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Origin of Milled Wood Lignin :
An Immunocytochemical Approaches in Combination
with Transmission Electron Microscopy !

Yoon-Soo Kim™ « Hong-Bum Koh™

ABSTRACT

Present work was undertaken to investigate the origin of milled wood lignin(MWL) in the wood
cell wall using immunocytochemical techniques. which can provide the information on the localiza-
tion of specific antigens(MWL in the present study) to be examined. Spruce MWL dissolved in DMSO
and emulsified with Freund adjuvant was injected directly into the mouse spleen. The animals were
boostered at two-week intervals after the initial immunization. Blood samples were purifed in stan-
dard procedures. The characteristics of antibodies against MWL were tested by indirect ELISA. Visu-
alization of MWL was carried out using conventional indirect immunogold-labelling methods on the
ultrathin sections of spruce wood. Immuno-TEM observations showed that the immunogold probes
were selectively attached to secondary cell walls of spruce wood. The most intense labelling was fre-
quently observed in the S2 layer. In contrast, gold labelling in the lignin-rich regions. such as mid-
dle lamella and cell corner wasnot found. The immuno-TEM provides an indication that spruce MWL
originates from the S2 layer.
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dAdie] nee] BMYEE /X nE EH o2 ¥gls
2] e Hdde el el1d (native lignin) & B (iso-
lation)3lA ®aln glr}h, B Bl HEhke
gelahy 5 10| ek, By, 72 dsle o
b ppolol Ha gk gheld glade] Adalnde
Bdel g HEE 4 glolo} 3o} (Sarkanen & Lud-
wig, 1971). 22} E&88n e 2% deibye e
o Bafe] Fr) WakE e JeptAy o 2
FEo] UEE HAte v¢48 2tx Utk (Fengel &
Wegener, 1983). A&7 7Rdg gad 9= 3
protoligninell 748 @3 Ao 2N 19574 ~9lde]
Bjokman (1957b)e] Ak #ERE 2] 2 (milled wood
lignin « 2T MWLZ aggho} glad A7Asel ¢
3 de] AbgsE 3 olek ot o] MWL) 54 A3
9] ofejoll A fellshertol dldA e HEe) wsiAlA] ¢
3 e MWLE £ @3 x|S7xe] d+ e
Atzeiel Mz 1 9A4-S gelEtn vk Bjorkman
{1957a)& Agi4el MWLE F& $37%(compound
middle lamella)ol/} fefgcin BRI o ¥ 5
(1981) & #AAe) MWL 94 vlf 271e] MWLE
7oA fegchn A n glok v Whiting®
Goring(1981) 28l 1L Terashima $(1992)2& MWL
o] Eaj Axele] 2abHdl A fegictn Bosin ¢l
] Fengel® Maurer(1989)2 34s9 MWLE T
2 2ol A fashvh e AE FEME R
BHog FHehes Aoz goddiqict

MWL2} £ #g Aa7tx]] 3089 A5 3
= B LS 2l gl wel mgegvict 1 237
#3hA ez ok 23es MWL 7l g
a3t o] aEn uet B dAFe QT
g (o) 8 BBkl 2l Br e & M-Sl MWL
22X getsled 1 228 v WoddA dhye
2EE dle 54 234 dialMgt MefR oz vhgaie,
2 4kge] Aot diwd] wrhs Helld 8 dxEn|
Azt i ALEHE A MWL) 4 Alxee] ofcld
A frlEheErE debd 5 g Ao g AlRE7] Wil
& 2P EE Ao FAA EaAz]
F #n)a BEe Awske 2k U olal 4
¥ &Ale)l electron dense marker 241 Protein Aol
conjugation® colloidal gold& o] & ##slsd

£

2. Mz W Y

2.1 Az

B dgol A4 HilH(antigen) & EBHEDHIE
B (USDA, FPL)eIA #E8 7HEBVE(Picea abies)
o] MWLE AH&3{e},

2.2 iRgs| Mat

MWL& JEkiEtEe] #A2 Freund adjuvant 2%
Z vlg d¥Hemulsification) =2 @itk wheba] 7)
Z9 ¥ (Nummi ef al. 1986: Pettersson et al,
1988) T e EMaErRIERT el At atet MWL
1mg% DMSO 83814171 ¥ %29 Freund com-
plete adjuvant2 HEAIA mousesl IR (spleen)
ol 20068 HAAZT 1& ¥4 & Freund incom~
plete adjuvantZ =H 39& vl-$-29] il &
o 3le] ® A (booster) S HAISH el 22 W £ 2
F F o Adg AMsler, At Had T
23l S uf vleao] IBEES Bl 25 frmsleich
(Barret. 1988).

2.3. 1Rge] wE X ST

AAEE g2 A RollA 2417 WA Bt SAY

3.000rpmo.2 1083t 943l #y-& FeAATh
|

2 A]

L

Y e o

ol A& 50% ammonium sulphate®
5, dialysis tube & AH8- 3€3F T3t

AP AL Voller £(1979)9] #hH& ¥
H ELISAY 2.8 Eo]X (specificity) S Bl ct
a8 0.05M carbonate bicarbonate buffer(pH
9.6)ell 34 & ELISA microplate(Nunc, Den-
mark)2l 3 well® 50g(14/50u)# 53 F 4T
2} Overnightslel coating? Zlth. ool 0.05%
Tween-20°] ol PBSZ 33 Mg 5 vi5elA
g2 A7 Y3ked 1% bovine serum albu-
min(BSA)e] &} 3+ PBS buffer(blocking bu-
ffer) & zt well& 5044 Po} 37TClA 0% 9%
AlZTh ololA] blocking buffer 2 344171 HAYH
£ ¥ 7 moisture chamberell 4 37 ¢oAlA wHEAIZL o
£ PBS& 33 AlH3 & blocking bufferel 1:2000
o & 343} conjugate(horseradish peroxidase goat
anti-mouse. SIGMA, USA) & o] 37CA 1413t
whe-Al1z3 e}, whge] wale OPDEA(10ml orthop-
henylendiamine in citrate buffer(pH5.0)+30%

2
N A
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HyO» 5mD) & 98 § 98 xuhgr & 30830 3217
t}. ole] 0.5M HsS04 50mlE AH-slod whajuke-g A
24121 oH8 ELISA #=7](Multiscan MC. Titertek)
2 o] 85k 415nmeiA] E 3= (optical density : O
gt HaEAel Solde AddNe] FE%
7t S zE A FHEA 9 28] oY WE S
o2 #FsHH(Voller et al, 1979).

i

al

2

2. 4 %3"""%5552':

ARFEY 2 7] &2 post-embedding®y & o] §-8t
E} Kimetal 1991). & 0.5%0.5x4mme] 7}H0
U 2838 A 2l 0.5% glutar aldehyde?l E3F
¥l 4% paraformaldehydelin cacodylate buffer.
pH7.2)2 313417 5] ethyl alcohol 2 E5A1A Lon-
don Resin WhiteFA & 50clx 875t embed-
dingA1Zeh. Diamond knife 2 80~100nm$} 22+
(silver-gold) & A2k H 300mesh nickel grid
2uMAS s etch 2EHHE 10% HoO.2 Aeldh o
& n3HA £ F59 aldehydeE AAsH] Hall 0.1M
glycines A incubation AlZith. o]o] 3% non-fat
milk(skim milk) & E&#stn e 12 FH 2 47T
A &8 E9t incubationAZl ¥, PBSE jetwash-
ingd % 15nm2! colloidal gold& conjugate 17
goat-anti-mouse(GAM) 1gG %% Protein A= 1
"17* labellingA17] ¥ Tris buffer 2 jet washingat
. Yot EEEP o AMR-ElE osmium tetroxide©l
9] & T34 (post-fixation)S T4 (antigen-icity)
o] A9 & Hastshr! gl Akt Counter stain-
ing < uranylacetate(2%)& 2183} 4218 F JECL

1200 5348 A0 3 & A Fastdch

3.1 IWiES 45RMH

Aakel P38 7] ELISAY .2 Eold g 2AMeH 2
7, P/N®lE &Aut g 1 0 100071] 1.5 o3 #2
s9thFig 1). 3] 314 81§ 1 : 200 ojWelX &
Ao FLEr) BEERR Yo Al 24 o
A& eh, BBtes B EUT wekd By Watd
w7 AEe P/NH7F2.0 ol Bl B Mufaeir &
Alstdeh. dojxd WA el et MWL dig %X
M (cross reaction) & A1@% 27}, el AL3g ¢
de s MWL tsiMe 5& H]'o & YepdrhFig
2). & AAre gl H—HUR (homologous antigen)

ahsorbance

10 2 40 B0 160 320 640 1280
dilution factor

Fig. 1. P/Nratio of milled wood lignin antisera.
(P : Positive serum, N : Negative serum)

0.91

0.8

0.61

absorbance

H OH H Y

() ¥ A ¥ T

japanese pine birch
cedar

spruce

Fig. 2. Cross reaction of spruce milled wood
lignin antibody against heterologous
antisera.

- 70 —



2 ooldet, o2 AGeA(E 7T AauE, v e
MWL disiM s g wadhe-g Bojon g4
(AP 2] MWL diaiME w2 F358 Jepd
o mapgkge] AnEye B Age] A sHEEh
o} vyl ad e o8 3o MWL 593 g8

25 FR3n e 2oz AzE Ut

2]21-& monomerd ol Wt p-hydroxyphenyl
propane(H). guaiacyl propane(GG). syringyl
propane($)9] 3EFe| +RIAR vhroirl = vt 3
Aol Blade FRGER]SRE A9 Jdeu 84
el HdS ()9 (S)ElR]e] F&EFHFergus et
al. 1969: Fergusetal 1970: Nimz et al, 1981:
Sakaetal 1982: Westermarketal 1988). & 4
Hollal Aabgl Ao ohde)ad HA L g
o] npgieade] Wl T & waeES Boew
# ereld vidsiorde) 3k E dAFEe A Y
ol AAG el FAEH Barret. 1988)& AlAksta Slrt,

3.2 REETEENE BE

Aargl B3 2 AMReld post-embedding el <]
o R SR HEETEe o2 2E HE el
ok Z5 &1 (gold particle) 7+ 2 M T8 9] o
B2l labelling(#E#D) Slerkel B4 glad chakghf
29 (ignin-rich area)oi~2] £## A& felst
ATk

RIFHER BAAN e 220 B ATHFig.
3. Zi} FAME 825 F2 BEH e (Fig 3.
4), 82%clM T 27 E= 95 Folol et F 5
Loz b’rb}"“’% (Fig. 4. 5). ¥ 2l chakghg 29

Fig. 3. Immunogold labelling of MWL antibody
in the spruce wood cell wall. Gold parti-

cles were distributed throught the sec-
ondary cell wall. In contrast little
labelling in the cell corner (Cc). {Bar = 1x)

L+ cell cornerolls 477 A& &
2312 UrHFig. 3~6). 38 control (13} A f A8
e B AaE 28 AZH UM 58S 2ol
N HFig. 7). RigE#dN= g dg A 23
W F2 §2%&dM FAlsln S RodFEm gl vhE,

Fig. 4. Immunogold labelling of MWL antibody
in the spruce wood cell wall. Distribu-
tion of gold particles were confined to
the S2 layer. Note the little labelling in
the meddle lamellatml). (Bar = 500nm)

Fig. 5. Localization of MWL antibody in the
spruce wood cell wall. Distribution of gold

particles were confined to the S2 layer.
Note the little labelling in the meddle
lamella(ml) and cell eorner.

{Bar = 500nm)
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Fig. 6. Immunogold labelling of milled wood
ligin-antibody in the spruce wood cell
wall. Gold particles were distribured
mainly in the outer part of the S2layer.
Note the little labelling in the meddle
lamella{ml). (Bar = 500nm)

232720} cell corners mhizl1d el 719947}
ohgd-& et}

2 A2 deldel glad-e S7hEa 13peolA 1
FErt o BAT oo Axd AR eM x|she
v]-go] Yol 7HEHURY] A9 80%<f Blrdo] 23}
Holl ZAjet 9l Aoz Husy ti(Nimzef al,
1981: Petterssonetal. 1988). Ad+Ae] gjade
A =od AAY JRR GEog A9 glen, 2
199] monomer 98] Atole] Atk L AGTAL F
7tae AEyahs g8 $8% (condensed type) &
7} @S B ol methoxyldel A, H3le gl
T 253 e Aoz Bus 1w YckTerashima et
al, 1992). A374A9 MUY S50 B
Ao} B Ao SR Hx] HESRERE AAFA v
Sulupo] AL willelrde 822 e vinE &
3ol Wyl pzo] AgekaE 2t G¥Y 2lodel A2
2 3249 5 Jreh % F(1981)& MWLe A% vk
AZkel Wt 225 e glade] F&57F 2eAE b vt
A Zvldle BiEtee] gade] delsA, nksial
Zro] ol 239 glade] delde Eugh vt
gtk olebe @ vhyelade] Baatge] 24¢ g
gx BAek 23 Bjorkman(1957b)2l -9 MWLel
BHE7r2ol fEgctn S48

Y Fergus (1969, 1970)2 Ag4A9 MWL
o] HEggo] BEtE Ao AFegEY gue
b 258 MWLl Abtiilaizol A felshe alad

Fig. 7. Immunogold labelling of milled wood
ligin-antibody in the control. Note the
little labelling in the wood cell wall nor
in the middle lamella{ml). (Bar = 500nm)

o] o1 AL BolglE Ao g Mztslgd o ofof ujah
Yoring S (1981)8 UVEnZ Wl o3 #aHn=
Bjorkmangl ®xneh= 2] MWLe] 228 71918}
= Aeg vqstdrt. 23 Fengel® Maurer(1989)
= F4 AAEn)d ##3E 59, Terashimald
(1992)& autoradiographyH< £33t MWLe] 23}
oA Mgt Ue-g Bug v glrh B dde g4
HAE Goring. Fengel ¥ Terashima $¢| Zze}
dxg} oyt B A3 A g Wi Ene e
EQR] e gt Hezlog whesle WM x}e)
2 whog apde)ade 7S Haz nadgoke J
oA zfol7} et & 7L 2 gl oI BolA &
H g o] &M, V&g 2slEtd B 1 &
o)ido] HA Eo} FEAPYH (submolecular leve)
ZolHel BT sPed WM EsE 7H S A
the Aolrh,

olg} 2-e dgule] Aoy B7etn ¥ Ad) A}
&% #3ol @E&(monoclone) @7t ol poly-
clone &ajo|7] wlEofl RE SR A A
gl glel XFE 7lslof gt mEpr] olo dig Bl
A7) goz oot Ao Algdct kd &
Arne] MWLHA 2318l feletexle] 42E 7
wa Ayl Aol & Aoz AztErt
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