Ocean acidification increases iodine accumulation in kelp-based coastal food webs
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Abstract

=

Kelp are main iodine accumulators in the ocean, and their growth and photosynthesis are likely to benefit from elevated seawater

CO, levels due to ocean acidification. However, there are currently no data on the effects of ocean acidification on iodine metabolism

in kelp. As key primary producers in coastal ecosystems worldwide,any change in their iodine metabolism caused by climate change

will potentially have important consequences for global geochemical cycles of iodine, including iodine levels of coastal food webs that
underpin the nutrition of billions of humans around the world. Here, we found that elevated pCO, enhanced growth and increased iodine
accumulation not only in the model kelp Saccharina japonica using both short-term laboratory experiment and long-term in situ mesocos-
ms, but also in several other edible and ecologically significant seaweeds using long-term in situ mesocosms. Transcriptomic and proteo-
mic analysis of S. japonica revealed that most vanadium-dependent haloperoxidase genes involved in iodine efflux during oxidative stress
are down-regulated under increasing pCO2, suggesting that ocean acidification alleviates oxidative stress in kelp, which might contribute
to their enhanced growth. When consumed by abalone (Haliotis discus), elevated iodine concentrations in S. japonica caused increased
iodine accumulation in abalone, accompanied by reduced synthesis of thyroid hormones. Thus, our results suggest that kelp will benefit
from ocean acidification by a reduction in environmental stress however; iodine levels, in kelp-based coastal food webs will increase,

with potential impacts on biogeochemical cycles of iodine in coastal ecosystems.
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Figure 1. Conceptual diagram showing altered iodine metab-
olic pathway and global iodine geochemical cycle under ocean
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Figure 2. The combined effect of increasing pCO, and tempera-
ture and the effect of increasing temperature alone on iodine

Tem

perature (° C)

acidification. accumulation in the kelp S. japonica.
(a) (b) (c)
S. japonica U. pinnatifida M. pyrifera
60 60 | 60 N
(a) " (b) (c) £ “x o B
20 - 204 2 % a 2=
. N - £ 401 L FEE 40 &:Wt 40+ Toa _
. : AI . Control 0857 PO ﬁ*‘:&o %;% *Q o | CO, of culture envioronment
= 15 ’ 15 | o sl 15, 5 5 T i . Lo @ | @400 uam
w | 4 i i N ® GG 2 20 iﬂé;go@o 20 | i : 201 %iﬁé © %" | @1000 patm
o A A A z! A i % o8 o °o ‘ °© goog Net cage
2 £ W e N o : iy
g 10 AA s 101 4 . 101 = AAI 01O 0O 04O o2
£ A E ° s < P — : o3
[5) A . A N S S. japonica U. pinnatifida M. pyrifera a4
25 ..i g E 5-§A QAA b 5/, @ & . § 124 a4 1.2-;E 1.2{ % av M
S A A A 'g A 3 S e N 6
E 2 E =
c 1° A i % Ox4 _ Dv v v
04 0. 04 g 08 081 . % % 081 & ¢
. . . : : , : . . . : ° A:?: &b £ K
0 1 3 5 400 700 1000 1500 2000 SAC LAC SEC LEC o . ;ﬁ@g @ > %
) & ] * A | » | ) 5
Time (hours) pCO, (patm) Treatments g 04 %g@; ay | 04 o TgEgoe | 04 ¥ o
2 g
. . . . . ]
S 0 0 01
Figure 3. The effect of increasing pCO, on iodine efflux of S. & Lo —— .

Japonica upon oligoguluronate-triggered oxidative burst in

laboratory experiment.
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Figure 5. Changes in iodine accumulation and thyroid hormo-
nes (THs) synthesis in H. discus fed with seaweeds cultured
under eitherambient and elevated pCO,,
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Figure 4. Relative changes in weight (top panels) and relative
changes in iodine accumulation (bottom panels) under ambient
pCO, (400 patm, bubbled with air, blue) and elevated pCO, (bu-
bbled with mix air of 1,000 pyatm CO,, red), in a mesocosm
experiment.
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Figure 6. The effect of increasing pCO, on the relative expres-
sion of vHPO at transcriptomic or proteomic level in S. japonica
cultured under ambient (400 patm) or elevated (1,000 patm)
pCO, scenarios, using an in situ mesocosm experiment.
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附注
结果：2，数据扎实，但未做很好的分区

1. 结构不完整，缺作者信息、结果结论、实验设计任一项，扣1分；
2. 图表制作不专业，数据较少或论据较少，不合主题任一项，扣1分；
3. 排版差，扣1分；
4. 主题立意差，扣1分；
5. 观感不好，扣1分。




