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Schematic Overview of Heme Transport
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Mtb is Mycobacterium tuberculosis

Celia W Goulding et al. Curr Opin Chem Biol (2014)



Key Players Involved in Gram-negative Heme
Uptake Pathways
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#: three domains:
N-terminal transmembrane helix anchors the

proteinto the inner membrane and makes contact

with ExbB and ExbD

C-terminal globular domain directly contacts
the transporters in the OM.

flexible, unstructured proline-rich domain that
resides withinthe periplasm
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Heme Uptake Pathways in Porphyromonas
gingivalis
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Key Players Involved in Gram-positive Heme
Uptake Pathways

(b) Gram-positive
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Heme Uptake Pathways in Mycobacterium

tuberculosis
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Collection of Uranium from Seawater in Japan



Uranium Resource in Seawater

4.5 billion tons
Uranium i seawater
0.0033g (1 000times of

(3.3M3)  mine uranium)

Resources with Japan current  Demand of Japan in a year

5.2x106tly >  8x10°tly

Uranium
X 3.3 ppb In seawater commercialization of uranium collection from
X near poundary of cost- seawater

effectiveness

How do we develop a cost-effective methods?
Masao Tamada(2009)



Process of Uranium Collection with Adsorbent
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Uranium Adsorbent

Hydrous titanium Moving bed system
oxlide adsorbent

~1960 Inorganic material ~ Seawaterfias

Pumping for preventing
adsorbent from sinking Costly process
Low mechanical strength

Hydrous titanium oxide

skeleton surface

l
structure —1:‘11-0—1‘:1—- + —'ll‘i-—OH_

H,0 HO -
Rn< + >U03(0H)2(H20)z
OH H,07. B

probable to | |
adsorption mechanism =R« \OH\ UOL(OHD, - (H,0); + 2H,0

Y Fujiki et al.Inor Chem(1985)
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Uranium Adsorbent

———— Radiation induced graft polymerization ———
-C=N-OH

Amidoxime adsorbent |
—| NH,

Organic polymer _ _
Density is close to that Effective contact by tide

""‘1980 of seawater and wave motion

& =
| Seawater

v Expecting cost
No agitation eos reduction

Conventional _iﬂjﬁﬂ HON NH_NH__NOH
structure  CaHg—CH—C—NH;



Graft Polymerization

chemical-induced Graft Polymerization
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Polyethylene Uranium adsorbent
High machanical sirength

Masao Tamada(2009)
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Mass Production of Adsorbent Fabric

Polyethylene

nonwoven fabric

After grafting of 5h
(Degree of grafting: 120%)

90% Monomer solution 0%
g . . * Hydroxylamine
Acrylonitril (60* C and 1h
Before grafting oy ?|.m © 53:2} and i
Methacrylic aci Adsorbent Fabric
6,000 m? (700kg)
1.5m x 4,000m

Masao Tamada(2009)



Adsorbent Adsorbent stack

fabric (800g adsorbent) Cage (Adsorbent bed)
L= ; i
29 cmj. i
16 cm

Spacer net

Alternate stack of adsorbent fabric e i
and spacer net (120 stacks) 144 stacks (115 kg)

Stack holder

T

S

432 stacks in three
in an adsorbent bed ¥ adsorbent beds

Masao Tamada(2009)



Marine Equipment for Uranium Recovery
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To anchor] packed with adsorbent stacks
| at northern sea in Japan
Adsorption bed (350 kg in three adsorbent beds)
Up and down
mation by wave
motion

Masao Tamada(2009)
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Characteristic of Amidoxime Adsorbent

NoH HN. RPN e,
—R-C. C-R—+:[U0:(CO:)] & NO. HaN _ .
NH: HON Uranium oxide \_l RC. U0, L R +2H+3C0:
Amidoxime group  fri-carbonate NH: ON
in seawater of pH 8.3 Coordination bond

Selectivity of amidoxime adsorbent

Elements Concentrationin ~ Concentration in D_i _stri bution
seawateri(ug/L)  adsorbent’(ug/g-ad) coefficient(b/1000a)

Na 1.08x10’ 618.5 0.057

K 3.80x10° 45.9 0.12

Al 2 86.94 4.35x10°
Pb 0.003 108.82 3.62x10°
Ti 1 1.49 1.49x103
Fe 2 414.44 2.07x10°
Co 0.05 23.57 4.71x10°
Ni 1.7 78.17 4.60x10*
U 3.2 63.72 1.99x10*

Adsorption conditions:0.2 g adsorbent 25°C. 3L/min seawater, and 7 days.

Masao Tamada(2009)
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New Collection System for Cost Reduction

3N

Adsorbent stack system Braid adsorbent system

i i

o L gy was moored Cost reduction

Seasurface = omsea { - Ships are navigable

Tioar - Little effect from

Cage ' rough weather

Stacks in cage
were hang
down by float

. i

Cost of cage
and float
occupies 80%
of collection

cost Sea floor

Masao Tamada(2009)
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Trunk - Amidoxime | " Braid |
..... _polymer fiber | . adsorbent fiber adsnrbent
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Masao Tamada(2009)



Marine Experiment for Braid Adsorbent
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- 10 °C enhanced 1.5 times
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Masao Tamada(2009)



Cost Estimating for 1200t Uranium inaY ear

Sea
surace i
Braid
100~200 m ! Ed§0rhﬂ

B e -'"}m

B
E
s
=

Chains 32 lines
67.8 km

Masao Tamada(2009)

W

Wore
than
40m

=k
o

Recovery
cost

o

o

= 2g-U/kg-ad

Y

= 4g-U/kg-ad

= 2

e 6g-Ulkg-ad
0 10 20 30 40 50 60 70

Repetition usage of adsorbent
[times]

Uranium cost [10 thousand yen/kg-U]

* Weekly spot price $48/b-U,O, at
October, 2009 is 12,000 yen/kg-U.

* Promising collection cost is 25,000
yen/kg-U. This price is twice of spot
price.
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