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Metal absorption on eri and mulberry silk powders: a comparative study
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Silk powders are readily employed in commercially available cosmetic products and
nutritional foods. Their applications in coating, fibre treatment, fillers in films, wound care, enzyme
immobilisation, composite scaffold for cell growth and drug delivery have also been reported.™?
Recently, fine and sub-micron scale silk powders have been fabricated from different silk varieties
using standard milling devices.'? These powders retain the crystallinity and water insolubility of
fibroin particles, which are required in applications such as metal absorption. The present
investigation compares the metal (Co*, Cu* and Cd®") binding properties of such milled silk
powders, over a range of pH (3-9).

Eri and mulberry cocoons were degummed using different concentrations of alkali and
temperatures, then chopped into snippets and milled into fine powders using attritor and/or jet mill.
The SEM images of these powders revealed the difference in the morphology of the powders
originating from the two varieties of silk. These powders (~10 mg in quadruplicate sampled; n=12)
were exposed to 10*M of Co*, Cu* and Cd*" doped with radiotracer (*"Co, *Cu and '®Cd)
respectively under various buffer (pH 3-9) conditions at 23°C. The results in Figure 1 show that
the metal ion binding properties were quite different depending on the varieties of silk. Over the pH
range 3-9, the Mulberry silk powder shows two absorption peaks (pH 4-5 and 8) for all the metal
ions studied, whereas the Eri silk powder shows absorption maximum at pH 8 for Co®* and a broad
absorption peak for Cu?* and Cd** over pH 6-8.
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The significant differences in the metal binding profiles between the eri and mulberry silk powders
suggests substantial differences in amino acid composition and fine structure of these silk varieties.
Such silk powder performance supports further exploration in selective recovery of metals and also
incorporation of these materials in composites applications such as controlled drug release.
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Applications and Properties of
Silk Powders
Applications [1-3]

« Cosmetic products

 Nutritional foods

* Fibre treatment, Fillers in films

« Wound care, Enzyme immobilisation
« Composite scaffold for cell growth
 Drug delivery

Properties 148l
 Biocompatible, biodegradable
» Ease of processing
» Good mechanical properties
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Processing of Silk powders

Silk powder is prepared from silk fibroin:
 Regeneration from solution

« Mechanical attrition ¥R, Ty

» Advantages of Mechanical attrition,

» Uniform

» Water insoluble

» Retain B crystalline structure
» Short processing time

» Lower cost
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* Eri silk

Samia ricini

* Mulberry silk
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Varieties of Silk powder

Different
morphology

> And

Amino acid
composition
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=> Silk powder preparation

for this study

- Eri silk
» Cocoons degummed (Na,CO,/100°C)
» Chopped into snippets
» Mechanical attrition (ball-mill, air-jet mill)
» Spray dried

- Mulberry silk

» Commercial product used without further processing
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Aim
How does the variety of silk effect:

« Metal binding (Co?*, Cu?*, Cd?*)
> Effect of pH R
» Rate of uptake > Radiotracer
» Loading capacity _

* Porosity
» SEM (Scanning elelctron microprobe)

>50nm (macropore)

» BET (Brunauer, Emmett, Teller) gas absorption

10-50nm (mesopore)
» PALS (Positron annihilation lifetime spectroscopy)

0.1-10nm (micropore)
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SEM (Scanning Electron Microscope)
imaging

Eri: degumming, ball & air-jet  Mulberry: commercial, without
mill, spray dry further processing
4.5pm
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wemmasmn (POSItron annihilation lifetime SPectroSCoPY)  tniversiy of Tukuba

o EEH

Positronium:
25% p-Ps (singlet, short-lived)
75% 0-Ps (triplet, longer-lived)

» Positron lifetime (t) is a et
function of the electron S

density at the annihilation site.

» Larger pore volume leads to S
longer lifetime
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« PALS shows no change in microporosity.
« BET shows only slight change in surface area.

Basic protein structure appears to be conserved
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Experimental conditions

» 64Cu/Cu2*, 57Co/Co2*, 199Cd/Cd2*
> pH: 3109

» Temperature: 23°C

> [M2+] = 103 to 10°M
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Experimental procedure

Rotate

~10mg silk powder
(x4)
+ 1mL
(metal 1on +
radiometal ion +
buffer)
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Centrifuge

Activity counted
In y counter

« Fast (10 sec), sensitive (10 ppb), small
volume (uL)
 High throughput (~800 readings)
* Independent of media

R dhika Naik - www.radhika-nai

Australian Government

IC 08, Christchurch, 16/12/2008



Effect of pH on Metal Binding
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[M?*] = 10-“M; powder 10 mg; Temp.23°C; Total Vol: 1.0 mL; centrifuge; 5000 rpm
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Metal binding affinity

(at equilibrium, optimum pH 8)
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moles (x10™) of metal ion/mg of sorbent

Eri Mulberry
[M?*] = 10-“M; powder 10 mg; Temp.23°C; Total Vol: 1.0 mL; centrifuge; 5000 rpm
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L_oading capacity (at equilibrium, optimum pH 8)
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metal ion concentration (moles/L)
[M?*] = 103 to 10-°M; powder 10 mg; Temp.23°C; Total Vol: 1.0 mL; centrifuge; 5000 rpm
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Comparison of metal loading on silk

powders with commercial resins
[M2*] = 10-*M
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AG MP-50 AG 50W-X2 Powder silk
cation exchange resins;

used in water purification
powder 10 mg; Temp.23°C; Total Vol: 1.0 mL; centrifuge; 5000 rpm
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Conclusion

« Basic protein structure and porosity independent of silk
variety.

 Use of radiotracers allowed rapid, sensitive and high-
throughput analysis.

» Metal binding varies significantly with pH; slightly with
silk variety.

» Higher (3 to 8x) loading capacity than commercial resins.

» Possible application in removal and recovery of metal ions
and controlled drug delivery:.
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Future directions

* Incorporate into composite material; evaluate
performance (selectivity, loading capacity).

« Evaluate the effect of binding with larger
molecules (e.g.: proteins, drugs) with radioactive
mimics.
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Got silk?

Source: http://www.ag.auburn.edu/enpl/courses/silkworm.gif
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