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Yasunori Hamajima: Background of Ge detectors at Ogoya Underground laboratory
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Table 1. Ge Detectors of Ogoya Under Ground Lab.

Ge type Eff or size BG(cpm)
J planar 3800mm’ x 30mm 0.87
K planar 3800mm” x 30mm  0.52
X  well(22mm ¢ x60mm) 73% 1.60
Y  well(22mm ¢ x60mm) 70% 1.75
C  well(10mm ¢ x40mm) 37% 0.82
I planar 2800mm* x 20mm 0.48
U coaxial 93% 1.12
W well(Z2mm ¢ x60mm}) 65% 1.20

1 - Oéaxial Ge (E.ffﬁﬂﬁ),.mrmal t1-,56cpm .0.1."2iu‘.e.\.¢‘}h
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Fig. 2. Local area network at Ogoya Under Ground Lab.
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Yoshimasa Murata: Measurements of natural neutron flux using activation of gold
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Nobuo Suzuki: Bisphenol A suppresses osteoclastic and osteoblastic activities 1n the scales of goldfish
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WEIZLHOLNTWS, i, ZOWEIILERLVESThAT R ha oLt &2 — L iEN
L, TR a0 EREEEL, EMERELTA I ENbios Ta i, =R A dBis RS
TAHDT, BERA7 =/ — VAL ERBICEEE 52 T B aBEMN B 5,

— 77, FWEE TR TS DM E G2 EL M TH 58 FHIN 4 I IE S CH&ET D 2 L 12
L, ZHETONN@MICES DML, EENOMITE B THE L Tflf%xii_ﬂf}“z}ﬁ A

RSO RTE R, ETCBE M 2T D2, EENREOMGAEHBLETH D Z LA Far]
SNZIg > CE T, MAOMEE LTI ECEELRTAE., 2 50EIIcT A2 -4 55
AP TERNWEEZEZLND, F2CHIL, AU 2 H LT,

KB O-OIAFHE T MM TH Y, 7o anb e D AEH LA LT WA, W o7 b s
KOEFMBENIAEL, & FOFRET 2@ <RI DIz Lzt gL LTns, LRS- T, v
e FOFMETOET YN . BR T 2 =LA DBRBEEMPE OB ARSHT A B A ST
TEHAMEMEA G, £2C, vnan7 vy %ML, X7/ —/VAOFMIC R 5 4
R Ry
F ¥ aDAR (KEI0gHIE) #MS222 (Aldrich) THErL, woazBERLE., #0Ova ok
1% DAME 2 501 — 7V ADORDEH (KUARIK) Co2EEEHLE-, FOBER T/ —

A (107 ~10° M) % EipHITEE (15C, 6 ) L., EFEMo 2y ha—A kiU, [A4k
(ZHF X a DA (FE3I0gHTE) MO TR azZRRL, =X oy (107 ~10° M) &5 E5H
THEL, BRIOoo bo—2 b LU, Ak, Uo 2 35T A, FORE K
B MG OFE P& HE L,
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TOMEMZEMLUT, TWOR 74+ RAT7 77—V OTHETELTAT= ML T e ) — V) Vi F
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2.9 nmol pNP produced x (img scale xh) ', P<0.05) (Fig.2)
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Fig. 1  Effects of bisphenol A (A) and estrogen (E2) (B) on TRACP activities 1n the cultured scales at 6 h.  Values arec means£SEM. ¥, **
indicate statistically significant differences at <0.05 and P<0.01, respectively, compared with the values in the contro!l scales.
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Fig. 2 Effects of bisphenol A (A) and estrogen (E;) (B) on ALP activities in the cultured scales at 6 h.  Values are meanqi*)PM * indicates a
statistically significant difference at £<0.05, compared with the values in the control scales.
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Nobuo Suzuki: The effects of cadmium on osteoclasts and osteoblasts in the scales of goldfish

Oy aci, s S B IEMR e NG L, [HaZ—F b FELTHS, TOHROAI
v Mg \ﬂ4bH#vfﬂﬁ4%®mﬁ%LTw Lo Ty aik, b hOAFREE & < iy
iz Ll ) s THhSE, BT, ok s iigEdovn ar HnCEERzHER L (Hidh
W)

HREITAIA LA A FA0 (BRWIE) 2912 T, FOMAHEEL. BEELRIABLE
AN BRI ARSI LTRSSV, £ T TAME T, ZORERE/TN
T R AOSHEIC T SR RER 20, e a CHER L TWDEEF LT L7,

XL F g DA A (RE30gRTE) £MS222 (Aldrich) THEL, voaZfRL, £OVI 2%
% DB AW & Gie A — 7 N ADRAE R (KAAREK) C2WkEHL, To%r FIvs (100
~10° M) 2 ETetsiTEEE (15°C, 60FH) L7, W% 10% kv~ »&{5T0.05MAU 2 VL ER
SR (pH7.4) T L., BABERIER T + X7 7 #—¥ (TRACP) RUT NIV 74 AT 7
H— (ALP) i&MEZHIE L7z,

RIEEIZ S ¥ g D A A (KE30ghi%) b ovmazifRL, P FIva (107 M) 2515
P Ut BER%. vnarifiREECHEL. TAYF Y (myRyy—r) XD b=
RNAZRRH L7, #0%, ¥ v b (RilEE) ICLDeDNAZGR LT, FABI T A iao
BARE M O PAIZ BT D= A ha A r ORI (ER) & A >zl VRERF1 (IGF-1) KO
GRBOMEBIZEEGETAX NI ETHLA T A2, (MT) DOEBEZRT-PCRIZ K D afil~7z, —
. Byorn ai VW TTRACPR ALPYE M 2 Ml L7,

ARG, R R A B2 U LD kLS (Q6lkHE]) XK DR EWHASDTIEO,
7 A O TR L, ALPREMH 2 ME L7z,

TRACPIEME (., HrSoNFR R ICEKIE (1017 ~10° M) T RI U AIIKIEL, L0 ML
EEIIE T EH (Fig 1) . —5. BHRAMEOIEVEO IR TH 5 ALPTEME (L6IEH] O 3g 2 Tz ki
ol £z, ?Elﬂﬂ})ﬂfﬂlﬂﬂ’f%fﬁb'fb‘ B EBNT AL, DRI TADEEFEIIERTS
H X ETHAMTMRNAORH N EF LTz, Lo T, BIFFREDOLEZE Tl &Fy}ﬁﬁﬁ
WA RITLAORECHE T EPHEAISRD (Fig. 2) . LinLRHR 6, H%ﬁﬂll@@tﬁﬁﬁ%ﬁmt

W BIMR T AERME NIGF-1 DB L T T (Fig 2) KB ORG & Tl £ OFEMHEAIN T
'Téﬂﬁﬂjm%%m§$%QM£ﬁHmLfﬂ&UW@HmTﬁHWJE(ﬂgﬁtj

AT T vﬂﬂW%ﬁ¥%mwé&xHﬁwmmﬁFEVA%ﬁMT§5:£ﬁw%Ltﬂ
PR HESNEI 2T, 10 METLAMETET, ZOREEFICHRBRETHD, I LT,
64N TROGHE[ DIz 0 . A F I oA, BHMIBOFEM 22 CnH 2 ERHA L, Lizhho
T, ARITAEINSLMAFOEMRICAEN L, Zofmma2mE L, BREICEREL LTL TN
Z e T,

bz End, vaaldd FI2AOF~OEEWNRTERE2HA5IZELIWETATHD, F1&.
ZOFRERWT, ILHITFEMAR A = AL/ L TunEIZu,
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I'ig. 1 Lffect of cadmium on TRACP activity in the cultured scales at 6 h. *, ** *** yndicate statistically signiticant dilferences at P<0.03,

P<0.01 and P<0.001, respectively, compared with the values in the control scales,
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Fig. 2. Expression of ZR. (/- f, AT and f-actin mRNAs in the control and cadmium-trealed scales of goldfish.  Expression of R and (/-]
mRNAs 1n the cadmium-treated scales were lower than those m the control scales while M7 mRNA expression mereased by cadmium-
treatment. The PCR products of factin mRNA were equally amplified in both scales.  Arrowheads indicate the PCR products of £R cDNA
(327 bp}, {GR-1 cINA (160 bp), VT ¢DNA (200 bp} and fFactin ¢cIDNA (200 bp).  Arrow indicale respective size marker.
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Frg. 3 Elfect of cadmium on ALD activity 1 the cultured scales.  **, *** indicate statistically signilicant differences at P<0.01 and P<0.001_

compared with the values in the control scales.
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Daiki Kobayashi: Expresston of calcitonin mRNA 1n the cartilarge of teleosts

BN RT3 2@OT I IBE VAT F FARNALEST, WA T LREZERT SED,
T ORME T, WHBCIETIRBOCH L 0 . FR LS OAFHEE TIIEIR IR & FPE D P
B s BDNVTHEA SN D, RIS LBEAL P8I FOBFICLDEF LT
7% Thbb, 2T AL b= ATgiE MR E O TS0 b B LIE T SRR, R
BoagERBoberEo4+, £/, BEECHFEL, 7o b rzow L TOTlgkrfg s T s
MR AR X . AR AR AU S ARR, FLWERE(ESIEEZ L, Efikkez Riuns
Bl S8 A, THLORERE L TEMSLIMT~OH A D AOWEEAMHE XL, mFhvsy LR
DR TR BT HIND,

=i FE TS IR CRIB LA DRI I W T by b= RN REE S RTER D I 2 3N,
LS., WSz Ly b= R R S TWD, E6LIIC, mill, ¥ rF a3 il T,
BAZECEIC S Y b= RGBS YRR A R TR A R I E e, - H. B FORFMAREIZEWT
AN RV ARE L B RO EICEBR L T D I ARG IR TWDS, TORE
X MR OB AEERREGTAE NS S b2 OEFRER & RN, RETRICPEA
Xy h= o R EMOMBOBERSEICERREEE 52 TSI L@ /RELTND,
B2, BT E LY F = DEARTO N DO T, FOFRAIB ALY M2 EEAT
AZ LI ORNVECOERE2EZD FTHRBEEN, LK T, CTMEERICESH TS, by b=
UHRBEBOMIINT 7 T A I TS DR R 5 Z RN D, & TR T,
BB OEE NERT LY b= RS LTS G EACENNER N A el F L' A
UVNTRRA~ T,

ARFZE Tk, BICEGT Ay b= U H OFCERINEE ZR A5, £94 T K
B (AEH15ecm) OUEASHFABEETEBILLTY A 7 ay MEiToln, BWT, EHIOE
ks v~ k75 7 4 —(Reversed Phase—High Performance Liquid Chromatography : RP-HPLC)% A >
THEDPOHINY F= VB EE R L, FOH% Y ATy MeA(T, BIEWH OELNIE 2
Otk o L b DFNRE R LT,

Wiz, EHETO YO/ ThHLY b= U REA IR TWA PR DT2, 7« vy b=r
& o1— R A A 5 77— 7 W Tin situ hybridization?iZ £ 0 fli~7z, B a—7 0
broe LY b= ecDNAGONEK A & 3 FEFIER B 4 4 T2 784bplZ #1158 77 ZPCRTHIR L. €
NETRY #— T AT, Dig-RNA Labeling Kit (HA®R v ratt) ZHWTY TF 7 = VRO
RNAZ 00— 7 % Epk L7, MEHZIIERER 5 em® BORIE AT O a2 ¥ i a MWz, SO A2 24%
paraformaldehyde (PFA) CREIE L., 787 7 4 AZEE L, 4AmmDME S O A & Lz, £ —
TOEEATENDDHT-HI0, FORAOHEEIRG FERICOHE LGl & L7z,

X LICHUE A Stotal RNAZF v b (R P—0) 2L i L, RT-PCR (EHE) (2K
HhOEBIZHNY R Ea— FTAEEETINAPEE I DGR, ZOKE, NRim (5 -
CCTTGGA(C/T)AG(A/C)CCCA(G/T)(A/G)TC(CTYAA(A/GCG-3) KUCRum (5-GT

—
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TGCTCTCAGGCAGGCTGCGTTTCTTGCC-3) 7VIoAv—%GHL, A b=
cDNAWT F 2 HilE L 7=, Lszif*“%{tlnht%ﬁolmm/?,s%/f 7 /v 95C-45sec, 55°C-30sec, 72°C-1min/35%
A 20 72°C-10min/ 1 %4 7 VIZFR T L=, Taq DNA polymeraseldGene Tag (= v R —2) & H
W, PCR#Z. 3% NuSieve GTG Agarose (FMC BioProducts) (& L HEXRKETHR 512 kK
= cDNADHE S V-G o il ~Tz, HEXKEI%. DNAY A AD~v—H—& LTHWZY 7D H
Wy k= BEFASIbp) E EI UEE kB S RO E S VAL L, v 7 aF a—
T L, TRAEMNA, BRISE, 7= /=M S ) — LB w270, B O ik %
TE bufferiZ I8 L7-. Z DEWEHEDODNAWF %, 77 A I K (Novagen pT7Blue T-Vector) ‘U=
T M (EHE) 2wt T7oa—=2 7 Lin, £ORMIIDNAY — 7 22— (Perkin-
Elmer Japan Applied Biosystems 37358%Y) & H W THi LS W 2 e Lz,

wT 4T arbhua—i bt LTHWET 7 - v b= (35kDa) OfE EITIZFELVVEIS
ANy F = OFRIIIST AN PR ENTZ, LI LB S, Zo/Ny RGP <,
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Northisa Kaida: Endocrine regulation of caleum homeostasis in the stonefish, /nimicus japonicus - with special reterences to the role
of calcitonmn
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Fig. 1 Plasma Ca levels m stonetish administered a high-Ca Fig. 2 Plasma calcitorun levels i stonefish administered a
solwion (high Ca} or a consommé solution: (conirol) mto high-Ca solution (hugh Ca) or a consommé solution (control)
the stomach at 0, 1, 3, 9, and 33 hrs atter the treatments. into the stomach at 0, 1 .3, 9, and 33 hrs aiter the treatrnents.
The valucs are shown as the mean*=SE.  Astenisks (*, The values are shown as the mean £ SLE.  Asterisks (*)
**) exhubit statistical differences (P <C0.05, P <0.01, indicate a statistical difterence (P<0.05) from the control
respectively) from the control vaiues. values.
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Fig. 3 Plasma Ca and caleitonin levels 1n stonefish admimistered a high-Ca solution into the stomach a4t 0, 9, 33, and 81 hrs after the treatment.

The values are shown as the mean += SH.  Asterisks (*.**) indicate statistical differences (2<0.05, P<<0.01, respectively) from the 1nitial value.
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Naoko OHNO!, Masayoshi UMEBAYASHI! and Eiichiro KINOSHITA2: Morphological variation in

Ophiopogon japonicus growing at Kakuma, Kanazawa
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Daisuke AKAISHI' and Koji NAKAMURA®: Ecological relationship between fungi and fungivorous insects in

Satoyama at Kakuma campus of Kanazawa University
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Shizuko NAGASHIMA' and Koji NAKAMURA®: Environmental condition and fauna of the “Kakuma Biotope” in

Kakuma campus of Kanazawa University
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Takeru MATSUMOTO' and Koji NAKAMURA? Change of biodiversity in the restoration of terraced paddies at

Satoyama in Kanazawa city.
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Masamitsu YOKOYAMA' and Koji NAKAMURA?: Spatial distribution and phenology of five Vibrnum species

(Caprifoliaceae) on Kakuma hills, Kanazawa city.
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Kazunori NAKAMURA' , Sotoshi YAMADA? and Masayoshi IWAHARA® : Eddy-current testing techniques for

inspection of printed circuit boards
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Satoru MIZUNO', Sotoshi YAMADA®’ and Masayoshi IWAHARA® : A new eddy-current testing probe for
inspecting crack on the weld point
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Yosuke AKIYAMA!, Sotoshi YAMADA2 and Masayoshi IWAHARA?Z @ Performance analysis of a

flux-concentration type linear induction motor using three-phase unbalanced equivalent circuit
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The genetic switch for the regulatory pathway of Lactobacillus plantarum phage ¢ g1le

Makiko KAKIKAWA', Shingo OHKUBO?, Michio SAYAMA?, Akira TAKETO?, Ken-Ichi KODAIRA?
1Faculty of Engineering, Kanazawa University, 2-40-20, Kodatsuno, Kanazawa, 920-8667, Japan
*Molecular Biology Group, Facuity of Engineering, Toyama University, 3190, Gofuku, Toyama, 930-8555, Japan
*Department of Applied physics and Chemistry, Fukui University of Technology, Gakuen, Fukui 910-8505, Japan

Prevalence of lysogeny in various Gram—pusitive and -—negative bacteria has been reported. For their
propagation in two different ways (lysis and lysogeny), it has been thought that the temperate phages have a set of
regulatory proteins, as well their recognizable DNA domains. And the temperate phages have been regarded as
valuable genetic tools for gene transfer, expression and cloning, in these industrially and medically important
genera.,

In Esherichia coli phages such as lamda , P2 and 186, the lysis-lysogeny decision depends upon phage-encoded
proteins, known as repression by binding to specific DNA sequences called operators. Contrary to the coliphage,
molecular details on the lysis-lysogeny switch of the phages from lactic acid bacteria are scanty, although several
putative repressor/operator systems have been reported.

The Lactobacillus plantarum phage @ gle (42 259 bp) has two repressor-like genes cpg and cng oriented
oppositely, accompanied by two potential promoters Pg, P;. and seven operator-like 15 bp sequences (GATAC-
Boxes) . Box 1 (Gbl) is located within cag, the five boxes 2-6 (Gb2- Gb6) are between cng and cpg, and box 7
(Gb7) 1s downstream of cpg (Fig. 1.).

In this study, several domains within the P;/GbS- Gb6- cpg-Gb7, ~ 530 bp region were cloned upstream of cat
of plasmid pKK232-8, and the promoter / repressor abilities were examined.

E. coli XL.1-Blue carrying pKPL1 (cat under Pi/Gb2-Gb6, 454 bp) or pKPL2 (cat under P /Gb5-Gb6, 122 bp)
multiplied in the presence of u p to 200 .g/ml of chloramphenicol (Cm), whereas XL1-Blue / pKK232-8 did not

500 1000 1500 2000 bp

e — — — ——— - - - - B k- 1—.— r k. L B e —— i - -

Sp Sp Hd Al As BsA  Rs DrSc Ns Fs Sp Bs Rs
|

| | . . ! N |

| !

Pr

Fig. 1. A 2030 bp physical map ofthe ¢ gle genome .

¢ gle genome is shown by two thick lines. The two promoters are indicated by Py (ciosed arrowhead) and Py {open arrowhead)
above or below the ¢ gle DNA depending on their direction. The genes cng, cpg and putative orfs are indicated by open boxes with
their directions. The seven GATAC-boxes are indicated by small closed boxes.
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Crg (ug) - 01 6.2 0.2 0.2 0.2 0.2
CAT activity of £, colf XL1-Blue carrying ¢gle promoter-containing Seif (M) — ~ o« 125 25.0 - -

3t . 1]
plasmids Nonself (i) - — — ~ - 12.5 25.0

CAT activity” with®

Plasmids® Promoter No plasmids pAPLCP]

pKK232-8 None <0.5 <0.5 ) Sy g

pKPL] Pe P, 49.6 -

pKPL.2 P, 418 4.7

pKRL3 P,-P, 96.2 12.0

pKPLCPI] P oopy 3.7 ¢

pKPR! Py 1{90.0 1.0

® CAT activity was assayed as described by Kakikawa et al. Fig. 2 Gel-Shift assays.

(1998). A P*-labelled DNA fragment (0.5 nM) containing Gb7 was

b : .

] Values', average of several (f.ive to 51.:() experiments. . mixed with purified Cpg in 20 .1 of reaction buffer [ 10 mM
Pl:lSHIltfld pAPLCPI1, co-resident with promoter - containing Tris-HCI (pH 7.8), 150 mM KC}, 1 mM EDTA, 0.1 mM DTT.

plasmid. |

3% glycerol, 50.g/ml BSA] with or without competitor (self

? Plasmids containing ¢ glepromoters (Pg-Pr, P, and P,-Pg)
or non-seif) as indicated. After incubation at 30. for 10 min,

upstream of cat are indicated in Fig. 1. pKPR1 containing

Pg-caf from Kakikawa et al.(1998). the mixture was electrophoresed on a non-denaturing
“ Not done. polyacrylamide gel at 4., and the DNA bands were visualized
by autoradiography.

grow in the presence of 5.g/ml of Cm. Promoter activity of pKPL2 (cat under P /Gb5-Gb6) was estimated by CAT
assay in E. coli. The mean value of pKPR2 was 41.8 units /mg, whereas that of pKK232-8 (control) was 0.5 unit
/mg. These results indicate that 122 bp region of Py /Gb5-Gb6, function as a promoter.

The activity of pKPLCP1 (cat under P /Gb5-Gb6-cpg, 478 bp) was only marginal (3.7 umts /mg). When
pKPL2 was coexistent with a compatible derivative of plasmid pACYC177 carrying P /Gb5-Gb6-cpg (478 bp),
the CAT activity was declined to the level of pKPLCPL. These results suggest that cpg functions as a repressor of
transcription from Py.

On the other hand, the cpg-encoded protein Cpg was overproduced in E. coli under Pr;. The molecular mass of the
purtfied Cpg (14.5 kDa on a SDS gel) corresponded well with that (15.1 kDa) predicted from the DNA sequence.
Gel-shift and footprinting assays demonstrated that Cpg selectively binds to about 25 bp bases centered on the
GATAC-box (from 1 t07). In seven GATAC-Box, Cpg seemed to bind initially to Gb4 located between P, and Pg.
Moreover, protein crosslinking experiments using glutaraldehyde showed that Cpg most likely functions as a
dimeric form.

Thus, the present results indicate that Cpg probably repress Py through binding to the operator GATAC-box (es),
and the P /cpg region might participate in the lysogenic pathway.
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Occurrence of lysogeny among abundant lactobacilli has been recognized widely. Like Escherichia coli lambda
system {1}, the Lactobacillus temperate phages have been regarded as valuable genetic tools for gene transfer and
cloning, in these industrially and medically important genera

In contrast to coliphages such as lambda [1], molecular details of the Lactobacillus phages are still unclear in
genome structure, gene expression, host range, replication, classification, ¢volution, and so on. Recently, we
have 1solated a new Lactobacillus plantarum temperate phage ¢ gle, and determined the total genome sequence
of 42259-bp DNA (EMBL accession number X98106) [2].
¢ gle significantly differs from other Lactobacillus phages in gene structure as well as morphology.

As reported previously [3], the ¢ gle phage particle contains four major prntein:s, gpB, gp(x gp0O, and gpP (64,
43, 29, and 26 kDa, respectively), as well as more than 16 minor proteins ranging from 113 to 9.6 kDa, and
consists of three parts: (i) an isometric hexagonal head (68 nm in diameter), (ii) a long noncontractile-flexible tail
(256 nm 1n length and 10 nm in width) with regularly spaced transversal striations, and (iii) a complicated
stacked-baseplate (from 24 to 45 nm in diameter) ending in several short fibers (12 nm long). The protein gpP (as
well as gp(G) was acidic, and its apparent molecular mass on SDS polyacrylamide gel was 26.0 kDa, significantly
larger than that (18.8 kDa) predicted from the DNA sequence [2].

On prolonged preservation at 4C in Tris-based phage buffer, the ¢ gle particles lost biological ability for
making clear zones [3]. These preserved particles contained electrophoretically variant gpP proteins (as well as
gp(), which migrated faster on SDS gel than those of the fresh proteins. When preserved for 5 months (Fig. 2
lane 3), the altered gpP yielded an apparent molecular mass of 18.8 kDa, which was substantially lower than the
value (26.0 kDa) of the fresh gpP, and corresponded well with that (18.8 kDa) predicted from the DNA sequence
[2]. At one-month preservation, the phage particles still retained the biological ability, though producing turbid
zones, and their gpP proteins migrated faster on SDS gel than those of the fresh sample, but slower than those of
the 5-months preserved proteins.  Furthermore, electron microscopic examinations demonstrated that the base

plates of the S-months particles were located along with the tail, but not at the tip, seemingly slipping out of the
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|A) (B)

Fig. 1. Immunoelectron micrographs of ¢ gle virion particles.
¢ gle particles were purified by CsCl centrifugation, and
examined by immunoelectron microscopy. (A) Non-labeled
particles. (B) Gold-labeled particles. Bars: 100nm.

tip toward the head. This base plate dislocation was not detected in the phage preparation preserved for one
month. To elucidate whether the electrophoretical abnormality of the gpP protein is linked to the base-plate
movement, several properties of this protein have been further characterized.

To overproduce gpP, the P gene encoding 177 amino acid residues was cloned under plac of E. coli plasmid

pUC118. As shown in Fig. 1, a 679-bp Hhal fragment of the ¢ gle genome (42259-bp: EMBL accession
number X98106) contains gene P and its putative SD sequence as well as truncated genes Rorf135 and Rorf143
[2]. This Hhal fragment was blunted, and introduced into the Smal site of pUCI118, yielding pl118P. DNA
sequencing analysis confirmed that p118P contained the intact Hhal fragment from nucleotide number 21923 to
21247 [3]. The plasmid p118P could multiply stably at 37°C in E. coli XL1-Blue.
After induction by isopropyl 3 -D-thiogalactopyranoside (IPTG) (1 mM) at 37°C, total proteins were extracted
from E. coli XL1-Blue/p118P, and subjected to SDS-PAGE. The pl18P directed steadily increasing synthesis of
a protein with an apparent molecular mass of 26.0 kDa, which was not detected in E. coli XL1-Blue/pUC118 (Fig.
3A). This overproduced protein had an apparent molecular mass and N-terminal amino acids tdentical to those
of the native-gpP protein from the purified ¢ gle particles [3]. These results indicate that gpP overproduced in E.
coli is the gene P protein. To know localization of gpP in the ¢ gle particle, gpP was purified by
DEAE-cellulose column chromatography and gpP-specific antibodies were prepared using the purified-gpP
proteins. The analysis by immunoelectron microscopy demonstrated that immunogold particles associated with
antigpP-sera specifically bound to the tails of ¢ gle particles (Fig. 1), indicating that gpP is a main tail
component (putatively a tube protein).

[1] Campbeli A. Comparative molecular biology of lambdoid phages, Annu. Rev. Microbiol. 1994; 48: 193-222.

[2] Kodaira K, Oki M, Kakikawa M., Watanabe N, Hirakawa M, Yamada K, Taketo A. Genome structure of the Lactobacilius
temperate phage ¢ gle: the whole genome sequence and the putative promoter/repressor system, Gene 1997; 187: 45-53.

{3] Kakikawa M, Oki M, Tadokoro H, Nakamura 8, Taketo A, Kodaira KI. Cloning and nucleotide sequence of the major capsid
proteins of Lactobacillus bacteriophage ¢ gle, Gene 1996; 175: 157-165.
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ABSTRACT: This series is a supplement to our publication entitled "Underground Organs of Herbaceous
Angiosperms" (1995) to be continued from Annual Report of Botanic Garden, Faculty of Science, Kanazawa
University No. 25, 17-28. The present paper aims to describe and illustrate the underground organs of four
liltaceous plants:Paris tetraphylia, P. verrfcfﬂara and Polygonatum lasianthum, P. odoratum var. pluriflorum.

Key words: Paris tetraphylla, P. verticillata, Polygonatum lasianthum, P. odoratum var. pluriflorum, Rhizome,

Underground organs.
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> 7 N2 77 Paris tetraphylla A. Gray (Fig.1)
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Fig. 2. Underground organs of Paris verticillata.

I~ a2 Polygonatum lasianthum Maxim. (Fig.3)
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Dynamic Hysteresis Loop and its Application to a Series Ferroresonance Circuit

Radek JAVORA, Masayoshi IWAHARA, Sotoshi YAMADA
Division of Biological Measurement and Applications, Institute of Nature and Environmental Technology,

Kanazawa University, Kanazawa 920-8667, Japan

ABSTRACT : A lot of articles concerning ferroresonance phenomena in electric power distribution systems
consider a single-value resistor connected in parallel with a nonlinear inductor (described by magnetization
characteristic) to represent core losses of the transformer under study. Several studies and measurements as
well, proved that such a resistor cannot properly describe the behavior of transformer in saturated area.
Furthermore, such a simplification has quite essential effect on the exact birth of ferroresonance. Therefore,
better and more complex model of the transformer core losses is necessary. This paper follows suggestions
recommended for further improvement of the ferroresonance studies in electric power systems, by considering a
dynamic behavior of transformer core losses. Comparison of the results received by using static (single-value

resistor) and dynamic (nonlinear resistor) representation of core losses are presented.

Key words: bifurcation diagram, chaotic oscillations, ferroresonance, hysteresis curve, magnetization

characteristic, sensitivity analysis

1. INTRODUCTION

A lot of circuits in which resonance can appear, contain windings with ferromagnetic cores. Inductance of
these cores is not stable, but due to the non-linearity of magnetic curves it depends on the immediate magnetic
state (saturation) of the winding with ferromagnetic core. The phenomenon called ferroresonance can originate
from this dependability. The non-linear inductance causes the existence of more than one resonant frequency
for given parameter values. The voltage across the capacitor or inductor does not change continuously with the
increasing frequency of the supply voltage but jumps suddenly, which causes essential changes in a circuit.

It was shown [1] that the only magnetization curve used for description of magnetic properties of the
transformer could exhibit some kind of subharmonic ferroresonance. This kind of ferroresonance does not occur
under using an extra resistor, in parallel with the inductor (Fig. 1b), representing transformer core losses. This
strongly suggests that for a qualitative understanding P :
of ferroresonant circuits, a ‘hysteretic inductance’ — —c
must be used in the simulations. However, our

measurements and field tests mentioned e.g. in [2]

show that actual transformers damp transient Vit Vi Rre
ferroresonance faster than calculations using a parallel Y

resistor predict. Therefore a nonlinear representation

of transformer core losses is necessary to vary the a) b)
value of core losses according to the actual value of Figure 1 —Dynamic (a) and static (b)

saturation. representation of core losses
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2. METHOD USED FOR DESCRIPTION OF HYSTERESIS CURVE

For our purposes, the small transformer with toroidal ferromagnetic core was used. It was designed to
withstand high current values under resonance conditions. The base for our mathematical analyses was the fact
that the measured voltage and current waveforms (in saturated state) contain all the necessary information
concerning the magnetic characteristic of the transformer. The electric and magnetic circuits are coupled with
each other in the relations between the current and the magnetomotive force, the voltage and the flux. This fact
makes our method applicable to bigger transformer units appearing in electric power systems.

- Description of the hysteresis curve [3], [4] was done by means of harmonic spectrum of the measured no-
load current as the input for subsequent Chebyshev transformation. As a result of this process it is possible to
receive coefficients of the polynomial describing hysteresis curve (B~ H characteristic). Equation for magnetic
field strength A can be divided into two parts. General description of the field strength H as a function of the

magnetic flux density B is given in Eqn. 1.

H=aB+aB + +(b,+b,B* +-- )j—g: Fono (B)+ 2w (B)% (1)

Where: H is the magnetic field strength in the core; B is the flux density in the core; a;, a3, ... are the
coefficients related with the effective reluctance of the core; by, by, ... are the coefficients related with the
hysteresis loss; @=wt,and o =27 .

Graphical representations of those two parts are shown in Fig. 2. The first part is a curve corresponding to
the conventional magnetization curve (Fig. 2b) and it 1s described only by odd terms of the polynomial. What is
additional is the second term in the Eqn. 1. This is the part, which adds the hysteresis effect to the
magnetization curve. Its characteristic, shown in Fig. 2c, consists of even terms of magnetic flux density and

depends on its time behavior as well. Fig, 2a includes both those parts and it is the characteristic used in our

analyses.
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Figure 2 — Two parts of intensity A and hysteresis loop
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How many terms are in Eqn. 1? The answer is simple: The more accurate description is required the more
terms should be employed. In reality, the choice is limited by the calculation means used for analysis. In our
case we went up to the polynomial of the 35" order that seemed to be sufficient for our purposes. Furthermore,
calculated model of the hysteresis curve has been improved to respect the normal magnetization curve [5] and
simplified to meet the calculation needs.

Because many terms are used in Eqn. 1, there can be a lot of variations in the shape of hysteresis curve. For
example ay — the higher is the value of ap the lower is the slope of hysteresis curve. Nevertheless, more
important in our study are coefficients of the ggzygy function. Besides the effect on the shape of hysteresis curve,
they affect also its width and dynamically describe the behavior of core losses. Characteristics of the first two

coefficients of gevey (bg and by) are shown in Fig, 3. Coefficient by corresponds to a static coercive force and

coefficient b, corresponds to a dynamic coercive force [6).
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Figure 3 — Some characteristic properties of the ggyey function

For higher values of b, the area of hysteresis curve increases. This is the only change it is possible to make

when using the static description of transformer core losses. In the case of assuming dynamic description of

core losses, it is possible to change also the width of
hysteresis curve in saturated part and describe more
accurately the knee of hysteresis curve.

Comparing the calculated current waveform with
the measured current waveform, one can see the
error baused by our calculation process. Accuracy
of the method described above can be seen in Fig. 4.
Both- measured and calculated current waveforms
are nearly identical, nevertheless for lower values of
the current, some small differences can be found.
The lower is the order used in polynomial of Eqn. 1
the bigger difference in current waveforms can be

seen. Polynomial of the 35" order seems to be
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Figure 4 — Comparison of measured and calculated

current waveforms
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sufficient for our purposes. By using polynomial of this order, the error caused by the Chebyshev transforma-

tion {7] is sufficiently small. The error will become negligible if the main area of interest is in a saturated area.

3. SERIES FERRORESONANT CIRCUIT

In power distribution networks, ferroresonance can occur when a de-energized phase of a no-load
transformer is suddenly energized through capacitive coupling with the other phases. The corresponding circuit

can be simplified to a series RLC circuit. This type of circuit has

i R C

No-load been used also 1n our analyses, see Fig. 5. As a transformer under

Transformer , _ _ .
study, the small transformer with toroidal ferromagnetic core it

was used.

Many articles concerning the theory of series ferroresonant
circuit have been already written, e.g. [8], [9] etc. Equilibrium
Figure 5 — Series ferroresonant circuit states of some process create an area of the same or different
dimension in the space of these parameters. Observation of an evolution of volt-ampere characteristic for a
simple series RLC circuit, depending on the value of
series resistance (damping), leads to the surface shown I T

im Fig. 6. This surface is well known in the

Catastrophe theory as a cusp catastrophe [10]. Such a

surface has been found to be very suitable for

é‘
/;
A

ferroresonance studies, because it helps to understand

h------

the jump phenomena in an easy way [8]. 2\

Simple scheme of the circuit under study consists of Rs

=4
- LN N B RN EN N

the voltage source, resistor R, capacttor C, and no-load

transformer. All of them connected in series; see Fig. E, E, b
, E

6. In subsequent calculations, values of the system

parameters will be fixed, except one or two of them Figure 6 — Graphical solution of the basic

that will be varied in order to observe their influence. series RLC circuit

4. CALCULATED RESULTS

Basic outputs from our calculations are Bifurcation diagrams and Sensitivity analyses. Those techniques
provide information about the circuit behavior under different source voltage values. The Bifurcation diagram
is a plot of Poincare sections [11] and the Sensitivity analysis shows the maximum and the minimum values of
the primary voltage (all of them in a steady-state). The points of special interest are points (bifurcation points)
where a qualitative change of the preceding solution type can be observed.

For calculations, the circuit shown in Fig. 5 has been used. This circuit was solved by using MATLAB
environment (ver. 6.0). The circuit under study has been modeled in Simulink ver. 4 by employing Power
System Toolbox ver. 2. In this model, there is a box named ‘No-load transformer’ that contains information
about non-linear characteristic of the no-load transformer under study. Current source driven by a primary

voltage together with the calculated polynomial of Eqn. 1 describe its behavior,
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The outputs received from calculations under variable source voltage value are shown below. In calculations,
the parameter values were: /= 50 Hz, C = 30 pF, R = 0.2 Q and initial value of the magnetic flux for each
calculation was set to correspond to the maximum value of the respective source voltage.

Fig. 7a shows a bifurcation diagram of the primary voltage of transformer. Corresponding sensitivity
analysis for the same conditions is shown in Fig. 7b. From these figures it is possible to observe the qualitative
changes in the system response. The response evolves slowly when increasing the source voltage ¥s from zero
value, until its value reach the first bifurcation point. Corresponding to the abbreviations used in Fig. 7, the first
bifurcation point is a point where the fold bifurcation FB (sometimes called saddle-node bifurcation) occurs. As
it was described in Fig. 6, there is an unstable area in which the system response is very sensitive to initial
conditions. Therefore, FB can appear in a certain range of the source voltage value, depending on the initial
conditions. This range (from 8.1 V till 9.9 V) is represented by a dotted line in the solution value. The birth of

FB is the first case of ferroresonant behavior.
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Figure 7 — Bifurcation diagram (a) and sensitivity analysis (b) for Vs (dynamic core losses)

From this point, the operating point ijs working in a saturated area and primary voltage and current
waveforms are distorted and have higher magnitudes. Further increasing of the source voltage leads to a
symmetry breaking bifurcation (SBB) point. From this point, voltage and current waveforms are not symmetric
according to time-axis. This situation can be clearly seen in Fig. 7b. There one can see that maximum values of
the primary voltage comparing with minimum values have not the same magnitudes. For values of the source
voltage higher then the one corresponding to SBB, the system evolves towards the first period doubling
bifurcation PDB1 and subsequently towards the other period doubling bifurcations PDB2, PDB3 etc. til] it
reach the state with a chaotic behavior.

After the voltage value corresponding to SBB, the system shows higher sensitivity to initial conditions. Each
initial condition produces slightly different outputs which can be remarkable especially in Bifurcation diagram.
In this diagram the differences are mainly in the value of uL meanwhile the bifurcation points are the same.
Therefore, except FB range, Fig. 7 corresponds to the outputs received for the maximum initial condition of the
flux for each particular case of the source voltage. Such a state can represents the cases when ferroresonance

occurs under some Kind of switching events.
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Previous figures were related to a simulation assuming dynamic behavior of hysteresis losses of the
transformer (according to Fig. 1a). Outputs received from calculations by employing the widely used (static)
description of hysteresis losses are a little bit different, see Fig. 8.

- : I l ' 1 40
Static core losses : : :
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Figure 8 — Bifurcation diagram (a) and sensitivity analysis (b) for Vs (static core losses)

All kinds of bifurcations happen for lower source voltage values than in the case of dynamic core losses, see
Tab. 1. Furthermore, because of improper description of damping in saturated state, primary current reach its
higher values than in the case of assuming dynamic description of core losses. Especially for higher values of
the source voltage, the system is very unstable; the birth of chaotic oscillations evolves 1n a little bit strange
way (from the beginning of period doubling process) but finally behaves according to the Feigenbaum scenario

[11]. Such instability is also produced by the high order polynomial used in our calculations.

Bifurcation
'PDBI PDB2

Dynamic |8.093 V109.949 V" 21218V 22721 V | 23.191 V | 23.293V | 23.315V

6.654 V109321 V" 17330 V] 17.726 V | 18.510 V | 18.556 V | 18.566 V

Dynamic = dynamic description of core losses; Static = static description of core losses;
* L | ] r L ] - » ] ] a
)Because of possible different initial conditions there is a range in the voltage values

Table 1 - Values of bifurcation parameter ¥ for different bifurcation points

Our calculations also show the transition towards chaotic regime. The period doubling route resulting in

chaotic behavior can be described by the sequence of bifurcation parameters 4;, which obeys a geometric law

with a universal constant [11}]. This constant, called Feigenbaum constant, has been defined as the limit

5= lim[ Ay = A ] ~4.6692016... (2)

ke 1 Ak

However, in practical applications the limit k—cc cannot be taken. Nevertheless, an estimate of the

Feigenbaum constant can be obtained from a finite sequence of 0.
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Using the bifurcation points shown in Tab. 1 as an input for the Eqn. 2, the values of & can be received.
Calculated results are summarized in Tab. 2. From these data it is possible to see the initial strange behavior of
period doubling process in the case of static description of core losses. On the other hand, fluent transition

towards chaotic behavior can be observed in the case of dynamic representation.

Value of &

Dynami¢

Static 17.0435

Table 2 — Values of  considering static and dynamic representation of core losses

In the above analysis only one case of many possible were studied. In reality we can know the value of
resistance or capacitance but it can be quite difficult to know exactly and for all possible cases the initial value
of the magnetic flux ¢@. For those kinds of purposes, more complex sensitivity analysis is necessary. Such an
analysis can be very difficult to interpret because of many variable parameters. Therefore 2D Sensitivity
analysis (two parameters are varying) seems to be useful. In the Fig. 9 the source voltage value Vg and the
initial value of the magnetic flux are used as variable parameters. The color palette is used to distinguish the
maximum value of primary voltage V. Nevertheless, the most important for our study is the border between
areas of different behavior: area with no possibility of ferroresonance (NF) and area where ferroresonance (F)
will occur. The border can be clearly seen due to the ferroresonance phenomena (sudden jump in magnitude of

the primary voltage).

Vi V] Vi V)

Figure 9 — 2D Sensitivity analysis for varying Vs and §(0) using dynamic (a) and static (b)

representation of core losses

It 1s possible to see that the worst cases, represented by an earlier transition into ferroresonance, occur under

initial value of the magnetic flux corresponding to the maximum or minimum value of the source voltage. On



the other hand, when the initial value of the magnetic flux is zero a higher value of the source voltage is
necessary to bring the transformer into ferroresonance. Comparing Fig. 9a (calculated by using dynamic
representation of core losses) with Fig. 9b (calculated by using static representation of core losses) already
mentioned differences can be clearly seen. Furthermore, the unstable area in Fig. 9 (three possible solutions are

available for Vs value depending on the initial condition of the magnetic flux) is smaller in the case of dynamic

representation.
vi V] Vi V]
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Figure 10 - 2D Sensitivity analysis showing hysteresis effect with variable s and R by using

dynamic (a) and static {(b) representation of core losses

Similar idea can be used for 2D Sensitivity analysis with varying the value of series resistance R together
with the value of the source voltage V5. The capacitance value is fixed - C = 30 uE. In Fig. 10, it is possible to
see the unstable areas given by different initial conditions. Lines 1 and 2 create borders between results
received by using maximum initial value of the magnetic flux and its zero value. The area between those two
lines corresponds to the parameter values for which the systetﬁ may or may not come into ferroresonance, see
R-E plane in Fig. 6. Everything depends on the initial conditions. It is the area of possible ferroresonance (PF).
There are also other two areas. One is the area where ferroresonance wil not occur — no ferroresonance (NF),
and the other one is the area where ferroresonance will occur - F under all initial conditions of magnetic flux.
The critical value of the series resistance Rp is a value, from which the system looses its sensitivity to initial
conditions and system does not exhibit any sudden jumps. Yes, system can operate in saturated area,
nevertheless there are no ferroresonant oscillations. For series resistance values higher then Ry all of them are
successfully damped. The value of Rz are Rz = 43 Q (dynamic representation) and Rz = 55 Q (static
representation).

As it 1s possible to see from Fig. 10, the unstable area where there is a possibility of ferroresonance (PF) is

bigger in the case of static representation of core losses. This means that transformer, using this kind of
representation for calculations, will exhibit higher level of unstability than what actually occurrs in reality. This

results in the necessity of considering dynamic behavior of transformer core losses for ferroresonance studies.
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4, CONCLUSION

The two kinds of analysis have been presented: one, using the widely used static description of transformer
core losses, and the other one using dynamic representation. it was shown that by employing only a static
description of core losses there is a higher level of unstability for possible solutions. This result does not
correspond to our measured outputs. Real measurement shows higher damping effect and lower level of
unstability than what was calculated by using static representation.

Better solution presented in this paper is to employ the dynamic representation of core losses. This method
provides results with lower level of unstability and those results are closer to the practical measurements than
those received by using static description. Qur calculations result in the necessity of using dynamic description
of transformer core losses for ferroresonance studies.

It should be emphasized that we do not introduce the most accurate model of transformer. There exist more
complex and accurate models [12]. Proposed method provides only one possible way for a qualitative
- description of the effects of magnetic hysteresis in magnetic circuits and, furthermore, the consequences of
assuming the static and the dynamic representation of core losses. In respect to the more complex models of the
transformer (which require a lot of hardly-to-obtain information concerning the transformer under study),
presented model is based on the measured current and voltage values which are not so difficult to obtain. It has
been proved that such a model provides the outputs of ferroresonance studies with sufficient accuracy and

makes the method to be applicable for bigger transformer units.
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