Feature Article

EST

MOV DHEDNAFXT 1« HIVARICE Z -
IPZAVAN

Impact of Raman Microscopy on Biomedical Research
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Raman spectroscopy is a vibrational technique complimentary to Infrared (IR)
Absorption. They both provide information on materials via their molecular and
crystalline vibrations. While IR spectroscopy has been used more widely, Raman
has some distinctly different characteristics that provide advantages when
making measurements on biological materials. For this article we have selected
three topics where there is groundbreaking activity in Raman microscopy
worldwide and where the implementation has potential to solve outstanding
problems. Information on instrumentation innovations that are critical to some of
this work (especially lab-on-a-chip) will be mentioned. The references, while not
exhaustive, will provide the interested reader entry to the literature. The topics
that have been selected are identification of bacterial micro-organisms, disease
diagnosis, and Raman imaging.
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Validation against clinical standard assays [hemogram, biomarker panel]

For external Validation for established routine: Full blood [7 ml]

Clinical information on
host response,
Diagnostic information
on disease

User interface for clinician [input: patient ID, Output: dinical information from HemoSpec assay]

Figure 1 Scheme proposed by European Union for identifying infectious organism and preparing the best antibiotic defense. This figure is reproduced

from http://www.hemospec.eu/index.php/technology.

Readout No.49 August 2018

45



eature Article
FEHE G L

B ¥ S AIED A A AT A DVRRICE R A=A 2737 b

T TCIWHEIF LD 9 b Journal of Raman
Spectroscopy JD20154E D L ¥ o — e ¢, B8 &5
HRWE, BRICBU 5, MEMORZEICET 554 Dls
FABOMENREEDENT VDS, FOHEZTIZAEDR S
WX L T—EDEFEZ RO, FERHHOIEHIZOWTD
il STV 225, ZOFIIEMEED N + 7 ulil
BLOEW - KEEAOMEB O EETN TS, ZOERHE
FFIZHFIRE NS OTIEH 555, TORIBTIEFERLTH
LZARMOBM SRR TV L0, BOrFlni5E
WML AR EESEIC R 2 L2 BEIOT 5,

COLY2—H LA, BV L EREY 2 L 5 T,
FRBEAICEYVEAV-Ty bE— FEHWTEWEFEE
T2~ VG EOHAENZICHASHASNTVDE, 2
o OMEINIBAEDDOBRANRT FVOBKET—
N—A LI ENIZLEET N T) ZALDPLETH D &
) BHIIEETH B, Bl 2L, WEETORIET 7 b7 L
A7 GREIAE L TWD LAV EICEGSED T 5 =
ENIBWT, BBV AT LADT AN bI, [7HEkED
EAEONEIZBITAIEED2EXDA ) —= v 7 IZERT
HEZEPHHL WS, HEEHELIE, T~y ~A
JOREETLOMEICE o TEBE EANV—Ty M
WA E % FBIS 5 7200 OSERS GEH BT J < >~ #EL) ok
FIZOWTHIHEL TV D, WO DFEATIL, FFEME
M, W, VANV AORBERERN BB -7 20 R
DORIZSERSEDHEH ST W7z, & 0 bIFERED LD
N7=O05, KEFH OWREROBRI (N F T bR v)
WZOWTOREBRTH b MHRE SNOIIR, ME - MF,
A (REWEZ & 1 2 3EAR), MR, MBS, AR, B L UOH
BRI CH o7z T2, BE L MOEGE— F O HEx %
E ol FUEWE LR & OMEAER % 50 L 2 FIAT
LI ENT VB, Bl AR, T~ Il X b AT b
WA L o T, Nra~< Ay s, F 7230tz
FOMB 2B TE D 2 LR s N7z, BIOWZETIZ,
DNAD T~ YNy RO %8 U T, JiAaWEO&HRE/H
ERHEEHMENE NI, COBELESIE, REDO MY v 2
LT, AENRER OB &, B 2 CHIREE 2 R
BIRRL O NFB & AVEBIC & 4 Al DI ERO#BIC B 5, F
XY ARY MVOBEMEIZOWTHEH L T 5,

H 1 EHRRTE ¢ IRRMEE O A I 2 RS 2 SR MRS

v (LIZhw) & X, Z2oRELX1T) 20 TREOFEY
HETE S,

KRB

EAEZMTIE, 7 70— AEIREL, BERE BLUE
I SE ROV ADNZOEE L SN TET,

19924E121Z~ ¥ F 2 —t v v TR KF¥DMichael Felda®

46 | Readout No.49 August 2018

£ FOBIRO T ¥ ¥ AN PLEEL SHIET FE—2
PEBOIR A 0035 HAE 1= D\ > C SR L i
T 570D TETH - 7201,

ZD%, 20065 1IZH L7V — 7H 7 7 1 — A TEB R EAL
fE X ARE T T — 2 ORI vivoaFliz BikG L 721,
20124F121%, JenaZ v — 7%, #ME1 mmO IR EE 7 0 —
THhREAWE, vHEEREFNET LT 7 a— AMEIREEAL
75 — 7 Oin situll B2 OV T E %73 L7 R (fy
M, A, EEERTIER S X O A 7 VALIEER. b 7
J) FEED) RS 87 HIZOoW TR IZRER S e
NV FOIREICHED &, KEIRE WO KO REBA T 25T
biize ZOHMIMLFRBICE D VIR EE T T — 7 D
FHZWTH o720 T~ Y0 NEHEICH VT, CARS (2
E—L Y MAM=7 AT D) A A — T OFRLFEDS,
EFRRERE 77— 7 HEE L2 KBk R T
720 CHOIRB E IR Y v X2 B L IRE L ThRE R
H(ZFNZFN2930 cm 12840 cm ™) 2 &6, CARSA
A=VIZBIFLa Y b TAMIFEFICBIFTH -7,

FiL, e raXre 7y bW Lag—r (¥
YSTEO—FE) E OBEEMTH B LERIEMAYEE %
BD72012, FIELILETH Y, FIHEHIE & i
WKEoTHBEET) V) ENTWAE, TRIZLVIE
WS N BFHAIE, BRROMEZ RS, FoRMISH LT
FATTHY, MLOENIATVEEEL WD, I 4T
VEREATH0H B L UPO A b O—EFI REEEICE
Sz on, HBECEISTEETHL 32T NVEY Y
N7 B ORI, REBEEER, BL O AT IVoRRLE
i, TRTCITT U GHEICL D METEER /ST A—F =T
HY, INSEHNTHEMEAORHMANTZIT) 2 LA TE
%o 19994E, 3 ¥ v K& DMichael Morris#d%2vH % xf
SL LMD T< VA IcOWTHEE L2, ZUEga
YR=A Y NOGHEIC BT DN T L, ST
DFERISHLTT A v~y 7SN DRI 21T\, 2
BB LI E OB ICHV b0 TH L, (REE
LIRS OHLFOREFHIAOFRIBOME LT E ) o)
COFERHNBEIZBWTEELZOE, V) YERE/NY Fodige
<Y 7 FA951~963 cn e D I AT IVHIICE T B
3ODRT DR TH 5o Morris#dz & o 7 )V — 7132
R b B DR, KR BEREOBIZ 2 ki LT b7,

Z D%, Ozan Akkus & FENIZEE 5 2358 7 ~ > 506k
EHWTE b OBEEOEICET %217 - 721, &
TUSEAARIIZIE, 1782 673 TOWBRE O FHALIZE
WCYETY V7 ENLWE EF7ICTER S NS G O/
REEL, TOENRLT SIZOVWTIERET L0 b0 T
Holo B ET) Y ZENLBVE)DI AT VOEH
FEIIFMORMO20E-IT DL, I T VRO
FARXSWR L. —FH, B3 FE LTy g



HORIBA Technical Reports

I A TNVIARE L, RPN SODORBEMFFL, &
LY MR VCIREE IR 2 T 7z Mg izl Y
BT YT OREPRTT L, I 4T VLL MO
HEOEL Y, OB T IR T 2R H 5
EBRENT WD,

DBABMANO T ~ > 4tk OIS A O REEIZ O WTH
LEFFOF AL o TIE, 20084EICHIR S Lz & & 5 g
DENRBENIEE 2B 1Y, ZOBTITERICIZREY
EHRBOWRBZHE L > E SR> TWDH, 20200
I 72 P BRI, 2o oM RERICEA & v X
DY, LLAMOBEE L TELABRELDTH B, Bl
FEDODAZR ORI 7 ML, HEZEE O T N— A
ELTWwD, Lo L, HEOREEE D AR E MG L
ToRER, B DRI D ELGEND D Z LMD
HETH L, 20720 T < YBMORETIEIZIE, 15004
MIEROIE L, N0 % 5O 72D REFE OEMIZ
RS UEEDE LNz BAITIE, BRO—HE KT
DIPS0DERD T < VED 72D I &z, IE
WA, EMNL y MM, BIEoNL v MR BEN
Ly MARE BEREK, BEREK, WATA LRI
BLORFLEEPADFIY AT FVHRENTz IH
#47#T (Linear Discriminant Analysis : LDA) 2SH5ED 72
WIZHEA SN, 37V — 7 E 7V (IEH % T LR g, N
Ly PEE, BEEBIUODPA)ORES X R EIXZ
NEN84~97% £ 93~99% TdH - 720 T 5 DfHIZHIL
Bl bERTHOLE VLD TH 72708, SWToRFEE L
THegR Al SN B 54, BEEITR/ABRICHZ 72\, [
BRI, DSAMRZ Rk 2 2 BT 72w b D TH D, i
HOIANEEEBETH I ETRBIUEI N,

LSRR ARG (DB S N2 EAR S, RECICHIH L7
BEPADEGE ERBEOERE o7z, EHIZ, TNHOD
BARDANRY MV, ZOBEKREEORYSHE, 25 0 I
BEANERERE A EOREERE L T2 2 0HEICH L 2 L
DA TH DI LD bh ol bbAHAZRMIZIL, HIE
WZHI 2 T3 720807 — 7 #AtL20v e A3z
LL5DTHLD, THIET~yNHE T — 7O &
DUTREL 72 %o RIETIL, 1R % BIC6RD T 7 4 /N—% [
FRICECE L 728> ROUVEE T, Bl 7 7 A X=2 502
HDTIMEFEEXT 7 AN=DPEDL = —E5 %l
ETDHT74NVYY) KRNSO TO—THRHV bR,
Enviva Raman7' 10— 7 &\ 9 ZFRD, Visionexth D,
THbo HEIMERICHOLDAT VI Y ZADHW SR,
BUHOBARGER B L BN BT OMILA A & X5
ENTzo ERDIEEIL84% TH > 720 T DOHEIDFEIHIZ,
FATEBRB B 2 A BN ZO TR T 50T
Hbo

20084 ICHE NI Z DEDRRIS, FHHEHIET < vtk

AN MVOZERDPRO TN TH D Enb, AT b
WA ODOREBE 3 L, BmRmAR % B L7 <
FTHZEWEHEEZ N D, RO iAWl e
KB BB, BRI FENH G SNz, 7225, 12
DRSO SN2 AR FIVICES LS EFT IV E, Jlo
BAZIEDO BNz AT B IVIZ X B HBEORRE TN H V5
CENTEDLONE )G, D &b AR
ICBWTIIE->72F FThH L WEROISEIR L, 5w
ORI IED EARY MV ERIET 5 2 & dHED W RE
B, SESERANRT VB RMT S (A7 VG
IRFEDST 72 B)BRERC L o CTARY M EB I NSE
MEASE 72 282 ROMAREE X, A7 M VOGEIZIEG L
TS B0 TOBRIZOWTIE, A4 2315 R Y k5
HRENTWRN,

20154F, Stone# Iz D 7V — T, BAZWIZET 5500
LE2—mLEHELTWAP, 1513 8 % 8% g0l
e (i, 7L, A, F2fg, &8, wiachy, Ehils, B X 0E)
WCRT ABAZMICINA T, BARZOMO I Y 74 3
YOO DRBEE MG OVWTLERELINATEY, =
DL TIEIEER I OHE & v 9 HE LRI OWTHLD
FF T, FMEICBWT, BERHEDOICEZOME
AR DELER AR PIVA A=V V7 - F— % Z UET
LI hiE, LELBMEEZIUSENRITAETH Lo 1208
ARy FEOEH ST S L CERBERIUE T 2 S $ 7V
T XADPEICBE SN T WD, SO BB
WTHHIZEE W b, HEOWR T R/IMLT 2 72012 0E
i 2 MHLD B & o0, MREAEIRIE % BEVY 5 7280 | R
BHIEABRE L 2WEIICT LI ENET Lwni, 2
DL TIHECARS (T —L Y PRA =2 A< 253k
) XSRS GFE 7 ~ > 43oik), SERS (IR 7 ~ > 450
2 BLUTRS E# T~ 50tk Lo 722 oo file
FEIL 2= RER> TV,

COMmLIEI R SN0 —F TR, I AT ML
ESERBMFEEOHMIZ L T, PHOTHATEETSH S
PIFT%, IRVARZ PNVICK o THT LB LEDOM
BIBRE A e TEALELH LI EARENTY
%o B Z AXIE/ NI S A BT, BEEE 2 #L T RV
T A Y OREEEDED, TR TIEDNAN Y R23E <
%% 2D bholz, HOFIHAMETIE, BREEONH
FEMEIZ L o THA SN2 88 Db L WiElDs, 2ok~ v
G X ) 91% DR REE TH AW S ERTRR CTH D L F
E SN2,

FIEASANCET 2R T, ARY MV E AW EEER
DEFEDS, A NDOP D E— AEBETAHIRDL LD
LTRSSz, MR A b I K AB NS KE
HAD—FE) & I AR S KT 28, GEETIVICIE

Readouf No.49 August 2018

4



eature Article
FEHE G L

B Y O AIED A A AT A HVRRICE R IA 2737 b

BRRIZE D BTHNL/N Y FOMITERESH W S, REE
1390 £9%, FFEREEIFB5 9% TH o 72,

M5 S~ D 7 ~ ¥ kO & R AN HER L7z o
\Z, Michael Feld#ZOWse 7 v — 7 Td - 72" #I%1x
&) b, TRHEAC X B EMWIREOMHERR TR LE
ol BICARZ G WHRAZEDIIANOBELHFEL T
Who T, IY UaIEIc X BIKHE, HE, Bt
BLUOWRHEHEBEREORNLTRETH S I LIIREN
728228 1o e P T, N O R — 8 TV kaR B
BENI6X1T 7 AN=T =T ZHTHEETT-> TV
5o WETIX, 7y FORRICEESELERZICTu—-T7%
Biis 7. oo BMEIFiliho) 7 vy 4 A
MM 2 BRI 2 RN T <~ v i RS 5 -0
DI7a NI NVDORIETH o 72 FWFFER FDMBOWFZE I
BT, EHOBED BB O BREICT ] & v TIRE O
LEBIERITIEDHBL 72, F2o TP T, ¥ v
N7 ERREICE Y B THENTWAN Y RIS,
SMEINTBZMHEMINTEXLZENABESN T2
S OWEITHEESth *2 & 723 B O ALK LI Fr & HHBE L T
W7z,

E)DITEIREV DD, T U IEEIC X AR ERES
Wi OWRENETH %o Fox HILY LT T 5 BELHK20
121, Z O RSN T 260 DFBIZ OV il s
TwWhe $hbt, HERBLOCMBEET=2%1) > 7, &
ZWr, WE, JOE, MAO&ERE - PUgERT, 2 LT~ T
)7 Tdhbo 20084 121EChanb I & b, L—HF—+F v ¥
Y7 FAT 5 2 & TR O FIMEATIL O A7 MV
BTEDZ LDE S R AL BILEEE D S 5R
L 7-BAAE - THIRLI )7 OEF 2SR 572, DNAB X
OF VST B — N = ADTE RN OEN -7k
BROZEDPHEREINT e 9= —DWGEEE AT P VD
HEICIE FE R8T (Principal Component Analysis :
PCA) ELDAD2ODSH B 7z,

Lo LIRS EELOR, A 7 UiihEZFoRFE L+ v 7
2B B, B—HIAD T~ v ekt o< 5, o
MU & o T T 5l & Bt o AR ST 5 0 i & A ]
B2 L PRHEND, BR A = X 2 CEMEMN % Yy
L4 ASERS¥ 7 %SRS, CARSZH EDav—L > k470
b)) EMAGELEDL I LY, TR T OOz
Bz R TX 2L DH %,

%2 AR A TCREEIZ T 2 BT, MR &Ml E % deta§ 5 Tk
IRXARA—=I YT

AR AL O A B R IRRE DRl 2 HAY & L CIER L C
728, A MIEB X O/ NG E O A LR IRRE O FF

48 | Reaclout No.49 August 2018

MFE L L CIRMENTH D, T~ o, £lsse
EMERFOFELRFHEELT, TREFTIEDL ZOHER
WA FEIFLTE AA—T v 7y B ZITnTnd,
RS - AL CHWLEN TV, HERED S F
SELEMEXOFHMEO G T 77U —FThb, TV
SNEIZHE M SR L NV ETIBHTRTH Y,
TERHEREIZ BT 2 15 A FFHBEN O VW e Wik
THIRT LI ENTE D,

COEITIE, NAFA A=V TRFEE L COMEMT <
SHEOTE LAY Y PEREBERH LIV, $habb, ke H
WTIERERNTH L 2 &, DHREIEWC &, BELRLE
BT VIEFEENEH TR ThH S, T/, Mt
Wt X O AEIR O 5B BT AT HFB % 5505
b0 T TISHIBL R MR D £ 9 7 8 7o 1 2 B0 AR Rl
DFFFIZHVS N BB A A — T v 7 I R L
TBY, B2 0 FEMEES, MEML — 3 — A
$E, EAE T HMSEE (SEM), T HD s (AFM)
LENHDL, LHL, T LTI a2 mig
DS N DD, AT BRI O LA IRRE R ALK O B &
HOEPIZIT AT EIETER V. ZNEWHEIZT 5 DA
T TH D BT~ VML, v A4 70 x—
MV LA~V THIRE O AL B 2 AR5 T & L Ca#
IHESL SNDDH 5, HEEN T~ VHHMEEORMIEICL D,
oA BEMEE O 22 M MR BE T 2 D X O 2 3 e AL S AL
BT E oo TV b, L2t T, MR ik oLt
BOKEE, BLU~ v ¥y 74 X — Y O & R#EIZITS
CENTED, INHDA XA =TI, MBET LAY
MVIBEDSEENTHB Y, BUEROGA LTIV AR
FIVIZESWCITHALT 2 2 LS T X 2, BT B % H
WHERROBEIC L ), o TS oOseE
WCHEDLILT D7,

FGIUVARYT NUVA A=V v TB LNy ¥ 73N A F
AT A B NVOWMPBTIFE S ZIFANSNTWD, ZIUEE
HIKD T = v AT NVREEDSIEF 25T\ 72 (AR ER
D% NXTHU LV EDKEEATWS), E21IH 0Ly
B - WS T 2 BERERSEONL -0 TH
B S A X =T E ATy T ELNLKEDNE
WO LEFNT XA —F — %@ LIS T 572012137 € 2
FD w7 A(SEERNT - MVA) 2 5T OEER Y — )L &
LTHW P30 a2 s r o BEE 2 bDI1E, T
RV TETR AR VT EDXTH D,
~ v 7, B Lo RER R BLE T LR, yio&
WETARZ PV EIET LI EICL o TERT L, =
DIFEIZL T, v v ¥ U 7 ENE SO 2 L2AE
WA TE D, T A AT T TIE, FEDWIIC
CRUBRLERTH 2 2 ZFIRE S RAT§ 5 C LSRR & 72 B o B
W20, SEIRES N B BEE R IS D 72 ) AR APt & 2R 2 T
T A A=TIRIMEENLP, S vwy ¥y otk



HORIBA Technical Reports

HIRVAA=T 7 E B LA, TS~ Y €
YUTREIGYEL A EEERBSNS, NI
<V VEEBNOZHEIS BT B A N VAR
EENDLDTHD, LL, BFICEMZ gL 7254
12, BREBICBVWTEL DI A X=VPESND
Tl DT, 29 LIZEHIEMNNES S D 2 LIS E
LT ER SR, ok, Hiffo#sIZEy, <
Yo 7 OEMHIRIEZ I ERIBEIC R S % ko TET
b)%[szlo

T3y TV LNTELLERBNTEIZIE, PCA,
H B R 5#T (Discriminant Component Analysis :
DCA), #5H/N % (Partial Least Squares : PLS),
% E /N FePd: (Multiple Least Squares : MLS), B & O
TRt/ 38 (Classical Least Squares : CLS) 72 &8
Hbo INHIFTRTH—-DOY -7 TlI R BERANRY
FVISy =2 VT ANRY PVOERZHET 25 0T
BHho LERMNTOT VT XL, T—F — D3R
X7 MVORIFEE D S0 LdFo T A HE (Fhilid 1) *°)
L, —F=0%) LM E R $, 7Ty XalE
BARTHT 2[RI E56 e L) E0d b,

Figure 2 (A) (B) Raman map and the characteristic Raman spectra of native sperm (the video image of the sperm in the inset). Three distinct regions in the

FEMEOT < A A=V ORIRIZE L Tk, HRIEOLH
ENBERZEEL 2L, SHET~Y U HELE Y L EshERo
CEBBEEAEV) 72 A TH LI LNV ETH DL, 2
DENOHEEL KT 5 S TS F o hEPEABENTE
728, O HIIEEEN D F 72 135E R B L — 2 — i
rHWwR b0, V7 MR T v v ESLE, FET <
BEL(SRS), 2 L CHUS B ICH S 5 B4 OIS
FNb, T, T~ A HREIL S ek
BIEEZ A EDELTELH 5.

%3 AEMFO M FE. supervise (Fffid V) ), unsupervise (ZxfffiZ2
L) o

B—mpanair
—BlL LT, 22y Ry—KEWEEOEFHER - BIEHE
+t v % —®Con Mallidis#i% & LRIBFFEE 5 1%, B T-HE
OWIEEAT 272 M5 1, T ODNAL, THIZEE
(UV) % IR L 720 BB % 8 T 2B, 2 off
ZED By, 1B 2 & A5 0 % WHIIBIZ B B K51
#%DNA (nDNA) DR (UVIRHORE) 2 I~ 4 A=

sperm are observed: proximal head, distal head and tail, as well as small details as vacuoles. (C) Overlay of human sperm showing the locations
of spectra found to be indicative of intact (purple) and damaged (aqua) DNA. (D) Averaged spectra showing the distinct shift at 1042 cm-1 (arrow)
in spectra of irradiated (red) compared with that of the untreated human sperm (green).(E) Scores cluster plot derived from PCA: native sperm (red

and blue, for two observers) and UVB-irradiated sperm (green).
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Figure 3 Histopathologic HE-stained section of normal (A and C) and of adenocarcinomatous (E) colonic tissues; B, D and F display pseudo-color Raman
maps based on 11-means cluster (B and D) and 8-means cluster (F) on the same areas of the adjacent unstained section. Each cluster (consisting
of similar spectra) was assigned to one color and corresponded to the extracted model.
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Figure 4 Biochemical distribution of the individual constituent (proteins, collagen, lipids, DNA, and mucus) between normal, adenocarcinoma colonic tis-
sues produced by applying the MLS algorithm. To determine the molecular composition of tissue composition, the relative scattering intensities of
the various components were normalized to add up to 100%. The spatial and biochemical information obtained from these maps can be used to
identify which biochemical markers could discriminate between normal and cancer tissues
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