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This review reflects back over almost 40 years of the author’s basic research conducted at Graduate School of Phar-
maceutical Sciences, Osaka University, Japan. After performing postdoctoral research in USA, the author became a
research associate at Prof. Yoshiharu Miura’s lab and started research on Biochemical Engineering in 1984. At that
time, the main research purpose was to solve global environmental issues for maintaining human health. The author’s
achievements included novel useful material production system under inorganic conditions and genetically engineered
whole-cell bacterial sensors detecting arsenite by naked eye without a detecting device. Another theme in the lab was to
construct bioartificial liver support system. Various scaffolds for hepatocytes were newly prepared for constructing the
compact reactor. Besides the bioreactor study, the author conducted cell transplantation research for the treatment of
chronic liver diseases. It was shown that mesenchymal stem cells derived from third molars (wisdom teeth) could
differentiate into hepatocytes and exhibit therapeutic effects in liver-damaged animals. After 2006, the lab started
research on drug delivery systems, including noninvasive delivery of drugs such as peptides and nucleic acids by regulat-
ing epithelial tight junctions. Many substances enabling drug delivery through ‘‘paracellular’’ route were newly pre-
pared. The author started basic research on Biochemical Engineering in the 1970s. Although these studies eventually
shifted into the pharmaceutical field, the underlying concept was based on ‘‘engineering’’ throughout a 40-year research
period. The author cordially thanks all colleagues for supporting engineering research in our lab.

Key words——biochemical engineering; biodegradable polymer; bioartificial liver; whole-cell biosensor; cell transplan-
tation; drug delivery system
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Fig. 1. H, Evolution by Chlamydomonas reinhardtii in a
Light/Dark Cycle
Clear and shaded blocks represent light and dark periods, respectively.
H, evolution was measured during dark period, and algal mass at a 12-h in-
terval.
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Fig. 2. H, Evolution System in Natural Day-Night Cycle Using Green Alga and Photosynthetic Bacterium
Chlamydomonas MGA161 was cultivated in the raceway type of cultivator (A). The alga was transferred to fermentation tank (B). Organic substances excret-
ed by the fermentation were separated from the algal mass and transferred to photobioreactor (C), in which Rhodopseudomanas sp. W1-S degraded organic sub-

stances to produce H,.
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Fig. 3. (A) Profile of Hydrogen-oxidizing Bacterium, Alcaligenes hydrogenophilus, and (B) Construction of Recombinant Plasmid

Conferring Autotrophic Growth Ability to Heterotrophic Bacteria

(A) Hydrogen is oxidized by membrane-bound hydrogenase (mHase) and soluble hydrogenase (sHase) . Genes responsible for two hydrogenases, carbon fixa-
tion ability (Cfx), and formate oxidation ability (Fox) are coded on large plasmid pHG21-a.
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fbiks B:1:1) OERBGHAZME—DRERET
LE/RZITY, HOoNLEENSRY v —Z2HIH L
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HERRHZ 3-E ROF 2 7 F L — |k 52.8%, 3-E R
OF> A% /)T —h41.1%, 3-e RaxA4r 45/
I—h61%ThHolz. TNET MILKFEZME—
ORFZRELTIDE D2 PHA HEEEKDEKD
W < RHALEDH DELINFITH 5. Y

AIED lEEEIc L 2 Tr)LF—4EE] 230
TIEHEZRRANS AU == 270K 0 BEt L =64k
WEEBO TRICE> TULZETZMICHIEL, =0
HiEE2REIELZL2KATVND,. 20K, AIH
THEA U T=0F2E13 1980 M S FEJE L T E -/l
Z DNA OTFiEZEME L THMED DR 2T 5
EETEHBEL, REMEDNTST2EYTHN
IRIFRANES TR LEEDBDTHS.

23, REMBFRZMALAERENA A Y —
DOFFE 1998 4 K% Pt E R{LIT K 5 Ui THFSE
FEAT TEEERES TILFEDE) 720, EXAR
mo [T%) OXFENMHEAD I EERST=. 1999
FEITHHEOHE D EENMEFEINEE 3 A, EHENF
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Fig. 4. DNA Construct Used for Arsenite Sensor

The region was inserted into multi-cloning site of pUCI18, and the
recombinant plasmid was introduced into Escherichia coli. Q terminater,
Pars promoter of ars operon, arsR regulatory gene conferring arsenite-
registance, ABS ArsR binding site, crtl gene responsible for lycopene synthe-
sis.
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Fig. 5. Change of Color in the Arsenite Sensor Strain in
Response to Addition of Low Concentrations of Arsenite
Image was taken 3 h after addition of arsenite.
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7o W B EIR G R ORE R S IEFE M D R ER)
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IL-3, M-CSF ZiRIML T 707 7 — Y2 A8 LI
[BIREREZIT> /- & 2 AR RS 51
2. 19 VEFERE 2 9 S Rl 2 A U TRl 2 & iR
L, TORIHMEFEEZITS 2 Lick D RO
bl E VWD Z &< b MHERO MG D
HTCNAFNTHIRZEHEETE 2 Z LRSI Nz,
AR IR OEHI I A THIlBD 5 & 7s %
MR oORG BT Tnd, BEEEROMIE
WEEEEEM OMEEIC XK > T viability 733 L < £ 8)
T 570, HAEMERF O RS IXEN BB EM K TE
LTWBEWNS THIEE TIER N, 2000 FEH N
IR ITAT U 7= RE s TLART Y 5 L RIBFZE 217> T
T BN RFEE O ) 1 e th B B & S i 7e =1
HE, EMBEROT - Z2IERITHEEL /=, 1985
fF Tomalia 5IC K> THESINAET > RU T —IZ
BIARK L2, FTH O, HkaIERTZOIRA
DRRETEN TN S, 1D E3F S IFHFUTRBKIT T
EMOEREBEHICT > R —%2 W\ DA%
HEMOBFICEFTLE RUTPIRYIFURY
X—HLESOaT, BS T, KT X Hp
Sk SN, H0 a7 TS BRI R R %
7O ETRAMNEZEMS B ENTE 5.
KIF DT 2/ HIIEITEATWS Z &Sl
DRk, WEATHUN Y RE2EMT S EITK M
faD %, EENHEHETLZENEEE X
2. PRSI S R 7IRYIOF O RUT—
BN E Tl ZRSET 2 LEARTHD X
JroAf REERLSWIEEZRWHELE. Ll
R L7=ZX 7 04 RIIBEZITEMD» S IEREYT 572
D, BWEEEEHZSTUN > Rzl A7z
e EmICFEET D77 a8y >N LT
F—DUHREBRDT T h—=ATEMT S LR
L7 A7 04 RMNE<HEET L2 &2 RN
7z, ¥TINI N—=RENTT U M= THIEHMT 2
T LTk, ISITAEGNE, ERENHRIIND 2L
EHHSMMNE LR 1920 U2 REMiT > RUTY—%
EMEmICEE LHBEZRICHWS 717 7 idbn
DIVHEOHDTHY, MlamEIcRR2U > R



292 YAKUGAKU ZASSHI

Vol. 139, No. 2 (2019)

15kV 208X 58. 0¥

Fig. 6. Scanning Electron Micrographs of Cells Cultured on Hydroxyapatite Disk

Hepatocytes were monocultured on the disk for 2 d (A). Bone marrow cells were cultured for 2 weeks, then hepatocytes were cultured for an additional 2 d on

the disk (B). White arrows indicate bone marrow cells.
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