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Changes in Tissue Responses Against Cryptococcus
neoformans Treated with Enzyme

Hayashi INABA
Departwment of Pathology, Shinshu University School of Medicine
. (Director : Prof. Masao HorcHi)

Tissue responses against Cryptococcus neoformans have been considered to depend on its capsular
substances. In this paper, the influence of the capsular substanses in tissue responses was investigated. A strain
of C. neoformans S. Goki producing a thick capsule was treated with enzymes at an optimum condition to
dissolve the capsule. After the treatment, the organisms were washed with sterile physiological saline, then the
cell suspension was intra-tracheally inoculated into mice. The pulmonary lesions were examined with light and
electorn microscopes. In the animals inoculated with the treated cells, granulomatous lesions formed in the
lungs 1 day after inoculation and the lesions became into cystoid 9 days after inoculation. On the other hand,
in the animals inoculated with the untreated cells, granulomatous lesions formed in the lungs 1 day after
inoculation, and the lesion became cystoid 5 to 7 days after inoculation. In any case, cystoid lesions formed in
both groups. As a result, it is suggested that the enzymatic treatment of C.neoformans may produce a time lag
in the tissue responses in the lung., Shinshu Med. J., 40 : 79-96, 1992
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2 EAERR : Sabouraud ERBE S (H ki)
VOISR U fe Cryptococeus neoformans (7S A
) S. Goki BE#AH Lz, = OfRIMEMAZ IS
T, 1979 BB EEIMRE (S-3952) s 408k
St 3TCTHIERE D b, urease B IS L O
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B4 AR ©2 By, 2,00088E « 5 OREL
THRE L%, WEEEKRTS X10°/ml OEBRETE
L I,
2 BEERRoR
a Lysing enzymes™ (Sigma Chemical Co., St.
Louis, MO, USA) in E buffer (50mM sodium
citrate, 100mM sodium phosphate buffer, pH 6.0)
2.5mg,”ml solution.
b Zymolyase-100T (Kirin Brewery Co., Tokyo)
in 0.07M phosphate buffer (pH 7.5) 0.019~0.024
mg,”ml solution.
¢ Lyticase in 0.07M phosphate buffer (pH 7.5)
0.43mg, ml solution.
d Chymotrypsin (Worthington Biochemical Co.,
Freehold, New Jersey, USA) in 0.01M phosphate
buffer (pH 8.0) 10.1mg,/ml solution.
e a - mannosidase (Sigma Chemical Co., St.
Louis, MO, USA) in 0.04M acetate buffer (pH4.5)
8.3mg, ml solution.
f Papain (Elastin Product Co., Owensville, MO,
USA) in 0.01M phosphate buffer (pH 8.0) 3.2x1/
ml solution.
g fB-N-acetylglucosaminidase (Sigma Chemical
Co., St. Louis, MO, USA) in 0.1M citrate buffer
(pH 5.5) 23.1u1,/ml solution.
3 BEROREEAE

EERER T L B B HAAIEIC D\ TR Tedefhic &
o TPIRHNCAT o TR, DITOREI R D B3R
T b,
a Lysing enzymes:

(1) BEWL.0ml &3t (2,000H%E « 59 LT
FEER TS,

(2) B (E buffer) -© 2 My, EW (2,000
[E#E - 55D +5,

(3) Lysing enzymes DERE® I VAT 74 L &
— (=42 2GS0.22um, B4 : v K7 TE
RIS BICEE L BET %,

(4) 37°C, 2043F, {EBMEPIT60E]L £ CiRE &
Bo

(6) WEERAKT2 EMEENL, HE 2, 000EIE -
550D ¥ 5,

(6) FASHI B R KT 5 X10°,/ml 2 F8 L
TEEREW & L,

b Zymolyase-100T, lyticase, chymotrypsin, a-
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mannosidase, papain, g-N-acetylglucosaminidase :

(1) B#E7.5ml 2#¥E (2,000 « 5 48D LT
EEEETS,

(2) ZEEFCNIE L AT 2 [k, Eik
(2,000/608z » 5 47fD -+ 5,

(3) BEFEERIVET 74458~ (w4172
GS0.22um, HA : VAE7TH) »ERsE-B
Ik L BET B,

(4) 37°C, 6043fH], (BRI CE0E, 4> CiRE 2
B

(5) WEERKRT 2 EBEL, & @,000EH -
59D T35,

(6) BIHNTIE A RKPT 5 X105 ml i FR L
TR & Lo,

4 HoRE

a —~yRE=—7 B EREELYHLEY

M E 276 OESE R HEA L CREERK £0.05
ml SENL GRERCEEL, SRR Y E bk
AL,

b~ v ADERR bABER %20, Iml #fE L7,

5 REEMEBGERUMER | BefEr, Bk, 1, 2, 3,

4, 5, 6, 7, 9, 11, 15, 17, 21, 30H ¥ CiEkF

B 6 LT oBEL, 4%V VEREE T AL AT
Fe MR CTELE»LEREE L, MaE»bEA
BEEL, BOHLMER4 %) v EREEE 5 h L
T T e VIR C4RHIEE L 25 7 4 vHIF
#{EEE L, hematoxylin-eosin (H.E) Hufa3s k Fal-
-clan blue (pH 2.5) — periodic acid Schiff (AB-
PAS) #elahfTotz, Efo, 877 4 VHIFREAWT
BEETUAREE (C. neoformans CDCS51 £, IMiEA
HEREERE L CRBICREL, FiidMsitERise
BHELAEDME 40 L —ikbifk & UCEREL, K
Fifs1: DAKO #: @ horseradish peroxidase #2351 &
YR RER) &7 - 79,

6 BFOBRE  BRAERTHhRVEEE, To0c
HRR R, BHREPTVOLENCEE L,
i, 2% 4 a0 L BRAEE (0.1M, pH 7.2) a2
—AT AT e VRIS 2 IR L, EHEENE Tk
BLIR1 %> = o VBRI (0.1M, pH 7.2) MR
b2 39 ATHREFE L, BEW ok, {Ei5H

=RE o MlE (Ro0-) WEEL, 0. 1pm O

VIR 2B L 1 WBERR Y 7 = &, 4% 27 =VERERT
BRE L, SRMETFEMS (Hi2 HS-9) <
BEL, :
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a  GEih - 523% © glucose 40g,71, urea 1.29g.1, KH,
PO, 1.36g.71, MgS0,-7H,O 0.3g,”], yeast extract
(Difco Lab., Detroit, MI, USA) 0.2g.”1, thiamine-
HCl2X107%g, /1 %7 4 vARIEE L CpH 7.04 L
foo T OEEHZ C. neaformans S. Goki #k% Sabour-
aud FERFIREHZ T, 30°CTHI 3 HES Ld o
i %, K4 B, 35°C, L50EE i TR
L7z, D%, Na ethylmercuri-thiosalicylate 0.01
% W/V &4, HETCC24RFRIRE L7,
b FEESEEEO SN | LR OIRE R4 10,0008
R/ C20 R U, £ LTS A 48RS 1 +
RIZTEWL, 2EEOM=2% 7 - % MZ 1,
10, 000EIE, Mz T30 HIEIE L, B2 4 & v
ARIBHE L, BOMBIFREINE 1 A4 v ki CEITL, 215
Boffi=2 7 —nEMiic. ZoB@{Ex 2, 3EED
BLUTctE, R DE - A4 VR EE L, BiEEE L
T, BROHRY L L CHREL A L,
C  HEEEWEROTEE | BT L o TS B A A
B L) vEREE R (PBS) L, THRE Y
2.0mg,/ml I L 70,
8 BEELWEEOIFPEGEELE~ DR
a = AFFRERONEED | = v R k= — T VRIS,
HHEB R L VIBAL, BUW & B THAM A RIRE L BRI
L 7%, W L7 PBS ##2% & ¢7:1. Ocmf o 1k 10 FH
EIFVvAREVY (AEVEL, [HZNEE) »4
~ 5 ERERMcHE L, FERE L. 6RHEE
2, =vA%k=—T B L IcBIRmL, EEMNeY
sFvARYORBIL, BEEPBSHIZTHEELLS
L THME LI, ARy IR - BREL, Bbh
FeME 2 T00[E)E 5 SRR L, B O PBS 2%,
‘o reiFhiky 1 X 10%E,/ml & 1 x10%E,ml iz
BB 2,
b Boyden chamber %229 [ i B L 7= Boyden
chamber (ZHERIZETE) O FEIITEILE2. 0mg,/
ml; 1.0mg,/ml; 0.2mg,/ml & &N % Fii ik PBS ¥
R EAN, 2v b e =i PBS oA ® Ak,
LE R L X10MAml &6 1 X107E,/ml % T&
RE OB A U i i thER e AT, EEETE IS
M ALDH IR Y H—RE— b7 4 AR 2L 5T
BLTW5, 65037 CIff R Lictk, 7104 —%
B b HLTPBS T L, Giemsa Pt %{T - o0
400f51RETIZ € 5 RIFOMIu 28 2, triplicate D
PHE % EH L chemotactic index (CI) & L7z,
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9 Ml g8 b OEFERORE | B ER L
= 7 ADMEN0. 1g MEE i U<, BEERK
S5ml &Mz ClFrES 4 —CHBL, +0
0.1ml 2% 6 ¥ ® Sabouraud %& 7K I #7 5 # <,
30°C, 493 RSB LActl, = m = —BORRIE L7,
10 BEROEw X 2B OFKEHEOFHE | BEFEME L 4
B L MAE O Y Fh 2 5 X108 /ml 04 BiEEE
&L, £d0.3ml 0% 3 # D Sabouraud FEFXK FE#HR
BN T0°CTHT 4 BTSSR L, RS hicE i
& TSR MBRET B CIRRS N HIE L s,

m # 3

B DB I X » €, FEIERT 550 &L
B DR T, B lysing enzymes (KB E O
By 2 L CHIfuEE 2 B & 8, BEOMEN
2.5mg,/ml A e300 EFEF &5 &, #iaeEd
WL CHEHEZEE I b ote, B
zymolyase-100T & lyticase (3360 4 3EM (b4 5 12t
BIRATH o7, HlE LR B S5 10 E
Bieote, OBERITITE A EBIREC, EFHX
EHWELET5 L, FEATEELT 2INCEE L
TIER L 7o BUT 138 b 23R LT 2 DB ©
B -7 lysing enzymes Iz X 5 BERAIE DIER 2773,
1 B X AE OREERE

BEBALE % U 7o\ B 1, Sabouraud ZER TS 4h
LCtReicHE L, 3HE T TEOBEE o,
Lysing enzymes io CALEE U 7280, - cxeith
HRCHEEL, 3HETH2 BOEEE -1 (Fig
e
2 HEoRSELE X 2%

a JEFERTEE

B|HROTE, BRLESY L RVCERIERNS
am T, FEIL5 pam AR TH » 7 Fig. 2a), BEE
Bz K b, EEOBEELS um AR CH - 1o, K
BUISEEIL L C 1 am BITF & 70 b BT vl L <l
B USRS 03580 b oh e, EESRAVER | B E T,
ERE- 20 LAKEBEIRED bR - =2 (Fig
20), 3HHEKRERAT. Sum bk, FEEIL5 4m
Btk & oo ie (Fig. 20),

b EEERERE .

EMEREENCT, BREABY L AVERIER
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4.5~5.0um T, 300nm B0 LB FHE D& 3
BAEL, £ORARC7nm OBFEE OE EE
Bad b, ZihuciE L C200nm B oMBEE RS -
oo %131 8um Bl o R/INBRZ I lE 23 b, MM
INEERFEREOTIEIC & BIETELSTESEE L
», WENTHBTH -7 Fig. 3a), BEELE X
< THIMREE O BEH L - B iR, B4, 5um BB cH
50~100nm OHAfEEERXH L, 1.5umBEOER ¢ +
2V VY7, 0.7umBiowlE, 50nm #igoEFE
BEOEWZY =2 — 7 VIR 8D bt (Fig 3b),
1 H B cMMEE 1 #960nm ¢ F © A 12 #960nm o
EHERS D, - OFHAFH LB X 280~160nm O
TR AR IR e LT i (Fig 4. 2BET
R OTER S b RS Lig (Fig. 5a), 3HET
HEAECEE P RESEAE X R, 210nm #iE oMl
BE L 70nm 0iEHARE, % OSMAl210nm BT O3RN
b, BERUIERT L ERE L fo st (Fig. 5b), 7t
b, BEERES HTEE LR, SHEME, Bt
HIEFT D RS R b i,

3 M1 g ¥ic b OERNAERR

B L LB (2 v b e — ) RN Tt
5 HE ¥ cRld 2Ry, MBAIHL #-, Lysing
enzymes (I CALEE L7113, 3 HE % CloZiizm
AL, 5 HEMBSEM L (Fig. 6),

4 TREEREEEL

a [P

BRI R L R LR (v b e —
AER) T, EERERE 1 BB oific0.5~1.5mm ¥ T D
FREDOHR LR L, MBMEN 3B ROERE 5
pmEIET, BEOE XI5 ymBHETH -7z, FHh
Be~=7 w7y -ooBHERLE Li/IMEEMERES
RNAFEMERZEED, MRS 2l s B ik o g
TR E e (Fig 7a), 2 AELEIFEEORE T,
3HEI—EoEAHZE LiGD, il 4% 25
ATAFEERE R L, ASEEEE > SE
—ERMRRA ~ERE L, WERS OELELEE T, HE
DFFERBH A L Fig. 7b), 5 A HTiflig
Bz 1~2 mm OBELEEL, EFEOEEII0um
Bithe e, HEOE X 47 5um s L ke, BT
LIREPEE LIS, B S EBIERE
~EATL, R CERBRE SR OBmEA & 2L LI
Biz (Fig. 7). 7 HE2H15H BClBERERE N
T, ISP FEE AR L < 1L,
RN & A & RIERER A b e,
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HRRED D - CHBEHEOF D b RN - B I
Hbnilc (Fig 7). 17THEE B HELdi-
LB L Rt fE SR HE S v, IF
FERe<ws7 v 7y —2OHEANRL LR, =Y R IFFET

Liasice 21A BB AR L CREA Y D=
AAFEC Lize & OB, FECREE ORI IC 3R
77, MO HEE: ORE 2T L 7od - f,

Lysing enzymes 4LEBEEC 3, BEEEE, BEOHE
BS pmETRCH - e, FEIRTHEL, 3EA
CIFPEROHB R 2 o b o 7o (Fig. 8a). 1 HE 0%
B, =vb e - B R, IIREEER /N
(LI IERZE -/ NASFIRERENER & h, %< OBk
Berzm77y —CREREATED, ToMBE N
Wk A 2t 3 HE ciERE0E{L 4 bh
(Fig. 8b), WRADOEEEITIZE A EBML -
Too BEER S HE CHEEOERLT Sum, FKEOE
k5 um Bl E b, HEFEL TV ARAHE LB
e, HRIAFEREEDEE T, s vy —
DEEBR Eh B (Fig. 8¢) 7 HE TIZHEEL TLs
HEEZ DI, FEEA OB B s
L, AFEERE» SBERBHEENZMEME o
(Fig. 8d). 9 HELREIEIBERERTECH -
(Fig. 8e),

Zymolyase %3 X U lyticase MLEBBE 13, MR 1
RETk, BEEOEERS umiigtav ir—1E
BEFERRTH - o8, FEERHEL, W1 mBET,
BN EERE Ch - hy 3 BECREEOE
37 Bum, FROBEE(X5 pm Bk & oo 7o b, 5
ROATFEMRED ¥ ¥ ¢, EIRRENESL 5
D9 HERBETH - 7o,

7g¥, chymotrypsin, «-mannosidase, papain, 8-N
-acetylglucosaminidase #UERECIE, 1 HEIHKED
Ao RIER LA b IY, HROBRED 5 um ik
Ty, 2V PR —AnbLRRBRAN 7 BB ER
BREDN T E oo,

b ERPEE

av b e—ARHE, 3HER, £& L OMoREE
ORI 2 o 7o\ NERIRR A % B B 52
AR L 1 FFEOERPC PR o BE e
o i NASERBERE 2R Lice 5 B B, B
DERIMFRZN AL, 108 B il g R
EHBERREA LML LI, 208 Hini, Moms
EL L, < v ASEEEEOWIEL o0 132
AEDIETS Lk,
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Lysing enzymes JLEEEE-CI3, 5 HE B S0 i/h
BN 2 e L ree BPI BR300
7ol SEMMR RIS - 7o,

5 FEBESHROFhEEEE~ OB

Chamber D _Ziz\ i A IFHER 0 PBS 1285 O
Er—Ficl (1XI10%8,/m), FEEav hae—
ELTPBS DA% VWIDB &, FPRKIE—E 7 + 1 &
—DOEEAEER L (Cl=2.430.2, Cl=mean=+SD),
TS BEERD. 2mg/m] B TE o\ b & IFEER i
FLa@EB® (CI=1.620.2) U723, EERE212.0
mg/ml & Licd &, BEIT 2FhoSime

(CI=1.0%0.2) U %= (Fig. 9a), #* 7= chamber ®
TEOFIESWEHOWRE »—F 1L (1.0mg, mb,
LERVCABIFFROBEYEL SRS &, 1 X10*
{8,/ml ¢ ETL 288 T B MESEY ¢ (Cl=
0.2), BEORIME & &, BErT oS Nl
2 X10&,/ml Gk Cl=1,840.2& 7 7= (Fig. 9b),

vV & =
C. neoformans OFRE HIEER, JHEBSM-ASE

A :Enzyme(-) f
® :Enzyme(+)

4.0

L
=
I

L
=}

after treatment with enzyme(x108)

L&
S

Viable cell count of yeast cells

=

I [ J
0 1 2 3

Days after enzyme treatment
Fig. 1 Comparison of viability of yeast cell
with or without enzymatic treatment.
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Fig. 2 C. neoformans SG strain,
a) 3 days culture without enzymatic
treatment,
b) 1 day after enzymatic treatment,
c) 3 days after enzymatic treatment.
India ink method, X132

Fig. 3 Electron microscopic findings of yeast
cells,
a) with thick capsule, before enzymatic
treatment,
b) dissolved the thick capsule by lysing
enzymes.
Bars indicate 1 gm.
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o :Enzyme(-) %
10— @ :Enzyme(+) '

Average of colony-forming unit/g

0 i | |
01 3 5 7 9

Days after intra-tracheal

inoculation of viable yeast cells

Fig. 6 Average of colony-forming unit.

BT L BIORE A EETh b, BPEARCE o
REDOE XL » TRENERD Z EAHLA TV 5,
TP E T B ERD HRE U o o\ BRI R
TIRAFEBERE RN T 52, BRI BRERE Y
BT 2%, BIIBRE L, BoMERERR S, &
BERENEVERCE  Abh5™, ZhbnZ &
b BFPE DT RO o R A E R
BEELTERL, —AREOCREFRIEMEIG 0D
R WERRRE YR T 5 L E 2 bR T,

Linbl, Sl EET s, 20Xk
Bl e AN 2 CHBRBERG R D LR
58, I DRERRICKE eSS 2 5 EEE, X
ELTRAE e 2 BEIET 5 EMEWRH D 5,
7Y 7 2y 7 AEICRT DIEETR O O =i
HDEBHEFANELR, B AEKMOLER
2030 [R—BRPA T OISR R & DL &g
FCRBEINTEL, L, AR —RRincE
D o\ RRBIC LR RV ek R 7oV, % 2T,

FE, ANTHCTEBE AL RO B 2 ED,
FhRED L 5 RS B2, i, £0OL 5 AEK
& B BHE 0 T AL R T 5 2 RETL
oo

@A LcEiffd, FERENRIG E U Chifiig~ 7
R7 7 -2 EHERIEAYR 5, REOCEREIL
h—EOEEMENICEER X isWE AL, alternate
pathway /ML CEM LS hicilibc X a4+ 7V =
VABPNZ L » TIPS EBRRMR AR LER T
5390 WEOEMIEERAYSENEETLI I Lic
I hB R 20K, FFSREBE TR
b, BEERKEEENCEET I CLEEND
HHE 2 R A~TRA L CFRIRR O FRARR AR 23
BEh3, Lal, ChbOREROHEHECEY
BESta» bRE s h, BERDIEBELL T,
Tk, HBEOD lysing enzymes TR & i -
TEEES ERENICEE L B iciiE 1 BE cifilt
A BBRESRTLE S 2 ELERI R,
ZORYHHAD < 7 v T v —ORFRRIE L 2 ER
RitiY, B2RoRE SOREOBE I L cl vk
SEEERZIT Y, FICHRBE PR oo\ B RET R T
BRWE=R7 7 —ORERENE®, 2v e
NERSENEE LIRS, 3EBEECoRic~s
7y =~ REESWEENSHEED Sl —
FEBACBEWREAE L s BRE S VW EER
DLBRE iz, Lysing enzymes A% L 2= E{k i1
BEAERER SR, 3 HEEZ CIRERP CHEEL
LRERO YT 2 NS TH -, TR,
FBET AR D R 3o\ CRESE D B, 0
TebBWEEE L 7e5 L S B LRABOTRTS 5,
TERERFTRL, BERER/DEEEERE TS
720

F 7 = bR C L ERIER CIERE 0B %,
YEFICERIETME TR B AR OB EC, MR
WEAEES I HEAN TR B AT B, T, <o m

Fig. 4 Electron microscopic findings of yeast cells,
1 day after enzymatic treatment. Bar indicates 0.5 zm.

Fig. 5 Electron microscopic findings of yeast cells,
a) 2 days after enzymatic treatment,
b) 3 days after enzymatic treatment.

Bars indicate 1 ym.
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Fig. 7 Pulmonary lesions induced by intra-tracheal inoculation of yeast cells without enzymatic
treatment.
a) Acute purulent lesion, 1 day after inoculation of yeast cells.
b) Granulomatous lesion, 3 days after inoculation of yeast cells.
c¢) Cystoid lesion, 5 days after inoculation of yeast cells.

d) Cystoid lesion without inflammatory responses, 15 days after inoculation of yeast
cells. AB-PAS-Hematoxylin, X100

Fig. 8 Pulmonary lesions induced by intra-trachedl inoculation of yeast cells with enzymatic

treatment.

a) No inflammatory reaction, after inoculation of yeast cells. AB-PAS-Hematoxylin,
X100

b) Macrophages positive for anti-C. neoformans antibody, 3 days after with enzymatic
treatment.

c¢) Granulomatous lesion, 5 days after inoculation of yeast cells with enzymatic treat-
ment. AB-PAS-Hematoxylin, X100

d) Granulomatous lesion changed into cystoid lesion, 7 days after inoculation of yeast
cells with enzymatic treatment. AB-PAS-Hematoxylin, X100

e) Cystoid lesion, 9 days after inoculation of yeast cells with enzymatic treatment.
AB-PAS-Hematoxylin, X100
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w
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Average count of migrating
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I

! |
0 1 2
Concentration of capsular
polysaccharide(mg/ml)

Fig. 9 Average count of migrating pMNs,

=

2.0

—
(==

Average count of migrating

neutrophils(CI}.

| | |
My 5 6 7

Concentration of neutrophils
(logio cell/ml).

=

foe)

a) upper chamber containing neutrophils, concentration = 1x10° cell/ml.
b) lower chamber containing capsular polysaccharide, concentration = 1mg/ml.

7 7 —ORFPRCAR S hc B, MmN ok
B U/ F s EEEEAL S ORI - TR
BEhad, FPREEmIEL, BErFTousEc
ERV D bICIFRBRE RV LB 0, Biko
FREREFLCULE D ATREM AN D B, SREERICIEFL
LHEERE, FROBEW~7 r 7y — U OBABEAT
EFEfT D, 0k LT, BRIEA - REER
IS D b 2 BERIATHE O By O 18 = o A &
BHIZL &Rt 5,

2V e - VO YEE LB, 2=
7 7 — PRI L 5 P E R L MR A o
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