composed of. Cellulose is usually
the most abundant polysaccharide of the lignocellulose complex and consists of 6-carbon sugar

| glucose. Pure cellulose is fully digestible by ruminants. The lignocellulose complex accounts for
most of the gross energy in common forages and wood. The mechanism by which lignin affects
digestibility is complex. Rye straw has nearly the same lignin content as birchwood, but rye straw
is far more digestible. Hence the lignin content in itself is not a reliable yardstick for measuring
digestibility. Wood species differ widely in lignin content, but as a rule the wood of conifers
contains more lignin than deciduous or broad-leaf trees.

Numerous feeding trials and laboratory experiments have shown that the nutrients in untreated
wood are essentially unavailable to farm animals with the exception of a few less lignified
hardwood species. The new concept of feeding cattle on high-grain rations has increased the
possibility of using wood residues like sawdust and chips as the roughage component.
Experiments have shown that sawdust is an effective roughage substitute when it constitutes up to
15% of the total ration. Cattle compensate for the lower energy of sawdust-diluted feed with higher
intake. Some sawdusts - poplar is an outstanding example - are partly digestible by cattle. The in
vitro digestibility of spruce sawdust is nil, of oak sawdust 5% and of poplar sawdust 30%.
Comparatively mild treatments can markedly increase the digestibility of wood from certain
species by exposing the cellulose from the protecting lignin to render it more accessible to attack
by cellulose-splitting enzymes. In some woods the cellulose is partly exposed by openings in the
lignin which can be widened by swelling In other woods - for instance, white oak - these openings
are plugged and chemical treatments are of little value.

+ol6 11/26/2017. 12:01
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a-Hydroxy acids, or alpha hydroxy acids (AHAs), are a class of chemical
compounds that consist of a carboxylic acid substituted with a hydroxyl group on O
the adjacent carbon. They may be either naturally occurring or synthetic. AHAs (s

are well known for their use in the cosmetics industry. They are often found in
products that aid in the reduction of wrinkles as well as to soften strong, defining HO OH
lines and improve the overall look and feel of the skin. They are also used as

chemical peels available in a dermatologist's office, beauty and health spas and O

home kits, which usually contain a lower concentration of around 4%. Effective

results through continuous treatment have resulted in AHAs being a successful &

developmental method of curbing harsh ageing effects in the skin &

cosmeceutical industry.[1112]
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Cosmetic applications

a-, B- and y-hydroxy
acids

Understanding skin structure and cutaneous aging is helpful to a discussion of the topical action of AHAs.

Human skin has two principal components, the avascular epidermis and the underlying vascular dermis.

Cutaneous aging, while having epidermal concomitants, seems to involve primarily the dermis and is caused by

intrinsie and extrinsic aging factors.

AHAs are-a group of organic carboxylic compounds. AHAs most commonly used in cosmetic applications are

t}'picaﬂ.\‘:_'deri\-'ed from food products including glycolic acid (from sugar cane), lactic acid (from sour milk),

malic acid (from apples), citric acid (from citrus fruits) and tartaric acid (from grape wine). For any topical

1ol4
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compound to be effective, including AHA, it must penetrate into the skin where it can act on living cells.
Bioavailability (influenced primarily by small molecular size) is an important factor in a compound's ability to
penetrate the top layer of the skin. Glyeolic acid, having the smallest molecular size, is the AHA with greatest
bioavailability and penetrates the skin most easily; this largely accounts for the popularity of this product in
cosmetic applications.

Epidermal effect

AHAs have a profound effect on keratinization; which is clinically detectable by the formation of a new stratum
corneum. It appears that AHAs modulate this formation through diminished cellular cohesion between

corneocytes at the lowest levels of the stratum corneum.

Dermal effects

AHAs with greater bioavailability appear to have deeper dermal effects. Glycolic acid, lactic acid, and citric acid,
on topical application to photodamaged skin, have been shown to produce increased amounts of
mucopolysaccharides and collagen and increased skin thickness without detectable inflaimmation, as
monitored by skin biopsies.]

Other applications

Organic synthesis

a-Hydroxy acids are useful building blocks in organic synthesis. For example, a-hydroxy acids are generally
useful as precursors in the preparation aldehydes via oxidative cleavage.l4l5! Compounds of this class are used

on the industrial-scale and include glycolic acid, lactic acid, citric acid, and mandelic acid.[6l7]

‘Alpha hydroxy acids at different concentrations

At low concentrations (5-10%), as found in many over-the-counter products, glycolic acid (GA) reduces cell
adhesion in the epidermis and promotes exfoliation. Low concentration makes possible daily application as a
monotherapy or as part of a broader skin care management for such conditions as acne, photo-damage,
wrinkling as well as melasma.l®li®] Care should be taken to avoid irritation to avoid the worsening of melasma
or other pigmentary problems. Newer formulations combine glycolic acid with an amino acid such as arginine
and time-release formulations that reduces the risk of irritation without affecting glycolic acid efficacy.['?]
Supplemental use of an anti-irritant such as allantoin may also be helpful in reducing irritation.

At higher concentrations (10-50%) the effects of GA are more pronounced, but application must be limited.
Such application may be used to prepare the skin for stronger glycolic acid concentrations (50 - 70%) or to
prime the skin for stronger chemical applications (e.g. trichloroacetic acid).

At highest concentrations (50-70%) applied for 3 to 8 minutes under the supervision of a physician, glycolic
acid pfomotes slitting between the cells and can be used to treat acne or photo-damaged skin (e.g. due to
mottled dyspigmentation, melasma). The benefit of such short-contact application (chemical peels) depends on

20f4 12/2/2017. 02:06
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the pH of the solution (the more acidic the product, or the lower the pH, the more pronounced the results), the
concentration of GA (higher concentrations produce more vigorous response), the length of application and
prior skin eonditioning such as prior use of topical vitamin A products. Although single application of 50-70%
GA will produce beneficial results, multiple treatments every 2 to 4 weeks are required for optimal results. It is
important to understand that glycolic acid peels are chemical peels with similar risks and side effects as other
peels. Some of the side effects of AHAs chemical peeling can inelude hyper-pigmentation, persistent redness,
scarring, as well as flare up of facial herpes infections ("cold sores").

Chemical acidity

Although these compounds are related to the ordinary carboxylic acids, and therefore are weak acids, their

chemical structure allows for the formation of an internal hydrogen bond between the hydrogen at the hydroxyl

group and one of the oxygen atoms of the carboxylic group. Two effects emerge from this situation:

= Due to the "occupation” of electrons of the carboxylic oxygens in the hydrogen bonding, the acidic proton
is held less strongly, as the same electrons are used in bonding that hydrogen too. So the pKj; of
2-hydroxypropanoic acid (lactic acid) is a full unit lower compared to that of propionic acid itself (3.86/11]
versus 4.87112))

= The internal bridging hydrogen is locked in its place on the NMR timescale: in mandelic acid (2-hydroxy-
2-phenylacetic acid) this proton couples to the one on carbon in the same way and magnitude as
hydrogens on geminal carbon atoms.

Safety

AHAs are generally safe when used on the skin as a cosmetic agent using the recommended dosage. The most

common side-effects are mild skin irritations, redness and flaking. The severity usually depends on the pH and
the concentration of the acid used. Chemical peels tend to have more severe side-effects including blistering,

burning and skin discoloration, although they are usually mild and go away a day or two after treatment.

The FDA has also warned consumers that care should be taken when using AHAs after an industry-sponsored
study found that they can increase photosensitivity to the sun.['3] Other sources suggest that Glycolic acid, in

particular, may confer a photoprotective effect.l'4

See also

= Beta hydroxy acid
= Omega hydroxy acid
= Salicylic acid, a B-hydroxy acid
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Lactic acid is one of a group of organic compounds collectively referred to as alpha hydroxy
acids, or AHAs. They're widely used in cosmetic products, primarily as gentle exfoliants for
skin care. Lactic acid is also frequently incorporated into hair-care products. Although it is
largely associated with dairy products, the acid is also produced by the human body.

Lactic Acid

Lactic acid was first isolated and described in 1780 by Swedish scientist Carl Wilhelm Scheele.
It was originally found in soured milk, hence the term "lactic," or "milk-derived" acid. A
century later, French researchers discovered that lactic acid was also produced by
fermentation, which allowed commercial production of lactic acid. It's widely used in a
number of industrial processes as well as food production. It's an ingredient in biodegradable
plastics, detergents and other household cleaners. Pharmaceutical companies use lactic acid
to adjust the pH of medications. It's also found in personal-care and hair-care products.
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Lactic acid is an ingredient in many shampoos and other hair-care products. It serves a

fnumher of purposes, depending on how the product is formulated. With hair that has become pa_ 3 e_
dry and scaly, lactic acid and other mild acids relax and smooth the hair, making it more
manageable. One major shampoo manufacturer touts lactic acid on its website as an g_ } [ I

ingredient that helps restore strength and elasticity to hair by altering the ionic charge of its
olecules. In slightly higher concentrations, lactic acid also strips away part of the hair's

protective keratin coating. This improves hair's ability to absorb other restorative ingredients.
D]

Hair Removal

Lactic acid's ability to strip away your hair's protective keratin coating is also harnessed in a
number of hair-removal products. These depilatories remove unwanted hair by using lactic
acid to.remove the protective keratin layer, then weakening the hair itself with more potent
chemicals such as acetylsalicylic acid, better known as aspirin. The hair is weakened by the
acidic depilatory and can be rinsed away in the shower. Unwanted hair loss sometimes occurs
in people with medical conditions that cause excessive perspiration. Sweat naturally contains
lactic acid, and in excessive amounts, it can cause hair loss.

Sanitation

Oddly, there is a common connection joining lactic acid, hair and pickles. When foods are
pickled, the yeasts that begin the fermentation are aided by a number of beneficial bacteria.
Some of those bacteria generate lactic acid, which lowers the pH of the food to the point that
dangerous bacteria can't live in it any longer. A similar thing occurs in your hair follicles,
which naturally manufacture lactic acid. This modest quantity of lactic acid acts as an
antibacterial agent, protecting your scalp from bacterial and fungal infections.

20f3 12/2/2017. 02:00
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Fourier-Transform Midinfrared
Spectroscopy for Analysis and
Screening of Liquid Protein

Formulations, Part 1

Understanding Infrared Spectroscopy of Proteins

Patrick Garidel and Heidrun Schott

ir William Herschel discovered

infrared light in 1800, over two

centuries ago. The first spectra

7 of the molecular vibrations of
organic liquids were registered in
1881 by Abney and Festing. Most
applications at that point were of
academic interest. In the carly 1930s,
researchers at BASF (Badische Anilin
und Soda Fabrik) in Ludwigshafen,
Germany, realized the importance of
infrared spectroscopy for industrial
purposes. In 1937, the first infrared
(IR) instrument with a modulated
beam was built by Lehrer (1). Five
years later, the first nondispersive
infrared analyzer was presented (2).
By 1950, Elliot and Ambrose

showed that TR spectroscopy provides
information on the sccondary
structure of proteins (2,3). But the
utility of this technique for structural
analysis of proteins was not wide-
spread. That changed with the

Probuct Focus: RECOMBINANT
PROTEINS IN LIQUID FORMULATIONS

PRrocEess Focus: PRECLINICAL TESTING
AND PRODUCT FORMULATION

WHo SHouLp Reap: R&D, ANALYTICAL,
MANUFACTURING, AND FORMULATION STAFF

KeywoRrbs 3 SPECTROSCOPY, INFRARED,
_,'.'q -
ANALYTICAL/METHODS, FORMULATIONS

LEVEL: ADVANCED
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rediscovery of Fourier transform
analysis — as described by Jean-
Baptiste Joseph de Fourier (4) in 1822.
It led to the development of Fourier-
transform infrared (FTIR)
spectroscopy in the carly 1980s (5).

The transition from IR wo FTIR
spectroscopy allowed strong
improvements in spectral quality.
The “Advantages” box summarizes
mujor benefits of FTIR. Additionally,
outstanding developments in analytical
technology (e.g., mathematical tools
for data processing and handling and
new possibilities in computer science)
enabled significant progress for data
analysis, allowing extraction of
information on protein conformations
from IR spectra (1, 2).

Only since the past decade has
FTIR spectroscopy become an
accepted and powerful technique for
development of protein formulations.
The relation between protein structure
(Figure 1) and bioactivity was long
ago recognized. Changes in bioactivity
were believed to result from alteration
in protein structure and organization,
Several methods were developed —
and now are commonly used — for
determination of secondary and
tertiary structure of proteins. For
obtaining structural information at
high resolution, two methods are
mainly used: X-ray crystallography
and multidimensional nuclear
magnetic resonance (NMR)

spectroscopy. However, high-
resolution studies of proteins are not
always teasible (6).

X-ray crystallography requires well-
ordered sing‘lc cr)'st;l]s ul"high—qualiry.
For many proteins, that is not possible.
And it is unclear whether the
relatively “static” structure of a single
crystal adequately represents protein
conformation in a complex and
dynamic liquid environment.
Multidimensional NMR spectroscopy
presents an alternative to X-ray
crystallography, offering somewhat
better flexibility in studying the
structures of proteins n solution
(their natural environment). However,
data evaluation and interpretation of
NMR spectra are very complex and



ADVANTAGES OF FT
TECHNICAL IMPROVEMENTS

Time-Saving: All spectral elements are
measured at the same time (Fellgett or
multiplex advantage).

Better Signal-to-Noise Ratio: Method
provides high optical throughput
(Jacquinot advantage).

High Accuracy and Reproducibility:
HeNe laser serves as an internal
frequency standard (Connes advantage).

Ne Spectral Artifacts: Fourier
transform method strictly excludes
other frequencies (e.g., stray light).

Figure 1: Chemical structure of pectine lyase
with reprasentations of different secoricary
structure glement

Figure 2: Mechanism of adsorption and the
Hooke's law

O Mg /0r=0

 F— - 1/ k
27 mred

m-"mz

m —_
red m1+m2

C=0""H-0

extremely time consuming, especially
for molecules that are larger chan ~30

kDa. So NMR applications are

limited to small proteins (~15-30 kDa).

Those restrictions have led to
development of alternative methods
including circular dichroism (CD)
and’vibrational (infrared and Raman)
spectroscopy (1.7). Th(.'y are often
referreds “low-resolution” techniques
because 'fh‘ey provide only global

insight into the overall secondary

Page A13C

structure of proteins. They offer no
way to establish the precise three-
dimensional location of individual
structural elements. However, there
are a number of advantages to using
Fourier-transform infrared (FTIR)
SPLCLTOSCopY.

FTIR measurements can be made
using extremely small protein sumples
(~1 mg/mL) in a number of
environments (c.g., solid, semisolid,
liquid, or adsorbed to a surface). Here
we focus mainly on liquid sample
analysis. A major benefit of FTIR is
the case and rapidity of acquiring
high-quality spectra (an IR spectrum
registers in just a few seconds). This
allows a rapid screening of various
protein formulations to determine
the best conditions for optimal protein
stability. Using IR spectroscopy
eliminates problems associated with
background fluorescence, for example,
as detected by Raman or light
scattering.

All these facts have made FTIR
spectroscopy practical for studying
biological systems. By contrast with,
for example, electron spin resonance
spectroscopy, it does not require
additional probe molecules. FTIR
is a noninvasive technique. Water
absorption, omnipresent especially
in the spectral range between 4000
and 400 cm™, can be subtracted
mathematically, which makes study
of hydrated (H ,0O) biomolecular
samples almost custom (8-11).
Another approach is using 1D,0.
Mathematical methods are now
available and routinely used to
separate subcomponent bands that
overlap in the spectra of proteins.

The infrared region is subdivided

into three regions: near infrared (NIR:

12,500-4000 cm 1), midinfrared
(MIR: 4000-400 cm™), and far
infrared (FTR: 400-10 cm '). The
useful unit is the wave number,
which is expressed in em . Herein
we focus on information derived from

1\[1 R spec tre lSCllpy.

THE Basis oF

INFRARED SPECTROSCOPY

The atoms within a molecule
constantly oscillate around an
equilibritnn position, . Consequently,

May 2006

bond lengths and angles change. In
the classical model, two atoms are
fixed by a spring, with a spring/force
constant, k (Figure 2). The frequency
of such motion is within the infrared
region, between 1 and 100 pm, and IR
radiation of such energy can excite
vibrational motions. Thus, infrared
spectroscopy is a vibrational
spectroscopic method (8) that
measures the wavelength and intensity
of infrared light absorbed by a sample
(dry, wet, or gaseous).

The frequency /of the vibration
between two atorns of mass ar and w1,
depends on k and the reduced mass
m, . (Figure 2 shows the exact
relation). Changes in k or m_, induce
a change in f The equation in Figure
2 deseribes the frequency of vibrations
for a diatomic molecule. Usually the
frequency / of a vibration is given in
Hz (s"). However, in vibrational
spectroscopy it is common to express
frequencies in wave number units
(waves per unit length), which is the
reciprocal of wavelength (12).

A linear molecule has 3z -5
degrees of vibrational freedom (# = the
number of atoms present); a nonlinear
molecule has 32— 6. For proteins, that
can be several thousands, if not more,
possible vibrational motions. These
motions may not only be excited to
the first energy level, but also to
higher levels.

However, for three main reasons,
not all such excitations are observed
individually in a spectrum. As
mentioned above and shown in
Figure 2, IR radiation is absorbed by
valence clectrons (bonds) (1,2).

* For infrared absorption, the
transition dipole moment () must
change: o, + or # 0 (Figure 2). So a
molecule such as nitrogen N, is not IR
active because during its vibrational
motion, there is no change in
transition dipulc moments. B:.'
contrast, carbon dioxide (CO,) is IR
active, and an IR spectrum is obtained.

* Transition probability dictates the
intensity of an observed IR absorption.
If that probability is too small, a
transition is too weak to be observed.
The transition probability of a
vibrational excitation is proportional
to the change in dipole moment

BioProcess International 41



during the vibration,

* When vibrations have similar
excitation frequencies, they cannot be
resolved or identified.

Most IR spectroscopic
investigations of protcins use the MIR
spectral region. Within this region,
first-order excitations of the vibrations
are detected for small molecule parts
or groups. Those are called functional
group wibrations, and they include
methyl and methylene stretching
vibrations as well as stretching of
carbonyl bonds. The carbonyl group is
a functional part of the amide groups
in proteins and peptides. They give
risc to well-defined vibrations (well-
defined IR bands) and thus are
observed in characteristic regions and
frequency positions of a spectrum.
Tigure 3 shows an infrared spectrum
of a protein molecule with its
absorptions in the spectral region
between 4000 and 750 ecm™. Table 1
S\ln‘lnl:lri?.t:s th(: most ]Jl‘umil‘scnt
infrared bands observed for
biomolecules such as proteins and
lipids (6, 13-15). The most important
bands for analyzing protein
formulations are the amide bands,
especially amide I and IT.

IR SPECTROSCOPIC EXPERIMENTS
An infrared spectrometer consists of
. a Michelson interferometer, a light
source, a sample chamber, and a
detector. The continuum source
producing light over a broad range of
infrared wavelengths is usually based
on silicon carbide (e.g., Nernst
Globar). Such IR sources provide
high-energy beams at a maximum
intensity of 1500-1800 cm™.

The IR light is split into two beamn
paths using a half-silvered mirror,
then reflected from two mirrors back
onto a beam splitter, where both light
beams are recombined (a Michelson
interferometer). One mirror is fixed,
and the sccond is movable. A lascr is
used to determine the exact position
of the movable mirror. If the distance
from the beam splitter to the fixed
mirfor is not exactly the same as that
from the beam splitter to the second
mirror, $hen when the two beams are
recombifted, there will be a small
difference in the phase of their light.
Because of the “superposition

42 BioProcess International
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principle,” constructive and destructive
interference exists for ditferent
wavelengths depending on the relative
distances of those two mirrors from
the beam splicter. Additionally, the
laser used for detecting the mirror
position provides a trigger signal for
data acquisition.

A data point is collected at each
zero crossing — c.g., of the laser
interferogram, which corresponds to
the quantity measured by the detector
(intensity of the combined TR beams
as a function of the moving mirror
displacement). If the intensity of lighe
is measured and plotted as a function
of the movable mirror’s position, the
resulting graph can be shown to be the
Fourier transform of the intensity of
light as a function of wave number. In
FTIR spectroscopy, the light leaving
an interferometer 1s directed onto a
samnple, and its intensity is measured
using an infrured detector. The
intensity of light striking the detector
is measured as a function of mirror
position. Next, the results are Fourier-
transformed to produce a plot of
intensity as a function of the wave
number.

Paaa 213 F

IR experiments can be performed
in transmission or reflection mode
(Figures 4 and 5), for which
corresponding sample cells are
available (15). Each sample cell must
be a closed chamber that can be
rapidly purged with nitrogen or dry
air. Both water and CO, have strong
absorption bands and so must be
removed. Water vapor bands especially
appear in the spectral region between
1700 and 1600 cm™, which overlaps
with the amide T vibration. Tn most
commercially available IR
spectrometers, the sample chamber
can hold only one sample. Therefore,
background standards and sample
spectra are measured sequentially
rather in parallel.

Two main types of infrared
detectors are used in MIR: mercury
cadmium telluride (MCT) and
deuterated triglycine sulfate (DTGS)
detectors. The quality of u detector
depends on its noise level, detectivity
(defined as the reciprocal of its noise
equivalent power, which describes the
incident radiant power for a signal-to-
noise ratio of 1 within a given
bandwidth of 1 Hz at a given

Table 1: Band assignments of the main infrared active vibrations of biornolecules

Frequency Range (cm™)

Assignment

3490 and 3280 Asymmetric and symmetric H-0-H stretching
3250-3300 Amide A (N-H stretch in resonance with amide Il overtone)
3080 Amide B

3010 =C-H stretching of alkenes

2957 Asymmetric CH, stretching

2920 Asymmetric CH, stretching

2872 Symmetric CH, stretching

2851 Symmetric CH, stretching

1738 C=0 stretch

1600-1700 Amide | (mainly C=0 strech)

1645 H-0-H bending

1480-1575 Amide Il (N-H bend in plane and C-N stretch)
1468 CH, scissoring

~1395 C=0 stretch of COO

1378 CH, symmetric bend

1343 CH, wagging

1230-1330 Amide |ll (N-H bend in plane and N stretch)
1240 Asymmetric PO, stretch

1170 Ester C-0 asymmetric stretch

1080 Symmetric PO, stretch

1047 C-0P stretch

980 Choline asymmetric stretch

625-770 Amide IV (mainly O=C-N deformation)

720 CH, rocking



wavelength), and the spectral
detection cut-off (1,2). Another
important issue is detector response
time, which determines how fast the
mirror of a Michaelson interferometer
can be moved.

The most common MIR detectors
are DTGS detectors, which are very
stable but have the drawback of
relatively slow responsc times. MCT
detectors offer higher sensitivities.
Their response times are about 10
times faster than for DTGS detectors,
50 spectra can be acquired much faster.
The lincar detector range is higher for
DTGS than for MCT, and DTGS
detectors come “ready-to-use,” whereas
MCT detectors must be cooled with
liquid nitrogen to work properly.

Figure 4 shows schematically a
samp]c set-up in transmission mode.
The intensity of the beam passing a
sample follows the Lambert—Beer law.
The transmission T'is defined as the
ratio of the beam [ passing the sample
and the initial beam I. T spectra can
casily be transformed to absorption
(A) spectra by the relation shown.
This enables IR spectroscopy to be
used for determining protein
concentration. Attenuated, transmitted
IR radiation can be displayed as a
function of wavelength, which
provides an IR spectrum.

Transmission cells used in MIR
spectroscopy typically consist of NuCl
or KBr windows for nonaqueous media
and CaF, or BaF, windows for aqueous
solutions. Table 2 characterizes the
most widely used IR windows, and
their properties must be considered in
preparing an IR experiment. Analysis
of aqueous solutions by MIR
spectroscopy is possible using thin
sample cells with an optical path
length below ~25 pm. This is because
increasing the path length renders
opaque the region around 1640 cm™!
(the bending vibration of water),
where the amide T vibration is
detected. An alternative is switching
from H,O to D 0 Commercially
available -.ysums for transmission
explriments require only very small
volume of <50 pL, with a path length
of ~7 |mf ’buch sample cells come with
a ttmpcr.{turc control system that
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enables registration of IR spectraas a
function of temperature.

Spectra also can be registered in
reflection mode using horizontal
attenuated total reflection (WATR)
techniques. In ATR, a sample comes
into contact with the surface of an
internal reflection element (IRE) that
has a high refractive index n, (Figure
5). Radiation is totally reflected at the
boundary between two media of
higher (r,) and lower (n,) refractive
indices (e.g., when a sample is placed
on top of the crystal) if it hits this
boundary at an incident angle greacer
than the critical angle

0 = arcsin (J‘J';,/?.’J

Reflected radiation energy penetrates
the boundary as a so-called evanescent
wave. Penctration depth #_ is the
thickness within which intensity
decreases to 1/exp of the intensity at
the boundary. As Figure 5 shows, d is
a function of the rcirautwe indices ::I
and #,, the incident angle 8, and the
wavelength A. Absorption is a
consequence of the IR beam's
penetration into a sample. Such hATR
set-ups are available for one or
multiple path cells, which enhance
sensitiviry.

Many commercially available
hATR systems come with a mounted
Peltier element for temperature
control. Sample volumes can be as
small as 10-20 pl.. That is important
especially in the preformulation phase
of drug development becanse of a
“chronic” lack of material. With
hATR techniques, formulacion
screening for protein stability can be
performed at temperature intervals
from 0 to 95 °C. Protein concentration
can vary between one and at least 100
mg/mL. For investigations of protein
spectra, a buffer spectrum must be
registered and subtracted from the
protein speetrum. ATR set-ups offer
SCVCI'Rl imp()l‘tant ad"aﬂtﬂgcs:

» easy-to-clean ATR crystals
(and cells)

* no sample preparation

* consistent path lengths

» useful in investigating both sott
powder and liguid samples.
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Figure 3: FTIR spectrum of a protein in the
spectral region between 4000 and 750 cm™,
showing various regions in which vibrational
mations of the amide backbone occur
(sp=clrum taken in the reflection moce)
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moade ([ = electne field; | = intensity, f =
frequency; d = eptical thickness; 4. = dipole
moment: T = ttansmission; A = absorption)

d

+——

lL

[A !og (1/T)|

Figure 5: Schemanc representation of the
ATR set-up in infrared spectioscopy (IR =
infrared beam; n, = respective index; n. =
refractive index; IRF = interral reflection
elernent, © = angle of incldence; |1 =
wavelength; dp = penetration depth)
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Table 2: The most widely used infrared window material zome paysicochemical proper ties

Pese

Material TR n RL H Remarks

NaCl 28,000-700 152 -~45% 15 Hygroscopic, slightly soluble in alcohol
and NH,

KBr 33,000-400 1.54 -~45% 7 Soluble in water, alcohol and glycerine,
hygrascopic

AgCl 23,000-400 2.00 ~11 % 10 Insoluble in water, soluble in NH,OH,
sensitive to light

CaF, 66,000-1200 140 ~2.8% 158 Insoluble in water, resists most acids and
bases, soluble in NH, salts

BaF 50,000-300 145 ~33% 82 Low water solubility, soluble in acid and
NH,Cl

G_e 5000-600 4.0 ~36% 550 Insoluble in water, soluble in hot H.50,

ZnSe 20,000-500 243 ~-17% 150 Soluble in strong acids, dissolves in HNO,

TR = Transmission range in cm™'

RL = Reflectance loss per surface

LookinG For MoRE DETAIL?
Midrange FTIR spectroscopy is
showing promise for usc in
formulation stability studies,
especially in the early preformulation
phase, because it enables fast screening
of 2 number of formulations using
only small amounts of protein. The
protein concentrations used in FTIR
range from 1 mg/mL to at least

100 mg/ml..

Next month, Part 2 concludes this
article by dealing with the
interpretation of protein infrared
spectra und presenting various
applications and results derived from
FTIR screening of protein
formulations.
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Fourier-Transform Midinfrared
Spectroscopy for Analysis and
Screening of Liquid Protein

Formulations

Part 2: Detailed Analysis and Applications

Patrick Garidel and Heidrun Schott

n the first half of this two-part

article (1), we introduced the

physical principle behind infrared

(IR) :lhsnrptitms and cxpcrimcntai
setups used for investigating protein
samples. This second part concludes
by focusing on the use of TR
spectroscopic data in formulation
stability studies and for characterizing
protein secondary structures and
related changes (e.g., resulting from
protein—excipient interactions). We
also examine IR’s use in screening
protein formulations.

BAnD ASSIGNMENTS

As the structural repeat unics of
proteins, the peptide bond exhibits a
number of IR-active amide bands
(Table 1). Nine characteristic bands
are termed amide A, B, and 1-VII.
Current understanding of IR spectra
of proteins with regards to those

Propuct Focus: RECOMBINANT
PROTEINS IN LIQUID FORMULATIONS

Process Focus: PRECLINICAL TESTING
AND PRODUCT FORMULATION

WHo SHouLp READ: R&D, ANALYTICAL,
MANUFACTURING, PROCESS SCIENCE, AND
FORMULATION STAFF

KEYWORDS: SPECTROSCOPY, INFRARED,
ANALYTICAL' METHODS, FORMULATIONS

LEVEL: ADVANCED
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amide bands is largely based on
normal coordinate analysis, which was
pioneered by Mivazawa and associates
in their milestone work on V-
methylacetamide (2, 3) and
subsequently extended to more

bands originate from a Fermi
resonance between the first overtone
of amide IT and the N-H stretching
vibration (Figure 3 in Part 1 of this
article). Amides I and II are the major
bands in the protein IR spectrum.
Amide I absorption eriginates from
the C=0 stretching vibration (70—
85%) of the amide group (coupled to
in-phase bending of the N=IH bond
and stretching of the C-N bond),
which gives rise to IR band(s) in the
region between ~1600 and 1700 cm™.
That vibrational mode is dircetly
related to the protein “backbone”
conformation. Amide TT comes from
the N-1H bending (40-60%) and C-N
stretching vibrations (18—-40%) and is
conformationally sensitive. Amides 111
and TV are very complex bands
resulting from mixtures of several
coordinate displacements. Out-of-
plane motions are found in amides V,
V1, and VIL.

Because of technical and theoretical
limitations, only amide bands 1-111
are used for investigating protein
secondary structure (4-7). Of all the

[NVAN PHOTOS COMI

peptide amide modes, however, the
most extensively used in such studies
is amide I. Major factors responsible
for conformational sensitivity include
hydrogen bonding and couplings
between transition dipoles (6, 7)

(sce Figure 2 in Part 1).

Transition dipole coupling that
leads to splittlng of the amide I mode.
The magnitude of such splitting
depends on the orientation of and
distance between interacting dipoles.
Thus it provides information about
the geometrical arrangements of
peptide groups in a polypeptide chain.
Exact frequencies of amide T and 11
absorptions are influenced by the
strength of hydrogen bonds involving
amide C=0 and N-H groups, as
depicted by the equation in Figure 2
of Part 1 (1,6,7). Each element-of
Fci.'l_ll‘!d'dl"\’ Stt’llctural u)l‘lﬁ)rrn:{tinli
(e.g., alpha helix or beta sheet) is
associated with a characteristic



hydrogen bonding pattern between
those groups. So cach type of
secondary structure gives rise to
different frequencies at which amide
bond vibrations occur, thus producing
characteristic overall amide I and I1
vibrations (Figure 1). Such separation
of subcomponent bands (Figure 2) for
an overall amide [ absorption forms
the basis of protein structure analysis
and quantification from vibrational
spectroscopic data (8-10).

The relationship between amide T
band position and type of secondary
structure is best recognized by
analyzing IR spectra of simple
homopolypeptides that fold into well-
defined and often homogeneous
(purely alpha-helical or beta-sheet)
structures. By contrast with such
homopolypeptides, proteins usually
fold into complex three-dimensional
structures that include a variety of
domuins containing polypeptide
segments folded into different types of
secondary structures. Because each
conformational entity contributes to
the molecule’s IR spectrum, observed
amide I band contours are complex
composites. They consist of many
overlapping component bands that
represent different structural elements,
e.g., alpha helices, beta sheets, turns,
and nonordered or irregular structures
(Figure 2). A fundamental difficuley
encountered in analyzing such
composite band contours arises from
the fact that the width of cach
contributing component band is
usually greater than the separation
between the maxima of adjacent peaks
(Figure 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 I band, we
must consider that some absorptions
arising from buffer components may
:lhs_l‘)rb between 1600 and 1700 cm !
thus perturbing analysis of the amide 1
prottin absorptions. The most common
interference is an absorption band of
water in? ’!]’ht region, but contributions
of aminoacid side chain absorptions
must also be considered (11).

Pige A/3 M

Orther bands such as amide IT have
been used for the clucidation of
structural information of proteins,
Inclusion of that band with amide I
has been reported by some authors
using multivariate data analysis
techniques to provide improved
prediction accuracy (4, 12). Morcover,
the amide 11 band has been used for
monitoring hydrogen—deuterium
exchange in proteins, providing
information on subtle structural
changes in protein sccondary
structure. Some authors have also used
amide 11T band data to derive
information with respect to protein
secondary structure (7, 13, 14).

Figutc 1 represents cxcmplaril}'
different protein TR speetra 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 T
absorption, secondary structural ¢
elements are different for these
proteins. Hemoglobin shows a more or
less symmetrical amide T absorption,
whereas a broad amide 1 absorption 1s
observed for alpha-lactalbumin and
alcohol dehydrogenase. Such
differences in overall amide I band
shape come from different amounts of
secondary structural elements in a
protein structure.

ANALYSIS AND APPLICATIONS
Within the 1600-1700 em™ IR
spectral range, where the amide |
absorption is detected, regions have
been identitied as being sensitive to
particular secondary structural
conformation. The “Band
Assignments” box summarizes these
structure sensitive regions within the
amide 1 band. Hydrogen—deuterium
exchange among amide hydrogen
atoms causes a difference in band
positions from those characteristically
recorded in 11 2() and DIO.
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 ics overall

Figure 1: FTIR spectra of various proteins in
liquid formulation
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! a-Lactalbumin * Alcohol dehydrogenase

*Hemoglobin *Human serum albumin

'a-Chymotrypsin  *o-1-Proteinase inhibitor

Table 1: Band assianments of the mamn
infrared aclive vibrations of biomolecules

/Ual? ﬂmrdfl .
@ “32m er

Frequency
Range (cm™') Assignment

3490 and Asymmetric and symmetric
3280 H-0-H stretching 2
Amide A (N-H stretch in ﬂ? 200,
resonance with amide Il
overtone)
3080 Amide B
3010 =C-H stretching of alkenes
2057 Asymmetric CH, stretching
2920 Asymmetric CH, stretching
2872 Symmetric CH, stretching
2851 Symmetric CH, stretching
1738 C=0 stretch
Amide | (mainly C=0 strech) ™~ [ (ﬁ % 2
1645 H-0-H bending
1480-1575 Amide Il (N-H bend in
plane and C-N stretch)
1468 CH, scissoring
~1395 C=0 stretch of COO
CH, symmetricbend [ 3 60
1343 CH, wagging
1230-1330 Amide Il (N-H bend in
plane and C-N stretch)
1240 Asymmetric PO, stretch
170 Ester C-0O asymmetric
stretch
1080 Symmetric PO, stretch
1047 C-0P stretch
980 Choline asymmetric stretch
625-770 Amide IV (mainly O=C-N
deformation)
720 CH, rocking

spectrum. To estimate the range and
positions of discrete subcomponent
absorption bands, band-narrowing
techniques arce applied. Based on this
49
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Figure 2: An example of an amide | band
with its underlying band subcomponents:
alpha-helix (blue), beta-sheet {red), random
coil (green)
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procedure, secondary structure
clements can be quantified.

One approach to extracting
information on protein sccondary
structure from IR spectra is Fourier
self-deconvolution, often referred as a
“resolution enhancement” or “band
narrowing” technique (1, 15-17). This
procedure is based on an assumption
that absorption bands are broadened
(convoluted) in liquids by a certain
function that causes a band overlap.
A consequence is that the individual
subcomponent bands cannot be
distinguished in the overall amide
I band. Fourier self-deconvolution
decreases band widths, allowing
separation of overlapping component
bands that underlie a composite band’s
contour (16). This is also called
deconvolution (17). The exact shape of
the convolution function has not been
determined. But it is assumed chart
Lorentzian and/or Gaussian functions
are appropriate.

Two parameters are important for
deconvolution: full widch at half-
height (FWIII) and a resolution
enhancement factor. In most cascs,
experienced operators determine these
two parameters. Their selection
determines the number and peak
maximum of resulting subcomponent
bands. It is a critical operation that
determines the quality of results for a
curve fitting procedure.

Overlapping band separation can
also be increased by calculating the
second dthvatwc (Figure 3) of an
db‘s(lrptlﬂﬂ spectrum, either in the
frequency domain or through
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mathematical manipulations 1n the
Fourier domain (15, 18). Note that
spectral derivation does not preserve
the relative intensities of absorption
bands. They depend on the width of
each absorption in an original
spectrum, so narrow bands will be
enhanced at the expense of broader
bands. A distinct advantage of the
Fourier sclf-deconvolution method is
that it introduces less distortion.
Particularly, it does not affect the
integrated intensities (arcas) of
individual component bands. So the
effect 1s not to increase instrumental
resolution, but rather the extent to
which individual component bands
can be separated.

The degree of band narrowing
(described by the resolution
enhancement factor in Fourier
deconvolution and the degree of
derivation in derivative spectroscopy)
is limited by a spectrum’s signal/noise
ratio. So analysts should avoid
“overdeconvolution” or using higher
derivatives, because noise will also be
amplified and can be easily
misinterpreted as a real band (10).

*Another challenge can arise from the
presence of atmospheric water vapor,
which gives rise to narrow absorption
bands especially in the region
overlapping the main protein bands.
Although the overlapping bands are
often very weak in an original spectrum,
their relative sharpness makes them
disproportionally amplified upon cither
Tourier deconvolution or derivation.
They may appear in a resolution-
enhanced spectrum as artifacts that are
indistinguishable from the real
components of a protein band. This
problern can be elegantly climinated by
technical solutions such as purging
spectrometers with dry air. If necessary,
residual water vapor absorption may be
compensated for by spectral subtraction.

Figure 2 shows determination of
secondary structural elements for a
chemokine at a 1 mg/mL concentration
in PBS buffer at pH 7.4 (H,0, 25 °C).
A Gaussian, Lorentzian, or mixed
Gaussian—Lorentzian shaped curve is
determined that best fits the original
protein spectra (the black curve
represents the original spectrum, and
the magenta curve represents overall

fir). To get initial paramerers (band
height, width, position, and bascline)
for starting a fitting procedure for the
individual subcomponent bands,
Fourier self-deconvolution was used
here. The best fir was obtained by a
root mean-square analysis determining
the optimal set of curve-fitting
parameters, then the corresponding
subcomponent band was determined.
The area of each individual band is
used to calculate its relative
contribution to a particular protein
secondary structure in relation to the
overall area of the original spectrum.
In the example, the overall amide 1
band was fitted assuming just three
sccondary structural elements: alpha-
helical, beta-sheet, and random coil
structures. Analysis revealed that the
protein structure is about 45% alpha-
helical, 39% beta-sheet, and 16%
random coil structures. Those results
are in accordance with X-ray data.
Our procedure assumes that the
carbonyl molar absorption coeflicient
is equal for cach individual structure.
Other possibilities lor the
determination of secondary protein
structure are based on pattern

Figure 3: a-Lactalbumin in the respective
presence and absence of magnesium ians;
{1or) IR spectra, (soTTom) second denvative of
the amide | region
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recognition. These methods use
calibration matrices of IR spectra for
proteins of known secondary structure
(usually determined by X-ray
crystallography). One matrix consists
of target secondary structure fractions
for proteins in a reference set; the
other consists of their absorption data.
The combined matrices serve as a
calibration set. Based on that
“training” set, a multivariate regression
model is derived for predicting
sccondary structure elements of a
“new” protein. The most widely used
regression methods include factor
analysis, principal component analysis,
and singular value decomposition (17-
22). Partial least-square methods and
the methodology of factor analysis and
multiple linear regressions are both
routinely used, being implemented in
commercially available software. In
recent years, neural network analysis
and two-dimensional correlation
S|?cl::t1‘08c0])y hﬂV{J b(:l.‘t}ﬂ]t: maore
important (23-26).

Testing Formulations: A number
of excipients are known to bind to
proteins or affect their stability.
Protein—excipient interactions can
casily be investigated using IR
spectroscopy. For example, divalent
magnesium cations interact with
alpha-lactalbumin (Figure 3). Figure 3
Tor shows the original spectra
(10 mg/ml., phosphate buffer, pH 6.2,
25 °C), and Figure 3 soTToM shows
second-derivative spectra. The
presence of magnesium cations induces
a distortion of the amide I band, as
illustrated by the appearance of a
“shoulder” at abour ~1630 em™. It is
clearer in the second derivative
(Figure 3 BoTTOM). IR spectroscopic
analysis of the amide I absorption
revealed magnesium binding to the
protein and inducing changes to its
secondary structure.

In a number of cases during
biopharmaceutical development,
analysts may be interested only in
recording differences between various
protein formulations. The idea of such
analysis is to compare an initial state
of the protein product with its
structurésin a sclected formulation —
€.z, aftef being stressed by
temperature or pH. Various
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approaches have been described, with
“visual” comparison of IR spectra in
the 1700-1200 cm ! spectral region
(amide 1, 11, and III absorptions) often
used to identify spectral deviations.
However, it is still unclear what
constitutes “large” or “small”
differences. In most approaches,
correlation coefficients are calculated,
which express the common features
and similaritics of the two compared
spectra (27-29). A correlation
coefficient for identical spectra can be
set to 1, with the correlation
coefficient at 0, when both spectra
have nothing in common. The area
overlap method implemented by
several different groups uses the
integrated difference berween two
arca-normalized spectra (Figure 4).
Fach approach uses both raw and
resolution-enhanced spectra.

A
Y

o/

IR spectroscopy

‘ allows direct
INVESTIGATION
of highly
concentrated protein
formulations in their
original protein
concentration.

Another useful method for detection
of small changes in protein structure is
difference spectroscopy, which involves
subtracting a protein absorbance
spectrum in one state from that of cthe
same protein in another state. For
example, the FTIR spectrum of a
sample is obtained before and after
being triggered by a particular effect
that induces two different states of the
protein (e.g., pH change, light, heat, or
addition of an interaction partner).
This approach reduces the complexity
of interpreting conformational protein
changes induced by the trigger, and the
difference spectrum reflects only those
groups that undergo a specific change

> 13 Q

Figure 4: Example ¢f an area overlap of two
raw speclra. The ar=a overlap of the two
spectra (90 %) s indicated in yellow.

Absorbance
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in their structure or environment
(Figure 5).

Figure 5a shows the results from a
FTIR-HATR experiment
representing thermal-induced
denaturation of an antibody at a
concentration of 50 mg/mL. Up to a
temperature of 60 "C, amide I changes
are marginal (data not shown). Above
60 "C, however, clear changes are
seen: The overall band intensity
increases considerably. More
important are changes in the band
shape, indicating formation of
intermolecular beta-sheet structures.
Using the spectrum taken at 25 °C as
a reference, derivative spectra could be
calculated. These are plotted in Figure
S, showing changes induced by
thermal stress. The area of those
changes can be calculated and plotted
as a function of temperature.

Such protocols are used for fast
screening of protein formulations as a
function of temperature. The
experiment is especially suited for
analyzing highly concentrated protein
formulations. Figure 6 shows
denaturation curves for a 60-mg/ml.
protein solution at three different pH
values. Denaturation temperature can
be determined from the curve’s
sigmoidal shape. In the example, a
formulation at pH 4.0 considerably
increases thermally induced stability
of the protein. Data are somewhat
different when you compare the same
formulations at much lower protein
concentrations. IR spectroscopy thus
allows direct investigation of highly
concentrated protein formulations in
their original protein concentration.
Using highly sensitive calorimetric
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Figure 5: {LerT) Structural changes in the spectral region between 16C0 and 1720 cm !
representing the amide | absorption as a function of temperature; (Right) difference spectroscopy
{ftemperature dependence of the amide | apsorption)
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methods, protein concentration is
usually limited to 0.1-10 mg/mL
(depending on the protein involved).

IR spectroscopy is very helpful tor
a number of other applications of
elucidating structural protein changes
in formulation. Information
concerning formation of protein
aggregates can also be derived from
FTIR measurements (30-33).
Appearance of strong absorption
bands below 1620 cm™ often
correlates with aggregation — usually
associated with formation of strong
beta-sheet structures. However,
absence of such features in the amide
I region does not indicate an absence
of protcin aggregates (34).

A FormuLATOR's CooL TooL
Fourier-transform IR spectroscopy is a
powerful technique for structural and
conformational characterization of
proteins because of its ability to test
samplesA@fider different physical
conditiofis: aqueous and nonaqueous
solutions as well as dry samples.
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BAND ASSIGNMENTS

Band assignments of the subcomponent
bands of the amide | absorption (data
for a protein in H,0):

1620-1640 cm '; Beta sheets

1640-1650 cm™: Nonordered structures
1650-1658 cm ': Alpha helices
1660-1680 cm™: Loops

1670-1695 cm ': Beta sheets

Measurements can be done for liquid
formulations containing 1 to at least
100 mg/mL protein.

FTIR is well suited for studying
protein stability in the development of
protein formulations. It finds
application for

» fast determination of protein
sccondary structure in solution or dry

* biopharmacceutical qualicy control

* biomolecular interactions
(protein-ligand binding) monitoring

* protein determination and
concentration measurements

* study of aggregation and
fibrillation processes

* detection of conformational
changes (e.g., duc to altered pH or
ionic strength)

* investigation of temperature and
buffer influence

* formulation screening for highly
concentrated protein formulations.
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International Journal of Science. Environment ISSN 2278-3687 (O)
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A STUDY ON INFRARED SPECTROSCOPY OF HUMAN BLOOD

U. Vijaya Ushasree, Kaleem Ahmed Jaleeli and Adeel Ahmad
Biophysics Research Laboratory, Department of Physics, Nizam College (Autonomous),
Osmania University, Hyderabad — 500 001, India
E-mail: dr_adeelahmad @yahoo.com / sunilusha999 @ gmail.com

Abstract: The paper reports IR spectroscopic data on human blood and its constituents. IR
analysis has been made on whole blood, plasma and serum. The characteristic spectral bands
pertaining to fibrinogen, hemoglobin, erythrocyte membrane lipids and other plasma proteins
are identified. The paper explores the possibility of disease analysis by TR spectroscopy.
Keywords: FTIR spectroscopy; Human blood; Plasma; Blood Serum.

1. Introduction

In recent past. mid infrared and UV - Visible spectroscopic methods were efficiently used in
the fields of biological sciences [1, 2]. Implementation of these techniques reduces time,
resources and cuts cost. IR spectroscopy is emerging as a potential diagnostic tool in the
medical and pharmacological fields to provide information about the different chemical
structures of healthy and pathological tissues [3]. Blood being the chief circulatory medium
ol our body, reflects the physiological and pathological changes that take place in the tissues,
which lead to the changes in the various plasma, serum and cellular constituents. In view of
this, an attempt is made to analyse human blood spectroscopically in the IR range.

2. Materials and Methods

2.1. Sample collection

Collection and handling of a sample 1s an integral part of obtaining valid results. Here a
disposable plastic syringe was used to collect venous blood. Blood samples were collected
from healthy volunteers. Blood collection tubes with anticoagulant (EDTA- Ethylene
Diamine Tetra Acctate) were inverted gently as soon after collection as possible to prevent
clotting. The blood samples were brought to the laboratory in siliconized bottles, keeping
them in ice cooled thermos. The samples were kept in refrigerator at 4°C until used.

Investigations were done within two to three hours after collection.
Received April 26, 2016 * Published June 2, 2016 * ywww.ijset.net
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2.2. Preparation of sample

First, spectral grade pure KBr powder was dried in an oven upto 60"C for 24 hours. Then |
gm powder was taken in an agate motor and was ground until it becomes fine powder. The
ground powder was mixed with blood sample and transferred into the bore of a cylinder so
that it was distributed across the polished face of lower plate. The polished lace of the second
plate towards the powder was inserted in to the bore by a plunger. The dic assembly was
connected to a vacuum pump and was Kept under vacuum for approximalely 2 min so as to
remove air from the sample disk. The dic was dismantled and the KBr disk was removed
without touching its faces. Here, FTIR spectrometer of make Bruker Optics and model
Tensor 27 was used.

3. Results and Discussion

Fig. 1. presents FTIR specttum of Human blood, which reveals a series of bands with
different intensities and the spectral data is shown in Table 1. For the systematic analysis, IR
spectrum is divided into three regions.  Region T is from 4000 to 3000 cm™. concerned with
water and hydroxyl group. This region is of considerable interest. because it reveals the
nature of hydrogen bonding. Region IT is 3000 to 1500 cm™'. wherein bands for functional
groups are observed. In this region, major IR absorption pertaining to fibrinogen occurs.
Region T is 1500 — 200 em™', which has significant importance in the context of biological
minerals and their combinations,

The spectra of human blood indicate the presence of bands characteristics of water molecule
and also of some functional groups concerned with proteins and lipids. The IR band at wave
numbers 3294 cm ' and 3065 cm ' are related o Amide A and Amide B respectively. The
dominating band at 1396 cm' may be originated due to the important protein of blood
Fibrinogen. This band is related to the stretching C=0 symmetric stretching vibrations of
COO". A band around 2960 cm™ is due to the -C-H asymmetric stretching of —CH; in Fatty
acids. Phospholipids and Cholesterol esters. The band at 1106 cm™ is related to HbO-,

exhibits vinz; bond. The two most intensive bands are centered at 1652 cm™! and 1547 em™!
in the FTIR spectrum of human blood. They correspond to the Amide T and Amide II. Both
bands are representative of secondary structures of proteins. Amide T peak arises from C=0
hydrogen bonded stretching vibrations, and Anude IT is attibuted to C-N stretching; NH and
CH> bending modes. Amide I and Amide II absorption bands are associated also with specific
secondary sub- structures, such as o-helix. [}-sheet, f-turn and random coil. The bands at
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1307 cm™'and 1248 cm! are related to Amide TIT bond components of proteins (C-N). The
band at 1170 em™ corresponds 1o C-O-C asymmetric stretching vibrations of phospholipids.
The bands at 1106 ecm™, 1170 cm'and 1248 cm™' are associated with triglycerides of human
blood. The band at 2936 em’' is related o platelets due to -C-H symmetric stretching of —
CH,

8
?g’s : LF
e i
i*
" I
== . A 3 Elg 3‘.
! Eg / §=§
) 3
3500 3000 2500 2000 1500 100¢ 500
Wavenumbar sm-1
Fig. 1. FTIR spectra of human blood
Table 1- FTIR spectral data of human blood
[ Wave Number Characteristic vibrations of
| em™ 0 Junctional groups -
i 3294 Amide A, N-H stretching of proteins
| 3065 Amide B, N-H stretching
2960 -C-H asymmetric stretching of ~CHj in Fatty acids.
| Phospholipids, Cholesterol esters
2936 | -C-H symmetric stretching of —-CH,, Platelets
2873 | -C-H symmetric stretching of —CHj
2094 }
| 1632 Amide . — helical structures (C=0)
! 1547; 1454 | Amide II Peak region — Protein (NH, C-N)
L CH, bend
'i 1396 | C=0 symmctric stretching vibrations of COO” Fibrinogen
:' 1307, 1248 | Amide IIT band components of proteins (C-N)
.[ 170 . C-O-C asymmetric stretching vibrations of phospholipids
1106 | HbOs exhibits v(g, band, Oxy hemoglobin
1106, 1170, 1248 | Triglycerides
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Morgellons:

Unique Protein Isolated & Characterized

by
Clifford E Carnicom
Aug 13 2017
Edited Oct 01 2017

Note: Carnicom Institute is not offering any medical advice or diagnosis with
the presentation of this information. CI is acting solely as an independent
research entity that is providing the results of extended observation and
analysis of unusual biological conditions that are evident. Each individual
must work with their own health professional to establish any appropriate
course of action and any health related comments in this paper are solely for
informational purposes.

A protein generated by the microorganism associated with the Morgellons
condition (tentatively classified in past research as a “cross-domain
bacteria”, i.e., (CDB) has been isolated and characterized in several ways.
There is little doubt that this protein is at the heart of the physiological
and biochemical changes that occur within the body by those affected.
Related research has been conducted with success for some time, however, the
recent work represents a different and separate approach from previous
accomplishments. Proteins are at the crux of biochemistry and biological
research, and they have great importance in relation to biological
structure. There are usually numerous applications (beyond health aspects
alone) that develop with the advent of a new or isolated protein, and it is
_expected that the current work can eventually follow this suit.

Only the general nature of the protein will be described at this point. The
protein is organometallic in nature, highly water soluble, and strongly
acidic. Additional resources of significance and support from the health
communities will be required to develop the series of discoveries into
tangible benefits.

Some of the methods that been employed to define the unique nature and
characteristics of the protein include:

1. The molecular weight of the protein has been estimated with laboratory
methods.

2. The solubility and polarity of the protein has been assessed.

3. Pyrolysis with gas chromatography (GC) has been applied to the protein
to examine its thermal decomposition into various subcomponents.

4. Headspace methods have been used to examine the nature and volatility .of
«9gaseous metabolism of the microorganism.

5.“Infrared (IR) analysis has been used to identify the primary functional

groups of the protein, along with the analysis of various GC trapped
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components.

. Ultraviolet (UV) analysis of the protein has been conducted.
. Candidate amino acid composition, at least to a partial extent, has been

established.

. The pH of the protein has been measured.

. The isolectric point of the protein has been determined via titration.
10.
13,
12,

Precipitation methods for the protein have been developed.

A metallic nature of the protein has been verified.

The index of refraction for the protein has been determined by
measurement.

A concentration-dilution model for the protein has been developed based
upon the index of refraction.

The polarimetric nature of the protein has been examined.

The electrical conductivity of the protein as a function of
concentration and dilution has been determined.

The Oxidation Reduction Potential (OPR) of the dilute protein has been
measured.

A colorimetric test for the existence of the protein has been
established.

Initial molecular models proposals have been established for some of the
simpler components of the headspace-pyrolysis components with GC — IR
coupling.

Initial anticipated impacts upon physiology, i.e., absorption levels,
are under investigation.

The Bradford reagent identification test for protein identification has
been applied via visible light spectroscopy.

COE oG Pyralyis Analvels hug 2017 Cacnictn Insbibuts

\ |
WL Al AL

GC Pyrolysis Chromatogram of Numerous Components of (DB Isolated Protein

(significant hydrocarbon structure is identified within)

The isolation and characterization of this particular protein and its
proﬁﬁ?ties are of importance and uniqueness in the research related to the
Morgellons condition. The attributes identified are numerous and specific to
the microorganism that has been extensively identified, examined and



Page A5 7C

researched. The uniqueness of the protein is essentially guaranteed. The
method of development of the protein also represents a distinct and recent
advance in the history of CI research, and it is hoped at some point that the
work will be placed to the advantage and benefit of the public.

Clifford E Carnicom
Aug 11 2017
Edited Oct 01 2017

Born Clifford Bruce Stewart
Jan 19 1953
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