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Ultracytochemical Observations on the Ultrastructure of
Infectious Pancreatic Necrosis (IPN) Virus

Shigeharu Kudo, Dan Kurosawa, Issei Kunimine,
Kunihiro Nobusawa, and Shigeru Kobayashi

Ultrastructure of IPN virus, a pathogen of the fingerling rainbow trout (Salmo
gairdneri Richardson), was examined by the ultracytochemical techniques.

Mature virions are unenveloped and hexagonal or round in profile, having an
average diameter of approximately 66 my (size range of 65-68 my) after phosphotung-
stic acid (PTA) or ethanol-phosphotungstic acid (E-PTA) staining technique. These
techniques revealed that five capsomeres were sharply present on a capsid edge of
the hexagonal virions on the ultrathin sections, suggesting that the IPN virus capsid
is made up of 162 capsomeres. Probably, IPN virus may be unenveloped icosahedra
and a member of the reovirus group. The capsomeres are often penta- or hexa-gonal
on the ultrathin sections, and at each apex small units with an average diameter of
approximately 21A are located.

PTA, E-PTA, ruthenium red, and lanthanum staining techniques revealed a posi-
tive reaction on the capsomeres of IPN virus, suggesting the presence of polysac-
charides. The ruthenium red staining technique was applied to penetrate into small
pancreatic tissue by means of mechanical damage. Further, PTA and E-PTA staining
techniques revealed fine particles with the positive reaction on the outer surface and
in the interior of tubular structures (or rod-like bodies) often located near the virions
of various numbers.

Among IPN virions within cytolysomes small particles with an average diameter
of approximately 2104 appeared often singly or in beads-like chains. They consisted
of a group of a few capsomeres and appeared penta- or hexagonal in profile. It is
not clear what is the meaning of small particles.

(S. Kudo; Department of Anatomy, Gunma University School of Medicine, Maebashi,
371, Japan, D. Kurosawa, I. Kunimine, K. Nobusawa, and S. Kobayashi; Gunma
Prefectural Fisheries Experimental Station, Maebashi, 371, Japan).

~AHFD IPN EX Y 4+ VAL L BHFETHH &
11 Wolf et al. (1960) 23w 4 /L A% 508 L CLLURME
FINTW5. Ll IPN v 4 v 205 8TITREL
MHb, €anirv 4 LA (picornavirus) #¥ (Mals-
berger and Cerini, 1963; Wolf, 1964; Cerini and
Malsberger, 1965) % %\t v A 7 4 LA (reovirus)
## (Amend and Chambers, 1969; Moss and Gra-
vell, 1969) =BT 5:EbhT5b. IPN fED =2
< AffffEic T IPN w4 AL Moss
Gravell (1969) OFFR L3 L TZDI RAF -
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I K& S (B 543 my) b ut v 4 VAR
BT A EELIC (THED, 1973). LarL, vAv 4
NARITFDH 7YV 47 (capsomere) DFH 162 {HE
EbRTWBHDOIX LT, Moss and Gravell (1969)
IR VIS AT VEETEAS T 4 7HBLI. IPN 4
NARFDOATY 275X 2 HTHHENH., —
J, Ao R o MIRAEE 3 SR8 (Luft, 1966;
Pease, 1966) <opiZEEy (Dimmock, 1970) o#EEH
FHETHIEDHMBA TS, 2T, ZhbHoIEHN
FEERWT, @Ml tFEmic IPN v 4 v ART
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IPN & 4 o~ (Infectious pancreatic necrosis
virus) o E#EMMNE % B T 5001, T
(1973) X [AH#C IPN fE= o~ AHEROMERAREE L,
=RV LI, Ff, B Eo i,
Bix v 7 A5 Vg (PTA), =2/ —n B2 VI AT
Vg (E-PTA), L5 =9 akB LT V& YBAWD
nitc.

PTA #fad IPN ED = o~ AR O/ERA %
49 sz —AT7AFe FiEEERKR pH 7.4 T3
BEEEL, 0% 2% PTA @ 3 BHRLTH B
Bk Lz, Fo—ifix 2% PTA %&ir 100% =x
2 =iz 1 k@ Lz (E-PTA),

AF =y st kb e Rk NEH & 500
ppm AT = aikE Bl 4% SNAE—ATATEF
(»aov— MEEW pH 7.4) Ob TEMINCBIEL,
AT =y AFROMIENREEZ BT et h, 2~4Fr[HE
FEL, RAEEOLT =Y skEGUREER CE->T
#%, XLEEEEOLT =Y AR ET 1% 4 B+
A Iy AT IEHETE L.

5 vz v Jetud MINAPINEE % Y4t 45 Bannister
(1972) OFBETHE, 2% FvE vials 4% I
—AT7AFe F(paor— MEEK pH 7.4) TLEK
L RO ARRIEE Lictk, 2% 7 v &Y
FEUFRABERT 1Bk, I 2% TV vE
&1 19 4EpbA = 3 v 4T 3 FrREEE Lic.

LR O RER DBk, =Hvas L. B
YIHE R 7 v LEERRER O "B S AF LERET
EFHEMETHELRC.

BHERER

IPN 2 4 v A BERS 5 AR D MR E D Fhic D4
BHER, L2LEEF Y v — 4 (cytolysome) @
i E LR RETEE L, EEMIED iR
RT3, —ROBEFEMBEMNHETILIPN ¥ 4 v
ARF (virion) 3AHD B WIXFHIRTS T B4
HXY, EEY 50~60my, FHK 543my THB
(Fig. 1). Ui LIEy 1 A2 KLFO bl ETHE
BNE L, WY B EEETSH LD ORI HE
B DbHBRBH, KD D b DILEHE I WAL
B’xETH. SEROETFEHGFE CIRAYD 1
B LS ULE SO 7Y ATHRLA DT ENTED
73, PTA % E-PTA RO EETFEELGS

feus Fro, w4 AARTFORICAMELT, BEBCH
BUMLE — RRECT U7 LT SREET D &8
55(ﬁgn.:n5®¢ﬁ%&E@%1%~uo&
EHi 2108 % QBpRAAEAT S D IERART
»5, chixBEos 7y 2 7o0&EFT, 1 @on7
VATORBEIC 6HOH TV ATHRAEABRDIELH
% (Fig. 2). T X5 » 7V »7 OBRINLIER s
IPN & 4 L AR FOERCTLEEIN, 1 @OH TV
A7 DA S HHdE 6 BoH TV ATHHD
(Fig. 3). %7, 1fHo» 7Y A7 BHNAAL VL
REMEREL, FoOhRERCeWRET, LrbEE
SIS 218 OBLT (BB ERL) 2R
T35z b5 (Fig. 4).

PTA & E-PTA #:faix IPN w4 v ARIFITHL
TLHTABEDBEFEEYRL, £fL L TETEE
W e st (Fig. 5), s » 7V A 7DET
WENE I hTodTH D (Fig. 6). Thdizs R
e SARERET DY 4 L ARTO 1 Bz SEDn 7
v 2 7R HRITE D = L2V ey (Figs. 6,
7). ¥i1:, H TV A TILBER BT A& LAE
Wz B Emss (Fig. 7). PTA %723 E-PTA
Yot Ltz IPN o 4 L AKIFIIRE XA 65~68 mpy
T 66 mp T, 1 BEOE XY 4108, » 7Y
AT DOREXTEBY A, h TV ATEHT VAT
OIELTEEY 244 THB. ThHORAR IPN
W 4 A ARLTALIE ZHEfk (icosahedron) THE$ 162
BOHT Y ATHETAVATAVATRCEBTH L
RS S. ¥, w4 AARTOMEC LE LIERF
ETHEREORECHIIC S PTA RETHEYE
T LM F L bR A (Fig. 10),

AT = AFTEBEORIEXESTS HEILY 4 LA
BFOEMMCSEEL, Lrbsa 7y 27 BEBHBET
»5n (Fig. 8).

5 va vEEOBE L IPN v 4 A ARFIREFE)
CETFEENRS Y, BCFon 7V 27 HBEC
fmxh s (Fig. 9).

£ 2

IPN ¥ 1 L ARFOKE IO TOFOEREL
50 mp LAUFC (Cerini and Malsberger, 1963; Wolf
1964; Malsberger and Cerini, 1965: Parisot et al.,
1965), IPN & 4 A AL EaLFr v 4 LA (picornavi-
rus) BHC BT 5 L BEX bR TREY, &, V4L A
HFOKRESLh b LF v 4 LA (reovirus) TR
5 LW&E s (Amend and Chambers, 1969;
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Fig. 1. IPN virus enclosed within a cytolysome. Unenveloped virions appear hexagonal
or round in profile, and several of them are empty and some others contain a
core. Among virions small particles with an average diameter of approximately
2104 interpose singly or in beads-like chains (arrows). Routine electron microscopy.

x101,200.

Moss and Gravell, 1969; Tjs, 1973). %= T,

VA Y 4 L ADBEENHH A BB LIS ABED
IPN v 4 VA% ET 208N D D.

vA v o4 LARTFIL 60~70mpy ORXXT, EZ
+iEfE, SRNCHRAREYEL, 1 BOoH» 7V 270

Bh S, w4 AARFLUFEDOH TV 2 7ERT 162
BTHB. »7V ATIEEVREOAATIIANAR
T, AARRE_THEEO R, NARIE,»E
ZRLEST S, Lad vty 4 A RTHIIRER TORIE
FE+5 (- AH, 1964 2). IPN v 4 L 2RFIX
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Fig. 2. Small particles lying singly or in beads-like chains. The small particles are

penta- or hexagonal in profile, consisting of a few capsomeres.

The majority

of them are empty but some contain a capsomere located in the central portion

(arrows). Routine electron microscopy.

BRCIRLTALR T, MRERCOREEL (T
BED, 1973), Bifigiz RNA THo o &nHEEIR 5.
Lid, KBECKT S IPN v 4 L2 DBHIHSEL
EROVFY 4 A ADHMNGEL IR EAE—FKL, %
DHTY AT OWHHEC B THIBEEEL, B
FOR ETLELEAE S LAR, HBWITHEAKR
WUAAHTEOZTEACERD 21 A o/ B
=45, IPN v 4 A RRFOKRE XZoOWT Moss
and Gravell (1969) (3 —f% D E T HHEEEN T ik TIXF
WERH 5Smy T, PTA Txr7 1 7§ LIELR
Ty 65mp TH5HEDH. HELIT—EOFETIX
ML, BERY S0~60mp TEH 543 mp THHA
(THES. 1973), KBZITRT 5 PTA H5\M3 E-
PTA Jufa TI3fy 65~68 my, T 66 mpe TH Y,
Y 4 VARTFDOKRE JZOWTULIRE WEM T
Bh, a4 MARTF LEDH 7Y 27 OB 2>\T
BHEOHMETIE 2 @, #ETIX 12ETHS. &

X 368,000.

W (1966) i xnE, »7V270OHBECOWTER
PETHORIE- T HEH 7 ¥ (capsid) oD
HE - XD EEINTWIEWEET, 1| DOHESA
BREINATL, 35 1 OOTHEDHAENHVEWT
HHldEVS, WTRICLTHEAEI VAT 4 LA
BIFDH 7Y ATEBET 12ENELWE ShTW5S,
PTA #7-i3 E-PTA i L7-BE&WC IPN v 4
ARFNITAVE— AT AT Fed Bt A A I T LD
TEEEDOHBE I L KREVDIBLL ATV ATD
FHCEEESUWERBY S, Thyt PTA LK
L TR B LERTOMERB L ED T HETS
TENTERIDEEMBING, In¥ich, PTAMA
THHEET2WEILSERTHL L2 HHR T
50 5TH5 (Pease, 1966), X1z, Ea0BEHD
MfERECIILT = v sk & RICT 2WERBHIFET
B EDRMBRI, THUIEMEHESEE (Luft, 1966;
Behnke, 1968; Martinez-Palomo et al., 1969) =@
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IPN & 4 /LA e

Fig. 3.
(arrows).

Arrangement of capsomeres.

Fig. 4. A cross-sectioned capsomere.

Five or six capsomeres surround one capsomere
Routine electron microscopy.

X 690,000.

The capsomere is pentagonal in profile, and at

each apex small units with an average diameter ot approximately 21A are located

(arrow).

HpEER (Dimmock, 1970) X hixs L\ bh, Zic
B, HHED Y 4 AL ART O EERES B
DEEETRTLT =7 &FRRIGHBETH D L5k
%4, %% (Shigematsu and Dmochowski, 1973),

IPN & 4 L ARITF, BcFDH 7V 275 PTA L
F =Y AROBWELC L - CHERSEET S &3P
T EdFDON TV AT SEENE TR TVBHE

Routine electron microscopy.

X 607,200.

ENEZBRS.

5 v & VIXANERED b v — 4 — (tracer) L LT
HxhTuwbs (Revel and Karnovsky, 1967;
Brightman and Reese, 1969; Hall and Williams,
1971; Henrikson and Stacy, 1971), #ifar3 DRk
dufa3 5 = L AEISR TV 5 (Bannister, 1972). Ua»
L. 5 v&viRloTHREIhLMBENOHEII
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Fig. 5. IPN virus after E-PTA staining technique. E-PTA staining technique reveals
virions and zymogen granules (ZG) with the positive reaction. Unstained.

X 38,000.

Fig. 6. IPN virus after PTA staining technique.

show a positive reaction.

BREETH DB DENCGEV S, —F, F V& T
$EE (Khan and Overton, 1970) & 5 \ Ltk ks
ML pisE (Lane and Treherne, 1970) D fEfE> iEW
THECOIHRELHD, T2 vHOIC L - ThitEx

Capsomeres of virions sharply

Five capsomeres are present on a capsid edge of a
few virions (arrows). Stained by uranium and lead.

X 144,400.

ET2WEEILTLIBEREIFEC LRV Avad
i\ py, Bannister (1972) o 5 v & v iiE Gl
IPN & 4 L ARTDH TV 27T DBEFEENSGLILD
b, PTARaR2o L7 = v AR X BBaME
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Fig. 7. A virion after PTA staining technique.
someres present on a capsid edge of a hexagonal virion.

and lead. x698,300.

REBEELZ, P& IPN w4 L 2ARTFTIET v
B X > THREINDWEISHEE L B TR
Lot Bbhs.

F LY = 2ANCHFET D v A LA RFIICE D
H 7V 27 DERH Sl BN (B 1R 190~240 A)
DEELEDY, ZOZBHRCOWTEIAHTHS., 74
NARTFDF P YV~ 20hTHEIN S BE2AH S
ERRELLN (TS, 1973), FoHE&Tiry
4 W ARLIF O LA E LTRBBEC Y, 5 Y
V= APiIC =) VBOEIME &S A, Eiko/NET
BEETHFFY V—2NTIZHRLT ¥ 4 L AKTFO
WENARBBC e 72 b, =V ViR st
BT F MY V- AN BILBREPICKIT A Y
4 VARTFORRERERT AL L Bt T 5 X
5IBbhs. Lnl, BTV ATHEFLTHS Y
¥ (capsid) {E%.BRRDOM, Fhid v L AR
F oW DS 1 HHER L T % BELOHIL
B B2 Tlguo,

IPN & 4 A AKFOMITIC Uil LiZBRE&E2 Bbh
55 (Moss and Gravell, 1969; Tk, 1973), Afl
BT OBEREOREPLAIIC PTA FETHED

Each arrow shows one of five cap-
Stained by uranium

BORLFEET B2, ZOMKIFA IPN v 4 2%
FoHTV 27 L BHIEENC—KTHE2NE S »BL
T T A LILTEIh 1.

= #

IPN &7 4 v 2 DS B LEAC R X
htc, IPN &4 v 2ARTREEELE ST, A RTA
AEdH 5\ LR T PTA 2 E-PTA $efa L ciE
ATIXEREY 65~68my, SEHH 66 mp TH5B. X
ABHBOLO TR LI UL LT SEoA 7Y 27
1H5. 1| BOEIITEHEH 4104, » 7y 270K
X XIEEY 6348, Hh TV AT LN TV AT ORI
gy 24A THB. TV ATIRBEEK ETIEL
EUEAE AR, H5VCIAAT I ERAR
TEDOELTESIC TS 21 A o/ NBEARIBT 5.

PTA, E-PTA, v F=v Aok L7 v& VAT
L IPN o4 L ARTFOH TV A 7HEEYEL, *
NIEEE* L LB Ih 5. IPN v 4 L AR
FRBLLEZTHEA TR 12E0H 7Y 2 T7HEF
THUVAY 4 VARRCRT DD LEXLDBRS.

F by v—2al{D IPN v 4 A ZARTFREICEED »
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Fig. 8. IPN virus after ruthenium red staining technique. Ruthenium red-stained
material is seen as electron dense spots on the virions, particularly on the cap-
someres. Stained by uranium and lead. x87,300.

Fig. 9. IPN virus after lanthanum staining technique by Bannister (1972). The
lanthanum staining technique reveals a positive substance on the capsomeres of
virions and collagen fibres (CF). Stained by uranium and lead. x75,800.
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Fig. 10. Cross-sectioned rod-like bodies after PTA staining technique. PTA-positive
material is seen as electron dense spots on the outer surface and in the interior
of the rod-like bodies, and the capsomeres of virions (V) also are stained by

PTA. Unstained by uranium and lead.
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